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1. Message from Chair
Welcome to Malaysia Japan Joint International Conference 2015
(MJJIC2015), Yamaguchi University and Ube! It is our privilege to
host MJJIC2015, the fourth academic event jointly arranged by
Malaysia Japan International Institute of Technology (MJIIT) and
Japan University Consortium (JUC).
This event was called MJIIT-JUC Joint International Symposium (MJJIS) in the
past three times. A lot of graduate students and young researchers from MJIIT
and JUC member universities got together and stipulated each other by
exchanging the hottest research outcomes. The symposium has nurtured mutual
understanding and friendship among them and triggered student exchange and
joint research. It should be good chance of expanding our horizon and cultivating
this event to be a major opportunity for interaction between Malaysian and
Japanese researchers based on the strong foundation built along the way. We
change from MJIIS to MJJIC with this view in mind. I believe young researchers
who participate in MJJIC2015 will play key roles in facilitating collaboration
between Malaysia and Japan in the near future.
Ube has been recognized for its effort (called "Ube method") to address pollution
problems and achieve sustainable city development through industry, university
and local government cooperation from the middle of 20th century. For its
outstanding achievement, the city was awarded "Global 500 Award" from the
United Nations Environment Programme in 1997. Although it is hardly to observe,
participants may think about the efforts of our predecessors and give another
thought to how technology helps develop better society by walking around the
city.
I hope many students and researchers come and enjoy MJJIC 2015!
Prof. Dr. Ken Kaminisihi
Executive Advisor to the President, Yamaguchi University
Director, Asian Innovation Center (AIC),
Graduate School of Innovation and Technology Management (YUMOT)
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2. Message from Co-Chairs
Welcome to the 5th Malaysia-Japan Joint International
Conference 2015 (MJJIC2015). On behalf of Malaysia Japan
International Institute of Technology (MJIIT), I would like to
express my sincere gratitude to Yamaguchi University for
organizing MJJIC2015 this year.
MJJIC2015 provides a platform for academics, researchers and postgraduate
students from MJIIT, JUC members and ASEAN countries to exchange research
ideas. With participation by a large number of young researchers, I am sure that
it can be a platform for new collaborative ventures and strategic alliances to gain
better insights into engineering research and technology innovation to harness
our strength and synergies to bring further prosperity to our nations.
As the future becomes more competitive and challenging, we need to remain
relevant and maintain our performance for continuous improvement in research
& education. As such, this conference is most significant as we explore and share
ideas to further enhance our research.
Have a rewarding and fruitful conference.
Prof. Datin Dr. Rubiyah Binti Yusof
Dean, MJIIT
Universiti Teknologi Malaysia
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We would like to welcome all the conference participants forming
the essential part of this conference. Please make full use of this
opportunity, not only to promote your research, but also to
facilitate human networking with other researchers, especially
from different countries.
This is the fourth in series of jointly-organized gathering between
MJIIT and supporting Japanese universities. When it started in 2012, MJIIT was
still in an initial stage. But this year, undergraduate programs had first-batch
graduates and the number of postgraduate students reached 250. We will be
happy if you feel, while watching presentations, some degree of growth in the
development of MJIIT.
I'd like to close this message by highlighting the meaning of MJJIC. Up until last
year MJ had stood for MJIIT-JUC, but this time Malaysia-Japan, based on our
hope of possible participants from wider background. By taking this opportunity
of changing name, we really hope that MJJIC be growing toward an important
academic plaza for young researchers in Japan and ASEAN countries.
Prof. Dr. Fuminori Kobayashi
Deputy Dean, MJIIT
Universiti Teknologi Malaysia
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3. Organization
Organizers
Graduate school of Innovation and Technology Management & Faculty of Engineering,
Yamaguchi University
Co-Organizers
Malaysia Japan International Institute of Technology (MJIIT), Universiti Teknologi
Malaysia (UTM)
MJIIT Japanese University Consortium (JUC)
Supporters
Yamaguchi University
Universiti Teknologi Malaysia
Ministry of Education, Culture, Sports, Science and Technology-Japan
Ministry of Foreign Affairs-Japan
Japan International Cooperation Agency (JICA)

Organizing Members
Chair
Ken Kaminishi (Yamaguchi University)
Co-Chair
Rubiyah Binti Yusof (MJIIT, UTM)
Fuminori Kobayashi (MJIIT, UTM)
Managing Committee
Naoki Ohshima (MJIIT, UTM)
Zool Hilmi bin Ismail (MJIIT, UTM)
Hafizal Bin Yahaya (MJIIT, UTM)
Siti Rahmah bt. Aid (MJIIT, UTM)
Kazuhiro Fukuyo (Yamaguchi University)
Hideaki Izumi (Yamaguchi University)
Takashi Mukoyama (Yamaguchi University)
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Kazuya Inaba (Yamaguchi University)
Yoko Ishino (Yamaguchi University)
Shigeyuki Haruyama (Yamaguchi University)
Seiya Takeuchi (Yamaguchi University)
Masakazu Takahashi (Yamaguchi University)
Yuichi Ohtsuka (Yamaguchi University)
Tsuyoshi Koga (Yamaguchi University)
Technical Committee
Nguyen Huu Phuc (Yamaguchi University)
Susumu Takase (Yamaguchi University)
Yoshiyuki Matsuura (Yamaguchi University)
Secretary
Yang Ziye
Ritsuko Fuwa
Scientific Committee and Reviewers
Shigeru Katsuyama (Osaka University)
Yoshihito Shirai (Kyushu Institute of Technology)
Yoshinori Takeuchi (Osaka University)
Siti Rahmah Aid (MJIIT, UTM)
Takashi Komeda (Shibaura Institute of Technology)
Nguyen Huu Phuc (Yamaguchi University)
Yoshiharu Mutoh (Nagaoka University of Technology)
Yoko Ishino (Yamaguchi University)
Masakazu Takahashi (Yamaguchi University)
Takeshi Minami (Kindai University)
Naoki Ohshima (MJIIT, UTM)
Hitoshi Nakano (Kindai University)
Hafizal Bin Yahaya (MJIIT, UTM)
Kanji Yasui (Nagaoka University of Technology)
Kenichi Yoneda (MJIIT, UTM)
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4. Program Overview
Nov. 13 (Friday)
ANA Crowne Plaza Hotel Ube
17:00 - 18:00

Opening Ceremony

18:00 - 20:00

Welcome Party
Nov. 14 (Saturday)
ANA Crowne Plaza Hotel Ube
MJJIC-ISAME Joint Event

9:00 - 9:30

Welcoming Address

9:45 - 11:45

Plenary Session㻌 MOT Education in Asia

11:45 - 12:15

Photo Session
Yamaguchi University, Tokiwa Campus

14:30 - 16:10

Concurrent Session 1

㻌 1-A

1-B

1-C

1-D

1-E

(Room D23)

(Room D24)

(Room D33)

(Room D34)

(Room D32)

㻌 MOT1

MPE

ESE

EGT

MOT2

16:30 - 18:10

Concurrent Session 2

㻌 2-A

2-B

2-C

2-D

2-E

(Room D23)

(Room D24)

(Room D33)

(Room D34)

(Room D32)

㻌 MOT

MPE1

ESE

EGT

MPE2

Nov.15 (Sunday)
Yamaguchi University, Tokiwa Campus
9:00 - 10:40

Concurrent Session 3

㻌 3-A

3-B

3-C

3-D

3-E

(Room D23)

(Room D24)

(Room D33)

(Room D34)

(Room D32)

㻌 MOT1

MPE

ESE

EGT

MOT2

11:00 - 12:40

Concurrent Session 4

㻌 4-A

4-B

4-C

4-D

(Room D23)

(Room D24)

(Room D33)

(Room D34)

㻌 MOT

MPE

ESE1

ESE2

14:00 - 14:30

Closing Ceremony
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5. MJJIC-ISAME Joint Event
Welcoming Address (9:00-9:30)
5-1. University President Address
Masaaki Oka,
President, Yamaguchi University

5-2. Report on Asia Innovation Center Initiative
Ken Kaminishi,
Director, Asia Innovation Center (AIC), Yamaguchi University

Plenary Session㻌 MOT Education in Asia (9:45-11:45)
How Can We Cooperate to Satisfy Societal Needs?
5-3. Internationalization of Universities and Fostering of Global Human Resources
Koji Kitayama,
Director, Technical Education Division, Higher Education Bureau,
Ministry of Education, Culture, Sports, Science and Technology (MEXT)

5-4. Education at MJIIT—Present and Future
Fuminori Kobayashi,
Deputy Dean MJIIT, Universiti Technologi Malaysia (UTM)

5-5. Strategic Positionings in the B2B of Digital Economy
Fumio Kodama,
Professor Emeritus, University of Tokyo
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5-1. University President Address
Good morning. Welcome to Ube City and Yamaguchi
University. Yamaguchi Kodo, the precursor of Yamaguchi
University was established by Houyou Ueda, a samurai of
Choshu Domain, in 1815 and we are now celebrating
bicentennial anniversary. Graduate School of Innovation and
Technology Management is coincidentally commemorating
10th year’s anniversary. We are privileged to have the representatives from
ministries and governmental agency as well as those from the business schools
and promising students from Asian countries. I would like to give hearty
welcoming address on behalf of Yamaguchi University.
Yamaguchi played crucial role in the modernization of Japan, called “Meiji Ishin.”
“Hana Moyu,” the year-long historical drama series currently broadcast in NHK,
is set in Yamaguchi of this turbulent period. We organized a symposium inviting
the executive drama staffs recently and thought about the passion of the
youngsters dashing toward Meiji Ishin. Yamaguchi traditionally has praised a
spirit to accept foreign cultures since the Middle Ages, as the Meiji Ishin
eloquently proves. You may be surprised to know Yamaguchi was the first place
in Japan to observe Christmas back in 1552. Furthermore, we have been proud of
“Ishin mind,” meaning strong will to achieve revolution proactively with high
awareness of the current issue. In this memorable year, we published Yamaguchi
University vision 2015 in which we committed to nurture human resources who
are able to bolster Asian sustainable growth as well as to drive innovation of
Japanese origin.
I am informed this symposium aims to cultivate human resources enabling the
development of Asia through innovation by accelerating the collaboration among
business schools in Asian countries including YUMOT. Its aim is highly
congruent with what our vision means to.
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Our university has emphasized management of technology since 1990’s and is
recognized as a pioneer in industry-university collaboration and technology
licensing fields. The establishment of YUMOT symbolizes the hard work by our
forerunners. Since the establishment, we have been aware of the importance of
MOT education, including intellectual property education and spread out the
relevant program on a university wide basis. This effort successfully lets us build
a distinctive position in Japan. The current Yamaguchi University vision also puts
a major emphasis on MOT and I highly expect YUMOT contributes to the
prosperity of our university in the future.
I heard that you would discuss the promotion of double degree and joint degree
program among business schools including the guests’ school. We aspire to
activate such cross border academic program in our vision too. This symposium
must help accelerate our globalization along with diversification.
I would like the participants to nurture mutual understanding and trust in this
event and move forward together to achieve human resources cultivation who
can serve the future of Asia through innovation. Meanwhile, I am honored to
have continuous cooperation and instruction to this project from Japanese
government. We are definitely committed to this project to the best we can.
Last but not least, let me wish this symposium will become constructive and
fruitful for all of you. Thank you.
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5-2. Report on Asia Innovation Center Initiative

International Symposium for Asia MOT Education
ANA Crowne Plaza Hotel Ube
14 November, 2015

Report on Asia Innovation Center Initiative

Ken KAMINISHI

Executive Advisor to the President
Yamaguchi University

Director, Asia Innovation Center (AIC)
Professor, Graduate School of Innovation &
Technology Management (YUMOT)

YUMOT Vision
Our school is aiming to be first choice for those who
would like to become “MOTists” in West Japan as
well as in East and Southeast Asia.
㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 （＊snip＊）
Our school sets out to be an attractive graduate
school for those who would like to become
“MOTists” being active particularly in West Japan or
in Asia by enhancing our reputation through
implementation of educational efforts.
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What is “MOTists” ?

Leaders who can formulate vision and produce creative
performance by focusing on both technology and management

㻌㻌㻌

×ᴾ
Hyperopia

‿⁓⁝⁗‒

each other
Illusion of
new business

⁆⁗⁕⁚⁞⁙‒
Realizable
business
ᴾ

Focus
adequately

×ᴾ
Myopia
each other
Many trifle business
Without strategy

Technology
viewpoint

“MOTists”

Management
viewpoint

Asia Innovation Producer Cultivation
Objective
Developing and consolidating holistic
educational program deserving Asian
standard and hub(s) to foster MOTist,
“Asia Innovation Producer” who play
significant role in emerging Asia,
particularly in ASEAN countries
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Asia Innovation Center (AIC) Initiative

Asia MOT educational source warehouse
・Reorganize “YUMOT portal” for
storing educational material
・Share contents with partner
universities oversea

Internationally
recognized
accreditation

YUMOT

ASEAN
education

Domestic
education

Hiroshima
Fukuoka

Asia Innovation library

interaction

Asia
Innovation
Center

Ube

Excellent students dispatch

Professional
students
offering cross -cultural
discussion and group
work opportunity

 Develop database of
business chance and issues
reported by companies and
partner universities both in
Japan as well as ASIAN
countries
 Screening topics for future
joint research and
education content
development
•
•
•
•

Credit transfer
Course sharing
Double degree
Joint degree

ITB
Other leading graduate
schools in ASIA

Short term visit program
(Boot camp)

Project Roadmap
2018

Asia MOT
Consortium
establishment

International Symposium
for Asian MOT education
2015 in Ube
Indonesia-Japan Symposium on
MOT 2015 in Bandung

Credit transfer
Course sharing
Double degree
Joint degree

Asia MOT educational
source warehouse

2017

2016

•
•
•
•

Asia MOT
Core curriculum
development

Nov.14, 2015

Sep.10, 2015
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Asia MOT
Platform
Asia Innovation
library

Collaborative
course design

Role of the symposiums
Ube symposium
Intensive and practical meeting for all major partners
(e.g. Consortium bylaws, student exchange agreement)

Oversea symposium
Raising awareness of MOT among local business
Knowing emerging MOT issues for local business
Sharing MOT issue for Japanese companies along with
localization

Indonesia-Japan Symposium on Management of Technology 2015

TIME AND VENUE
Day/date : Thursday/10th September 2015
Time
: 08.00 – 17.00 WIB
Venue
: Mercure Hotel, Setiabudi Bandung
SIMPOSIUM THEME
MoT as a Key Success Factor for Unlocking
Indonesia’s Economic Potentials
Actually participated audiences:
Approx.
Business/ Industries㻌 150
Academia㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 50
Government㻌 㻌 㻌 㻌 㻌 㻌 50

－13－

International Symposium for
Asian MOT Education (ISAME) 2015 in Ube㻌
Opening Session 㻌
9:00 –㻌 9:30
Plenary Joint Session 9:45 – 11:45
Rep. from MEXT :
Prof. Kobayashi :

Prof. Kodama :

MEXT initiative for education globalization
Exporting Japanese education system;
achievements and problems
Strategic Positioning in the B2B of
Digital Economy

Photo Session㻌
11:45 – 12:15
Panel Discussion㻌 14：00 – 16：30
Networking㻌 㻌
17：00 – 20：00

THANK YOU!
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5-3. Internationalization of Universities and
Fostering of Global Human Resources
,QWHUQDWLRQDO6\PSRVLXPIRU$VLDQ027(GXFDWLRQ ,6$0( 

,QWHUQDWLRQDOL]DWLRQRI8QLYHUVLWLHVDQG
)RVWHULQJRI*OREDO+XPDQ5HVRXUFHV
.RML.LWD\DPD
'LUHFWRU7HFKQLFDO(GXFDWLRQ'LYLVLRQ+LJKHU(GXFDWLRQ%XUHDX
0LQLVWU\RI(GXFDWLRQ&XOWXUH6SRUWV6FLHQFHDQG7HFKQRORJ\
1RYHPEHU

&RQWHQWV：

, &XUUHQWVLWXDWLRQRIWKHLQWHUQDWLRQDOL]DWLRQRI
-DSDQHVHXQLYHUVLWLHV
,, *RYHUQPHQWSROLF\
,,,0HDVXUHVWDNHQE\0(;7 0LQLVWU\RI(GXFDWLRQ
&XOWXUH6SRUWV6FLHQFHDQG7HFKQRORJ\ 
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, &XUUHQWVLWXDWLRQRIWKH
LQWHUQDWLRQDOL]DWLRQRI
 -DSDQHVHXQLYHUVLWLHV

&XUUHQWVLWXDWLRQRIDFFHSWDQFHRIRYHUVHDVVWXGHQWVLQ-DSDQ
7KHQXPEHURIIRUHLJQVWXGHQWVHQUROOHGLQ-DSDQHVHLQVWLWXWLRQVRIKLJKHUHGXFDWLRQKDVJHQHUDOO\EHHQLQFUHDVLQJDOWKRXJKWKHQXPEHU
KDVEHHQOHYHOLQJRIIVLQFHWKHQXPEHURIIRUHLJQVWXGHQWVHQUROOHGDW-DSDQHVHODQJXDJHVFKRROVKDVEHHQLQFUHDVLQJ

7UHQG
㻞㻜㻜㻘㻜㻜㻜
6RXUFH-DSDQ6WXGHQW6HUYLFHV$VVRFLDWLRQ>-$662@  As of May 1,2014

㻝㻤㻜㻘㻜㻜㻜

㻝㻤㻠㻘㻝㻡㻡㻌㻌

㻝㻢㻤㻘㻝㻠㻡㻌㻌
㻝㻢㻟㻘㻢㻥㻣㻌㻌
㻝㻢㻝㻘㻤㻠㻤㻌㻌
㻝㻠㻝㻘㻣㻣㻠㻌㻌 㻝㻟㻣㻘㻣㻡㻢㻌㻌 㻝㻟㻥㻘㻝㻤㻡㻌㻌
㻝㻟㻞㻘㻣㻞㻜㻌㻌 㻝㻟㻤㻘㻜㻣㻡㻌㻌 㻝㻟㻡㻘㻡㻝㻥㻌㻌
㻝㻝㻣㻘㻟㻜㻞㻌㻌㻝㻞㻝㻘㻤㻝㻞㻌㻌
㻝㻞㻟㻘㻤㻞㻥㻌㻌
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㻝㻜㻥㻘㻡㻜㻤㻌㻌

㻝㻢㻜㻘㻜㻜㻜
㻝㻠㻜㻘㻜㻜㻜
㻝㻞㻜㻘㻜㻜㻜
㻝㻜㻜㻘㻜㻜㻜

㻢㻜㻘㻜㻜㻜

㻥㻡㻘㻡㻡㻜㻌㻌
㻣㻤㻘㻤㻝㻞㻌㻌
㻢㻠㻘㻜㻝㻝㻌㻌
㻡㻡㻘㻣㻡㻡㻌㻌

㻠㻜㻘㻜㻜㻜

㻡㻝㻘㻞㻥㻤㻌㻌

+LJKHUHGXFDWLRQLQVWLWXWLRQV XQLYHUVLWLHVMXQLRU
FROOHJHVFROOHJHVRIWHFKQRORJ\HWF 

㻤㻜㻘㻜㻜㻜

㻞㻜㻘㻜㻜㻜
（㻼㼑㼞㼟㼛㼚㼟）㻌
㻜

7RWDOQXPEHURIRYHUVHDVVWXGHQWV KLJKHU
HGXFDWLRQLQVWLWXWLRQVDQG-DSDQHVH
ODQJXDJHVFKRROV 

-DSDQHVHODQJXDJHVFKRROV

㻠㻠㻘㻥㻣㻜㻌㻌
㻞㻡㻘㻢㻞㻞㻌㻌

㻟㻞㻘㻢㻞㻢㻌㻌

㻞㻠㻘㻜㻥㻞㻌㻌
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㻤㻟 㻤㻠 㻤㻡 㻤㻢 㻤㻣 㻤㻤 㻤㻥 㻥㻜 㻥㻝 㻥㻞 㻥㻟 㻥㻠 㻥㻡 㻥㻢 㻥㻣 㻥㻤 㻥㻥 㻜㻜 㻜㻝 㻜㻞 㻜㻟 㻜㻠 㻜㻡 㻜㻢 㻜㻣 㻜㻤 㻜㻥 㻝㻜 㻝㻝 㻝㻞 㻝㻟 㻝㻠

%\FRXQWU\UHJLRQ
&RXQWU\UHJLRQ

1RRIRYHUVHDVVWXGHQWV
1RLQSUHYLRXV\HDU 

&KDQJHIURP
SUHYLRXV\HDU

&RXQWU\UHJLRQ

1RRIRYHUVHDVVWXGHQWV 1R
LQSUHYLRXV\HDU 


&KDQJHIURP
SUHYLRXV\HDU


&KLQD

  

△
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9LHWQDP

  



7KDLODQG

  



5HSXEOLFRI.RUHD

  

△

2WKHUV

  



1HSDO

  



  



7RWDO



※:LWKWKHUHYLVLRQRIWKH,PPLJUDWLRQ&RQWURODQG5HIXJHH5HFRJQLWLRQ$FW SURPXOJDWHGRQ-XO\ WKHVWDWXVRIUHVLGHQFHcategories of “ryuugaku” and “shuugaku” were consolidated on July 1 2010; overseas
students enrolled in Japanese language schools were also included in the category of “overseas student” from May 2011.
7KHQXPEHURIRYHUVHDVVWXGHQWVHQUROOHGDWKLJKHUHGXFDWLRQLQVWLWXWLRQVZDVDQGWKHQXPEHURIRYHUVHDVVWXGHQWVHQUROOHGDW-DSDQHVHODQJXDJHVFKRROVZDVDVRI0D\ 
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3URSRUWLRQRIRYHUVHDVVWXGHQWVLQYDULRXVFRXQWULHV
3URSRUWLRQRILQWHUQDWLRQDOVWXGHQWVDPRQJDOOVWXGHQWVHQUROOHGLQLQVWLWXWLRQVRIKLJKHUHGXFDWLRQFRPSDUHGWRWKH2(&'
DYHUDJHRIWKHSHUFHQWDJHIRU-DSDQUHPDLQVDWDEHORZDYHUDJH
（％）
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OECD average: 8%
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6RXUFHOECD “Education at a Glance” 2014

1XPEHURIVWXGHQWVJRLQJDEURDGIRUVWXG\IURPVHOHFWFRXQWULHV
([FHSWIRU-DSDQWKHQXPEHUVRIVWXGHQWVVWXG\LQJRYHUVHDVDUHWHQGLQJWRULVH&KLQDVKRZVDSDUWLFXODUO\PDUNHGLQFUHDVH
LQWKHQXPEHURIVWXGHQWVVWXG\LQJRYHUVHDV
800,000

761,992
722,915

China
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Republic of Korea
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600,000

636,354
567,982
510,842

500,000

451,526
381,330

400,000

300,000
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174,629
100,000

404,664

271,284

181,684

87,987

191,321
106,236
89,271

205,983

457,366

223,534

241,791

148,116

129,627

139,223

98,103

96,423

103,825

262,416

162,221
107,141

84,001
79,455

74,551

82,945

80,023

76,492

75,156

2002
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260,327
184,801
115,464

273,996

283,332

289,408

226,056

222,912

217,319

127,291

136,592

138,601

134,459

59,923

58,060

57,501

60,138

2009

2010
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270,604
211,038

66,833

0
2008

6RXUFH：For the U.S., IIE’s “OPEN DOORS”; for the other countries, OECD’s “Education DWDGlance”、UNESCO’s “Institute IRUStatistics”
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Current situation of Japanese students studying abroad
7KHQXPEHURI-DSDQHVHVWXGHQWVVWXG\LQJRYHUVHDVUHDFKHGDSHDNLQRIDQGWKHQGURSSHGWRLQ
KRZHYHUWKHGHFOLQHVWRSSHGLQ

7UHQG
90,000

1RRI-DSDQHVHVWXGHQWVVWXG\LQJDEURDG
6RXUFH81(6&2ŃŶƗƄƗƌƖƗƌƆƄƏŃżƈƄƕƅƒƒƎŏŃOECD, “Education
at a Glance,” IIE, “Open Doors”, etc.
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Note: “N” in the graph indicates “0” or a
ILJXUHLQVLJQLILFDQWHQRXJKWREHLJQRUHG
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:RUOG8QLYHUVLW\5DQNLQJV
(YHU\\HDUYDULRXVZRUOGUDQNLQJVRIXQLYHUVLWLHVDUHUHOHDVHG$OWKRXJKWKHLQGLFDWRUVDQGFULWHULDXVHGIRUWKHUDQNLQJVGLIIHUWKHHYDOXDWLRQRIWKH
LQWHUQDWLRQDOL]DWLRQRI-DSDQHVHXQLYHUVLWLHVKDVWUHQGHGGRZQZDUG7KHRYHUDOOFRPSHWLYHQHVVRIHGXFDWLRQDQGUHVHDUFKDW-DSDQHVHXQLYHUVLWLHV
PXVWEHVWUHQJWKHQHG

◆7LPHV+LJKHU(GXFDWLRQ
◆7LPHV+LJKHU(GXFDWLRQ
 “World University Rankings”  “World Reputation Rankings”
【UDQNLQJ】

&DOLIRUQLD,QVWLWXWHRI7HFKQRORJ\ 86 
8QLYHUVLW\RI2[IRUG 8. 
6WDQIRUG8QLYHUVLW\ 86 
 1DWLRQDO8QLYHUVLW\RI6LQJDSRUH
 6LQJDSRUH 
3HNLQJ8QLYHUVLW\ &KLQD 
8QLYHUVLW\RI7RN\R
 8QLYHUVLW\RI+RQJ.RQJ +. 
 7VLQJKXD8QLYHUVLW\ &KLQD 
 1DQ\DQJ7HFKQRORJLFDO8QLYHUVLW\
 6LQJDSRUH 
 +RQJ.RQJ8QLYHUVLW\RI6FLHQFHDQG
7HFKQRORJ\ +. 
6HRXO1DWLRQDO8QLYHUVLW\ 52. 
 .\RWR8QLYHUVLW\
 3RKDQJ8QLYHUVLW\RI6FLHQFHDQG
7HFKQRORJ\ 52. 
 7KH&KLQHVH8QLYHUVLW\RI+RQJ.RQJ
 +. 
 .RUHD$GYDQFHG8QLYHUVLW\RI6FLHQFH
DQG7HFKQRORJ\ 52. 
 6XQJN\XQNZDQ8QLYHUVLW\ 52. 
 1DWLRQDO7DLZDQ8QLYHUVLW\ 7DLZDQ 
（-DSDQHVHXQLYHUVLWLHV UDQNHGEHWZHHQDQG 

 7RKRNX8QLYHUVLW\
 7RN\R,QVWLWXWHRI7HFKQRORJ\
2VDND8QLYHUVLW\㻌

【UDQNLQJ】
【UDQNLQJ】  0DVVDFKXVHWWVRI7HFKQRORJ\ 86 

 +DUYDUG8QLYHUVLW\ 86 
+DUYDUG8QLYHUVLW\ 86 
 8QLYHUVLW\RI&DPEULGJH 8. 
8QLYHUVLW\RI&DPEULGJH 8. 
6WDQIRUG8QLYHUVLW\ 86 
 8QLYHUVLW\RI2[IRUG 8. 
 1DWLRQDO8QLYHUVLW\RI6LQJDSRUH 6LQJDSRUH 
 0DVVDFKXVHWWVRI7HFKQRORJ\ 86 
 1DQ\DQJ7HFKQRORJLFDO8QLYHUVLW\ 6LQJDSRUH 
 6WDQIRUG8QLYHUVLW\ 86 
 7VLQJKXD8QLYHUVLW\ &KLQD 
 8QLYHUVLW\RI&DOLIRUQLD%HUNHOH\ 86 
 +RQJ.RQJ8QLYHUVLW\RI6FLHQFHDQG
 3ULQFHWRQ8QLYHUVLW\ 86 
7HFKQRORJ\
+. 
 <DOH8QLYHUVLW\ 86 
 8QLYHUVLW\RI+RQJ.RQJ +. 
 &DOLIRUQLD,QVWLWXWHRI7HFKQRORJ\ 86 

6HRXO1DWLRQDO8QLYHUVLW\
52. 
 &ROXPELD8QLYHUVLW\ 86 
 .\RWR8QLYHUVLW\


7RN\R8QLYHUVLW\
 8QLYHUVLW\RI7RN\R
 1DWLRQDO8QLYHUVLW\RI6LQJDSRUH 3HNLQJ8QLYHUVLW\ &KLQD 
 .RUHD$GYDQFHG8QLYHUVLW\RI6FLHQFHDQG
 6LQJDSRUH 
7HFKQRORJ\ 52. 
7VLQJKXD8QLYHUVLW\ &KLQD 
 7KH&KLQHVH8QLYHUVLW\RI+RQJ.RQJ +. 
.\RWR8QLYHUVLW\
 )XGDQ8QLYHUVLW\ &KLQD ）
 3HNLQJ8QLYHUVLW\ &KLQD 

7RN\R,QVWLWXWHRI7HFKQRORJ\
8QLYHUVLW\RI+RQJ.RQJ &KLQD 
 &LW\8QLYHUVLW\RI+RQJ.RQJ +. 
6HRXO1DWLRQDO8QLYHUVLW\ 52. 

2VDND8QLYHUVLW\
1DWLRQDO7DLZDQ8QLYHUVLW\ 7DLZDQ 
 +RQJ.RQJ8QLYHUVLW\RI6FLHQFHDQG  1DWLRQDO7DLZDQ8QLYHUVLW\ 7DLZDQ 

6KDQJKDL-LDR7RQJ8QLYHUVLW\
&KLQD 
7HFKQRORJ\ &KLQD 
 7RKRNX8QLYHUVLW\ 
1DQ\DQJ7HFKQRORJLFDO8QLYHUVLW\

3RKDQJ8QLYHUVLW\RI6FLHQFHDQG7HFKQRORJ\
 6LQJDSRUH 
52. 

㻌

㻌

【(YDOXDWLRQ PHWKRG】
5DQNLQJE\DJJUHJDWLRQRIHYDOXDWLRQVEDVHGRQ
VXEMHFWLYHLPSUHVVLRQV E\UHVHDUFKHUVDURXQGWKH
ZRUOG

【(YDOXDWLRQ LQGLFDWRUV】
①7HDFKLQJ（）
②5HVHDUFKFLWDWLRQV（）
③5HVHDUFK（） 
④,QWHUQDWLRQDOGLYHUVLW\（）
⑤/LQNDJHZLWKLQGXVWU\（）

◆46:RUOG8QLYHUVLW\5DQNLQJV

【(YDOXDWLRQ LQGLFDWRUV】
 ①(YDOXDWLRQE\VFKRODUVZRUOGZLGH  、 
 ②(YDOXDWLRQE\HPSOR\HUVZRUOGZLGH  、
 ③1XPEHURIUHVHDUFKFLWDWLRQVSHUIDFXOW\PHPEHU  、
 ④6WXGHQWWRIDFXOW\UDWLRQ  、
 ⑤,QWHUQDWLRQDOVWXGHQWUDWLR  、
 ⑥,QWHUQDWLRQDOIDFXOW\UDWLRQ  

What are “global human resources”?
6HFRQG%DVLF3ODQIRU3URPRWLRQRI(GXFDWLRQ
DGRSWHGE\&DELQHWGHFLVLRQRQ-XQH 

&KDSWHU(GXFDWLRQDO3ROLFLHVIRUWKH1H[W)LYH<HDUV～(LJKW$FKLHYHPHQW
7DUJHWVDQG%DVLF0HDVXUHVEDVHGRQ)RXU)XQGDPHQWDO'LUHFWLRQV～
 )RVWHULQJKXPDQUHVRXUFHVWRKDYHDQLPSDFWRQWKHIXWXUH
  $FKLHYHPHQW7DUJHW )RVWHULQJKXPDQUHVRXUFHVZKRFDQOHDGVRFLDOFKDQJH
DQGFUHDWHQHZYDOXHV 

%DVLF0HDVXUH6WUHQJWKHQLQJHIIRUWVIRUIRVWHULQJJOREDOKXPDQ
UHVRXUFHVE\IRUHLJQODQJXDJHHGXFDWLRQWZRZD\VWXG\DEURDG
LQWHUQDWLRQDOH[FKDQJHVLQWHUQDWLRQDOL]DWLRQRIXQLYHUVLWLHVHWF

%DVLFFRQFHSW
•

:LWKWKHIDVWSDFHRIJOREDOL]DWLRQLWLVLQFUHDVLQJO\LPSRUWDQWWRIRVWHU
JOREDOKXPDQUHVRXUFHVZKRDUHHTXLSSHGZLWKH[FHOOHQWIRUHLJQ
ODQJXDJHDQGFRPPXQLFDWLRQVNLOOVDUHLQGHSHQGHQWDQGDFWLYHKDYH
WKHVSLULWRIFURVVFXOWXUDOXQGHUVWDQGLQJHWFDQGZKRFDQSOD\DFWLYH
UROHVLQYDULRXVILHOGVZLWKWKHDVVXPSWLRQWKH\KDYHDILUPLGHQWLW\DV
D-DSDQHVHDQGKDYHDGHHSXQGHUVWDQGLQJRI-DSDQHVHFXOWXUH
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“Inwardoriented” tendency
Around 60% of university students say they do not want to study overseas (“not very much” or
“not at all”). 
Intention to study abroad while a student (“Do you want to study abroad?”)
Very much

Somewhat

Not Very Much

Not at all

already

５９．１％
Overal
l

12.3

Fresh
men(1
st
year)

25.7

15.8

Sopho
more(
2nd
year)

28.3

14.5
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year)

9.1
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(4th
year)
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Source: Benesse “Survey on University Students’ Academic and Daily Life, 2012”

Ⅱ*RYHUQPHQW3ROLF\
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Education Rebuilding Implementation Council
“Paradigms for University Education From Now (3rd set of recommendations)”
(May 28, 2013) ①
１．%XLOGLQJHGXFDWLRQDOHQYLURQPHQWVUHVSRQGLQJWRWKHGHPDQGVRIJOREDOL]DWLRQ
 7DNHGHFLVLYHDFWLRQIRUWKRURXJKJRLQJLQWHUQDWLRQDOL]DWLRQEXLOGLQJHGXFDWLRQDO
HQYLURQPHQWVWKDWDUHLQWHUQDWLRQDOO\FRPSHWLWLYH
• 7KHQDWLRQDOJRYHUQPHQWVKRXOGSUHSDUHV\VWHPLFDQGILQDQFLDOHQYLURQPHQWVWKDWZLOO
HQDEOHDQGIDFLOLWDWHHIIRUWVWUDQVFHQGLQJFXUUHQWV\VWHPVE\DWWUDFWLQJFRPSOHWH
HGXFDWLRQDOXQLWV HGXFDWLRQDOSURJUDPVIDFXOW\HWF IURPOHDGLQJXQLYHUVLWLHVRYHUVHDVWR
MRLQWO\HVWDEOLVKGHSDUWPHQWVIDFXOWLHVDQGJUDGXDWHVFKRROVZLWK-DSDQHVHXQLYHUVLWLHV
DQGRIIHUMRLQWGHJUHHV7KLVZLOOHQDEOH-DSDQHVHVWXGHQWVWRJDLQDZRUOGFODVVHGXFDWLRQ
LQ-DSDQDQG-DSDQHVHUHVHDUFKHUVWRHQKDQFHTXDOLWDWLYHO\DQGTXDQWLWDWLYHO\MRLQW
LQWHUQDWLRQDOUHVHDUFKZLWKRXWVWDQGLQJUHVHDUFKHUVRYHUVHDV

• -DSDQHVHXQLYHUVLWLHVVKRXOGSURYLGHDWWUDFWLYH-DSDQHVHHGXFDWLRQDOSURJUDPVRYHUVHDVE\
HVWDEOLVKLQJRYHUVHDVFDPSXVHVWKURXJKWLHXSVZLWKRYHUVHDVXQLYHUVLWLHVDQGORFDO
FRPSDQLHV7KHQDWLRQDOJRYHUQPHQWVKRXOGSUHSDUHILQDQFLDODQGLQVWLWXWLRQDOIUDPHZRUNV
in order to increase and expand international linkages through Japanese universities’
DJJUHVVLYHDGYDQFHPHQWRYHUVHDV

• 7KHQDWLRQDOJRYHUQPHQWVKRXOGJLYHSULRULW\VXSSRUWWRXQLYHUVLWLHV–WHQWDWLYHO\FDOOHG
“top global universities” WDNLQJGHFLVLYHDFWLRQWRLQWHUQDWLRQDOL]HE\DFWLYHO\KLULQJ
IRUHLJQIDFXOW\PHPEHUVPDNLQJWLHXSVZLWKRYHUVHDVXQLYHUVLWLHVRIIHULQJPRUHGHJUHH
FRXUVHVLQZKLFKVWXGHQWVFDQJUDGXDWHE\WDNLQJFODVVHVJLYHQRQO\LQ(QJOLVKHWF
-DSDQHVHXQLYHUVLWLHVVKRXOGHQKDQFHWKHLUMRLQWLQWHUQDWLRQDOUHVHDUFKDQGKHLJKWHQWKHLU
LQWHUQDWLRQDOSUHVHQFHE\SODFLQJXQLYHUVLWLHVZLWKLQWKHWRSXQLYHUVLWLHVLQWKH
ZRUOGZLGHXQLYHUVLW\UDQNLQJVZLWKLQWKHFRPLQJGHFDGH

Education Rebuilding Implementation Council
“Paradigms for University Education From Now (3rd set of recommendations)”
(May 28, 2013) ②
１．%XLOGLQJHGXFDWLRQDOHQYLURQPHQWVUHVSRQGLQJWRWKHGHPDQGVRIJOREDOL]DWLRQ
 :LWKWKHDLPRISURYLGLQJRSSRUWXQLWLHVIRUDOOVWXGHQWVZLWKWKHGHVLUHDQGFDSDELOLW\WR  
VWXG\DEURDGWKHJRYHUQPHQWZLOOGRXEOHWKHQXPEHURI-DSDQHVHVWXGHQWVVWXG\LQJRYHUVHDV
WRVWXGHQWVDQGLQFUHDVHWKHQXPEHURIRYHUVHDVVWXGHQWVVWXG\LQJLQ-DSDQWR

• ,QFRQMXQFWLRQZLWKpromoting students’ overseas studyXQLYHUVLWLHVVKRXOGKDYHVWXGHQWV
DFTXLUHSUDFWLFDO(QJOLVKDELOLW\E\XWLOL]LQJRXWVLGHSURILFLHQF\WHVWLQJVHUYLFHVVXFKDV
72()/IRUFHUWLI\LQJDGPLVVLRQVDQGJUDGXDWLRQTXDOLILFDWLRQVSURYLGLQJHGXFDWLRQDO
SURJUDPVLQ(QJOLVKDQGVRRQ2XWVLGHSURILFLHQF\WHVWLQJVKRXOGEHXWLOL]HGEDVHGRQWKH
GLYHUVLW\RIWKHXQLYHUVLW\DQGVWXGHQWV

• 8QLYHUVLWLHVVKRXOGSURPRWHPXWXDOVWXG\DEURDGSURJUDPVDQGFUHGLWWUDQVIHUVZLWK
RYHUVHDVXQLYHUVLWLHVDQGPDNHWKHLUDFDGHPLFFDOHQGDUVIOH[LEOHWRPHHWWKHQHHGVRI
LQWHUQDWLRQDOVWXGHQWVVXFKDVRIIHULQJIDOODGPLVVLRQVLQWURGXFLQJDTXDUWHUV\VWHPHWF
7KHJRYHUQPHQWVKRXOGDOVRVXSSRUWHIIRUWVWRHQFRXUDJHVWXGHQWVWRVWXG\RYHUVHDVVXFK
DVSURPRWLQJXQLYHUVLW\LQWHUQVKLSSURJUDPVRYHUVHDVDQGWKHPXWXDOUHFRJQLWLRQRI
FUHGLWVHWF
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-DSDQ5HYLWDOL]DWLRQ6WUDWHJ\–-DSDQ,V%DFN①
$GRSWHGE\&DELQHWGHFLVLRQRQ-XQH 
&KDSWHU,,7KUHH$FWLRQ3ODQV
-DSDQHVH,QGXVWULDO5HYLWDOL]DWLRQ3ODQ(PSOR\PHQWV\VWHPUHIRUP
VWUHQJWKHQLQJRIKXPDQUHVRXUFHV

㻌㻌㻌
 8QLYHUVLW\UHIRUP
…Japan should carry out necessary institutional reforms, and create “7RS
*OREDO8QLYHUVLWLHV” (provisional name) that can compete with the world’s
OHDGLQJXQLYHUVLWLHV-DSDQVKRXOGDLPDWSODFLQJRYHUWHQ-DSDQHVH
XQLYHUVLWLHVZLWKLQWKHWRSXQLYHUVLWLHVZLWKLQWKHQH[WGHFDGH
 )RUPDWLRQRIJURXSRIZRUOGFODVVXQLYHUVLWLHVWKURXJKWKHJOREDOL]DWLRQRI
KXPDQUHVRXUFHVDQGHGXFDWLRQDOV\VWHPV
• 7KHJRYHUQPHQWVKRXOGSURPSWO\EHJLQSULRULWL]HGVXSSRUWWRXQLYHUVLWLHV
DFWLYHO\XQGHUWDNLQJUHIRUPVVXFKDVWKHLQWHUQDWLRQDOL]DWLRQRIIDFXOW\DQG
VWXGHQWVLQFUHDVLQJFRXUVHVRIIHUHGLQ(QJOLVKHWF

-DSDQ5HYLWDOL]DWLRQ6WUDWHJ\–-DSDQ,V%DFN  

$GRSWHGE\&DELQHWGHFLVLRQRQ-XQH

&KDSWHU,,7KUHH$FWLRQ3ODQV
-DSDQHVH,QGXVWULDO5HYLWDOL]DWLRQ3ODQ(PSOR\PHQWV\VWHPUHIRUP
VWUHQJWKHQLQJRIKXPDQUHVRXUFHV

 6WUHQJWKHQLQJRIKXPDQUHVRXUFHVZKRFDQUHVSRQGWRJOREDOL]DWLRQ
㻌㻌
%DVHGRQWKHUHFRPPHQGDWLRQVE\WKH(GXFDWLRQ5HEXLOGLQJ,PSOHPHQWDWLRQ&RXQFLOIRU
㻌㻌㻌
IRVWHULQJKXPDQUHVRXUFHVZKRFDQSOD\DFWLYHUROHVLQWKHZRUOGXQLYHUVLWLHVZLOOXWLOL]H
LQWHUQDWLRQDO(QJOLVKSURILFLHQF\WHVWLQJSURYLGHRSSRUWXQLWLHVWRDOO\RXQJSHUVRQVZLWKWKH
GHVLUHDQGFDSDELOLW\WRVWXG\DEURDGDQGFUHDWHFOXVWHUVRIXQLYHUVLWLHVWKDWZLOOOHDG
HGXFDWLRQIRUUHVSRQGLQJWRJOREDOL]DWLRQZLWKWKHDLPRIGRXEOLQJWKHQXPEHURI-DSDQHVH
VWXGHQWVVWXG\LQJDEURDGIURP  WRVWXGHQWVE\7KHJRYHUQPHQW
ZLOODOVRDLPDWLQFUHDVLQJWKHQXPEHURIH[FHOOHQWRYHUVHDVVWXGHQWVVWXG\LQJLQ-DSDQIURP
the 140,000 in 2012 to 300,000 by 2020 (“3ODQIRU,QWHUQDWLRQDO([FKDQJH
6WXGHQWV”).
 3URYLGLQJRSSRUWXQLWLHVWRDOO\RXQJSHUVRQVZLWKWKHGHVLUHDQGFDSDELOLW\WRVWXG\DEURDG
• ,QRUGHUWRSURYLGHDOO\RXQJSHRSOHZLWKWKHGHVLUHDQGFDSDELOLW\ZKRZLOOSOD\DFWLYH
JOREDOUROHVLQWKHIXWXUHRSSRUWXQLWLHVWRVWXG\DWKLJKVFKRROVXQLYHUVLWLHVHWFRYHUVHDV
WKHJRYHUQPHQWVKRXOGFUHDWHQHZPHFKDQLVPVIRUSXEOLFSULYDWHFRRSHUDWLRQLQFOXGLQJ
WKHSURYLVLRQRIVFKRODUVKLSVDQGVXEVLGLHVWRHDVHWKHILQDQFLDOEXUGHQRQVWXGHQWV
ZLVKLQJWRVWXG\RYHUVHDV,QFRQMXQFWLRQZLWKWKLVVXSSRUWWKHJRYHUQPHQWZLOOSURPRWH
WKHSUHSDUDWLRQRIVXLWDEOHHGXFDWLRQDOHQYLURQPHQWVDWXQLYHUVLWLHVWKURXJKVLVWHUVFKRRO
WLHXSVFUHGLWWUDQVIHUVZLWKRYHUVHDVXQLYHUVLWLHVHWF

－22－

Ⅲ. Measures taken by MEXT

2YHUYLHZ

-RLQW'HJUHH3URJUDPVZLWK)RUHLJQ8QLYHUVLWLHV

•

:KHQ-DSDQHVHXQLYHUVLWLHVDQGRYHUVHDVXQLYHUVLWLHVIRUPWLHXSVDQGFUHDWHMRLQWHGXFDWLRQDOSURJUDPVERWKXQLYHUVLWLHV
ZLOOMRLQWO\FRQIHUGLSORPDVXQGHUWKHQDPHVRIERWKXQLYHUVLWLHV 7KHQDPHRIDQRYHUVHDVXQLYHUVLW\FDQEHDGGHGWRD
GHJUHHFRQIHUUHGE\D-DSDQHVHXQLYHUVLW\  
• 1HZGHSDUWPHQWVFRXUVHV MRLQWGHJUHHGHSDUWPHQWVFRXUVHV PDNLQJDQHGXFDWLRQDOSURJUDP MRLQWGHJUHHSURJUDP LQ
FROODERUDWLRQZLWKDQRYHUVHDVXQLYHUVLW\DUHHVWDEOLVKHGDWD-DSDQHVHXQLYHUVLW\DQGWKHVDLGGHSDUWPHQWPDMRULVVXEMHFW
WRDSSURYDOE\0(;7
• :KHQDMRLQWGHJUHHSURJUDPLVFUHDWHGUDWKHUWKDQWKHWUDQVIHURIFUHGLWVIRUFRXUVHVRIIHUHGDWWKHSDUWQHURYHUVHDV
XQLYHUVLW\DQHZPHFKDQLVPZLOOEHHVWDEOLVKHGWRWUHDWVXFKFRXUVHVDVEHLQJRIIHUHGDWLWVRZQXQLYHUVLW\
• )RUJUDGXDWLRQRYHURQHKDOIRIWKHFUHGLWVUHTXLUHGIRUJUDGXDWLRQVKDOOEHREWDLQHGDWWKH-DSDQHVHXQLYHUVLW\DQGRYHURQH
IRXUWKDWWKHSDUWQHURYHUVHDVXQLYHUVLW\ LQWKHFDVHRIDQXQGHUJUDGXDWHGHJUHH ,QDGGLWLRQZKHQDFRXUVHLVRSHQHG
MRLQWO\ MRLQWFRXUVH E\WKHXQLYHUVLWLHVDPHFKDQLVPVKDOOEHPDGHSHUPLWWLQJWKHFUHGLWVWREHRIIHUHGE\HLWKHUXQLYHUVLW\
 (GXFDWLRQDOSURJUDPVDUHFUHDWHGZLWKSDUWQHURYHUVHDVXQLYHUVLWLHVDQGDGHJUHHLVFRQIHUUHGZLWKWKHGLSORPD
XQGHUWKHQDPHVRIERWKXQLYHUVLWLHV

'LDJUDPRIV\VWHP

6WXGHQWVVWXG\LQJLQMRLQWSURJUDPUHJLVWHUHGDW
ERWKXQLYHUVLWLHV GRXEOHHQUROOPHQW 

-DSDQHVHXQLYHUVLW\$

-SQVWXGHQWV 2YHUVHDVVWXGHQWV
-RLQW3URJUDP

Joint dept/course
Application

0(;7PLQLVWHU

Approval

,QWHUXQLYHUVLW\
DJUHHPHQW

3URJUDPVDWERWKXQLYHUVLWLHVHTXLYDOHQW

-SQVWXGHQWV 2YHUVHDVVWXGHQWV
-RLQWSURJUDP

&RQVXOWDWLRQVRQLPSRUWDQWPDWWHUVUHODWHGWR
LPSOHPHQWDWLRQPDQDJHPHQWRIMRLQW
SURJUDP QRWLILFDWLRQ 

'XULQJDSSURYDORILQWHUXQLYHUVLW\DJUHHPHQWEDVHGRQ
QRWLILFDWLRQDVVXUDQFHRITXDOLW\RIFRXUVHVRIIHUHGDW
SDUWQHUXQLYHUVLW\LQGLUHFWO\VRXJKW

2YHUVHDVXQLYHUVLW\%
・5HFRJQL]HGDVUHJXODUXQLYHUVLW\
・$SSURYDORI-'ZLWKXQLYHUVLW\RI
RWKHUFRXQWU\

)RUHLJQJRYHUQPHQW

・7KHDGPLVVLRQVFDSDFLW\IRULQWHUQDWLRQDOMRLQWGHJUHHGHSDUWPHQWVPDMRUVVKDOOEHQRPRUHWKDQRIWKHDGPLVVLRQVFDSDFLW\IRUXQGHUJUDGXDWHRU
 JUDGXDWHVFKRROVRIWKHKRVWXQLYHUVLW\5HJDUGOHVVRIWKHVFDOHRIWKHDGPLVVLRQVFDSDFLW\RIWKH-'GHSDUWPHQWPDMRUWKHUHPXVWEHRQHIXOOWLPHI
 DFXOW\PHPEHUWKDWIDFXOW\PHPEHUPD\DOVREHDIXOOWLPHIDFXOW\PHPEHURIWKHXQGHUJUDGXDWHJUDGXDWHVFKRRORIWKHKRVWXQLYHUVLW\ 
・$QH[FOXVLYHDXGLWLQJPHFKDQLVPZLOOEHHVWDEOLVKHGLQWKH&RXQFLOIRU(VWDEOLVKPHQW$SSURYDOVRWKDWSURPSWDSSURYDOFDQEHPDGHZKHQDSSURYDOIRU
 WKHHVWDEOLVKPHQWRIQHZ-'GHSDUWPHQWFRXUVHLVVRXJKW
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)RVWHULQJ*OREDO+XPDQ5HVRXUFHVIRUD%ULJKWHU)XWXUH 

,QWHUQDWLRQDOL]DWLRQRI8QLYHUVLWLHVDQG0XWXDO6WXGHQW([FKDQJHVIRUWKH)RVWHULQJRI*+5
6WUHQJWKHQLQJWKHJOREDOL]DWLRQRIXQLYHUVLW\HGXFDWLRQ
(QKDQFLQJXQLYHUVLW\VWXG\DEURDGH[FKDQJHV
)<EXGJHWUHTXHVWPLOOLRQ\HQ )<PLOOLRQ\HQ） )<EXGJHWUHTXHVWPLOOLRQ\HQ )<PLOOLRQ\HQ 

 ,QWHUQDWLRQDOL]DWLRQRIXQLYHUVLW\V\VWHP
)<EXGJHWUHTXHVWPLOOLRQ\HQ
“Top Global University Program” )<EXGJHWPLOOLRQ\HQ 
0(;7LVVXSSRUWLQJXQLYHUVLWLHV SURPRWLQJWKHLUIXOOVFDOHLQWHUQDWLRQDOL]DWLRQ DQGHQKDQFLQJ
frameworks for fostering students’ capabilities for responding to globalization in order to
LPSURYHWKHLQWHUQDWLRQDOFRPSHWLWLYHQHVVRI-DSDQHVHKLJKHUHGXFDWLRQDQGIRVWHU*+5

 7RS*OREDO8QLYHUVLW\SURMHFW

 (QKDQFHPHQWRIXQLYHUVLW\VXSSRUWV\VWHPIRUVWXG\
DEURDG
㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 PLOOLRQ\HQ

㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻌 㻤㻘㻡㻥㻠百万円㻌

 MEXT is conducting its “ŷƒƅƌƗƄƗƈ! Study Abroad Program” with the aim of providing an
RSSRUWXQLW\WRDOO\RXQJSHRSOHZLWKWKHGHVLUHDQGWKHFDSDELOLW\WRVWXG\DEURDGDQG
GRXEOLQJ WKHQXPEHURI-DSDQHVH\RXQJSHRSOHVWXG\LQJRYHUVHDV  WR  7KH
SURJUDPLQWHQGVWRHQFRXUDJH\RXQJSHRSOHWRVWXG\DEURDGDQGOLJKWHQWKHILQDQFLDOEXUGHQ
RIVWXG\LQJRYHUVHDVE\LQFUHDVLQJ VFKRODUVKLSV HWF



 %XGJHWPLOOLRQ\HQ



XQLYHUVLWLHV WRSXQLYHUVLWLHVLQUHVHDUFKXQLYHUVLWLHVOHDGLQJ
LQWHUQDWLRQDOL]DWLRQ   

(QKDQFLQJXQLYHUVLW\VXSSRUWV\VWHPIRUVWXG\
DEURDG              PLOOLRQ\HQ    

 5HFHLYLQJJUDGXDWHVFKRROGHJUHH→SHUVRQV
 'LVSDWFKE\DJUHHPHQW→SHUVRQV
 $FFHSWDQFHE\DJUHHPHQW→SHUVRQV

 “Go Global Japan” 



 %XGJHWPLOOLRQ\HQSURMHFWV  

 ,QWHUQDWLRQDOL]DWLRQRIHGXFDWLRQDOSURJUDPV

 6XSSRUWIRUWKH)RUPDWLRQRI&ROODERUDWLYH
3URJUDPVZLWK5XVVLDQ,QGLDQHWF8QLYHUVLWLHV
SURMHFWV 

 6XSSRUWIRU2YHUVHDV6WUDWHJLF
+LJKHU(GXFDWLRQ &RRSHUDWLRQ 
• $,06  SURMHFWV 
• ,&,(&3 SURMHFWV
SURMHFWV 

6XSSRUWIRUWKH)RUPDWLRQRI&ROODERUDWLYH
3URJUDPVZLWK/DWLQ$PHULFDQ8QLYHUVLWLHV 
SURMHFWV 

PLOOLRQ\HQ

 6WUDWHJLFDFFHSWDQFHRIH[FHOOHQWRYHUVHDVVWXGHQWV

)7 EXGJHWUHTXHVWPLOOLRQ\HQ
)< EXGJHWPLOOLRQ\HQ 
“ReInventing Japan Project”
0(;7LVVXSSRUWLQJ HIIRUWVIRUWKHFUHDWLRQRILQWHUQDWLRQDO HGXFDWLRQDO SDUWQHUVKLSV DQG
QHWZRUNVIRUSURPRWLQJ VWXG\DEURDGH[FKDQJHV ZKLOHHQVXULQJ WKHTXDOLW\RISURJUDPV
ZLWKVWUDWHJLFDOO\ LPSRUWDQWFRXQWULHV DQGUHJLRQV IRU-DSDQLQRUGHUWRVWUHQJWKHQ WKH
JOREDOL]DWLRQ RIXQLYHUVLW\ HGXFDWLRQ
 6XSSRUWIRUWKH)RUPDWLRQRI
&ROODERUDWLYH3URJUDPVZLWK$6($1
8QLYHUVLWLHV SURMHFWV 

3XEOLFLW\DFWLYLWLHVIRUSURPRWLQJRYHUVHDVVWXG\

               

PLOOLRQ\HQ

 0(;7LVHQKDQFLQJVXSSRUWIRULPSURYLQJWKHHQYLURQPHQWIRUDFFHSWLQJ
LQWHUQDWLRQDOVWXGHQWVE\FUHDWLQJRSSRUWXQLWLHVIRUVWXGHQWH[FKDQJHVEXLOGLQJ
RYHUVHDVEDVHVDQGSODWIRUPVIRUVXSSRUWLQJHPSOR\PHQWLPSURYLQJWKHOLYLQJ
DFFRPPRGDWLRQVIRURYHUVHDVVWXGHQWVDQGVRRQLQRUGHUWRKHLJKWHQWKH
DWWUDFWLYHQHVVRIVWXG\LQJLQ-DSDQDQGVHFXULQJLQFUHDVLQJQXPEHUVRI
international students to realize the “300,000 International Students Plan.”

●6XSSRUWIRUWKH)RUPDWLRQRI&ROODERUDWLYH
 3URJUDPVZLWK$VLDQ&RXQWULHV QHZ 
 ・%XLOGLQJ IUDPHZRUNVIRULQWHUXQLYHUVLW\
  H[FKDQJHV SURMHFWV
 ・'HYHORSLQJHGXFDWLRQDOSURJUDPVSURMHFWV

 ,PSURYHPHQW RIHQWUDQFHSURFHGXUHV WRIDFLOLWDWHVWXG\LQ-DSDQ HQWUDQFH
H[DPVHQUROOPHQW LPPLJUDWLRQSURFHGXUHV  PLOOLRQ \HQ  
• $VVLJQPHQW RIVWXG\DEURDGFRRUGLQDWRUVORFDWLRQV→ORFDWLRQV
 ,PSURYLQJUHFHLYLQJ HQYLURQPHQW SURPRWLQJ HPSOR\PHQW HWFDIWHU
JUDGXDWLRQ VWXG\

PLOOLRQ \HQ 
• -DSDQHVHJRYHUQPHQWVFKRODUVKLSV  SHUVRQV
• 8QLYHUVLW\RYHUVHDVVWXG\VXSSRUWV\VWHP DFFHSWDQFHE\LQWHUXQLYHUVLW\DJUHHPHQW 
→SHUVRQV UHYDPSHG 
• 3URJUDPWRSURPRWHDFFHSWDQFHRIRYHUVHDVVWXGHQWVSHUVRQV QHZ    
 ※Revision of Monbukagakusho Honors Scholarship for Privately Financed
,QWHUQDWLRQDO 6WXGHQWV WRSHUVRQV  
• ,PSURYHPHQWRIUHFHLYLQJHQYLURQPHQWLQFOXGLQJ VXSSRUWIRUILQGLQJDFFRPPRGDWLRQV
HPSOR\PHQWDIWHUJUDGXDWLRQHWF

6WUDWHJLF$GPLVVLRQRI+LJKO\&DSDEOH)RUHLJQ6WXGHQWV

（0DLQHIIRUWVE\WKH0LQLVWU\RI(GXFDWLRQ&XOWXUH6SRUWV6FLHQFHDQG7HFKQRORJ\RQWKHųƏƄƑŃƉƒƕŃŖœœŏœœœŃũƒƕƈƌƊƑŃŶƗƘƇƈƑƗƖŌ

)<%XGJHWELOOLRQ\HQ ELOOLRQ\HQ 

3ODQIRU
)RUHLJQ6WXGHQWV
,QYLWHVWXGHQWVWRVWXG\
LQ-DSDQ
,PSURYHDFFHVV
HQWUDQFHH[DPV
DGPLVVLRQVDQGYLVDV
$GYDQFHWKH
JOREDOL]DWLRQRIXQLYHUVLWLHV

※In the budget, student exchange support based on intercollegiate exchange
DJUHHPHQWVLQFOXGHVEXGJHWUHODWHGWRDGPLVVLRQV

6WXG\DEURDGFRRUGLQDWRUSODFHPHQWSURMHFWV    PLOOLRQ\HQ PLOOLRQ\HQ 
 3ODFHFRRUGLQDWRUVLQSULRULW\RYHUVHDVUHJLRQVEXLOGORFDOQHWZRUNVDQGEXLOGDV\VWHPIRU
FROOHFWLQJDQGSURYLGLQJRYHUVHDVVWXG\LQIRUPDWLRQ
7KUHHSURMHFWV ⇒ )RXUSURMHFWV
＜3ULRULW\UHJLRQV＞
$6($15XVVLD&RPPRQZHDOWKRI,QGHSHQGHQW6WDWHV$IULFD0LGGOH(DVW
6RXWKZHVW$VLD(DVW$VLD6RXWK$PHULFD86FHQWUDODQGHDVWHUQ(XURSH

 ・7RS*OREDO8QLYHUVLWLHVSURMHFWV ELOOLRQ\HQ
 ・3URMHFWVWRUHLQIRUFHWKHDELOLW\RIXQLYHUVLWLHVWRGHSOR\DURXQGWKHZRUOG  ELOOLRQ\HQ

)RUHLJQVWXGHQWVVFKRODUVKLSV\VWHPELOOLRQ\HQ ELOOLRQ\HQ

&UHDWHDQHQYLURQPHQW
IRUDGPLVVLRQ

 
・1DWLRQDOO\IXQGHGIRUHLJQVWXGHQWVV\VWHP ）⇒ （）ELOOLRQ\HQ
・0(;7IRUHLJQVWXGHQWVOHDUQLQJJUDQWV  （）⇒（）ELOOLRQ\HQ
※
・6\VWHPWRVXSSRUWXQLYHUVLW\VWXG\DEURDG DFFHSWLQJDJUHHPHQW （）⇒ （）ELOOLRQ\HQ
  ※Support for student exchange based on intercollegiate exchange agreements includes budget related to admissions.

)RUHLJQJRYHUQPHQWSODFHGVWXGHQWVSUHOLPLQDU\HGXFDWLRQ PLOOLRQ\HQ PLOOLRQ\HQ 
 :KHQDGPLWWLQJJRYHUQPHQWSODFHGVWXGHQWVIURP&KLQDRU0DOD\VLDVHQGWHDFKHUVWKHUHDQGVXSSRUWFRXUVH
LQVWUXFWLRQDVZHOODV-DSDQHVHLQVWUXFWLRQ
3URMHFWVWREXLOGVWXGHQWH[FKDQJHFHQWHUVPLOOLRQ\HQ PLOOLRQ\HQ 
 8QLYHUVLWLHVDQGRWKHULQVWLWXWLRQVRIKLJKHUOHDUQLQJDUHZRUNLQJZLWKORFDOJRYHUQPHQWVDQGUHODWHGRUJDQL]DWLRQV
WREXLOGLQWHUQDWLRQDOH[FKDQJHFHQWHUVWKDWZLOOEHFHQWUDOWRORFDOFRPPXQLWLHV

(DVHWUDQVLWLRQLQWR
VRFLHW\DIWHU
JUDGXDWLRQFRPSOHWLRQRI
VWXGLHV

  1LQH ⇒ 7KUHH

5HLQIRUFHDGPLVVLRQVHQYLURQPHQWLQFOXGLQJVXSSRUWIRUOLYLQJHQYLURQPHQWDQGIRUMREKXQWLQJ PLOOLRQ\HQ
QHZIXQGLQJ 
 $LPWRHQKDQFHWKHDSSHDORIVWXG\LQJLQ-DSDQLQFUHDVHWKHQXPEHURIIRUHLJQVWXGHQWVIURPPDQ\FRXQWULHV
VWXG\LQJLQ-DSDQDWXQLYHUVLWLHVE\VXSSRUWLQJWKHOLYLQJHQYLURQPHQWDQGOLYHOLKRRGVRIIRUHLJQVWXGHQWVE\
VXSSRUWLQJLQWHUDFWLRQZLWK-DSDQHVHVWXGHQWVDQGE\VXSSRUWLQJVWURQJHIIRUWVWRVXSSRUWMREKXQWLQJLQ-DSDQ

-DSDQ6WXGHQW6HUYLFHV2UJDQL]DWLRQDGPLQLVWUDWLYHVXEVLGLHV VWXG\DEURDGRSHUDWLRQV  ELOOLRQ\HQ ELOOLRQ\HQ 
 0DQDJHPHQWRIIRUHLJQVWXGHQWGRUPLWRULHVMREKXQWLQJVXSSRUWIRUIRUHLJQVWXGHQWVGLVEXUVHPHQWRIVFKRODUVKLSV
※Budget figureH[FOXGHV0(;7VWXG\JUDQWVIRUIRUHLJQVWXGHQWV
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$6($13OXV7KUHH:RUNLQJ*URXSRQ3URPRWLQJ6WXGHQW0RELOLW\DQG(QVXULQJ4XDOLW\
$VVXUDQFHRI+LJKHU(GXFDWLRQ
$WWKHVW$6($13OXV7KUHH(GXFDWLRQ0LQLVWHUV0HHWLQJKHOGLQ-DNDUWD,QGRQHVLDLQ-XO\-DSDQSURSRVHGWKHHVWDEOLVKPHQWRI
DZRUNLQJJURXS  WRSURPRWHVWXGHQWH[FKDQJHZLWKLQWKH$6($13OXV7KUHHUHJLRQZLWKDVVXUDQFHRIWKHTXDOLW\RI
WKHUHOHYDQWHGXFDWLRQDOSURJUDPV

)LUVW:RUNLQJ*URXS
6HSWHPEHU
7RN\R-DSDQ
&KDLU0DOD\VLD
'HSXW\&KDLU-DSDQ

6HFRQG:RUNLQJ*URXS
2FWREHU
%DOL,QGRQHVLD
&KDLU,QGRQHVLD
'HSXW\&KDLU.RUHD

-DSDQSURSRVHGWZRREMHFWLYHV
DQGWKH)LUVW:RUNLQJ
*URXSDJUHHGWRWKHIXWXUHGLUHFWLRQ.

7KLUG:RUNLQJ*URXS
-XQH
%DQJNRN7KDLODQG
&KDLU/DRV
'HSXW\&KDLU&KLQD

2UJDQL]HU-DSDQ
'HSXW\2UJDQL]HUV&KLQD.RUHD
2EMHFWLYH &UHDWHŪƘƌƇƈƏƌƑƈƖŃƉƒƕŃŶƗƘƇƈƑƗŃ([FKDQJHZLWKLQWKH$6($13OXV7KUHHUHJLRQ
6KDUHLQIRUPDWLRQRQHIIRUWV
XQGHUZD\ZLWKLQWKHUHJLRQ

'HEDWHGUDIWRI*XLGHOLQHVIRU
6WXGHQW([FKDQJH

&RPHWRDJUHHPHQWRQGUDIW
*XLGHOLQHVIRU6WXGHQW([FKDQJH

2EMHFWLYH (VWDEOLVKD4XDOLW\$VVXUDQFH([SHUW&RQIHUHQFH
5HSRUWRQSURJUHVVRI4XDOLW\$VVXUDQFH
([SHUW&RQIHUHQFH

$JUHHRQHVWDEOLVKPHQWRID*XLGHOLQHV
IRU6WXGHQW([FKDQJH
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5-4. Education at MJIIT─Present and Future

Symposium @ Yamaguchi University

14 Nov., 2015
Fuminori Kobayashi, Deputy Dean MJIIT
(on behalf of Dean Rubiyah Yusof, MJIIT )

Based on Strong G2G Agreement


G2G (government to government)
◦ Tun Dr. Mahathir B Mohamad
◦ Mr. Jun-ichiro Koizumi



Featuring Japanese

◦ Cutting-edge Technologies
◦ Working culture



Final stage of LEP
(Look East Policy)

◦ LEP: Study in Japan
◦ MJIIT: Targeted to learn
the same in Malaysia

－26－

1

2

• will receive Japanese-style education in English
at affordable cost
• will experience the unique working culture of
Japanese which places emphasis on
responsibility, precision and efficiency

•may be selected to do part of their industrial
3

4

training or visiting universities in Japan

• will meet experienced Japanese academicians
other than Malaysians and some internationals

Partnership with Japanese Universities
JUC: 26 Japanese Universities
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Introduction
Characteristic Education in MJIIT
MOT-related Education
Future Topic

Leadership lectures
Curriculum based on Knowledge-Experience
and Self-study (KES) pedagogy concept
Holistic approach in Nigenryoku
“Sempai-kohai” relationship through iKohza
(FYP, Lab assistants from PG)
Mandatory Japanese language courses
◦ Official language is English

－28－

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.


13/9/2012
29/11/2012
28/2/2013
7/3/2013
…
…
26/9/2013
20/2/2014
…
26/2/2015
…

Prof. Masahiko Horie, UTM
Datuk Takashi Hibi, UMW Toyota Motor
Tun Dr. Mahathir Mohamad
Datuk Aminar Rashid Salleh, Perodua
Mr. Chen, Panasonic
Tan Sri Rafidah, formerly MITI
Datuk Sri Mustapa Mohamed, MITI

Students will serve in the management, not a mere worker,
of company.

Experience

Knowledge

情(emotion)

知(intellect)

(A in taxonomy)

(C in taxonomy)

意(volition)
(P in
Taxonomy)

Self-Directed
Learning

8
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Grade
4TH

Self – Directed Learning

3RD
2ND

KNOWLEDGE

EXPERIENCE

1ST

㻰㼛㼙㼕㼚㼍㼚㼠㻌㼒㼍㼏㼠㼛㼞㻌㼒㼛㼞㻌㼏㼞㼑㼍㼠㼕㼢㼕㼠㼥㻛㼚㼛㼢㼑㼘㼠㼥㻌

9

traditionally directly

Human Skl

Technical Skl

Ningen-ryoku

Conceptual Skl

Richer, smoother unification

General culture
Practical skill
Specialty skill

Judge, Decide,
Negotiate, Persuade
Adapt, Coordinate
Lead, etc

Goal, Methodology,
Identification, Strategy, Thinking skill,
Creativity, Problem
finding, Planning, etc
10
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80
%
Confidence
Decisiveness
Maturity
60

(E/M/C)

0

Sem 1

















(C)

(E)

NingenNingen ryoku 2
ryoku 1 (Professional Ningen(Energy &
ethics &
ryoku 2
environment
safety)
Sustainability)

Sem 2

Sem 3

(M)

(C)

(EntrepreNeurship
management)

(C)

NingenNin- ryogen- ku 3
ryo- (MOT)
ku 2

Sem 4

CANON ELECTRONICS
CYPARK RESOURCES
DENSO
ECOPRASINOS ENGINEERING
HIRO FOOD PACKAGES
MANUFACTURING
HIROSE ELECTRIC
HITACHI AIR CONDITIONING
PRODUCTS
HONDA
IHI CORPORATION
JAC
JFE ENGINEERING
JOB SEARCH ASIA
JTEKT AUTOMOTIVE
KANEKA
KOKUYO

(E/M)

Ningen - ryoku 6
(Industrial training)

Ningenryoku 5

Ningenryoku 7
(Final year
project 1)

(E/M)→

Ningenryoku 3
(MOT)

Sem 5 Sem 6
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Ningenryoku 8
(Final year
project 2)
Ningenryoku 5

(EntrepreNeurship
management)
Ningenryoku 4
(Special
lecture &
Industry
visit)

(E only)

Sem 7

Sem 8

KYB-UMW
MSM GROUP
OMRON
ORGANO
PANASONIC GROUP
COMPANIES
PASONA HR
PERODUA MANUFACTURING
RENESAS SEMICONDUCTOR
ROHM-WAKO ELECTRONICS
SONY EMCS
TAIYO YUDEN
TESAC
TORAY GROUP
UMW TOYOTA MOTOR

Definition of MOT
Creative and strategic management of innovations
for technology-oriented corporations and organizations to ensure continuing development of new
business for the future
Engineering
Management

by the METI, Japan

Technology
Management

Cooperation
The only way to realize future based
on creativity and innovations.
Necessary for the 3 parties to create
fruitful learning environment
under cooperation and collaboration
Academia

ᵫᵭᵲᴾ
Technology
Innovation
Management

Industry

ᵫᵭᵲᴾ
Accreditation
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Systematic

Broad scope of content
Diversity in the degree of systemization

Degree of systemization



Ad hoc



Theory of
Organizational
Behavior

Strategic
Management of
Technology

Scope of Content

What did students acquire?
⇒Insufficient social recognition
Parable of the 7 Blind Men
and the Elephant

－33－

Integrated areas
(Specific topical research or other creative activities)
Management of
innovations

Strategic
management of
technology & R&D

intellectual
properties

Operations
management

Core
knowledge Management of

Basic
knowledge



<MOT fundamentals>
・Introduction to MOT, ・Technology &
society, ・Corporate strategy,
・Organization /human resources &
corporate ethics, ・Business
economics, ・Marketing, ・Accounting &
finance

Individual
content
dependin
g on
each
university

4 knowledge areas:
◦
◦
◦
◦

of
of
of
of

Technology
Technology-linked Management Topics
General Management Topics
Supporting Disciplines

02.25 - BOK article
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Mandatory Core Courses
◦
◦
◦
◦
◦



Managing Technology and Innovation
Business Planning and Organizing
Costing and Financial Organizing
Marketing of Technology and Innovative Products
Human Resource and Talent Management for Innovation

Mandatory Courses

◦ Project 1 & 2
◦ Research Methodology
◦ University Subject (Japanese Language)

◦ Management Competence Workshops



Specialization and Elective Courses
◦
◦
◦
◦
◦
◦
◦

Finance and Funding of Technology Enterprise
Business and Intellectual Property Law
Leading Knowledge Workers for Innovation
Value Configurations and Competitive Strategy
Business Networking and Managing Alliances
Managing Technology Change and Transformation
Valuation and Intellectual Property Management

80

60

(C)

0

NingenNingen ryoku 2
ryoku 1 (Professional Ningen(Energy &
ethics &
ryoku 2
environment
safety)
Sustainability)

Sem 1

Sem 2

Sem 3

(EntrepreNeurship
management)

NingenNin- ryogen- ku 3
ryo- (MOT)
ku 2

Sem 4

(E/M)

Ningen - ryoku 6
(Industrial training)

Ningenryoku 5

Ningenryoku 7
(Final year
project 1)
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Ningenryoku 5

(EntrepreNeurship
management)
Ningenryoku 4
(Special
lecture &
Industry
visit)

Ningenryoku 3
(MOT)

Sem 5 Sem 6

Ningenryoku 8
(Final year
project 2)

Sem 7

Sem 8

1.
2.
3.
4.
5.
6.

7.
8.
9.
10.
11.
12.

Project Management (Introduction), Project X "Honda CVCC"
Development of the Small Rocket
Intellectual Property Management
Corporate Finance and Strategy
Project Management (Scope Management and WBS)
Project Management (Project Time Mngmnt & Critical Path)
Human Resource Management
Project Risk Management
Theory of Inventive Problem Solving
Production Management (Toyota Production System)
Simpler Definition of Innovation
Project Selection and Portfolio Management

Advantage

State of the Art

Innovation Tech.
Improvement


 Continuous R&D
 R&D Capability
 Improving together
/target of goal with supervisor,
Sempai-Kohai, Co-worker
 Self-Directed Learning

㻵㼚㼚㼛㼢㼍㼠㼕㼢㼑㻌㻷㼛㼔㼦㼍㻌
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Sufficient contact

with society
 Evaluation
by society/
Transformation

 Standardized
Quality Assurance

Intellectual
Property

R&D Strategy Wind
Tribo

Sustainability
Enterprise Risk
Management
Industrial
Design

Air

IDS

MPE VSE

ADME

Project Management

Nano C

CLEAR

EGT

ICT
CAIRO

ESE

Creativity Ecological

Embedded

Stakeholder
Management
Standardization
Strategy
HRD

Bio-iST

Chemical

‒
‒
‒
‒

Innovation
Leadership

‷⁅‷（‷⁞⁗⁕⁛⁕‒⁅⁗ ‒‷⁙⁛⁗⁗⁛⁙）‒
‿⁂‷（‿⁗⁕⁚⁓⁛⁕⁓⁞‒⁂⁗⁕⁛⁛‒‷⁙⁛⁗⁗⁛⁙）‒
‷‹⁆（‷⁛ ⁗⁓⁞‒‷⁙⁛⁗⁗⁛⁙‒⁓⁖‒‹⁗⁗）‒
‿⁁⁆（‿⁓⁓⁙⁗ ⁗‒⁘‒⁆⁗⁕⁚⁞⁙）‒
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5-5. Strategic Positionings in the B2B of Digital Economy

International Symposium for Asian MOT Education (ISAME)
November 14, 2015,Yamaguchi University, Japan

Strategic Positionings in the B2B of Digital Economy
Fumio Kodama
Professor Emeritus, University of Tokyo
MJJIC-ISAME Joint Session
9:55~11:40, November 14, 2015, Ube-City, Japan

1.
2.
3.
4.
5.
6.

Introduction
Distinctive Strategic Positionings by Persistent Innovators
Digital Economy and the Japanese Consumer Electronics Industries
Emerging Patterns of B2B Innovation: Learning-by-Porting
MOT in Digital Economy: Management-on-Porting
Concluding Remarks
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1

1. Introduction

In the 1970s and 1980s, the Japanese triggered a global revolution in operational
effectiveness. However, Michael Porter (19961), had described: Japanese companies
rarely, developed distinct strategic positions; Most Japanese companies imitate and
emulate one another, thus, driving themselves toward competitive convergence; and,
they have been frustrated by their inability to translate those gains into sustainable
profitability.
He argues, operational effectiveness is not strategy. Competitive strategy is
about being different. The essence of strategy is choosing to perform activities
differently than rivals do. When it comes to the Japanese camera industry, however, this
characterization of the Japanese companies (Canon, Nikon, and Olympus) had been far
from reality even in 1980s, in terms of utilizing their core competences in optics for
managing different trajectory of diversification, although they kept camera as one of
their major product categories. Therefore, we are interested in investigating how they
developed distinct strategic positions.
Since 1990s, moreover, it is widely held that a “new economy” is emerging, the
conventional wisdom about innovation process becomes obsolete. Since “new economy”
can be easily translated into "digital economy,” we have to think about what is new about
the “digital economy. During the 1990s, indeed, the Japanese consumer electronics
companies have abruptly lost their international competitiveness, vis-à-vis companies of
United States, Korea, Taiwan, and recently Chinese companies. When it comes to those
electronic component and manufacturing machinery, however, the Japanese dominance
in industrial market is still solid. Rosenberg (1982) proposed a clear distinction between
“learning-by-doing” and “learning-by-using.” He argues that one of the basic purposes
of the learning-by-using process is to determine the optimal performance characteristics
of a durable capital good as they affect the length of useful life.
Therefore, we should discuss on the strategic positionings in different
categories of products in different business environments. The most important
distinction is whether the technologies are to be developed in either business area of
B2C (Business to Consumer) or of B2B (Business to Business). By drawing recent
Japanese experiences, in this paper, I will describe how we can characterize the
Japanese companies’ MOT (management of technology) as cautious (awareness-based)
1

Porter M. (1996): “What is Strategy?” Harvard Business Review, November/December.
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strategic positionings, and discuss about the rationale behind these Japanese strategies,
especially in the business area characterized by a high degree of complexity.

2. Distinctive Strategic Positionings by the Persistent Innovators
The Japanese camera companies had been so different among them, as far as their
diversifications are concerned. Nikon had extended successfully into the lithography, i.e.
“stepper” in IC (integrate circuits) manufacturing. Canon had skillfully navigated her
core competences into “copying” machines, and thereafter into “printer” businesses.
And Olympus Co. had become the largest supplier of gastro-intestinal “endoscope” in
medical equipment, by keeping almost 70% share of the global market whose estimated
value is US$2.5 billion2). And those companies are still keeping camera business alive,
thus they are implementation the ideal of the “persistent innovators,” instead of the
“occasional innovator.” 3)
In this section, we will describe what kinds of strategic thinking existed behind
the diversification efforts of Nikon and of Canon. While Nikon’s diversification into the
lithography was conducted in the context of B2B (Business to Business) relationships,
Canon’s diversification into copier/printer was conducted in the B2C (Business to
Consumer) relationship. Their strategic positionings should have been much different
with each other. I have made an investigation in the differences in triggering mechanism
for diversification.
In the case of Canon, their strategies had been well articulated when they
made decisions to extend their core competences of camera manufacturing into such
product lines as copiers and printers. In the early 1960s, Canon was in a situation that
they would come to a standstill if it stuck only to the camera and lens businesses.
According to Dr. K. Yamaji (1997)4 who became CEO later, they needed to diversify
into other fields. They first tried the auto-focus (AP) camera, and failed to create a
market version, because the peripheral technology was not ready at that point. Then, the
theme which became the main priority after surviving the recession of the 1960's was
2

Olympus Corporation was established on October of 1919. They initially specialized in microscope and
thermometer businesses. Source: Wikipedia, 2014.
3 Suzuki J. and Kodama F., (2004): “Technological diversity of persistent innovators in Japan: Two case
studies of large Japanese firms,” Research Policy 33, 531-549.
4 Yamaji K., (1997): My Curriculum Vitae: One proposes, God disposes, Nihon Keizai Shimbun Inc.
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the copying machine.
In launching the new project, Dr.Yamaji used the following metaphor: copiers
have a mechanism which is something like a large camera, containing a development
system inside. Therefore, they thought it was a new field that seemed comparatively
easy to enter for a camera maker. There were two methods at that time used in copiers.
Only Xerox had a copier on the market using plain paper. The other makers used
photosensitive coated paper. Although there was no sign they could actually succeed5),
Dr. Yamaji immediately designated Mr. Tanaka (vice chairman of Canon, later) to work
full time on the project to develop a PPC (Plain Paper Copier) with technology different
from Xerox.
They soon became aware that Xerox was using heavy metals for the
photoreceptor drum. Because the drum was exposed when developing the image, there
was the possibility of heavy metals rubbing off and accumulating in the human body via
the copy paper. To prevent this, they developed an idea of covering it with a thin
transparent film. This led them to a completely different imaging process in which the
image was formed on the photoreceptor drum. They invented an image-forming process
with the injection method. They applied for a patent in July 1965. The new
image-forming process was known as the NP method6). The first PPC based on the NP
method was the NP1100, which was completed in 1970. They provided the
photoreceptor drum and developer which had to be replaced at regular intervals free of
charge, in addition to paper and repair parts7). The response to the new product was
good. The NP-L7, their first desktop copier, was completed in 1972. In 1979 they
completed the NP-200J offering superior images and higher speeds in a full desktop
model.
Together with copiers, printers have come to form a pillar of Canon's
non-camera operations. The metaphor used for launching the printer business were: the
printers and copiers are closely related in terms of operating principles, with copiers
copying from documents and printers from memory. They are the same in that they both
reproduce information on paper.
5 What made up his mind was a report published in the 1960's by the Arthur D. Little Corporation. It was
a forecast of the copier market and predicted there would be no real rivals to Xerox in the 1960's and
1970's. Reading this, He felt that if an authoritative research company like this was making such a
prediction, then other companies would not attempt to enter the PPC market.
6

This had two meanings: (1) It was a "new process" different from Xerox and, (2) It was

"non-polluting."
7 Research and development and production of consumables were necessary to create a new type of
copier. If it would be left the photoreceptor drum and developer in the hands of others, the inventor
wouldn't have been able to create a new process.
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They thought of applying lasers to printers, on the basis upon the idea of
engraving a plate using the light to create master plates for printing. It is possible to use
signals from a computer to directly create these plates for printing. Moreover, by 1965
they had started research into an ink-jet printer. These were the starting points for
developing printers at Canon. Later on they used a helium-neon laser to create a
prototype laser beam printer.8) When the laser beam printer was exhibited at the NCC
(National Computer Conference) in May 1975 in the United States, it proved to be a
sensation. This Canon product became the first laser beam printer to be demonstrated to
the public. Meanwhile, Hitachi brought Canon their semiconductor laser that had been
developed for optical communications. Canon immediately decided to apply the
technology to their laser beam printers. After much effort from both sides, Canon finally
completed the LBP-10 in 1979.
Canon had to develop a variety of products and build more factories, and they
also lacked sales strength. Realizing that they needed help of others, Yamaji determined
to engage in original equipment manufacturing (OEM). Since everybody in sales was
initially opposed to the idea, Yamaji created OEM rules at a Canon management
meeting. According to these rules, it was all right to engage in OEM because printers
could be used with computers from any maker, and OEM equipment was sold to OEM
customers through their own sales companies9).
As far as Nikon’s case is concerned, it can be described in terms of distinctive
strategic positioning in the B2B (Business to Business) relationship. A basic question to
be asked is, therefore, how they exploited a world-best precision competences for
then-emerging business area of IC (integrated circuits) manufacturing.
As a technology shifts from the defense sector to the civilian sector,
particularly the development of manufacturing technology becomes more important
because cost is a critical factor in the civilian sector. Many companies, in different
industries, indeed, were involved in bringing the integrated circuit (IC) technology from
the defense sector into civilian market. In Japan, the government played a significant
role in this transition by organizing a research association for very large scale
8

Around that time, Canon had reached a stalemate at its Central Research Center in research on electron
beam recording. It was a difficult field because it involved scanning electrons in a vacuum. The idea of
scanning light in the air was a key concept in the development of the laser beam printer.

9

When the LBP-CX, the first compact laser beam printer, was completed in 1983, Yamaji personally
carried the new printer around the United States to demonstrate it and talk business. Apple was fastest in
showing interest in the project. Mr. Steve Jobs, attended a demonstration and decided to use it on the spot,
saying it was just the kind of printer he had been looking for. Hewlett-Packard was also quick to come to
an agreement. They left development and production of laser beam printers in our hands and concentrated
on software and sales.
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integration (VLSI) development. When first formed, the association included all of
Japan’s major IC chip manufacturers (Fujitsu, Hitachi, Mitsubishi, NEC, and Toshiba.).
In 1976, MITI orchestrated the establishment of the ERA (Engineering Research
Association) for VLSI development. The association existed from 1976 to 1979.
A great deal of the research and development carried out in the association, was
also subcontracted to supplier companies that were not members of the association, e.g.,
camera manufacturers, silicon crystal suppliers, and printing companies. Although
cooperative research sounds good in theory, it is often difficult in practice. In joint
research by rival firms in the same industry, in particular, success hinges on ensuring
that the research is basic and of common interest to all the participants. Therefore,
according to Dr. Yoshiyuki Takeishi of Toshiba Corporation, who led this association
on behalf of the industry, rather than focusing on the method of producing chips, the
association deliberately centered its research efforts on developing a prototype for IC
manufacturing equipment and analyzing a process for the crystallization of silicon, a
basic material in chip production10). No manufacturers of production equipment or chip
materials were among the participants.
A pervasive uncertainty not only characterizes basic research, where it is
generally acknowledged, but also the realm of government-sponsored development
projects. Consequently, as Rosenberg (1994) 11 ) asserted, the pervasiveness of
uncertainty suggests that the government should ordinarily resist the temptation to play
the role of champion of any one technological alternative. He argues, therefore, it would
seem to make a great deal of sense to manage a deliberately diversified research
portfolio, a portfolio that is likely to illuminate range of alternatives in the event of a
reordering of social and economic priorities. In this context, the power of research
consortia had been manifested most vividly in exploring all the spectrum of possible
equipment technologies.6)
It used to be a mainstream method to let the mask of circuit-diagram contact
directly the wafer and print on it. When the micro-manufacturing progressed further, a
new idea emerged. In the late 1970s, GCA of United States had invented the
step-and-repeat technology that soon became the workhorse of the semiconductor
manufacturing industry. The original circuit-diagram is projected through the lens on
the wafer by reduction ratios of one-tenth or one-fifth. In actuality, the wafer moves
stepwise in four directions, while the mask stays in a fixed position. This equipment has
10

This assertion is based on the author’s interview (in 1986) with Dr. Yoshiyuki Takeishi.
Rosenberg, N. (1994): “Uncertainty and Technological Change,” paper presented at Growth and
Development: The Economics of the 21st Century. Center for Economic Policy Research, Stanford
University, June 3–4.
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become called as “stepper.” In the beginning of the ERA for VLSI development, the
other two methods than the stepper, i.e., direct printing by electron beam, and X-ray
lithography, had already been much advanced and their prototype had been existent.
Therefore, the stepper was assumed as the third candidate for safety reasons after these
two methods. None could deny this priority, because no one did expect the lens
technology that print 40 lines on the width of a hair12).
Meanwhile, Mr.S.Yoshida (2007)13, who later became the CEO of Nikon Co.,
had been confident on three kinds of critical technologies which made the “stepper”
competitive: ultra-high resolution lens; the staging technologies moving the wafer; and,
the censor of photo-electric tube. As to the high resolution lens, Nikon had developed a
commercial hit product, which was about to be procured for lens of photo-mask
manufacturing, specified both by domestic and overseas producers. As to the staging
technology, Nikon had an experience to provide Tokyo University’s astronomical
observatory with the staging mechanism for precise positioning of the telescope. Indeed,
the specific activities of the association included the development of the lithography.
One of the association’s lithography laboratories contracted the research necessary for
the development of the lithography to camera manufacturers that owned the lens
technology. Thus, Nikon succeeded in the development. Through the development
process described above, the “stepper” has become a mainstream in the equipment for
semiconductor manufacturing.

3. Digital Economy and Japanese Consumer Electronics Industries
It is widely held that a “new economy” has been emerging ever since 1990s. By this
emergence, the conventional wisdom about the innovation process becomes obsolete.
Since “new economy” can be easily translated into “digital economy,” we have to think
about what is new about the “digital economy.
In the 1999 Newsweek article titled as “Embracing a Millennium of Change,”
indeed, the author of this paper was quoted by saying: In the analogue world, things
12

What makes steppers into multi-million-dollar pieces of sensitive equipment is the need to
maintain focus within a fraction of a micron and to control the wafer’s position with similar accuracy.
Therefore, steppers use the sophisticated optical feedback mechanisms and the stringent control to
keep the conditions across the surface of the wafer as uniform as possible.

13

Yoshida S., (2007): My Curriculum Vitae, Nihon Keizai Shimbun.
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cannot be easily combined. However, with digitalization, all sorts of combinations are
possible and we can end up with something greater than the sum of the merger
(Newsweek, 1999)14). In retrospect, moreover, the second resultant of digital economy
is that the process of technology transfer turns out to be both rapid and direct without
any intermediary process of absorption and of digestion.
The first implication of combination is that the product cannot exist stand alone,
but that the technology is being used in a border network of utilization. In the age of
digital economy, therefore, I would argue that the emergence of a new business model
can be a source of discontinuity and disruption as well as that of technical breakthrough
innovations (Kodama, 2000)15). In inventing iPod, for example, Steve Jobs (Cupertino
Silicon Valley Press, 2011)16) is quoted as saying: What’s really interesting is if you
look at the reason that the iPod exists and that Apple is in that marketplace, it’s because
these really great Japanese consumer electronics companies who kind of own the
portable music market, invented it and owned it, couldn’t do the appropriate software.
Indeed, the iPod innovation by the Apple inaugurated the
second innovation phase of portable music, although the first cycle was inaugurated
obviously by Sony17). Steve Jobs is again quoted as saying: Our idea was to come up
with a music service where you don’t have to subscribe to it. You can just buy music at
99 cents a song, and you have great digital – you have great rights to use it. As is clear
in this quotation, it is based on a breakthrough in system-of use, i.e., creation of new
business model. This is easy to understand if we give some thoughts on what kind of
core competencies are owned by Apple, compared with Sony, in terms of physical
technologies related to the portable music. Therefore, we might generalize: while a
breakthrough in technology starts the first phase, a breakthrough in business model will
inaugurate the second phase.
As described above, the second implication of digital economy is that the
technology transfer have become both rapid and direct without any intermediation. One
of the most conspicuous elements of high-tech development, on the other hand, has
been the “co-development” of product and process technologies18). The development of
14

Special Advertising Section of Newsweek (June 21, 1999)

15

Kodama F. (2000): Analyzing the Innovation Process for Policy Formulation: Research Agenda drawn
from the Japanese Experiences, Chapter 12, OECD Tokyo Workshop on Social Sciences and Innovation.
2000. p. 117–23.
16 Cupertino Silicon Valley Press (2011), Steve Jobs: His Own Words and Wisdom Valley Press.
17 A cyclical process of research, development, production, and distribution is called an innovation
cycle (National Research Council 1983).
18 The conventional paradigm is that the development of a generic technology automatically brings
diversification by applying the technology to various kinds of products. In this view, a technology is
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a product is conducted concurrently with the development of its production technology.
As described above, the second implication of digital economy is that the international
technology spillover can be both rapid and direct without any intermediary process of
absorption and of digestion.
This implies that the high-tech products are doomed to be commoditized
rapidly unless the co-development is well managed. In this context, a review of the
development and international diffusion of liquid crystal display (LCD) in the
electronics industry will demonstrate how the retrospective implication of digital
economy is important for management of technology (MOT). The Figure 1 shows that
how rapid the commoditization of LCD was and how drastically the Japanese suppliers
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have lost their world market share vis-à-vis Korea, Taiwan, and recently China.

Fig. 1: Share of LCD Production Capability

Sharp Corporation was caught up in a stiff competition in the development of
pocket calculators. The company recognized the key to success lay in creating smaller,
thinner products that used minimal energy. Thereafter, Sharp Corporation gradually
expanded its application of LCD technologies as various innovations followed, bringing
larger screens, greater precision, quicker responses, color displays, and greater legibility.
In parallel with the expansion of the application, the new manufacturing technologies
developed first for a technologically demanding, high-end product, and then extended for the use of less
technologically demanding, low-end products through the development of low-cost, quality-controlled
mass-production processes. According to this view, diversification is based on the "spin-off" principle.
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had been introduced one after another: Multi-Chamber Deposition Equipment; Roller
Coating without Glass rolling; and, LC One Drop Fill Equipment. Indeed, Sharp
Corporation quite successfully navigated the co-development process (Nakata, 2015)
Having navigated the process skillfully, Sharp Corporation became one of the
world’s largest leading consumer-product manufacturers, holding a major position in
TV sets, calculators, solar cells, and thin-film transistor LCD flat panel displays. From
the standpoint of the company’s history, the use of LCD for flat panel display for
television sets might have been the final target in terms of the trickle-up process, since
Sharp Corporation is the first Japanese company which had introduced the television set
into the Japanese market. Indeed, Sharp had been leading the process of applying LCD
into the flat panel television sets, and had been quite successful in the early stages of
this application. However, Korea and Taiwan entered into the LCD business around
2000. After that, global leadership of LCD manufacturing shifted from Japan to Korea
and Taiwan as described above.
Nevertheless, Sharp continued to invest in LCD and established the Kameyama
plant in 2004 for a vertical integration of LCD panel and LCD television. There existed
several cases of joint developments among equipment-vendors and material-suppliers in
the LCD production lines of Kameyama plant. To understand whether or not Sharp
Corporation could navigate the process of co-development of product and process
technologies, Nakata (2009)19) drew two types of experience curves: one is related to the
product and the other to the process.
The experience curve of the product is based on the fact that the LCD panel
size itself does matter because it can display large images. If the glass substrate is
enlarged, larger LCD panels can be obtained; this would strengthen the product’s
competitiveness in the market. Therefore, LCD manufacturers competed with each other
and used larger glass substrate to make larger LCD panels. Figure 2 shows the
experience curve for product, showing how rapidly the glass substrate size (measured
by m2) was expanded as the experience of LCD production accumulated (measured by
the total area of accumulated production: m2 base). The production of Sharp’s LCD took
place through coordination among LCD manufacturers, equipment-venders, and
material-venders worldwide. Therefore, global accumulated volume of LCD production
was plotted in the X-coordinate.

19

Nakata, Y., (2009), “Product design and interdependencies analyzed by design structure matrix:
comparative research of liquid crystal display and semiconductor”, Design Principles & Practices: An
International Journal, vo. 3, no. 2, pp.1-16.
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Figure 2: Experience Curve of Glass Substrate Size
Source: estimated from Nikkei Micro-devices (2007) and sharp news release.

As shown clearly in the figure, the glass substrate area rapidly increased. The glass
substrate area doubled approximately every 2.5 years, while the accumulated LCD
production quadrupled. At the Sharp Corporation’s Kameyama plant, 6th generation
LCD production line was installed since January 2004, and the 8th generation LCD line
since August 2006.
In the Sakai plant, the 10th generation LCD (world's largest size) production line
has been in operation since October 2009. As observed from the product experience
curve depicted in the figure above, the decision to invest in the 10th generation product
appears to be appropriately timed. At the time the Sakai plant went into operation,
however, Sharp Corporation might not have successfully navigated the simultaneous
co-development of product and process technologies. In order to analyze the progress of
matching between product and process technologies, the investment cost per glass
11
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substrate area for each production line of each Sharp plant was calculated as shown in
Figure 3.
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Figure 3: Experience curve in the investment cost per glass substrate area
Source: Nakata (2009)

As shown in the figure, the investment cost per glass substrate area was drastically
reduced to one-tenth in 12 years from 1995 to 2007, as the global accumulated LCD
production increased by more than 100 times. In the case of the Sakai plant, however,
the investment cost per glass substrate area did not decrease. Instead, it actually
increased up to double that of the Kameyama plant. This indicates that over-investment
could have occurred at Sakai plant, i.e., large investment without process innovation.
Indeed, Mr. K. Yano (who started up Kameyama plant) is quoted as saying: When Sakai
plant was built, exactly the same process used in Kameyama was introduced. Therefore,
the manufacturing process was not shortened, and no speed-up was accomplished;
simply there was not innovation accompanied (Nakata20), 2015). After all, this means

20 Nakata Y. (2015): Lessons drawn from Sharp’s Defeat in LCD (in Japanese), Jitsumu-kyouiku
Publishing, page 172.
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that Sharp was not successful in navigating the simultaneous co-development of product
and process technologies.

4. Emerging Patterns of B2B Innovation: Learning-by-Porting

How far can we generalize implications of digital economy described in the last
section? Although thes e examples of the iPod and the LCD are characterized
as B2C and IT innovation, however, we are now interested in cases characterized
as B2B and IoT (Internet of Things).
In the period of more than a quarter century since 1982, the Japanese production of
machine tool kept its top position in the world, as depicted below in Figure 4. It is to be
contrasted with the Japanese consumer electronics industries, which spectacularly emerged
as the world top player in late 1980s, but whose dominance in the world market was
short-lived in retrospect. Therefore, I would argue, the Japanese machine tool industry might
have overcome several major changes in its long sustained dominance.
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Figure 4: Trend of machine tool production volume of major countries
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The numerically controlled (NC) machine tools have a long history. However,
NC machine tools controlled by personal computers (PC) were only recently realized,
because NC and PC evolved independently through their own evolutionary paths
(Shibata, 2009)21). The two systems reached different modular architectural structures
through their own evolutionary paths; the PC reached “open” architecture, while the NC
reached “closed” architecture. Therefore, it is difficult for these two systems to be
integrated, although both are modular structures. Indeed, the PC controlled NC was
realized only after the NC system became an open architecture system in which three
functions, display, calculation, and drive, were modularized and worked independently
without any interferences.
Baldwin and Clark looked at the dynamic possibilities that are inherent in
modular structures (Baldwin and Clark, 2000)22. They argue that the changes that can be
imagined in a modular structure are spanned by six relatively simple modular operators.
These operators, applied at various points and in different combinations, can generate
all possible evolutionary paths for the structure. They define and describe the six
modular operators: splitting, substituting, augmenting, excluding, inverting 23 ), and
porting. The “porting” operator, as the name suggests, ports modules to other systems,
and is the only operator that operates on other systems. The other five operators only
work within their respective system. Porting occurs when a hidden module "breaks
loose" and is able to function in more than one system.
An embryonic example of porting can be found in the Japanese recent
experience of wide diffusion of the electronic boarding pass used for the mass
transportation passengers in larger cities. As everyone knows, those tasks related to the
ticketing and tolling system of railroad service had been very labor-intensive. However,
the tolling system is now equipped with a disruptive technology, i.e., RFID (Radio
Frequency Identification). This initial diffusion of electronic boarding card system did
result easily into the even wider diffusion of the electronic cashing system in the
convenience stores located near the railroad stations. It was possible by taking advantages
of utilizing cash deposit, which was originally supposed to be used for balancing the
deficits caused by occasional extension of trips. In short, the RFID card for mass transit
21

Shibata, T., (2009), “Product innovation through module dynamics”, Journal of Engineering and
Technology Management, vol.26, pp.46-56.
22 Baldwin, Y. and Kim C. (2000), Design Rules; The Power of Modularity, Cambridge, MIT Press.
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According to Baldwin and Clark, designers achieve modularity by partitioning information into
visible design rules and hidden design parameters (Baldwin and Clark, 2000). The operator
“inversion” describes the action of taking previously hidden information "moving it up" the design
hierarchy so that it is visible to a group of modules.
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tolling is “ported” into cashing system of convenience stores. Thus, the initial
introduction of RFID into mass transits evolved into cashing system that encompasses
both railroad ticket-tolling and cashing at nearby retailing stores.
In the case of the PC controlled NC, a PC function is ported into the display
module, as shown in Figure 5. As seen in the figure, in the second module participation,
only after the display module is parceled out from the whole NC system of close
architecture, the porting of PC into NC system became possible. This porting took a
much longer time than everyone had expected (Shibata, 2009) 24 . We can argue,
therefore, PC-NC was realized only through a new mode of learning in architectural
change, i.e., “learning-by-porting.”

NC system

Communication
module

Tape storage
module

First module
Partition

Automatic
programming module

Drive module

NC system

Display module

Computing module

Porting from PC

Second module
Partition
Drive module

NC system

Combined display and
computing module

Third module
partition
Drive module

Figure 5. Porting a PC function in the PC controlled NC
Source: Shibata, 2009

The integration of a PC function into the display unit of an NC, moreover, realized an
NC system with flexible and enhanced PC functions such as database and networking.
The database function, for example, enabled the NC operator to manage tool files,
customize operation screens, and freely build human interfaces. The PC’s networking
function could also be used to operate the NC from a remote location within the factory
24

Shibata, T., (2009), ibid.
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via the internet. The combination of the PC’s abundant information processing
functions with control functions heralded innovations that turned the NC equipment into
a product with diverse uses (customer value) at a more technologically-advanced level.
Another example of porting in B2B and IoT can be found in a construction
machinery company. A Japanese construction machinery supplier, Komatsu Co. Ltd.,
turned out to be the first company which introduced disruptive technologies such as RFID
(Radio Frequency Identification) and GPS (Global Positioning System) for development
of building lots, and now is a market leader in construction businesses (Nikkei Business,
2007). In this system, RFID sensors are inserted inside their machines that are operating
all over the world and all the data about their operating conditions are sent to Komatsu
headquarters in Tokyo via satellite communication. The system Komatsu developed is
called “KOMTRAX” system. They started its operation in 2001.
Having KOMTRAX developed, Komatsu could enhance the customer service
drastically by providing with timely exchange and repair of parts and also with theft
prevention. Generally speaking, the running cost of construction machinery is three
times as high as the purchase cost. The elimination of all the wasted actions and the
out-of-order situation, that becomes possible by use of the operating data collected by
KOMTRAX, therefore, is very advantageous to customers. The sales agents located
around the world can also benefit by reducing their inventory.
Porting KOMTRAX to the corporate management system became possible by
the following sequences and events. The data about operation conditions of their
machines, which becomes available by KOMTRAX, are effectively utilized for their
discussion on demand forecasting being conducted at the head office. Based on this
demand estimate, production schedules and investment plans of equipment at each
factory are decided. In 2004, for example, the Chinese economy was in downturn, due
to the government financial policy implemented. The collected data by KOMTRAX
showed clearly that the operating ratios of their machines in China were abnormally low.
Before the demand reduction was officially announced, Komatsu halted their production
for three months. It gave Komatsu an enormous advantage over competitors. The
porting process of KOMTRAX is described in Figure 6, by following the format
suggested
by
Baldwin.
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Figure 6. Porting of KOMTRAX to Management System

5. MOT in Digital Economy: Management-on-Porting
In the last section, we described the learning-by-porting dynamics. However, how can
we manage that process? What kind of strategic management is necessary and effective?
Or a strategic thinking is not necessary nor effective in implementing the
learning-by-porting? If so, what kinds of management should replace the strategic
management, which proved to be effective in the modes of technological learning
preceded the learning-by porting?
The development of KOMTRAX, however, was not as straightforward as we
can imagine. In the mid-1990s, the country’s investment in construction business fell
down significantly. Facing this reduced investment, companies had to revise the ways in
which machinery was procured. This meant a shift away from ownership to leasing and
rental (21% of machinery was either leased or rented by 1993, 30% by 1997, and 40%
by 2006). In 1997, Mr. Masahiro Sakane (later became CEO of Komatsu Co. in 2001)
was appointed as director of the business planning and administration office. At the time,
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this office was staffed by people dispatched from various divisions. At the end of 1997,
the office had received a business plan of 10 pages long, from engineers dispatched
from the development department. This plan was for a business model for remotely
monitoring machinery, which was in effect the prototype of KOMTRAX system.
Having spent a long time in the service department, Mr. Sakane had a deep
appreciation of the intricacies of managing construction machinery maintenance, and
hence understood well the value and potential of the KOMTRAX system (Nihon Keizai
Newspaper, 2014/11/24), and thus this idea proceeded into the development stage. In
this regard, the KOMTRAX development was initiated as a kind of local project using
the funds provided by the business planning and administration office. The company
completed 5 prototypes by 1998, and asked Mr. Chikashi Shike of the "Big Rental" (a
rental company at Koriyama in Fukushima prefecture), which had only started up in
1997, to test the 5 prototypes. At that time, Mr. Shike had been also thinking about a
brand-new rental business model that entailed using IT for centralized management to
raise the utilization rates of rental construction machinery, and because this remote
construction machinery monitoring system fit well with his idea, Shike agreed to take
on the prototypes for testing. Being engaged in a rental business, Mr. Shike had no
difficulties in understanding the inherent value of KOMTRAX system25).
At the end of 1998, it was suggested at Komatsu that fifty pieces of equipment
should be subsequently tested. However at a development meeting, supervising
executives took a negative view regarding continued testing. At that meeting,
meanwhile, Mr. Shike was asked for his opinions about the commercial advantages of
developing the remote monitoring system. Shike explained that the system was a piece
of remote communications infrastructure, and thus it is not appropriate timing to discuss
in details what sorts of businesses would be enabled by it.26) Unfortunately though, it
was decided that the remote monitoring system development should be cancelled. The
Komatsu development team had not been able to paint a picture of a business model
using KOMTRAX, because they did not have an understanding of its inherent value.
Nevertheless soon after that Mr. Shike, who had understood the value of
KOMTRAX, wrote an order for 1,000 units and paid Komatsu 150 million Japanese yen
(JPY) – an order made despite of Big Rental’s having only 500 pieces of rental
25)

It is based on the interview with Mr. Shike, conducted by the coauthor of this paper, Shibata, T. in
December 2014.
26)

We are told that Mr. Shike responded by saying that Alexander Graham Bell had not clearly
understood what kinds of businesses would be brought about with the development of the telephone.
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construction machinery at the time. In those days, KOMTRAX units were externally
attached and cost 150, 000 JPY per unit. Thus, such a large order made KOMTRAX a
viable business, and so development was continued within Komatsu. In the beginning of
2000, the Big Rental grew rapidly and within 3 years became the top rental company in
Fukushima prefecture. Shike quickly refitted all the Big Rental’s construction
machinery with KOMTRAX units as soon as the units arrived from Komatsu. The
product originally consisted of a communications terminal and modem, GPS and a
simple CPU etc.
The capabilities and advantages of KOMTRAX in remote management of
machinery and in work on construction sites, became widely known gradually. Komatsu
Co., meanwhile, filed the business model patent for rental businesses so that that ways
KOMTRAX could be used in a rental business. At that time, KOMTRAX was known as
a business model for rental businesses, and was only available as a user option. In June
2001, Mr. Sakane has become the CEO of Komatsu company. He had aggressively
pursued the possibility of utilizing KOMTRAX, not only as a tool for customer service,
but also as a tool for visualizing the corporate management (Sakane, 2006).
By establishing the KOMTRAX system, Komatsu headquarters has obtained
and access to all the data about operation conditions of all the Komatsu machines
installed all over the world. In fact, these collected data are effectively utilized for
discussion on demand forecasting being conducted at the headquarters. Based on this
demand estimate, headquarters formulates production schedules and equipment
investment plans at each factory. In 2004, for example, the Chinese economy was in
downturn, due to the financial policies then implemented by the government. The
collected data by KOMTRAX system showed clearly that the operating ratios of their
machines were abnormally low in China. Komatsu halted production three months
before the demand reduction was officially announced by a Chinese government agency.
This gave Komatsu an enormous advantage. Mr. Shike, meanwhile, was recruited to
Komatsu Co. as an executive officer in 2014. This sequence of events in the
learning-by-porting process of Komtrax innovation alludes to the fact that a new type of
management is emerging in IoT and B2B of digital economy. We might call it
management-on-porting.
In the case of PC-NC, customer value was diversified by porting the
information processing function into the product, which was not available in existing
NC equipment. Furthermore, users can port external modules by themselves and not be
dependent on vendors. Thus, Mori Seiki Co., Ltd., a leading Japanese machine tool
manufacturer and user of NC systems, developed their own PC-NC by porting
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consumer PCs to the display module of their NC system. Mori Seiki had been using
standard NC equipment supplied by NC manufacturers such as FANUC and Mitsubishi
Electric. Mori Seiki purchased NC equipment from these manufacturers and fitted it
onto its own machine tools. Mori Seiki therefore developed its own operation panel
based on PC, and designed its own PC-NC equipment by porting a PC based operation
panel to the display unit of the NC equipment of NC manufacturers. However,
automobile manufacturers and other machine tool users were largely disadvantaged
because the usability of operation panels differs among individual NC equipment
manufacturers, complicating user operation. In other words, Mori Seiki ported PC
functions developed originally for its own use to the display unit, and integrated it with
the computing and driver units from NC manufacturers, creating its own PC-NC system
by combining these units. Development began in 1997, and the MAPPS (Mori
Advanced Programming Production System) was released in 2000. Mori Seiki has now
completed the improved MAPPS III, and is using it in all its models. This has enabled
Mori Seiki to produce its own common specifications for operation and display methods
independently of the NC equipment manufacturers.
The cautious stance in strategic positions is conspicuous when the Japanese
companies extend their business into global landscape. In May 2015, the M&A between
Japanese Mori Seiki Co. and German DMG Co. (Gildenmeister Aktien Gesellschaft),
was formally announced. The Japanese Mori Seiki (the 5th world largest machine tool
companies as of February in 2014), acquired the 52.4% of the stock of DMG (the 2nd
largest company). Thus, the DMG-MORI SEIKI Co. became the largest company, by
surpassing then No.1 Chinese Company. While DMG was established in1870 and its
total sales was 289.8 billion Japanese yen in 2014, Mori Seiki established only in 1948
and its total sales was 117.8 billion yen27).
Mori Seiki spent as long as 6 years for this merger. In many cases of M&A, the
priority is often placed on deletion of the unprofitable sections and on the reduction of
number of employees, rather than on business integrations such as joint product
development and sharing the distribution channels. For this purpose, they employed the
three methods, which are almost opposite to the conventional wisdom on normal
M&As.
The first of these is “double staffing in management,” namely, two managers
from each company are assigned for each management position, because they thought,
in the procedure and rule-making for system integration, the German system is better,
27

Nikkei Business（2015/5/25）: “Company Study on DMG-MORI SEIKI,” Volume 49.

20
－57－

while the Japanese system is stronger in production scheduling and operation strategy.
This system of double staffing is still alive after the merger.
The second is that enough time and budget were spent in order to make
possible the intimate communication between employees of the two companies. The
basic philosophies about design are different with each other. The DMG’s lathe uses
more common parts, and thus costs less than MORI’ machine, while MORI tries to
accommodate every details of the customers’ demands, thus uses less common parts
even in the case that the cost reduction is possible. For a while, they came to understand
that there is no difference in accommodating customers’ requirement but that the
customers’ demands are different by themselves.
The third point is that the priority is placed on the business integration rather
than ownership relations, because the M&A never works well unless they know each
other well.  This case study of DMG-MORI merger produces an important
implications international businesses. We can interpret that six years are spent for
implementing ideal of mutual (reciprocal) porting between the two different company
cultures. This had been advocated by Masahiko Mori (CEO of Mori Seiki Co.) Indeed,
we can say that it is the management-on-porting in international landscape.
Having studied how and who triggered the learning-by-porting in technology
and how this system has been ported into the corporate management, we can give some
thoughts to how the learning-by-porting can be managed. At least, we have learned that
the strategic thinking did not played critical parts of realizing the learning-by-porting.
Rather, several players became aware of the intrinsic value of the porting at each stage
of development and in different context. Obviously, the strategy played a less important
role than many management text books are indicated. What is needed is, at least, a more
cautious attitude in management.

6. Concluding Remarks
According to Anderson and Tushman (1991)28), an industry evolves through a
succession of technology cycles. Each cycle begins with a discontinuity based on new
technologies, along economically relevant dimensions of merit. In each case, a process
28 Anderson, P. and Tushman, M. (1991), “Managing through Cycle of Technological Change,”
Research Technology Management; May/June 1991; 34, 3.
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with inherently higher limits redefined the state of the art, increasing machine capacity
by an order of magnitude while lowering costs and improving quality. To sum up, each
discontinuity inaugurates a new cycle.
We have learned that the second technology cycle related to B2C and to IT, is
triggered by the new business model creation rather than by technological discontinuity.
By the same token, the second cycle related to B2B and IoT is inaugurated by porting
rather than system integration. Therefore, I would suggest that the innovation cycle in
the digital innovation paradigm, becomes a spiral innovation model with
three-dimensional cycles.
Our review of the history of the second spiral of B2C and B2B case studies, I
would argue, revealed that the trigger at each stage came from different fields of
knowledge areas. Furthermore, each time a change in sources of innovation occurred,
dramatic upgrading in the inherent value (higher upper limit) of innovation was
accomplished. Having described so far new phenomenon and new research findings, I
would suggest that the future MOT research should deal with the management issue and
problems related to the innovation spiral.

22
－59－

5-6. Photo Session

－60－

6. Research Presentation
November 14 (Saturday)

Concurrent Session 1 (14:30-16:10)

6. Research Presentation

1-A: Management of Technology 1

Critical Success Factors Of Manufacturing Solution Adoption: A Qualitative Case Study in Metal-Stamping
Industry

Teck Loon Lim, Mee Yee Kow, Akbariah Mohd Mahdzir and Nooh Bakar

Proposal On Hybrid Risk Evaluation Method (Hrem) For Bidding Decision In International Infrastructure Project

Takayuki Isaka, Wataru Yoneda and Tsuyoshi Koga

Application of Multidimentional Diagnosis System or P Diagram in Building Design

Neza Ismail and Mohamed Ibrahim

Putting Your Money Where Your Mouth Is: Buying Behaviour and Sustainability Concerns amongst First-time
Home Buyers

Ahmad Syahid, Mohamad Ali Tareq and Akbariah Mahdzir

Evaluation Method Of Product Development Project Based On Scenario Planning Method

Tsuyoshi Koga, Takao Eguchi, Junichi Morihiro and Takeshi Matsuo

1-B: Mechanical Precision Engineering

Vibration Energy Harvester Based on Inverse Magnetostrictive Transduction

Takeaki Saimaru, Tianyu Fan and Yoshio Yamamoto

The Effect of Bilayer Graphene on Sensitivity of Surface Plasmon Resonance Biosensor

Hamid Toloue Ajili Tousi, Anthony Centeno and Noriyuki Kuwano

Electron Microscopy Study Of Deformation And Recrystallization Behavior Of Pure Tin For Mitigation Of
Whiskers

Marina Lias and Noriyuki Kuwano

An Actively Controlled Turbocharger Algorithm Based on Passive Device under Unsteady Flow Condition

Irfan Bahiuddin, Fitrian Imaduddin, Saiful Amri Mazlan and Mohd Azizi Abdul Rahman

High Repetition Rate Operation Operation Of A Low-Power Short-Pulse Plasma Thruster

Yuki Nakamura, Hiroshi Hosokawa and Hideyuki Horisawa

1-C: Electronic Systems Engineering

Optical Coupling For Multi-layer Printed Wiring Board By Self-Written Waveguide

Nurul Atiqah Baharudin, Sumiaty Ambran, Osamu Mikami and Chiemi Fujikawa

An Al-water Fed DC Arcjet

Naoto Yanagida, Hideyuki Horisawa and Akira Kobayashi

Theoretical Analysis for Effect of Facet Reflections on Amplification and Noise Characteristics in Semiconductor
Optical Amplifiers

Minoru Yamada

An Improved Model for Noise Analysis in Semiconductor Optical Amplifier

Alexander Setiawan Putra, Kazuki Makinoshima, Minoru Yamada and Sumiaty Ambran

A novel RSSI prediction using ICA, RBF and FFA in wireless networks
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Shidrokh Goudarzi and Wan H Hassan

1-D: Environment and Green Technology

Production of Value Added Substances by Tropical Microalgae

Nurul Ashyikin Yahya, Koji Iwamoto, Marshila Kaha, Noraiza Suhaimi and Hirufumi Hara

Performance of a Newly Formulated Filter Aids Material on Particle Penetration

Siti Hajar Abd Rahim, Mohd Rashid Mohd Yusof, Nurnadia Andenan and Mohd Ammar Mohd Rashid

Performance Evaluation of Water Heat Source Makeup Air Unit Applied Low-temperature Desorption-type
Desiccant Rotor on Prefabricated Module Air-conditioner Cassettes System

Masao Masuda, Masayuki Tanino, Toshiaki Saitou, Masanori Kikuchihara and Masaki Hatakeyama

Comparative Study on the Effect of Green Space on Outdoor Temperature in Residential Area under Tropical
Climate

Aras Khedri Zadeh

Effect of Vortex Finder Diameter on Pressure Drop Across the MR-deDuster Cyclone

Nur Hasyimah Hashim, Mohd Rashid Mohd Yusof, Norelyza Hussein and Mohd Hasrizam Che Man
1-E: Management of Technology 2

Product Lifecycle Management Technology Assessment: A Case Study In the Industrial Equipment Industry

Mee Yee Kow, Teck Loon Lim, Nooh Bakar and Akbariah Mohd Mahdzir

A Study on The Application of Web-Scale It In Enterprises in IoT Era

Hassan Keshavarz and Naoki Ohshima

Do Electronic Word of Mouth and Brand Image Have Relationship and Impact Towards Purchase Intention of
Smartphone?

Irwan Shahrinaz

Sustainable Hazardous Waste Management in Malaysia

Wan Md Syukri Wan Mohamad Ali

Reconceiving Customer Involvement in Service Innovation and Competitive Advantage in Malaysian Mobile
Service Provider

Ainul Mardhiyah Nor Aziz

Concurrent Session 2 (16:30-18:10)

2-A: Management of Technology

Optimization Job Shop Manufacturing System Related to Lead Time and Cost Estimation in Competitive Bidding
Environment

Emilda Sayuti

Human Talent Development Program in Malaysia by Global Project Based Learning Method

Naoki Ohshima, Tsuyoshi Koga, Yoshiuyuki Matsuura and Ken Kaminishi

Audit Quality and Earnings Management Conceptual review

Mohammad Hosseini

Key Motivating Factors For Employees Retention: A Resource Based View

Tahir Akhtar, Mohamad Ali Tareq and Akbariah Mohd Mahdzir

Comparison Of Open Innovation And Supply Chain Management Towards Integration Of Both

Muhammad Junaidy Bin Mohd Sajuti, Yoshiyuki Matsuura and Nguyen Huu Phuc
2-B: Mechanical Precision Engineering 1
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Flow Simulation Around The Regenerator in The Traveling-Wave Thermoacoustic Engine
Rralization of High Temperature Lubricating Properties of TiB2-MoS2 Composite Films
Modelling and Control of UAV using ArduPilot

Daichi Terayama

Masatoshi Arai

Mitsuru Enomoto and Yoshio Yamamoto

Comfort Temperature In Air Conditioned Office Buildings: Case Study Of Indonesia And Singapore

Siti Aisyah Damiati, Sheikh Ahmad Zaki Shaikh Salim, Hom Bahadur Rijal and Surjamanto Wonorahardjo

Optimization of Airtime Motion for Countour Parallel Machining

Rizauddin Ramli and Abdullah Haslina

2-C: Electronic Systems Engineering

Elucidation of Growth Enhancement Effect of Sprouts of Brassicaceae Using Low Pressure Oxygen Plasma

Reoto Ono, Nobuya Hayashi and Akira Kobayashi

A Study Of Automatic Gis Treatment Map Generation System For Variable-Rate Crop Fertilizer Application

Sohailah Safie, Fairol Zamzuri Che Sayuti, Noriyahtul Asikim Sofian and Rubiyah Yusof

Analysis on Flow around a Sphere under an Isothermal Condition at High Mach and Low Reynolds Number
Flows

Takayuki Nagata, Taku Nonomura, Shun Takahashi, Yusuke Mizuno and Kota Fukuda

Implementation of ANFIS as Decelerating Assistance for DC Locomotives
SVA Checker Generator For FPGA-Based Verification Platform

Muhammad Aizuddin Ahmad

Nurita Mohamad, Chia Yee Ooi and Jwing Teh

2-D: Environment and Green Technology

The Effectiveness of Natural Coagulants in Water Treatment

Muhamad Ezral Ghazali, Megat Johari Megat Mohd Noor, Masa Goto and Komathy Selva Raj

Production of Soluble Protein From Rice Bran Under Hot Compressed Water Condition

Huwaina Haron

Performance Of PrekotAC As Filter Aids In Pilot Plant Fabric Filtration System

Nurnadia Andenan, Mohd Rashid Mohd Yusof, Siti Hajar Abd Rahim and Mohd Ammar Mohd Rashid

The Advanced Performance of Air-cooled Pac Adding External Cold Heat in Thailand

Takamasa Ooyama, Shuichi Ishii, Yoshihiko Mikami, Tatsunori Man'o, Nagato Hoshi, Naoto Koyasu and Satoru

Degradation of Persistent Endosulfan by Isolated Actinomycetes and Rhodococcus jostii, RHA1

Mok Kar Mun

2-E: Mechanical Precision Engineering 2

Comparison Between SVM and K-NN Machine Learning Algorithms in Early Disease Detection for Chicken
Using Chicken's Excrement Images

Nurhanna Abdul Aziz, Mohd Fauzi Othman and Faridah Abd Rahman

Robust Outdoor Navigation of Wheeled Mobile Robot by Using Multiple Sensors

Yuya Nagayama and Yoshio Yamamoto
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Experimental Modal Analysis of Vehicle Exhaust System to Determine Hanger Location Using Root Mean
Square Value

Oo Kyaw Nyein, Aminudin Abu, Aung Lwin Moe and Asnizah Sahekhaini

Development Of An Alternating Electric Field Accelerator For Laser-Ablation Plasma Acceleration

Akihiro Osamura, Ryo Edamura and Hideyuki Horisawa

Modelling of Smart Controller for the Malaysian Car Suspension System

Mohamad Amiruddin Ismail, Pauziah Muhamad and Aminudin Abu

November 15 (Sunday)

Concurrent Session 3 (9:00-10:40)

3-A: Management of Technology 1

Understanding Cultural Influences on Corporate Governance Practices: Revisiting Hoftede's Theory

Habiba Ihlasuddini and Mohamad Ali Tareq

What You See Is Not What You Get: Revisiting Japanese Management Concepts And Its Effect To Leadership
Of Creative Effort

Shazlinda Md Yusof and Rozhan Othman

A Proposal For An Integrated Marketing Framework For Emerging High Technologies

Rozita Shamsuddin and Akhbariah Mahdzir

Leadership Styles and Organizational Performance in Construction Industry in Malaysia

Megat Zuhairy Megat Tajuddin, Noraini Ismail and Hadijah Iberahim

Design Support Method Of Logical Structure Inside Mechatronics Product From Functional Design Stage

Tomoaki Ishikawa and Tsuyoshi Koga

3-B: Mechanical Precision Engineering

Experimental Varification of Mirror-Like Surface Finish For Mould Steel Using Developed Lapping System

Ahmad Aizuddin Abd Aziz, Aung Lwin Moe, Muhammad Faiz Wahab, Asri Mohamad Yusof and Nurul Farah

Variable Damping Force Valve Design Using Magnetorheological Fluid

Tsubasa Sasaki and Tsuyoshi Koga

Optimization of Ion Implantation Using Trim Software For The Formation of Shallow N+/P Junction in
Germanium Substrate

Umar Abdullah Shukri, Nur Farhana Arissa Jonny, Siti Rahmah Aid, Hafizal Yahaya, Anthony Centeno, Satoru
Matsumoto, Akira Uedono and David McPhail

Prediction Methodology for Transient Thermal Response of Solar Parabolic Trough Collector under Fluctuating
Solar Radiation

Shye Yunn Heng and Tohru Suwa

Experimental Verification of Parameters in Automobile Crankshaft Modelling for Vibration Analysis

San Da Pyae Sone, Aung Lwin Moe, Aminudin Abu, Oo Kyaw Nyein and Zetty Rohaiza Mohd Sahak
3-C: Electronic Systems Engineering

Experimental Considerations on Iterative PCA Blind Image Restoration Method

Brian Sumali, Nozomu Hamada and Yasue Mitsukura
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Non-polar Gallium Nitride Thin Film Grow On R-plane Sapphire Substrates By Low-pressure Metal-Organic
Chemical Vapor Deposition

Kanji Yasui

Detection Strategy For Kidnapped Robot Problem In Monte Carlo Localization

Iksan Bukhori, Zool H Ismail and Toru Namerikawa

Altitude Control of a Quadrotor Based on an Adaptive Neural Network and Unified Bound

Mohamad Yani, Zool H Ismail and Matthew Dunnigan

Feature Scaling By Using Genetic Algorithm With Extreme Learning Machines For Eeg Data

Muhammad Muinuddin Mat Jusoh and Mohd Ibrahim Shapiai

3-D: Environment and Green Technology

Periphytic Algae as Biological Indicators of Water Quality in Drained Tropical Peatlands In Malaysia

Nhat Huynh

Impacts of Climate Change and Urbanization On Urban Drainage Systems: A Review

Vuthy EM, Masafumi Goto and Megat Johari bin Megat Mohd Noor

Green Synthesis of Silver Nanoparticle using Seaweed as the Stabilizer by Sonochemical Irradiation Method

Miftah Faried, Kamyar Shameli, Nurulbahiyah Ahmad Khairuddin and Mikio Miyake

Structure Prediction of Bromelain from Pineapples (Ananas Comosus) Using Procaricain Enzyme as A Modelling
Template

Fatahiya Mohd Tap and Nurulbahiyah Ahmad Khairuddin

Solid Oxide Fuel Cell: An Overview

Mohd Fauzi Othman, Muhamad Farihin Bin Talib and Yussof Bin Wahab
3-E: Management of Technology 2

A Review of Performance Assessment Between Islamic Banks and Conventional Banks

Sieng Sokrith and Mohamad Ali Tareq

Automated Software Testing On Assisting Startup's Quality Control: A Research Conducted at Bukalapak.com

Raymond Sumargo

A Study On Technological Trend Forecasting By Link Mining Of Patent Information

Masashi Shibata and Masakazu Takahashi

A3 Methodology in Defect Management Process

Mohd Yusri Mohd Yusof and Nooh Abu Bakar

Cultural Distance From The Perspective Of Trust And Relationship In Cross-Borders Knowledge Transfer

Farah Hana Binti Mohd Ani, Yoshiuki Matsuura and Nguyen Huu Phuc

Concurrent Session 4 (11:00-12:40)

4-A: Management of Technology

A Review of Cross-Cultural Analysis on Energy Behaviour Consumption in Residential Building between
Malaysia and Japan

Rajiv Mangruwa, Sheikh Ahmad Zaki Shaikh Salim and Akbariah Mahdzir

Risk Based Assessment Of Underground Storage Tanks In Petrol Station

Mohd Shamsuri Kkalid, Ahmad Rahman Songip and Nooh Bakar

Challenge To Explore Difficulties of System Requirement Definition on It Project
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Shinobu Komai, Hamdani Saidi and Naoki Ohshima

A Review on the Effect of Job Stressors on Burnout

Reza Saleki, Nooh Abu Bakar, Mohammad Reza Hosseini and Neda Jalaliyoon

Establishing The Distinction Between Strategic Innovation And Business Model Innovation

Marshitah Tajudin, Yoshiyuki Matsuura and Nguyen Huu Phuc

4-B: Mechanical Precision Engineering

Supporting Method For Conceptual Design Inspired From Digging Function Of The Creature

Keisuke Ushiro, Yu Yamamoto and Tsuyoshi Koga

Enhanced Light Absorption of Metals with Surface Asperity and Its Application To Radiative Energy Absorption

Masanori Suzuki, Toshifumi Yamamoto, Arata Ioki, Chen Yee Goh, S. Katsuyama and Toshihiro Tanaka

Performance Analysis of Adaptive Filter for Eye Blink Artifacts Removal in Electroencephalogramsignals

Faridah Abd Rahman, Mohd Fauzi Othman and Nurhanna Abdul Aziz

Investigation of Mirror-like Surface Finish in Optical Glass (BK7) Lapping

Muhammad Faiz Wahab, Aung Lwin Moe, Ahmad Aizuddin Abd Aziz, Asri Mohamad Yusof and Myintzu Phyo
4-C: Electronic Systems Engineering 1

The Effect of Vortex Flow of Magnetic Stirring on the Proliferation of Algae in Hydrogen Production

Azizi Miskon, Marcus Wai Kit Chong, Sobri Mohd Takriff and Siti Nooraya Mohd Tawil

Dynamic Spectrum Allocation for Cognitive Radio Ad hoc Network

Mahdi Zareei, Akm Muzahidul Islam, Nafees Mansoor and Sabariah Baharun

Simulation Methods of Normal-Mode Helical Antennas in Dielectric and Magnetic Materials

Nguyen Tuan, Yamada Yoshihide, Nguyen Quoc Dinh and Naobumi Michishita

Newly Designed Waveguide Probes for Ultrasonic Pulse-Echo Measurements

Mohd Foudzi Farhana and Ikuo Ihara

Brief Survey On Image Segmentation Techniques

Siti Nurasma Jalaludin, Norzaimah Asyikim Mohd Zaidi and Muhamad Kamal Mohammed Amin
4-D: Electronic Systems Engineering 2

Morphological and Compositional Properties of Thermally Oxidized Ge(100) Substrate: Effects of Temperature
and Time

Norani Ab Manaf, Abd Manaf Hasyim, Mohammad Anisuzzaman and Satoru Matsumoto

Development of Controller for Current Induced Ankle Foot Orthoses Based on Electromyography (EMG)
Biosignal and Angle

Dimas Adiputra, Saiful Amri Mazlan, Hairi Zamzuri and Mohd Azizi Abdul Rahman

FFT Implementation on Optically Reconfigurable Gate Array

Ili Shairah Abdul Halim, Fuminori Kobayashi and Minoru Watanabe

Super Twisting Sliding Mode Control Scheme for an Autonomous Underwater Vehicle under External
Perturbations

Vina Putranti and Zool H Ismail

Performance Evaluation of Supply Chain Management

Neda Jalaliyoon, Nooh Abu Bakar, Hamed Taherdoost and Reza Saleki
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ABSTRACT
Manufacturing solution like Enterprise Resources Planning
(ERP) system is designed for the manufacturing
organization to link the fragmentation of the data and
information because it integrates and streamlines internal
processes by providing a suite of software modules that
cover all functional areas of a business. However not all
ERP system project implementation is successful especially
the high-mix industry because the production process is
rather complex and requires to involve a lot of resources
and time. These have resulted a number of researches
focusing on finding the critical success factors (CSFs) of
the manufacturing solution implementation. This qualitative
research built a case study in a sheet metal-stamping
company that operated under Make-To-Order (MTO) and
high-mix environment. Face-to-face interviews were
conducted and data were coded and analyzed using Nvivo
10 software. Researchers identified 10 Critical Success
Factors for high-mix sheet-metal industry. This research
also identified 5 success measures on manufacturing
solution adoption. Researchers argue that user paradigm
on success relied on the system usability and user
satisfaction. In conclusion, manufacturing users still have
high believed in manufacturing solution implementation
because it could bring real benefits to the company
eventhough there are implementation challenges.
Keywords— Critical success factors, ERP, manufacturing
solution adoption, high-mix industry.
1. INTRODUCTION
Enterprise Resources Planning (ERP) is the manufacturing
solution that is used by the manufacturing enterprise for
business and process improvement. In an effort to remain
competitive, there has been increasing needs in
organizations to connect the information supplied by each
departments into a common entity [1], [2]. ERP systems are
designed for the manufacturing organization to address the
problem of information fragmentation as they integrate and
streamline internal processes by providing a suite of
software modules that cover all functional areas of a
business. ERP systems are offered as standardized off-theshelf packages, and have modules that support various
business functions such as sales distribution, purchasing,
manufacturing,
inventory
control,
supply
chain
management, accounting and finance. ERP systems usually

involve the entire organization and provide opportunities
for access to real-time data across the enterprise [3].
However, increasingly we hear of the failures of ERP
implementations, or the complete abandonment of the
system [4], [5]. Resultantly, there has been expanded
research focusing on the implementation process and its
critical success factors (CSFs) [6]–[9]. Researchers’
epistemology on practicality of CSFs compiled will be
served as good reference guide for ERP projects and
ultimately, this will enhance the probability of achieving
higher success levels and, resultantly, timesaving, cost
savings, quality and efficiency in their system [10].
The success rate of the ERP system implementation is low
even though companies do not show the failure of their
implementation. The literature reviews show there are
different factors influence either positively or negatively on
the successful implementation of the ERP, and CSFs are the
reasons that determine the successful implementation [6],
[11]. There are 3 stages of ERP implementation as
indicated: pre-implementation, implementation and postimplementation. The CSFs occur in all implementation
phases stated above [6].
There are researches pointed out that ERP is more suitable
to Make-To-Stock (MTS) than the Make-To-Order (MTO)
industry because of the nature of their production
environment is different [12]. The small-and-mediumscaled industries (SMIs) operate in a high-mix
environment, i.e. they do not have their own product, and
they are make-to-order (MTO) according to customers’
specifications [13]. Since their product and processes are
always different for each MTO case, they may require a
dynamic production management system in place in order
to run the manufacturing operation smoother. Therefore, the
requirement for the ERP is much different and the
implementation is more complicated in the high-mix MTO
industries.
Researcher’s epistemology on CSFs for manufacturing
solution implementation in high-mix industries will have
differences from those commonly known CSFs that
previously compiled or identified in ERP implementation.
Problem statement
The nature of manufacturing environment of the High-Mix
Industry is very dynamic and having ever changing ad-hoc
issues. It would be more difficult to implement the
manufacturing solution in this kind of industry. The Critical
Success Factors (CSFs) for the High-Mix industry should
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have differences from those commonly known in Low-Mix
industry.
Research questions
1. What are the CRITICAL SUCCESS FACTORS that
contributing towards the success of the manufacturing
solution adoption in High-Mix MTO industry?
2. What is the paradigm of SUCCESS measured by users
after the implementation of the manufacturing solution?
2. LITERATURE REVIEW
2.1. IS and ERP success models
Bradley in his review paper cited that DeLone and McLean
(1992) developed an Information System (IS) success
model based on six dimensions:- systems quality,
information quality, use, user satisfaction, individual impact
and organizational impact [14]. The DeLone and McLean
success model has been highly cited by researchers and
Google Scholars and was claimed as “the standard for the
specification and justification of the measurement of the
dependent variable in information systems research.”
However, for ERP success model, Seddon (1997) and Rai
et. al (2002) argued that the DeLone-McLean model used
“must precede impacts and benefits, but does not cause
them” and the model was developed from their review of
literature in a period before ERP emerged. Therefore it
might not fit to the ERP success model. Gable et al. address
the issue of “use” in the ERP success model, which
eliminated both “use” and “user satisfaction” from the
DeLone–McLean IS Success model. Both of their argument
point was “satisfaction” was treated as a measure of success
rather than a dimension of success [14]. Ifinedo et.al further
proposed the ERP success model dimension that related to
Gable et. al. model by adding-in the Workgroup quality and
Service Impact [15].

Ngai, Law and Wat (2008) conducted a comprehensive
search through the relevant literatures between year 2006
and 2007 and 18 CSFs have been identified from the 48
articles that were located in 12 groups of regions and
countries around the world [8]. In these 18 CSFs, ‘top
management support’ and ‘training and education’ were the
most frequently cited as the critical factors to the successful
implementation of ERP systems.
In another CSFs research, Finney & Corbett (2007)
identified 26 CSFs and categorized them into Stratigics
CSFs and Tactical CSFs [10]. Hundreds of journals were
searched using key terms identified in a preliminary
literature review and successive rounds of article reviews
resulted in 45 articles being selected for the compilation. A
subsequent critical analysis identified gaps in the literature
base, Finney & Corbett pointed out there was a need to
study the CSFs to the perspectives of the key stakeholders
and the concept of change management [10].
A recent research conducted by Ahmad et. al (2013)
presented the results of a study to identify and analyze the
interrelationships of the critical issues involved in the
implementation of ERP in small and medium sized
enterprises (SMEs) [16]. Over 50 relevant papers were
critically reviewed to identify the main critical success
factors (CSFs) for ERP implementation in large
organizations. Then, the applicability of the identified CSFs
to SMEs was investigated. In their findings, the 33 CSFs
were identified and they were mainly contributed by
organization factors, neutral factors, and operational
factors.
The above 3 papers presented a total of 77 CSFs of
manufacturing solution adoption analysed based on 143
research articles selected from over hundreds of research
journals. Researchers recognized that the compiled CSFs
have provided sufficient guideline to be used in this
research.

Table 1: IS and ERP Success model comparison.
Success Dimension

System quality
Information quality
Use
User satisfaction
Individual impact
Organization impact
Service impact
Workgroup quality

DeLone
and
McLean
(1992)
✓
✓
✓
✓
✓
✓

Gable et
al.
(2003)

Ifinedo
et. al
(2010)

✓
✓

✓
✓

✓
✓

✓
✓
✓
✓

2.2. Critical Success Factors (CSFs)

Figure 1: CSFs word cloud on frequency

The high failure rate of ERP implementation has resulted a
numbers of studies have attempted to find out the Critical
Success Factors (CSFs) in the implementation of ERP.

Researchers analyst the word frequency of these CSFs
using Nvivo and discovered the top 20 CSFs words as in
Figure 1, were related to “project”, “management”, “erp”,
“business”, “implementation”, “process”, “software”,
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“strategy”, “team”, “change”, “data”, “communication”,
“culture”,
“organizational”,
“support”,
“vendor”,
“appropriate”, “clear”, “consultants” and “plan”.
2.3. Manufacturing Solution for SMIs and High-Mix
industries
SMEs have less resources and competencies about complex
ERP systems compared to larger companies. Thus ERP
projects have proven to be risky and costly for SMEs.
SMEs can easily be an easy prey for experienced vendors
and consultants and end up with a system far from what
they expected [3].
High-Mix industries is normally refer to the Make-ToOrder (MTO) companies, which produce high-variety and
bespoke products, have particularly challenging decision
support requirements and it remains unclear whether ERP
systems can meet their needs. MTO features considered
include: decision support requirements at critical
Production Planning and Control (PPC) stages,
idiosyncratic market-related features, typical company size
and supply chain positioning, and shop floor configuration
[13].
The ERP system selection process for MTO companies is
more difficult than MTS companies and some have
perceived ERP is unsuitable for MTO environment. The
poor match for ERP to MTO environment was due to the
dynamic decision support requirements of MTO companies
and that was not originally offered by general ERP
functionality [12]. MTS companies make more use of
planning tools within ERP systems, and it is concluded that
production strategy is an important contextual factor
affecting both applicability and impact.
The authors suggested that there should be a MTO-specific
planning method could be embedded within ERP systems
to improve alignment. Therefore, the CSFs for ERP
implementation may have differences compared to that
publication and shall be further investigated by the
researchers.
3. RESEARCH METHODOLOGY
3.1. Research method
Literature reviews found there were researches conducted
CSFs in the similar fields using the qualitative method,
quantitative method and mix-mode of quantitativequalitative method. There were 40 reviewed papers related
to CSFs were collected and researchers found that more
than two-third were using the quantitative methods or mixmode methods. Since Researchers intended to get in-depth
investigation to determine the CSFs therefore has chosen
qualitative method by following the Yin (2009) case study
approach guideline.
Researchers have put the focus of CSFs investigation in the
post-implementation phase in the High-Mix Industries
because users have put a measure of success of their past
project experience in order to better determine the CSFs.

Our target focus group was the SMIs based in Malaysia and
it must be a High-Mix MTO company. The other selection
criteria was they must have experience in manufacturing
solution implementation for more than one year. The target
respondents should be the key persons in the organization
and they could be from the top management, middle
management and executive level.
3.2. Research approach
The following was the research approach adopted by
researchers.

Figure 2: Research approach
Researchers prepared set of questionnaires to conduct
semi-structured interview. The content of questionnaires
was related to the CSFs that identified through the literature
study.
Prior to the selection of the CSFs, researcher conducted
query in Nvivo for the 40 selected papers (partially listed in
references) related to ERP, CSF, MTO with key words
“CSFs” and “Critical Success Factors”. After few rounds of
queries and fine-tuning the search criterias, researchers
managed to identify 10 highest-rank CSFs that most related
to the focus group. The results were then compared to the
top 20 keywords of CSFs captured from the word cloud as
indicated in Figure 1. With respect to that, researchers
identified the top 10 CSFs were related to
“Communication”, “Corporation”, “Culture Change”, “Data
Analysis”, “Evaluation Progress”, “Experienced Project
Manager”, “Management Support”, “Project Team Skills”,
“Resources” and “Use of Consultant”. These top CSFs were
used as the main discussion points in the interview sessions.
The interview was conducted onsite at respondents’ office.
It was a semi-structured interview session that the preprepared questionnaire used as a guideline for interview.
The information collected were the audio recordings,
Microsoft Word Audio Memo, company’s profile and
company background information e.g. photo, organization
chart etc. Subsequently, the interview transcripts were
prepared according to the audio recording. The transcripts
were then check-in to Nvivo 10 for coding. The
unstructured data were sorted into each node accordingly.
All data and information were futher analysed in Nvivo 10.
Multiple search criterias were used in order to get the
information and desired results. The queries could be easily
conducted to mining the information from the raw data for
initial results, either by searching into each nodes or the
respective classifications.
The detail analysis could be carried out after the data were
sorted into theme. The output results could be obtained
from the query summary, Word Cloud, Tree Map and
Cluster Analysis. Reports could be generated using the
Reporting function. This research findings were based on
the study and investigation on the reports generated from
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the software, with subsequently getting validation from the
respondents.
4. DATA COLLECTION
The case study company (MfgCom) was a Malaysian
owned company located in the industrial park in the central
region of Penisular Malaysia and currently having about 50
employees with business turnover around RM150 million.
MfgCom offered wide range of cable support systems such
as cable trays and truncking systems made of metals and
aluminum. The end products or finish goods needed to go
through with varies surface treatment process such as hot
dip galvanized and electro epoxy powder coating in the
same manufacturing plant or outsourcing. MfgCom also
offered cable support systems made of Fiber Glass and
stainless steel for special purpose usages. MfgCom was
high-mix because their product variety and they were MTO
for most of the customer orders. MfgCom only MTS for
certain products to few regular customers.
MfgCom implemented an intergrated manufacturing
solution for about 2 years. Before the manufacturing
solution adoption, MfgCom used Microsoft Excel as the
main operation management tool. The current implemented
system consisted of sales module, purchasing module,
manufacturing module, stock and inventory module and
integration to financial module. The project implementation
took around 12 months and had completed 1 year ago. The
system is currently under the maintenance mode and is
supported by the vendor.
The interviews were carried out onsite with the plant
manager, operation manager, production manager and
project manager. The Plant Manager (MfgUsr#1) joint
MfgCom for about a year and he took care of the overall
plant operation. MfgUser#1 was an engineering graduate
and had more than 10 years hands-on experience in
manufacturing operation. He had experience to drive the
manufacturing solution implementation in his previous
company.
The Operation Manager (MfgUsr#2) took charged of the
purchasing and administration works. She has a degree in
business administration and already had 6 years experience
in manufacturing operation management. She joint
MfgCom for 4 years and was the key member in
implementing the manufacturing solution in MfgCom.
The Production cum Store Manager (MfgUsr#3) looked
after the production, stocks and inventory. MfgUsr#3 has
high-school certificate and had more than 20 years of
working experience in manufacturing companies.
MfgUsr#3 joint MfgCom for 3 years and was one of the
key members who involved fully in the manufacturing
solution implementation.
The project manager (MfgUsr#4) was assigned by the
vendor of the manufacturing solution to implement the
manufacturing solution in MfgCom. MfgUsr#4 was a
graduate of computer science and has 7 years of working
experience with 3 years to lead and managed the
manufacturing solution implemention for customers.

The first meeting was a group interview conducted with
MfgUsr#1, MfgUsr#2 and MfgUsr#3 that took about 2
hours. The entire session was audio recorded and photos
were taken with permission. The interview with MfgUsr#4
was conducted outside the premisis of MfgCom for about
30 min with audio recording.
Few follow-up interviews were conducted over telephone
calls with respondents to get clarification for unclear
information. A meeting was conducted with all respondents
after 2 weeks to discuss on the findings and re-organizing
the data and subsequently fine-tuning the facts based on the
new inputs given before generating the results and reports.
5. DATA ANALYSIS
The interview transcripts for MfgCom were analyst with
Nvivo software. The query on the text frequency has
generated tree map for MfgCom as shown in Figure 3.

Figure 3: Tree map of Top CSFs for MfgCom
Researchers did the coding based on the keywords obtained
above and run the queries based on some summary and
highlights prepared from the transcripts. Few key factors
were identified and coded with keyword “factors”. The
output of tree map results as shown in Figure 4.

Figure 4: Tree Map Analysis of CSFs for MfgCom
5.1 CSFs identified
Based on the results obtained for MfgCom, the CSFs were
determined as below:
i) Software capability
Manufacturing software solution should be able to support
the requirements and needs of the organization. The
software functionality should be suitablilty used by the
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company. It should be handling dynamic environment for
the high-mix company that need to make changes
frequently. The software should be easily learnt up and
operated by the users.
ii) Project members and skills
Right project members should be chosen to implement the
manufacturing solution. They must have relevant
knowledge and skills especially the key users. Project
manager should be knowledgable enough to manage the
changes and requirements raised by the users
iii) Sufficient information
Information should be enough and sufficient in order to
make the system work. Essential information should be
prepared and input to the system in order to build a
centralized data repository system. Information were
referred to product, resources, work processes, job status
and work-in-progress (WIP), timeline. Information should
be easily accessed and visible by the users.
iv) Support from project members
The project implementation should be supported by the
project team members. All users should follow the
instructions and tasks assigned and ensuring the executions
were carried out according to the requirements set. The top
management should support the project and allocated
enough time for the key project users to work on the system
besided their daily routine jobs. The key persons or the
project champions should be committed to drive the project
towards successful implementation.
v) User’s understanding
The users should understand what were the purposes of
implementing the manufacturing solution at the first place.
They should learn about the benefits and functionalities of
the software that could help them in their works. If the key
users understood what benefits and improvement they could
gain from the software, they tend to be more corporative
and willingly to make the system worked for them.
vi) Regular system update
The manufacturing solution required inputs in order to have
sufficient information to run the system. Manufacturing
solution was an execution system, i.e. required frequent
update to ensure users could get the latest information,
especially the live production reports. Users could make
better decision based on the current info and status but not
the obsoluted info.
vii) Effective communication
Let the communication channel opened to all users and
willingly to accept ideas and suggestion on how to make
the system better. Users should discuss on challenges faced
and seeking for solution, therefore needed to have more
regular meetings among the project team members.
Company should also need to establish an effective
communication channel to get enough supports from the
software vendors.
viii) Infrastructure
Essential ICT infrastructure should be in place. Computers,
networking and ICT peripherals should be meeting the
software specifications as recommended by the vendors.

ix) Defined processes
Product process flow planning should be captured in the
earlier stage. System should have the functionality to
handle the changes when there was a dynamic processes
involved. Workflow and processes should be properly
followed by the users. Since the high-mix production
environment was ever changing, user needed the flexibility
of the system to allow them to make process changes easily.
Good work procedures and guideline should be cleared and
made known to all users.
x) Useful reports
All kinds of informative and useful reports should be able
to generate from software. Users would use the software if
the system could generate the reports that allowed them to
take actions based on the information and data captured.
The accuracy of the data and quality of the reports could
help the users to make wise decision for the changes with
speed and facts.
5.2 Success measured
The users were also asked to share their view about the
success measure after the manufacturing solution
implementation. The reported outcomes as below:i) Operational improvement
Successful implementation should bring significant
improvement in business operation. Manufacturing solution
adoption should automate some business operations and
established better workflow control. Users could get things
done faster and reduce errors made. Business operation of
the organization has become smoother and more efficient.
ii) Productivity improvement
Successful implementation could be seen when the user
productivity has increased. More things could get done
within the same time compared to previously. More jobs
and tasks could be processed and accomplishied compared
to last time.
iii) Tracking and tracibility improvement
Users should be able to track the job status easily. Accurate
and correct information could be obtained from the system
faster and easier. Issues and problems could be identified
and traced back from the system history and audit trials.
The system provided a platform to do root cause analysis
and making improvement from there.
iv) Resources management improvement
Users were more deciplined and could work on system with
the operating guideline. Machines capacity and utilization
could be computed easily. Material usaged could be better
controlled. Product costing could be calculated with better
accuracy.
v) User satisfaction
Users should have the feelings that they were satisfy with
the system and would like to continue using it. They should
see the system could help them reducing their burden and
works. Inter-departmental communication has been
improved and conflicts have reduced.
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6. DISCUSSION
Researchers managed to identify 10 top CSFs and the
results were compared to the CSFs models presented by
Ngai [8], Finney [10] and Ahmad [16].
Table 2: CSFs comparision
No

CSFs Identified

Ngai
[8]
✓

Finney
[10]
✓

Ahmad
[16]
✓

1

Software capability

2

Project members & skills

✓

✓

✓

3

Sufficient information

✓

✓

✓

4

Support from project members

✓

✓

✓

5

User’s understanding

✓

✓

✓

6

Regular system update

✓

✓

7

Effective communication

✓

✓

✓

8

Infrastructure

✓

✓

✓

9

Defined processes

✓

10

Useful reports

✓

With regards to the user paradigm of SUCCESS, operation
improvement has to been seen as success measure because
that could bring individual and organization impacts
[14],[15]. MfgCom has seen the productivity improvement
as another success measure after using the system for a
year. They have seen improvements in job and tasks
tracking that allowed them to have more useful information
in hand and effective communiction among employees.
These were aligned to the literatures with respect to system
quality, information quality and workgroup qualiry
[14],[15].
Researchers discovered that user satisfaction was an
important measure to learn the success of solution adoption.
That was aligned to the DeLone and McLean (1992) IS
success evaluation model which discussed the “Use” and
“User Satisfaction” factors were critical factors for the
measure of success. The paradigm of SUCCESS come from
the ability of the user to use the system, and user’s
satisfaction on how the solution could help them in their job
and ability to increase their work productivity. Therefore
these two factors should not been taken out from the IS
success evaluation factors, though a lot of researchers
trying to eliminate them [15].
7. CONCLUSION

Most of the CSFs indentified in this research have been
reported by other researchers. However, based on Table 2,
researchers noticed that regular system update, defined
processes and useful reports were not fully matched with
earlier literatures [8],[10],[16].
Regular system update was important to MfgCom because
they felt that the production environment was ever
changing, therefore regular system update was critical.
MfgUsr#2 and MfgUsr#3 expected the system should allow
them to know the work-in-progress (WIP) in order to make
faster decision. Hence they spent time to educate the users
to learn how to update the system.
It was also learnt that some of the product work process
was not able to be decided initially especially when making
new products. MfgCom came out with a draft process plan
and then only made changed along the production process.
This was a big challenge for the software to handle such adhoc changes for usual manufacturing solution. A similar
case study has been reported for dynamic manufacturing
solution adoption in high-mix industry [17]. MfgUsr#3 felt
that it was critical their manufacturing solution could
provide some flexibility for MfgCom to handle this
requirements.
All MfgUsr#1, MfgUsr#2 and MfgUsr#3 recognized that
useful reports generation would be the CSF for MfgCom
although MfgUsr#4 indicated that reports could be under
the category of software capability. This CSF was not
reported in the literatures reviews [8],[10],[16]. MfgUsr#1
explained that as soon as the system could produce the
reports, the users could see that as the results outcome and
therefore have confident to continue supporting the
software implementation. This CSF has become the driver
to motivate and encourage the users to use the system.

This qualitative research has achieved its objectives, i.e. has
identified 10 CSFs and 5 Success measures for the
manufacturing solution adoption in the high-mix sheetmetal industry. The case study was based on one company
only and did not represent the entire industry. However the
research outcomes could provide researchers a good
understanding and guideline to learn the CSFs of
manufacturing solution adoption in high-mix industry. It
was important to know the user paradigm of Success
because organization and solution implementor could set a
measureable guideline to achieve project milestone.
Researchers have learnt that the SUCCESS measure
somehow related to the human phsycology aspects and
human’s personal feelings that were not easy to measure;
e.g. well “use” the system and “user satisfaction” of the
system. Based on research outcome, researchers argue that
“use” and “user satisfaction” are still applicable and should
not be eliminated from the DeLone and McLean’s IS
Success Evaluation Model.
Although there are many challenges to implement a
manufacturing solution, the users in MfgCom generally still
believe in manufacturing solution implementation could
bring long term benefits to the individual and the
organization.
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ABSTRACT
This paper describes a proposal on a new technique that
enables the appropriate and practical bidding decision
before submitting a proposal to participate in the bidding
for a large-scale international infrastructure project. Such
technique has been required and demanded by potential
bidders in order to overcome the recent trend that
Japanese companies have given up in participating in the
international infrastructure projects in spite of
opportunities for Japanese companies to extend their
business in highly potential overseas market. For this, we
have established a comprehensive evaluation method of
risk assessment for international infrastructure projects,
with reference to experiences of one of the leading
Japanese consultants who has participated in a number of
overseas infrastructure projects in designing, bidding
management and project /construction management.
Furthermore, we have conducted a post-evaluation based
on assumptions for the construction project of
Suvarnabhumi Airport Rail Link (ARL) in Bangkok,
Thailand.
Based on the results of evaluation and
assessment, we have verified the validity of the proposed
evaluation method, with suggestion for further
improvement.
Keywords—Project management, decision making, massive
infrastructure projects, risk assessment, check list method
1. INTRODUCTION
Japanese Government has been keen on exporting the
Japanese Technology in infrastructure as a package, which
has been the core of the strategy for sustainable
development of Japanese industries. One of the main
components of the said package is the railway systems that
comprise rolling stock, train control system, etc. for urban
mass transit and high speed railway, which Japanese
railway industries have spent years to accomplish safe,
international competitive and highly reliable system. The
Japanese high speed railway technology has been
successfully introduced in Taiwan and the mass transit
systems by Japanese technologies have been widely
adopted in various countries, which were financed by
Japanese ODA and with management by Japanese
consulting firms, e.g. Delhi Metro in India, Purple Line in

Thailand, etc.
These projects were bid through
International Competitive Bidding (ICB). Although the
projects were partly or entirely financed by the Japanese
Government, there were some projects in which no
Japanese firm has participated in the bidding due to high
risks residing in the bidding process and in the contract
conditions. Upon these cases, the Overseas Construction
Association of Japan (OCAJI) has recently submitted a
request to Japan International Cooperation Agency (JICA)
to re-consider and improve the bidding conditions in order
to avoid high risks that prevent Japanese firms from
bidding. Contractors are able to make appropriate profit if
the contract conditions are fair and clear. On the other
hand, in case the contract conditions are unclear and onesided to the employer, there are high risks that result in
great loss at the completion. Such loss causes more or less
negative impact to the company as a whole, and the
magnitude of the impact is significant if the company’s
scale is small to medium. The present value of the project
profit decreases at the project completion. Delay in the
project may also affect smooth implementation of other
projects of the company due to longer engagement of staff
in one project.
Unfortunately, it is the fact that there is no well-structured
and proven evaluation method for risks in international
infrastructure projects that enables company management
to make the right decision if they should go for the bidding
or not. Therefore, companies have made go or no go
decision based on the limited information available and
their past experiences, which are often vague and uncertain.
The accuracy of the decision could be high if the company
has extensive experiences in the same client, same country
and/or similar projects, whereas new comers have no
sufficient information to understand what kind of risks they
should consider, thus they can only rely on illogical
decision with little available information. To overcome the
current situation of risk evaluation, we have conducted a
study to establish a new risk evaluation method that can be
applied at the time of making decision for bidding in
international infrastructure projects.
2. NEEDS IN RISK EVALUATION AND
OBJECTIVE OF THE STUDY
Needs in risk evaluation for participating in the
international infrastructure projects is recognized as
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comprehensively and structurally understanding the
potential risks as well as knowing the impact of such risks
to the profitability from the project implementation. There
are potential risks that cannot be quantitatively evaluated
due to the nature and characteristics of the risk, whereas
factors affecting the project profitability can be
quantitatively evaluated through calculation of project
related components in cost. In this Study, a Hybrid Risk
Evaluation Method (HREM) has been established by the
combination of both qualitative and quantitative evaluation
of risk factors. Risk evaluation by the HREM at the time of
participating in the bidding process can be achieved in the
following manner:

Figure 1 Application of Hybrid Risk Evaluation Method
(HREM) in Bidding Decision
As indicated in Figure 1, the HREM enables easier and
more accurate decision making in participating in the
bidding or not by having 2 steps of understanding the
potential risks in the project and estimating the expected
project profitability. Accordingly, this HREM can be the
effective tool for decision making at or even before the
time of the bidding process if the project is considered
worth bidding and profit making to the company.
In the Study, a case study was carried out with the actual
project implemented by the ICB and already completed,
namely Suvarnabhumi Airport Rail Link (SARL) Project in
Thailand, in which the author was deeply involved in as the
consultant to the employer. Reasonable assumptions were
used to justify the effectiveness of the HREM in the post
evaluation of the actual project.
3. RELATED STUDIES AND
POSITION OF THE STUDY
Various studies have been carried out in the past to assess
the risks in different kinds of projects. One of the methods
effective to reduce the long-term project risk is the
Discovery-Driven Planning (DDP).
The DDP is to
continuously update the planning during the project

referring to the knowledge obtained through the project.
Plans with the DDP assures the project to achieve the
planned target by periodically modifying and adjusting the
plan in the course of the project. The DDP consists of the
Reverse Profit and Loss Calculation (RPLC), by which
components related to profit making and the level of their
impact to the profit can be identified, and milestone
planning that enables the periodical adjustment of the plan
at the right time. However, although the DDP can be
applicable to projects in which most of factors can be
internally managed and controlled within the company, the
effectiveness of the DDP is limited in construction projects
that are directed and driven by the employer and the
contract conditions.
Therefore, a new type of risk
evaluation method suitable for construction projects having
such restriction is highly desired.
Complicated process of obtaining building permits, unfair
and unclear requests from the employer and lack of
resources (material and equipment) are given as the major
risk factors in international construction projects from the
contractor’s point of view, and it is stated that adding the
risk premium in the contract amount is one of the ways to
mitigate such risks during the construction phase and to
achieve certain level of profit. Notwithstanding the
presence of such risks in most of the international
infrastructure projects, there is no definite risk evaluation
methods that can be applied at the time of bidding. In this
Study, it is aimed to combine the qualitative risk evaluation
method mainly for due consideration and assessment at the
time of the bidding and the quantitative risk evaluation
method for cost factors affecting the profitability that can
be estimated during the construction phase, so that the risk
evaluation covers various aspects and throughout the entire
project before bidding. This method can be applied to
prepare for risk control during the project as well as to
consider risk financing to be included in the bidding
proposal as well.
4. QUALITATIVE RISK EVALUATION METHOD
IN PROPOSED HREM
4.1. Application of Proposed Evaluation Method
Experiences as the consultant involved in various projects
and requests of OCAJI to JICA are referred to in the case
study carried out. A check list was established as the major
component of the qualitative evaluation, covering risk
factors involved in the international infrastructure projects
at each phase and attributable to various stakeholders,
which are categorized into 3 levels. Categorizing risk
factors by stakeholder, type and detail elements makes it
easier to clarify the relationship of risk factors and project
stakeholders as well as to identify the time of risk
occurrence as indicated in Table 1.
Level 1 category is subject to evaluation by inputting
corresponding value for its importance by relative
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evaluation, whereas each detailed risk factor in Level 3 is
subject to evaluation for 3 criteria, i.e. criticality,
probability and recognition, in values ranging from 1 to 5.
Then, the value of individual business risk of each risk
factor is calculated by multiplying the input values of
importance and 3 criteria. Extract of input result carried
out for the SARL Project is shown in Table 2.
Table 1 Risk Factors (extract)

4.2.

Assessment and Consideration
Evaluation Method

Proposed

An assessment is carried out after inputting values for each
risk factor in the qualitative check list. In the Study, a
qualitative evaluation is made by the average probability,
distribution of individual business risk and the sum of all
individual business risks which becomes the overall project
risk score. The evaluation of the risk probability is done by
setting a threshold value for each importance level. It is
confirmed that each average probability is slightly less than
the threshold values. Then, referring to the individual
business risks composing factors in Table 1, the overall
project risk is determined in point (score) from 0 to 100.
The formula to calculate the score of the overall project risk
is made as 0 point for the sum of the highest individual
business risks and 100 points for the sum of the lowest
individual business risks. Assuming the sum of the highest
individual business risks is “M” and that of the lowest is
“m”, the formula to calculate the score of the overall
project risk calculated from the formula in (1) is shown in
(2), where “y” is Overall project risk score (point) and “x”
is Sum of individual business risks:
͐(1)

Table 2 Input Result for Case Study (extract)

of

͐(2)

Using the formula shown in (2) above, the sum of the
individual business risks in score can be calculated. The
minimum required score is set in order to finally evaluate
the project viability. If the minimum required score is set
lower, the overall project risk score becomes always higher
if the average probability is higher than the value of the
threshold, meaning the evaluation based on the overall
project risk score is meaningless. By having the minimum
required score, the evaluation of the average probability
and the overall evaluation become valid and meaningful.
The result of the overall project evaluation for the case
study shows that the overall project risk is 63 against the
minimum required score of 65.
In addition to this evaluation, another assessment was
carried out by categorizing the individual business risks
into 3 groups of critical level by the extent of the points.
Values at the border between each item are set at 144 and
340 respectively, which are calculated from the following
formulas:
Boundary between attention item and allowable item =
average of importance value x 3 x 3 x 3
Boundary between critical item and attention item =
average of importance value x 4 x 4 x 4
Applying the above formula, the evaluation can be made
objectively for different type of projects. The result of the
classification of the extent of the individual business risk of
each risk factor is as shown below.
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Table 3 Classification of Extent of Ind. Risks (extract)

country’s situation, etc., whereas external elements are
factors beyond control of the contractor, such as natural
disaster, capability of the employer. It is important to
include factors in the Influence Diagram that directly affect
the project profit, but also those indirectly affecting the
project profit which are the major components in the
Influence Diagram. After preparing the Influence Diagram,
a flow chart for the RPLC is prepared with only variable
elements in the Influence Diagram.

From Table 3, it is observed that the most critical item in
the project is considered as the force majeure and also that
careful attention needs to be paid to the appropriateness of
the project budget and the contract duration. This result
can be justified by the fact that the project country has been
politically unstable for a long period and that the project
implementation agency has no experience in the
implementation of similar projects which could imply high
possibility of deviation from the planned project budget and
duration. In summary, we consider that the measures to
avoid risks taken by the contractor of the case study project
were insufficient at the time of bidding. Without proper
measures against the force majeure and plans to achieve
better contract conditions during negotiation with the
employer before signing the contract, the project is
evaluated as not decent one and implementing the project
involves high risks of low profit or loss.

With the RPLC, logic and relationships among each cost
element comprising the project profit can be clarified.
After the flowchart is prepared, the amount of each cost
element is tabled into the Profit and Loss Assessment table
to calculate the expected profit or loss of overall project.
The amounts of each cost element was input based on the
assumption. In order to achieve the target profitability, the
amount of each cost element needs to be comprehensively
adjusted among all elements. Some cost elements need to
be considered with certain level of range, extract of which
are shown in table below.
Table 4 Summary of Profit and Loss Assessment
with Range (extract)

5. QUALITATIVE RISK EVALUATION METHOD
IN PROPOSED HREM
5.1. Application of Proposed Evaluation Method
In this Study, a qualitative evaluation to estimate the
expected profit from the project was made by the Reverse
Profit and Loss Calculation (RPLC). The RPLC is to
identify components, or factors, affecting the overall
project profit by top down method instead of normal
calculation of bottom up method. By applying the RPLC,
factors affecting the project profit can be clearly identified,
which makes it easier to consider measures to improve the
overall profit by assessing the cost of detailed components.
As the first step of the RPLC, an influence diagram is
prepared showing relationships of input/output variables
and qualitative/external elements. Each element as the
input data is the quantitative factor that can be managed
and controlled by the contractor and is related to input data
for the qualitative check list. On the other hand, output
data may be also managed and controlled by the contractor
but is variable affected by the input data. Qualitative
elements are those that can be controlled by the contractor
itself by improving its own capability, understanding the

By having ranges for some cost elements, measures can be
taken to adjust costs for each element during the
construction phase in case of occurrence of uncertain and
unforeseen events. For example in the Study, the contract
period was assumed to be extended by 1,000 days as the
worst case, by 30 days as the standard case, and 0 day for
the best case. In addition, the Profit and Loss Calculation
was conducted by reflecting the result of risks in the
qualitative check list. In the Study, the risk index is given
from the qualitative check list. According to the qualitative
check list, it can be recognized that the Coup de Tat is
related to the Force Majeure. Probabilities of each risk
factor and their values are essential and thus adopted in the
quantitative calculation, whereas values of recognition of

–4–
－77－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

each risk factor are not referred as those values are
negligible. The risk index is calculated by the formula
utilizing the values in the qualitative check list.
Risk Index =

Sum of (Import. x Critical. x Probability)
Sum of (Importance x Criticality)

According to the above formula, the risk index of Coup de
Tat is calculated as 5, which is the maximum value of the
risk index. Expected days of delay (extension) is calculated
by the following formula.
Expected days of delay (day) =

7 x Risk Index

From the above formula, it is observed that the expected
days of delay (extension) caused by the Coup de Tat would
be 35days. In the Study, the risks residing in the project are
assessed and evaluated by calculating the qualitative
elements and external elements identified in the Influence
Diagram based on the values in the qualitative check list.
Accordingly, it was confirmed that the overall project can
be evaluated in a hybrid way by both qualitative evaluation
and quantitative evaluation.
5.2.

Assessment and Consideration
Evaluation Method

of

Proposed

Based on the output and the result of each calculation, a
tornado chart was prepared as the sensitive analysis and the
Monte Carlo simulation was carried out based on the
Influence Diagram, RPLC and Profit and Loss Assessment
Table.

Figure 5 Result of Profitability Range in Tornado Chart

Figure 6 Result of Monte Carlo Simulation

the cost elements in the vertical axis. Wider range, meaning
longer bar in the chart, means larger fluctuation in the
potential profitability or risk at the end. Therefore, those
elements with wide range have larger impact in the success
of the project and thus they should be carefully managed
and controlled at the beginning. It can be said from the
simulation result that the labor cost and the number of
labors have large impact on the profitability of the overall
project. In fact, it can be assumed that the increase of labor
cost due to the change in the legislation during the
construction period would have significant impact on the
profitability of the project, especially in Civil Works
portion. Therefore, the result in the Study is considered
reasonable and justifiable of the validity of the evaluation
method. The Monte Carlo simulation was carried out in
order to understand the range of possible profitability of the
case study project.
From the graph in Figure 6, it is observed as a result of the
simulation that the average value is 1.56 and the standard
deviation is 5.85. Based on these results, the confidence
interval of the profitability is calculated by the interval
estimation of the science of statistics.
The simulation result shows that confidence interval
becomes 7.41% at the maximum and -4.29% at the
minimum in case the confidence is 0.68, whereas the
interval becomes 13.26% at the maximum and -10.14 at the
minimum in case of 0.95. Accordingly, the average
profitability from the simulation is calculated as 1.56%.
The expected profitability can be calculated from the result
of the Monte Carlo simulation. By increasing the number
of the distribution of the profitability in the Monte Carlo
simulation, the average value of the distribution of the
profitability and the accuracy of the expected profitability
calculated by the number of occurrence can be improved
and more practical.
The expected profit for the project is calculated to be
1.57%. The result from the interval estimation and that
from the expected project profit both imply that the project
is not highly profitable. In reality, it can be assumed that
the contractor of the case study project could not achieve
sufficient profit from the project. Therefore, the result from
the case study is considered valid, practical and reliable to
some extent. Although the success of the project is often
determined by the actual profit made from the project, it is
also important to note that the target profitability largely
depends on the company’s scale, objective and the financial
status. For example, if the company’s main objective of the
project is to have experience in the project country rather
than making a large profit, the project is considered to be
allowable and worthwhile even though the target
profitability is relatively low.
On the other hand,
companies that have no such project or business activity
should only aim at projects in which medium to high
profitability can be expected.

The Tornado Chart shown in Figure 5 indicates the range of
profitability with possible range in the horizontal axis and
–5–
－78－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

In summary for the result and the assessment of the
quantitative evaluation for the case study project, it can be
said that the expected profitability would be highly likely to
be relatively low as only 1.5% unless proper measures to
manage labor unit costs and the number of labors.
Therefore, the case study project was considered to be only
doable by companies that have other projects and/or
business activities that can assure making up the anticipated
low profit or even loss from the project. In other words,
companies which have no such project and/or business
activity shall avoid bidding the project.
6. CONCLUSION
In this Study, a Hybrid Risk Evaluation Method (HREM)
was proposed as a tool for decision making on go or no go
for international infrastructure projects and the assessment
of the verification of the effectiveness of the HREM was
carried out. A case study based on the actual project was
conducted as the post evaluation applying the realistic
assumptions on various data, and the result of the
assessment showed that the project was not worthwhile and
not profitable. Possible measures to mitigate the potential
risks can be summarized as follows:
z

In qualitative evaluation, proper measures against
force majeure such as Coup de Tat should have been
considered, e.g. requesting the employer of the project
at the time of contract negotiation to include
appropriate compensation against negative impacts
due to the force majeure.

z

In quantitative evaluation, careful considerations
should have been made against the possible increase
in labor unit cost and the number of labors, e.g.
including contingency for potential increase of labor
costs in the price proposal.

the practicality and generality of the quantitative evaluation,
particularly the cost factors and the quantification of the
qualitative and external elements, so that the proposed
HREM could be widely applied to various kinds of projects.
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Without proper measures for above mentioned issues, the
project could have been considered as not the right project
for profit making. It is quite difficult or impossible to
properly and in detail evaluate potential risks of the project
only by the consideration of project characteristics as the
qualitative evaluation or the profitability of the project by
costs as the quantitative evaluation. Qualitative evaluation
of the potential risks residing in the project that cannot be
quantified and quantitative evaluation of the cost factors
attributable to the project profit enable the comprehensive
and integrated evaluation of the overall project risks. To
precisely and accurately carry out both qualitative and
quantitative evaluations, it is essential and inevitable that
the contractor’s staffs carrying out the qualitative and
quantitative evaluations deeply understand the project
characteristics and elements required to implement the
project.
We envisage that the next step of the Study is to improve
the validity of the criticality and the probability of risk
factors by clearer evaluation criteria, and to carry out more
case studies for the completed projects in order to increase
–6–
－79－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015
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1. INTRODUCTION
Current building design is heavily influenced by design of
experiment approach where the analysis is based on
computation of factor by factor for evaluation of variability
in product characteristics. The analysis tries to meet all
safety and regulation requirements. While pressure to
speed up production in terms of design and construction
requirement increases, the clients also expect high-quality
designs. Focusing on meeting the requirement usually does
not produce a quality design as most of the design
outcomes might not interact well with the user. Building
design process is a sequential and linear progression
process. The process follows the sequence shown in Figure
1. The process starts with an identification of requirements
from the project owner which represents the customer

attributes. These attributes, will then be translated into
technical requirements for the development of design
concepts. The next process is the identification of design
parameters which will be the basis of acceptance of the
design. The evaluation is conducted using the code of
practices or design method which usually consists of
analysis of control factors. Control factors satisfy the basic
needs of the building. It is found that the analysis has low
interaction between the user and the design element or
between the control factors and uncontrolled factors [1].

Figure 1. Current flow of building design process
The current design outcome relies on the designers'
experiences and lessons learned from previous projects
[2]–[4]. Clients are rarely involved in the design process as
their interaction is only during technical discussion. As a
result, the clients do not have sufficient information to
make an informed decision during the design stage. To
improve designs, a structured approach that focuses on
meeting users’ expectation in terms of maintenance-related
considerations is highlighted. A study by [5], [6] proposed
formulating a holistic method which focuses on building
performance while in use in addition to focusing on
meeting the current code of practice and client's needs. This
can be achieved by formulating an efficient and effective
method that considers the interaction of control factors with
the uncontrolled factors in the analysis. The importance of
designer's competency along with efficient and effective
methods is stressed by [7], [8]; to enable informed
decisions during the design stage.
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In manufacturing, improvement in terms of product design,
construction and assembly has been realised by utilizing an
efficient production philosophy. The manufacturing,
product development approach has gained improvement in
terms of product design and has become the main reference
to learn from and applied in the construction industry. A
method such as the Robust Engineering (RE) approach in
manufacturing has been shown to improve the product’s
engineered quality and performance. RE focuses on the
interaction of control and un-control factors using the
multidimensional diagnosis system or the P diagram as a
planning tool to execute a much efficient and effective
analysis. One of the most important considerations in RE is
stabilising the product characteristic performance, which is
the ability to identify the problems affecting a product
while in operation[9]–[11].

variation, piece to piece variation) [3–5]. Achieving
robustness is to take advantage of the interaction between
design space and client space usage at the upstream stage of
product development [3].

2. AIM AND OBJECTIVES
Figure 2. Multidimensional diagnosis system [10]

The aim of this research is to assess the potential of
applying the multidimensional diagnosis system or the P
diagram in building design. The luminaires design was
selected as an example in this study. The flow of the
processes conducted in this study is as follows,
 Identify the control and uncontrolled factors for a
building design element (luminaires design).
 Develop the multidimensional diagnosis system or
P diagram for the design of luminaires requirement.
 Develop the proposed orthogonal array for
luminaires design analysis.
3. COMPONENT OF MULTIDIMENSIONAL
SYSTEM OR P DIAGRAM FOR BUILDING DESIGN
All man-made engineering systems use energy
transformations to convert input energy into specific,
intended output responses in delivering specific results
sought by clients. Figure 2 is the multidimensional
diagnosis system which captures the interaction affecting
the product. In every engineered system, there exist some
forms of ideal relationship between the input signal (M) and
the output (y). Robust design seeks to attain this ideal state
referred to as the design’s ideal function. The planning
stage needs a multidimensional diagnosis system where the
control variables are considered as design space in which
all the control variables are identified as controlling the
design. The control variables are any design boundaries of a
system that allow an engineer to specify nominal values and
preserve cost effectively. The input signal, expected output
and noise where the client uses the space for interaction
between control variables and noise factors are evaluated to
improve performance. The noise or uncontrolled factors
comprise of three types, namely environment (client’s
usage condition, temperature, humidity, surrounding
subsystem), ageing or wear (change of property over time,
effect of cycling, deterioration over time, the durability of a
subsystem) and manufacturing variability (variability
within tolerances, assembly variation, batch to batch

Figure 3. Multidimensional diagnosis system for
building design [12]
To improve building performance, an efficient design
method is needed. The method must be able to stabilize the
variation that will occur during construction and during
operation. It must focus on building performance with high
engineered quality [6]. Variations will occur at operational
level and the design must stabilize the product from these
variations for robust outcome. As suggested by [12] the
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factors that are considered by
designers using
multidimensional diagnosis system is shown in Figure 3.
The uncontrolled factors consist of space planning, material
selection, and equipment selection, while the control factors
are the conformance to regulation and standards and
building system integration services. The uncontrolled
factors or noise is due to ageing and manufacturing
variability. All of these interact with the control factors
where typically the control factors for design space, comply
and conform to the requirements and standards and the
supply chain support.
The space planning refers to user’s environment noise
(client’s usage, temperature, humidity, surrounding
subsystem). Optimising use of space refers to space
planning in design stage where the analysis and design of
spatial and occupancy requirements, maintenance and
logistic route for installation and moving in and out of large
equipment including, but not limited to space layouts and
final planning are carried out. In the context of product
design, the main goal of material selection is to minimize
cost while meeting product performance goals. The control
factors involve system integration where it brings together
the component subsystems into one system and ensuring
that the subsystems function together as a system. All
design elements must comply with standards and
regulations.

spreadsheet as in Figure 5 was used for computation of
various configurations and selection made was based on the
number of luminaires and Lux (foot-candle) provided.
1.

2.

Luminaires Data
3
Manufacturer :
4
Catalogue Number:

5
6
7

Type and No:
No Per Luminaires:
Total lumen per
luminaires:

SELECTION OF COEFFICIENT OF UTILIZATION
8. Fill in
the sketch
of light

4. DESIGN EXAMPLE OF LUMINAIRE
REQUIREMENT OF A ROOM IN BUILDING
DESIGN

9. Step 2 : Determine cavity ratio by formulae
9a. Room Cavity Ratio, RCR =
9b. Ceiling Cavity Ratio, CCR =
9c. Floor Cavity Ratio, FCR =

In this section, an example will be discussed to illustrate the
thought process and steps utilized to formulate the
multidimensional diagnosis system or the P diagram for
luminaires design. The study will focus on the development
of the input signal, output response, control and
uncontrolled factors for luminaires design. Detailed
computation of the signal to noise ratio will not be
presented.

10. Step 3 Obtain effectiveness ceiling cavity reflectance From Table
20.3
11. Step 4 Obtain effectiveness floor cavity reflectance From Table
20.3
12. Step 5 Obtain coefficient of utilisation (CU) from manufacturer
data
SELECTION OF LIGHT LOSS FACTORS
Unrecoverable
Recoverable
13. Luminaires ambient
17. Room surface dirt
temperature
depreciation
14. Voltage of luminaires
18. Lamp lumen depreciation
15. Luminaires surface
19. Lamp burnout factor
depreciation
16. Others factors
20. Luminaires dirt depreciation

4.1. Current Design Approach
Currently the design procedures for luminaries of a room
utilise a step by step computation with certain
considerations. Figure 4 is the sample calculation format
which consists of the following steps:
 Step 1. Selection of material and configuration
 Step 2. Selection of coefficient of utilization
 Step 3. Selection of light loss factors
 Step 4. Total light loss factor computation

Project Identification :
…………………………………………………………………
………………………………….
Average maintain for illumination ……………………… Lux
(footcandle)

21. Total Light Loss Factor computation

Figure 4. Design Procedures of Luminairies






















































 





























































From Figure 4, item 1 is the project identification. Item 2 to
7 are the proposed material selection. Item 8 to 12 is the
selection of the coefficient of utilisation mostly based on
information provided by the manufacturer. Item 13 to 21 is
the selection of light loss factors based on standard
formulae computation. Information used in the computation
is based on the control factors. In assisting the design,
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Figure 5. An example of the spreadsheet for
computation
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The procedures are seen to be lacking of three main
elements which are:
 Missed opportunity to obtain technical information
to optimise the design. Here, the design is only
focused on what are the available data. The
function of design actually is to obtain this
technical information and use that information to
optimize the design to be less sensitive towards
variation that will occur in building usage.
 No interaction of usage condition with the design
element. The usage of the room will be influenced
by three uncontrolled factors, namely the usage
condition, the material variability and the aging of
the material. These uncontrolled factors were not
considered thoroughly in the current design
approach.
 Lacking the time laden consideration in the
analysis.

computation. In this approach it is used as the input (the use
of technical information to optimized the design) of the
signal (M) while the output (y) is the luminosity. These
represent the energy thinking as the main criteria of
efficient design. The signal factor is a controllable variable
to actualize the intention to achieve a robust condition
regardless of various room configurations. Step 2 is focused
on developing the signal and noise strategies. The control
factor consists of room area, a group of the fluorescent
lamp and the quality of the lamp. Most of the control
factors will remain the same or with a predictable timebased characteristic.
The uncontrolled factors are the factors which might
change during operation and causes variations. As an
example, the wall painting might change from light to
darker colour based on user’s preference.
Table 1. Key Issues in maintenance of luminaires
component in building

4.1. Multidimensional Diagnosis System or the P
Diagram for Luminaires Design
For the purpose of this study, focus was given to the
planning aspect where the development of the
multidimensional diagnosis system is made. The
development of the multidimensional diagnosis system or
the P diagram is crucial in the planning stage. Brain
storming sessions focusing on identifying the control and
uncontrolled factors which are essential to the performance
and robustness of the luminaries of the required room type
were conducted. The brainstorming sessions were based on
the following initial questions:
 What information is generated in order to
accomplish superior product or process design and
meet all requirements simultaneously?
 What should be measured as data in order to
generate the best information?
 How should the experimentation be designed?
 How should the data be analysed?
 How is the validity of a result confirmed?
In the planning stage, the steps required for a robust design
are:
 Step 1. Define the input signal (M), the output
response (y) and the ideal function.
 Step 2. Develop the signal and noise strategies.
 Step 3. Define control factors and level.
 Step 4. Devise the experiment and prepare for the
experiment.
Table 1 describes the main issues during maintenance of
facilities on luminaires components. The table is based on
experience by the building’s facility management team in
the brainstorming session. Most of key failure mode is due
to material and equipment selection. Figure 6 illustrates the
outcome of Step 1 and 2. In conventional design the total
required illumination is the last item in the design

Key Failure mode
Loss of light output due to
ageing
Loss of gas or vacuum to lamp
High resistance or corrosion at
lamp connection
Damage due to poor
environment
Wide variations in mains voltage
can significantly affect the lives
of fluorescent lamps
Optimum lamp replacement
cycles are dependent upon both
the decline in lighting output and
the probability of lamp failure.

Key Issues
MES
MES
MES
MES
MES
MES



The floor finish also might change while in use. Figure 7
describes the level of analysis based on Step 3. The
analysis is based on several combinations of usage
condition consideration. These combinations represent the
interaction of the usage condition. As an example, control
factors for level 1 combination is for 540 sq ft room area
with T5 fluorescent type. The fluorescents consist of 2
lamps in each group with a total of 10 lamp locations. The
uncontrolled factors have two combinations. N1 for
example, having the burn out rate of three with carpeted
floor finished and dark colour painting with uncovered
lamp. By analyzing it with the combination of usage
condition the variability of the product characteristics can
be identified.
Step 4 is devising the experiment and preparing for the
experiment. Control factors A to D (all three level factors)
were assigned to a standard orthogonal array L9 (9 x 3
signal level x 2 noise levels). An orthogonal array provides
an orthogonal design of the experiment matrix. By
assigning factors to the columns of the orthogonal array, the
analysis runs will be balanced. The orthogonal array is
shown in Table 2. The values in the column A, B, C and D
represent the level as in Figure 7. In Table 2, the value in
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column N1 and N2 for 52, 57 and 59 is the actual data
taken in a mock up room or a set of existing data compiled
by the manufacturer. It can be seen in this approach the
interaction of the technical information is utilised in the
design by having a certain combination of the usage
condition.
The outcomes of the proposed analysis using the
multidimensional diagnosis system are as follows:
 The analysis considers the interaction between the
control and uncontrolled factors. It reflects the
actual performance usage during operation.
 The analysis is focused on stabilizing the product
characteristics due to variation which will occur
during operation. It includes time laden
consideration in the analysis.
 The outcome of the analysis will assist the clients
in making an informed decision at the design
stage.

Table 2. Summary of test results combination

Expt
No
1
2
3
4
5
6
7
8
9

Control Factors
A
B
C
540 T5
2
540 T8
3
540 T12
4
810 T5
3
810 T8
4
810 T12
2
1080 T5
4
1080 T8
2
1080 T12
3

D
10
11
12
12
10
11
11
12
10

Uncontrol Factors
52
57
59
N1 N2 N1 N2 N1 N2




Optimizing building design with time laden consideration
such as space planning and, material and equipment
selection
(also
known
as
maintenance-related
considerations) in building operation will produce better
design outcome. The user of the building will constantly
interact with these maintenance related considerations
throughout their design life. Apart from that, building
design must also comply with all regulations which are also
known
as
control
factors.
Maintenance-related
considerations need to interact with the control factors and
this will ensure better building performance and fulfill the
expectation of building owner in terms of ease of operation
and acceptable maintenance cost.
5. CONCLUSION

UNCONTROLL
FACTORS

CONTROL FACTORS

Figure 6. Illuminance multidimensional diagnosis
system and ideal function
Unit

A. Area of Room ft2

Sq ft

540

810

1080

Lumen

T5

T8

T12

C. Group of Lamp

Number

2

3

4

D. Quantity of Lamp

Number

10

11

12

N1

N2

3

1

Type of floor finishes

CARPET

GLAZE TILES

Wall painting colour

DARK

LIGHT

UNCOVERED

COVERED

52

57

B. Type of fluorescents

Burn out

Dirt accumulation on lamp
SIGNAL
FACTOR

LEVEL
2

FACTORS

REQUIRED E (FC)

FC

1

3

This paper proposed an approach that is more efficient
using energy thinking and interaction of control and
uncontrolled factors of luminaires design. It utilized the
multidimensional diagnosis system or the P diagram. The
analysis used the orthogonal array to execute a balanced
design. Among the main advantages of using this approach
compared to the conventional approach is that it utilises the
technical information to optimize the design. These factors
has added value to the design and produced a high
maintainability design. The interaction also reflects the real
operational situation where usage condition might change
due to user’spreference or new requirements.
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Putting Your Money Where Your Mouth Is:
Buying Behaviour and Sustainability Concerns amongst First-time Home Buyers
A. Syahid, M. A. Tareq, A. Mahdzir
Malaysia-Japan International Institute of Technology, Universiti Teknologi Malaysia, Jalan Semarak, 54100 Kuala Lumpur

Abstract
This study looks at the experiences first-time Malaysian home buyers and how sustainability concerns fit into
these experiences. Three first-time home buyers who have recently bought houses, either for their own use or for
investment purposes, were interviewed on their past housing experience, their current house and its buying process,
and their future housing aspirations. This study has uncovered three sustainability themes based on these interviews;
’low knowledge on sustainability’, ’sustainability must improve living quality’, and ’diﬀerent sustainability concerns
between investment and own property’. All these themes are useful in guiding developers in building sustainable
housing that meets the needs of first-time home buyers.
Keywords: Sustainable Housing, Malaysia, Buyer Behaviour, First Time Home Buyer
1. Introduction
Shelter a basic human need, fulfilling the psychological need for security. In modern society, this need is met
through the provision of housing. While renting can be
an equivalent alternative to home ownership [1], in traditionally home owning societies like Malaysia [2] and
Singapore [3], there exists a stigma against renters [4]
that drives all but the most impoverished towards home
ownership.
Home ownership is a major goal for Malaysian
households [5], and remains so despite the current housing bubble [6] that is financially preventing them from
making the property leap [7]. This is exacerbated by the
unavailability of aﬀordable housing [2] and low starting
salaries for fresh entrants into the job market [8], the
most likely source for first-time home buyers.
Previous studies have shown that first-time home
buyer motivations change with the changes in housing markets[1, 9]. It is undeniable that the Malaysian
housing market is experiencing changes that reduce affordability [10], a primary concern amongst first-time
Malaysian home buyers [11], which should in turn aﬀect
their buying priorities. It is imperative that the housing
industry understand these changes in buyer motivations
[5] to better cater to first-time Malaysian home buyers.
Email addresses: syidid@gmail.com (A. Syahid),
tareq@utm.my (M. A. Tareq), akbariah.kl@utm.my (A. Mahdzir)

The introduction in 2009 of the Green Building Index
is a culmination of public and private eﬀorts to bring
sustainable development to the forefront in Malaysia
[12]. Despite its introduction more than five years ago,
industry uptake for sustainable housing has been slow
[13], as shown by the dearth of sustainable housing in
Malaysia [see 14, 15]. The housing industry’s underreaction is in spite of the clear links drawn between sustainable housing and aﬀordability [16] and the refutation the link between higher construction costs and sustainable housing [17, 18]. A leading concern amongst
the Malaysian real estate industry in adopting sustainability is the lack of home buyer awareness and demand
[13].
To address these concerns, this study attempts to
explore recent homeowners’ buying motivations, their
conception of sustainability, and sustainable buying behaviours. To achieve this, recent first-time home buyers
were interviewed about their experiences before, during, and after their housing purchase.
2. Subjectivity Statement
A subjectivity statement is a summary of who researchers are in relation to what and whom they are
studying. Researchers develop these from their personal
histories, their cultural world-views, and their professional experience [19]. The purpose of this section is to
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approach in qualitative studies [21], where the researcher is guided by interview questions planned in advance rather than being dictated by these plans.
The interview seeks to gather three perspectives from
the participant; their past, present, and future housing
decisions and how each have been shaped by the others. To this end, the author has structured the interview protocol to include questions about the interviewees past housing situation to use as a yardstick to
measure against their present situation and to give them
context on whether their current situation is preferable
to their previous housing situation. The author is also
interested in how the supply side; developers, real estate agents, and banks treat first-time home buyers and
therefore asks interviewees about their buying process,
especially about their dissatisfaction to various agents
they need to deal with over their home buying process.
Finally, the author is interested in how their past and
present experiences shape their future housing decisions
and whether being in contact with the real world tempers their expectations on future housing decisions.

allow readers to understand the author’s reasoning for
the choice of topic, hypothesis formulation, methodology selection, and data interpretation [20].
The author has background in economics and was
formerly a banker dealing with the administration
of Islamic home loans.
These prior experiences
gives the author both background knowledge on the
Malaysian housing market and a broader perspective on
Malaysians’ housing decisions. Additionally, due to the
author’s disinterest in making a housing decision, neutrality can be expected in questioning respondents for
what is naturally a hot-button topic in the current real
estate bubble [6]. The author’s interest in environmental sustainability also adds richness to interview eﬀorts
and subsequent analysis.
3. Participant and Context Description
This study uses purposive sampling where participants are selected ”. . . by virtue of their characteristics
thought by the researcher to have some bearing on their
perceptions or experiences” [21, p.52]. In this study,
as part of a wider research of Malaysian home buyer
preferences, the author has decided to recruit recent
first-time home buyers as participants. These participants would have only recently bought their houses,
thus would be able to recall their experience of living in
their previous accommodation, the home buying experience, and also form opinions both on how their home
buying process could have gone better as well as what
their future housing decisions might look like.
For the purpose of this study, the author has interviewed three acquaintances, chosen for honesty that can
be gleaned from people with previous relationships, and
also allowing the author to skip the ’warm-up’ stage
[21]. The number of participants was also decided at the
end of the study, rather than initially [22], as responses
have somewhat converged by the final interview.
In Case 1, the interviewee is a 27 year old executive
working in Kuala Lumpur who have bought an apartment in Shah Alam in April 2015 for investment purposes. Case 2 comes from a 32 year old teacher who
bought an apartment in Kuala Lumpur in March 2014
for her own use. Case 3 details a 35 year old manager
who bought a condominium unit in Shah Alam in May
2012, initially for her own use but was later converted
into a rental unit.

4. Data Generation Process
In contrast to mere data collection, the process of data
generation takes into account the active role of the researcher in producing data through interaction with participants [21]. This nomenclature is used because of the
role played by the author in this study that directly and
indirectly1 leads to the data gathered.
Before any interview is conducted, an important part
of ethics is to gather consent from respondents and assuage any privacy concerns they may have, as part of
qualitative research ethics [22]. Cases 2 and 3 did
not consent to have neither voice nor video recordings
published and only interview transcripts are presented.
Their names have also been genericised to avoid personal identification.
A primary part of the data gathering process involves
working through the interview protocol by asking the
interviewee questions that the author needs to have addressed without sacrificing the interactive nature of the
interview [23], the essence of all semi-structured interviews [21]. After exchanging social pleasantries, the
context of the interview; their experience buying their
first homes, is explained to the respondents. Respondents were not given questions in advance, due to the

3.1. Interview Description and Protocol

1 Amongst these is the prior knowledge the author has on the respondents’ past and present housing situation, as well as goodwill between the author and the respondents, that help in eliciting helpful answers without needing to build rapport from scratch [see 22, chap.4]

The interview method used in this study is the semistructured interview, described as the ’gold standard’
2
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6.1. Low Knowledge on Sustainability

immediately relatable aspect of the interview and to prevent ’prepared’ answers, as participants’ immediate reactions are valuable information for this study.
Statements that are of interest to the author or dead
end answers are further probed using prompts [22]. This
is especially true for questions on sustainability, where
interviewees’ lack of information forced the author to
provide prompts, such as giving examples of particular
sustainable features, in order to elicit a reaction from
interviewees. However, the author was careful to not
turn questions themselves into prompts [see 23], which
are likely to produce single word answers.

The responses from the interviews unanimously show
that knowledge of environmental sustainability in housing is lacking amongst first-time Malaysian home buyers. In Case 2, the author was able to glean that the
respondent inherently desires have sustainable features
such as daylighting and natural ventilation [see 26] due
to poor past experience living in a house that does not
incorporate these features, but was neither able to name
these features specifically nor comment on their sustainable nature. In Case 1, the interviewee believed sustainability to be financial in nature rather than the more
common environmental context. This is perhaps symptomatic of the interviewee’s investment outlook to home
buying. The respondent in Case 3 denies any familiarity
with the concept of sustainable housing. This supports
the findings that the awareness of sustainable housing
amongst Malaysian home buyers is still low and that
demand for these house is negligible [13].
The results from this study run contrary to another
study of Malaysian home buyers, where the incorporation of sustainable features in houses is a major determinant of home ownership amongst first-time home
buyers [10]. The contrast between these two studies lie
in the latter [10] using stated preferences of respondents
whom are yet to purchase their homes, while this author
instead collects experiences of current first-time home
buyers. The conflicting results from stated and revealed
preferences has been proven in contemporary literature
[e.g., 27].
However, these results confirm the pessimistic views
taken by Malaysian developers on marketing sustainability. Industry experts believe that there is a
lack of awareness on sustainable housing amongst the
Malaysian public [28]. Additionally, developers are ultimately risk averse due to the capital intensive nature
of their business and long return periods [29]. A survey
of and in-depth interview with developers in Malaysia
show that they believe that Malaysian home buyers’
awareness of sustainability in housing is still low and
market trends underlie their decision to not pursue sustainable housing widely [13].
While studies have shown that there is support from
Malaysian home buyers for sustainable housing [30]
and that Malaysians are willing to pay a 5% sustainability premium [31], the lack of sustainable housing
projects by property developers [13] is a clear sign that
the industry is either blind to this demand or the demand
for sustainable housing amongst Malaysian home buyers are grossly overestimated.

5. Data Analysis
The interview results were first transcribed and edited
to remove grammatical that reduce readability. While
denaturalism can be inherently subjective, it conveys
the substance of the interview; the meanings and perceptions created and shared during a conversation better
[24]. These transcripts were then sent to interviewees to
ensure that the essence of the interview were still captured within these transcripts.
The transcripts were than analysed and relevant sections thematically coded. This study primarily uses values coding to apply codes ”. . . onto qualitative data that
reflect a participant’s values, attitudes, and beliefs, representing his or her perspectives or world-view” [25,
p.89]. Additionally, the author also applies simultaneous coding [see 25] to assign multiple codes onto the
same interview statement, which is necessary due to the
depth of the responses and the brevity of the interviews.
Based on the coding analysis of the data gathered,
the following themes have emerged: ’low knowledge on
sustainability’, ’sustainability must improve living quality’, ’sustainability concerns diﬀerent between investment and own property’, ’lack of buying opportunities’,
’finances a varying problem’, ’family a major influence
on housing decisions’, ’location a major influence on
housing choice’, and ’living with parents is normal’.
6. Results and Discussion
Based on the interview and analysis, the results of this
study is presented based on the themes identified by the
author, as listed in the previous section. However, only
themes pertaining to the research question on sustainability concerns amongst first-time home buyers will be
addressed below.
3

－88－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

lives due to the expense incurred from air-conditioning.
She also believes that the layout of her own house, now
rented out, helps reduce expense without additional sacrifices in living comfort. This verifies the attitude that
people are keener to embrace technological solutions to
sustainability rather than behavioural changes [33].
A result of this is that developers only provide easy to
market sustainable features [see 34] which emphasises
benefits to home buyers [31] that are easy to conceptualise and have found wide acceptability amongst home
buyers. This unfortunately leads to the stagnation of
the application of sustainable technologies to Malaysian
housing, as developers focus on the most popular features without daring to experiment with new features
that could possible cause dissatisfaction amongst residents [see 30].

6.2. Sustainability Must Improve Living Quality
A major caveat respondents have on adopting sustainability on homes is that it must improve living quality,
either directly such as by making homes more comfortable or indirectly, following the previous example, such
as by reducing the cost of making homes comfortable.
The respondent in Case 1 believes that for sustainable
features must be not inconvenience or add to its users’
burdens in order for it to be sustainable, which applies to
both tenants living in rental properties and homeowners
living in their own houses. This echoes the concerns of
residents living in homes incorporating rainwater harvesting systems and low-flow water fittings, designed to
save water but ultimately forces residents to spend more
time on their daily activities such as washing or cooking
[30].
In Case 2, the respondent, whom was initially unaware of the sustainable features included in her new
home , agreed that her reasons for buying a new house
was the poor quality of life in her former residence due
to the lack of comfort-oriented sustainable features. Her
former house, a terrace housing development of 1970s
vintage was engineered to squeeze the maximum square
footage possible from a given land plot with few considerations given to liveability. Subsequent renovations
further reduced the house’s liveability quotient. Complaints were chiefly from the lack of natural lighting and
ventilation as well as poor neighbourhood planning that
leads to extended rush hour traﬃc and illegal but necessary on-street parking.
However, in her new home, the respondent from Case
2 was thoroughly impressed by the levels of natural ventilation and daylighting, both features highlighted in the
Green Building Index [26], in comparison to her former residence. This echoes the satisfaction expressed
by sustainable housing residents on these comfort inducing features including cross-ventilation through high
ceilings and north-south house orientation [30]. This
supports a survey of industry experts that show that
the most important sustainability criteria in the Green
Building Index is ’indoor environmental quality’ [32].
Surprisingly, despite disavowing any knowledge of sustainability, the respondent in Case 3 acknowledges the
improvements to ventilation made by having high ceilings in her current residence.
Another aspect of sustainable features in housing appreciated by first-time home buyers are indirect measures of enhancing comfort, including energy saving
features such as double-glazed doors and windows [30].
The respondent from Case 3 expressed dissatisfaction
of the layout of her parents’ house where she currently

6.3. Sustainability Concerns Diﬀerent between Investment and Own Property
A major sustainability theme found amongst the respondents in this study is the divergence between sustainable housing preferences of home buyers buying for
their own occupation against those looking for investment properties. In Case 1, the respondent believes sustainable features make a house a less attractive rental
property due to the decrease in the tenants’ quality of
life from having to make sacrifices in time and convenience to allow these features to perform their intended
function. This echoes the perceptions of consumers on
smart energy tariﬀs that changes according to grid loads
and adds an element of inflexibility to their electricity
usage [35].
While the main concern in investment is on rates of
returns, with sustainable real estate, investors also take
into account the image and risk mitigation factors [36].
With private investors, image concerns are placed on the
backburner. Risk mitigation, generally against obsolescence [37], is not a concern in Malaysia where sustainable development legislation, where it exists, are not applied retroactively [see 30].
This runs contrary to a previous study of Singaporean
home buyers, which show that investors and homeowners regard sustainability in homes as equally important2
[38]. While some of this can be attributed to diﬀerences
in sustainability attitudes between Malaysian and Singaporean home buyers, similar stated versus revealed
preference arguments could also be introduced to explain this discrepancy [see 27].
2 It would be important to note that sustainability is the least of
home buyers’ concerns amongst the seven criteria laid out [see 38]

4

－89－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

In contrast, the respondent from Case 1 gives aﬃrmative signals on his willingness to consider sustainable
features when buying a house for his own use. Similarly,
the respondent from Case 2 also unconsciously incorporated sustainability considerations into her home buying
decision. Both these examples show that home buyers
are more sensitive to their own sustainability needs, especially concerning comfort and costs. The cost angle
is typified by homeowners’ placing greater emphasis on
energy-saving, thus also money saving measures [30].
This is also exemplified by homeowners having to pay
the costs incurred from being unsustainable in their own
homes, a cost not borne for their unsustainable property
investment. The dichotomy between bearing and not
bearing a house’s operating costs [13] is also a factor in
choosing to buy into sustainable housing.
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ABSTRACT
This paper proposes a new method of evaluating business
value for enterprise which is developing especially new
products. A new evaluation method of business value of
product development project considering large-ranged
prospection actively, and impacts on final value, by
combining three methods (1) scenario planning, (2)
Discovery Driven Planning (DDP), and (3) real option
methods. Impacts on business value of each scenario
drivers is estimated by numerical value calculated by
proposed method.Possibilities of minus business value is
reduced by applying combination of options considering
uncertainty. New options are identified in the early product
development stages. Effective organizational learning can
be supported via applying and visualizing processes of
proposed method.

prospect future precisely. In academic area, a scenario
planning method (1) is going to become hot topic. It focuses
on active, quantitative, and wide-ranged consideration of
possibilities of issues. Current researches on evaluation of
financial business value mainly addresses how to amount
NPV (Net Present Value) based on DCF (Discount Cash
Flow). Recently, real option method (2) which considers
many conditional branches is becoming hot topic in
academic field. For organizational learning, DDP
(Discovery driven planning) method (3) provides
organizational learning via visualization and sharing of
complex relationships of affecting elements for product
development.

Future prospection

– Statistical methods, financial engineering, etc.
– Scenario planning method (active
quantitative prospection)

Keywords— Scenario planning, DDP, real option

• Academichottopictoday

Evaluation of financial value of business

1. INTRODUCTION

– NPV (Net Present Value) calculation
– DCF (Discount Cash Flow) calculation
– Real Option Method

1.1 Background

•

In order to enhance the management power of the global
enterprise today, it is necessary to follow the rapid changes
of the environment and manage complex relationships of
stakeholders. Although especially in Japan, only few and
not enough training about management are provided in
university. Theories and methodologies to enhance the
power of management is highly desired for global
enterprise.
1.2 Current researches
Before starting the discussion of proposed method, here
brief summary about current research is presented as in
figure 1. In order to estimate business value, the method
should contain three different functions: (1) future
prospection, (2) evaluating financial value of business, and
(3) organizational learning. There are many studies and
challenges how to prospect the future precisely, like
discussions in financial engineering field or statistical
engineering field. This paper assumed that precise future
prospection is very difficult and do not focus to address to

Academic hot topic today

Organizational learning

– DDP: Discovery-Driven-Planning

Figure 1. Current researches for estimating value of product
development
1.3 Focus point of this research
These current researches have merits and demerits. For
example, the scenario planning method can consider wideranged possibilities in the future, although it can only
consider only qualitative relationships, so evaluation of the
impacts on the final value is difficult. To the contrary, the
real option method can estimate the impacts on final value
numerically, many cases the estimation is done by
computational calculation. Both of these merits and
demerits combined together, then the requirements that
wide-ranged consideration and quantitative impact analysis
of business element change is achieved. The difficulties of
precise prospection bring a necessity of the organizational
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Considering wide-ranged possibilities
via scenario planning method

FiveͲfource

PEST
(politicalͲeconomicͲsociologicalͲtechnological)

Valuechain

Numerical evaluation
of importance and priority
Integrated definition of
qualitative and quantitative
element

Organizational learning
via DDP (Discovery Driven Planning)
Influence
diagram

Originality

ReverseprofitͲloss
diagram

Sensitivityanalysis
viatornadoͲchart

Visualization of dependencies
between elements via DSM
(Design-structure-matrix)
Strategic scenarios
e.g. overseas relocation
Tactical options throughout
development lifecycle

Numerical evaluation of business value
via real-option method
Decisiontreemethodconsideringrealoptions
throughprojectlifecycle

Evaluationof
optionvalue

Decision support by
visualization of portfolio

Figure 2. Overview of the proposed method
learning. Hence an idea that DDP method combined
together will be meaningful.
This research assumed that the integration of following
three methods will be effective for enhancement of the
management power for the global product development
enterprise:
1. Scenario planning method
2. Real option method
3. DDP (Discovery driven planning) meth

required to estiate the impacts on the value of the project by
various decisions. The method is expanded to consider the
tactical options throughout the lifecycle of the product
development (5), and strategic options which can consider
the combination of the changing production place,
development place, and target market (6). This research
expands the method established for global product
development project (5).

1.4 Purpose of this research

2.1 Overview of the proposed method

Considering these current researches and academic interests,
this paper proposes a supporting method of enhancing
management power for global company via considering
wide-ranged possibilities and enabling organizational
learning. In order to achieve this purpose, this paper
develop an integrated method of following three:
1. for considering wide-ranged possibilities, scenario
planning method,
2. for numerical evaluation of impact of changes, real
option method, and
3. for organizational learning, DDP (Discovery driven
planning) method
Author’s previous research addressed the combined these
methods toghether. In order to estimate the value of product
development, an integrated method between the real-option
method and DDP is proposed (3)(4). In order to estimate the
value of the global product development project, it is

Figure 2 show an overview of the proposed method. It
contains basically three methods integration, and each
method contains sub-method. For example, scenario
planning contains PEST analysis (Political, Economics,
Sociological, Technological), DDP contains an influence
diagram method, reverse-profit-loss diagram, and
sensitivity analysis via tornado-chart. The real option
method includes a decision tree method considering real
options through project life-cycle and evaluation of option
value. These three methods are combined together via
computational systems, so they concurrently work on
collaboratively. The originality area of figure 2 shows the
methodologies which are required for combining these
functions of three methods. For example, when the scenario
planning and real option are combined together, then the
numerical impacts on the element change in the scenario
can be quantitatively estimated via real option method. This

2. METHOD
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is why the numerical evaluation at the scenario planning
stage will become the originality in this paper.
2.2 Scenarion planning process
Figure 3 describes a process how to apply the scenario
planning method on the global product development project.
At first step, target market and time horizon are identified
from enterprise strategies and market situation. PEST
analysis, value chain analysis, five force analysis is applied
to identify actively the scenario drivers hidden before.
Many scenario drivers might be listed up – then next task
will be selecting driving forces considering its importance
and possibilities. Lastly, the constructed decision tree by
the selected driving forces will become a final output of the
scenario planning session.
Figure 4. Example: “i-Painter” development project

1䠅Identifyingtargetsandtimehorizon

3.2 Strategic scenario of the i-Painter project
For global product development project, some
combinations of the decision points are possible such as
like market, development place, detailed design place,
production ramp-up, mass-production, and purchasing. All
combinations will become huge number, so this paper
limits the scenario (2), balanced function scenario as in the
figure 5.

2䠅PEST analysis
3䠅Valuechainanalysis
4䠅Fiveforceanalysis

3.3 Time horizon of the i-Painter project
General product development project requires at least one
year, in many cases two or three years it takes. Figure 6
shows the time-horizon of i-Painter project from planning
stage to design, prototyping, production, until distribution
stage. Throughout these lifecycle stages, options including
quitting could be a result of the decisions.

5䠅Selectingdrivingforce
6䠅Constructingdecisiontree
Figure 3. Process of scenario planning

3.4 PEST analysis of the i-Painter project

3. Example and results
3.1 Product development example “i-Painter”
In order to confirm the validity and effectiveness of the
proposed method, this chapter introduces an example
product development project. The product’s name is “iPainter”, which is developed by international collaboration
between Yamaguchi University (Japan) and University
Technology Malaysia (UTM, Malaysia). Figure 4 shows an
overview of the i-painter. Target place to use is outer wall
of buildings especially tall buildings such as like skyscraper.
The main function of the i-Painter is to repair damaged
outer wall by automatically repairing devices such as like
painting and caulking functions to maintain the fall of paint
or cracks of the wall. Main target customer will be building
management companies, developers, cleaning companies,
and DIY users.

General product development project requires at least one
year, in many cases two or three years it takes. Figure 6
shows the time-horizon of i-Painter project from planning
stage to design, prototyping, production, until distribution
stage. Throughout these lifecycle stages, options including
quitting could be a result of the decisions.
In order to prospect the uncertainty in the future actively,
providing key aspects such as like political, economical,
sociological, and technological issues is important.
About political issues, change of law for economic life,
politics for old building, and regulation of heights of the
buildings can be affect to the value of the business. Stricter
law for safeties of robots and relaxation of restrictions of
construction will become huge impacts as well. About
sociological issues, city planning such as esthetics and
heights could have big impacts on business value. Aging
and safety of the maintenance staffs will become big issues
as well. Costs of labors and materials can be categorized
into economic issues.
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Politicalissues
•Changeoflawforeconomiclife
•Changeofpoliticsforoldbuilding
•Changeofregulationofheightsofthebuildings
•Stricterlawforsafetiesofrobots
•Relaxationofrestrictionsofconstruction

Decisionpoints
Development
place

ProductionrampͲ
up

Strategic scenario

Market

Massproduction
Purchasing

Detailed
design

Location
Developed country

Sociologicalissues
•Planforbeautifulcity
•Safetyformaintenancestaff
•Preferenceforoldvintagebuilding
•IncreasingsuperͲhighskyscraper
•Agingofmaintenancestaff

Emerging country

Economic issues

Underdeveloped country

•Changeofmaterial’sprice
•Changeofcostofnewconstruction
•Changeofsalaryformaintenancestaff

Market
䞉Developed
country

Technological issues

䞉Emerging
country

䞉Underdeveloped
country

䞉Emerging
country

䞉Underdeveloped
country

䞉Emerging
country

䞉Underdeveloped
country

䞉Emerging
country

䞉Underdeveloped
country

䞉Emerging
country

䞉Underdeveloped
country

The product development requires many leading edge
technologies in this case for example painting technologies,
change of best materials of the paint, and technologies of
building-inspection.

䞉Emerging
country

䞉Underdeveloped
country

4. Discussion

•Innovationofmaterialsofpaint
•Innovationofpaintingtechnologies
•Developmentofnewtechnologies
ofhomeͲinspection
•Latentknowledgeofpaintingstaff

Dev.Place
䞉Developed
country

Detaileddesign
䞉Developed
country

 Figure 7. PEST Analysis of the
i-Painter project (Japan)

ProductionlampͲup
䞉Developed
country

MassProduction
䞉Developed
country

Purchasing
䞉Developed
country

ĺLeading function scenario
ĺBalanced function scenario
ĺCost reduction scenario

Extracting issues from engineering and value chain is
shown in Figure 8. Three driving forces are selected from
extracted issues by comparing uncertainty and impacts
(Fiugre 9). A combination of the driving forces is shown in
Figure 11 as the decision tree. Identified options in each
scenario are as follows (Figure 10):

Figure 5. Strategic scenario of i-Painter

DecisionPoint
DP0
Start

DP1

DP2

DP3

DP4

DP5

㻼㼘㼍㼚㼚㼕㼚㼓

㻰㼑㼟㼕㼓㼚

㻼㼞㼛㼠㼛㼠㼥㼜㼕㼚㼓

㻼㼞㼛㼐㼡㼏㼠㼕㼛㼚

㻰㼕㼟㼠㼞㼕㼎㼡㼠㼕㼛㼚

Continue?

Continue?

㻽㼡㼕㼠

㻽㼡㼕㼠

Oneyear

6months

Continue?

Continue?

㻽㼡㼕㼠

6months

Fouryears
Figure 6. Time horizon of i-Painter project
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•Availabilityoffactory
•Concurrentservices
tomaintenancetiming

Material
stocking

•Placeoffactory

•Periodofguarantee

•Increasingnumberoforders
bychanginglaw

•Maintenancetiming

•Floodingaroundmainfactory

Parts
purchasing

•Remotemaintenance

•Purchasingofbodymaterial
•Floodingofpartsfactory
•Requiredaccuracyofparts

Engineering chain

•Maintenancepackage

Planning

•Changeofpaintmaterial

ProtoͲ
typing

Design

Production

•Platform
sharing

•TechnologyforhighͲ •ReviewfromcoreͲ
pressurecleaning
users

•Numberof
building

•Doubleunderfiller
•Newpainting
technology

Afterservice
•Developmentofcontainershipping

Distribution

•Simulatingnoise
level

•Parallelshippingviaplane
•Openingagency

Advertisment

•TVCM,newspaper,billboard
•Advertisingbasedonelapsedyears
•Maintenancecompany

Value chain

Selling

•Developer
•DIYhomeusers

Figure 8. Integrated analysis of value and engineering chains
Backgroundelements

Impacts

Large

•Stricterlawforsafetiesofrobots
•Agingofmaintenancestaff
• Developmentofnew
technologies
ofhomeͲinspection
•Latentknowledgeofpainting
staff

Pendingelements

Small

•Innovationofpainting
technologies

5. Conclusion

•Changeofpoliticsforold
building
•Changeofregulationofheights
ofthebuildings
• Relaxationofrestrictionsof
construction
•Innovationofmaterialsofpaint

Uncertainty

Large

Figure 9. Selecting driving forces
Occur

Adoption
ofnewlaw

Natural
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-purchasing new nozzle, fulfillment of after service,
modularization for version up.
Figure 12 shows the simulation result.
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Scenario1
Scenario2
Scenario3

A new evaluation method of business value of product
development project considering large-ranged prospection
actively, and impacts on final value, by combining three
methods (1) scenario planning, (2) Discovery Driven
Planning (DDP), and (3) real option methods.
Impacts on business value of each scenario drivers is
estimated by numerical value calculated by proposed
method
Possibilities of minus business value is reduced by applying
combination of options considering uncertainty
New options are identified in the early product
development stages
Effective organizational learning can be supported via
applying and visualizing processes of proposed method.

Scenario4

Quit

Figure 11. Decision tree
Adoption of new law
- increasing production and distribution capacity.
Natural disaster
-repairing parts factory, planning of new factory,
production replacement.
Innovation of painting technology
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Abstract - This paper introduces a novel energy harvesting
technology with GMM (Giant Magnetostriction Material) which
is capable of generating electricity by utilizing a reverse
transduction of the material. Terfenol-D is employed in this study.
The generator receives ambient vibrations as a power source
which are commonly available in our daily life. Dimensions of
Terfenol-D used are 3mm in diameter and 8mm in length. Two
different kinds of prototypes are designed and fabricated in this
study. This report presents the basic characteristics of the
prototypes and some experimental results. Also a new energy
harvesting system under development is introduced at the end of
the paper where the system is installed inside running shoes.

Keywords— Energy harvesting, Terfenol-D, Vibration,
Giant magnetostrictive materials
Fig.1 Energy harvesting from mechanical vibrations

Ⅰ. INTRODUCTION
Recently energy harvesting and reusable energy
technologies have been drawing a lot of attentions which
extract electrical energy from a non-electrical energy source in
natural world. There are many kinds of energy sources
available in surroundings such solar energy, wind energy,
geothermal energy, and so on. One of the effective energy
sources for energy harvesting will be mechanical vibrations
which are easily accessible in a variety of forms in our
everyday life (Fig. 1). Examples of such vibrations are those
induced by train or car traffic. An energy harvester can be
either placed on a ground or mounted on a vehicle. Similar
developments in energy harvesting technology are commonly
found in piezoelectric material (PZT) [1-4]. Piezoelectric
material, however, suffers from inherent problems of low
durability and low power generation. Therefore, PZT-based
energy harvesting systems seem unsuitable or very difficult to
be put into a practical use.
In this study, we use giant magnetostriction material
(GMM) which possesses higher energy density and
durability than PZT. Especially Terfenol-D [5] is one of the
widely used GMMs and we also employ Terfenol-D in this
study. Terfenol-D has already found interesting application
such as sonar sensor, torque sensor, accelerometer, ultraprecision positioner, and so on [5-8].

This article consists of eight chapters. Chapter 2 introduces
basic characteristics of GMM. Chapter 3 describes two kinds
of energy harvesting systems (GMEG and GMEG-A).
Chapter 4 explains the preloading effect of GMM which is a
key factor for an optimal use of the material. Chapter 5 and 6
present experimental results of GMEG and GMEG-A,
respectively. Chapter 7 briefly introduces a new energy
harvesting system, followed by conclusions and future work.
Ⅱ. GIANT MAGNETOSTRICTION MATERIALS
A. Terfenol-D
Terfenol-D, Tb0.3Dy0.7Fe2, was initially developed in the
1970s by the Naval Ordnance Laboratory in USA.
Manufacturing technology for the material was established in
the 1980s at Ames Laboratory under a U.S. Navy funded
program. It is named after terbium (Ter), iron (Fe), Naval
Ordnance Laboratory (NOL), and dysprosium (D). The alloy
exhibits the highest magnetostriction up to 2000 ppm at
saturation; it expands and contracts in a magnetic field. Since
its initial application in sonar systems, there have been many
applications found in magnetic force sensors, actuators, and
acoustic and ultrasonic transducers. Fig.2 shows a typical H-λ
curve of Terfenol-D in which the horizontal axis and vertical
axis represent magnetic field and magnetostriction,
respectively.
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nonlinear factors such as eddy current, hysteresis, non-ideal
magnetic circuit and leakage.
Ⅲ. GIANT MAGNETOSTRICTIVE ELECTRIC POWER
GENERATORS (GMEG & GMEG-A)
A. Compact GMEG
We developed a compact-size electric generator (Fig. 4).
This prototype is intended for a possible use in automobiles
where its vibration energy source comes from a running car,
especially a suspension or engine unit for instance.
Dimensions of this device are 22 mm in diameter and 42 mm
in full-length. It weighs about 80 g. A solenoid coil used is
1458 turns with wire of 0.2 mm in diameter. Fig.5 shows the
sectional view of the compact generator.

Fig.2 H-λ curve of Terfenol-D

Table.Ⅰ Physical properties of Terfenol-D
Terfenol-D
Magnetostriction
1200-2000ppm
Young's Modulus
25-35GPa
Curie Temperature 380℃
Tensile Stress
28MPa
Energy density
14～25kJ/㎥
B. Villari Effect
Giant magnetostrictive materials exhibit a variety of
interesting effects. Direct and inverse magnetostrictive effects
are applicable to actuator and sensor modes of operation.
Most actuator applications rely on Joule effect where
magnetostriction change is induced in the direction of the
applied magnetic field, while sensor applications and this
study utilize its inverse effect, i.e., Villari effect (inversemagnetostriction effect), in which change in magnetization is
induced due to applied stress. The change in magnetic
permeability is then picked up by a solenoid coil surrounding
the material.

Fig.4 Outlook of compact GMEG

Fig.5 Section view of the compact GMEG

Fig.3 Principle of a Villari effect

C. Energy conversion principle of magnetostriction material
Linearized, coupled magnetostrictive relations are given by
the following equation,
ε
B

sH d
d μT

T
H

where ε is the strain, T is the stress, B is the flux density and H
is the magnetic field. The differential parameters SH, d and μT
are the elastic compliance at constant magnetic field, the
piezomagnetic constant and the permeability at constant stress,
respectively. This model does not take into account other

B. Generator for automotive applications (GMEG-A)
We have developed another type of giant magneto-striction
generator (GMEG-A) which is even more compact than the
compact GMM shown in Fig.4. Disassembled parts for
GMEG-A are shown in Fig.6. The generator’s total weight is
37g (flat bottom) or 39g (protruding bottom). This generator is
intended to be mounted on the suspension of a vehicle or
wherever a substantial vibration source is expected to be
available. This is intended to receive an impact force through
the bottom part which is either Pedestal A or Pedestal B shown
in Fig.6. The inertial mass is connected to the head of the
preload screw and an inertial force is transmitted to TerfenolD via the screw. The inertial mass can be used to enhance a
compressive force at impact.
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Fig. 8 Experimental setup for preload effect

Fig.6 Disassembled parts of GMEG-A

Ⅳ. EFFECT OF PRELOADING
A. Definition of Preloading
The material may be thought of as an ellipse where the
magnetization runs along the longest axis. Fig. 7 illustrates the
effect of preloading using the ellipse model. Application of a
magnetic field to the ellipse results in rotating the
magnetization along the direction of the field, which will
induce the shape change in material. The magnetostriction can
be enhanced by the combination of a “preload” and an external
magnetic field applied to the material. Advantage of such
enhanced magnetostriction is obvious in actuator applications
because it simply implies more stroke. So most applications
utilizing Joule effect adopt the preloading mechanism to get
benefit from this advantage. A similar advantage can also be
found for inverse magnetostriction, also known as Villari
effect.

Fig.9 Preload versus energy output for Terfenol-D

Fig. 10 shows an example of voltage and current measured
at a single impact, where the blue curve and the purple curve
represent voltage and current, respectively. The optimal
preload 8MPa was set in this experiment. The instantaneous
maximum voltage and current are 29.6V and 62mA,
respectively, which gives 1.84W of instantaneous maximum
power.

Fig.10 Output signals measured at impact

Ⅴ. EXPERIMENTAL RESULTS OF GMEG

Fig. 7 Effect of preloading

B. Preload for Terfenol-D
Preload conditions are tested with Terfenol-D on the
compact GMEG. Dimensions of the material used are 3mm in
diameter and 8mm in length. An impact force is applied to the
compact GMEG by freely dropping a metal ball from 100mm
of height. The iron ball weighs 5.45g. The experimental setup
is shown in Fig.8. Fig. 9 shows the result of preload versus
instantaneous output power for Terfenol-D. It can be seen in
Fig. 9 that the optimal preload condition for Terfenol-D is 8
MPa.

When you aim at an efficient power generation using a
giant magnetostriction material, it is important to consider not
only the dynamic characteristics of the generator but also the
nature of vibration source. The generator itself has a pretty
rigid structure even though it contains a spring element for
preloading. Its resonant frequency is in the order of a few kHz.
However, vibration energy sources available in our daily-life
environment have much lower frequencies in the range of 1Hz
to 50Hz. It also is very difficult to extract a meaningful amount
of energy from a high-frequency energy source due to its low
power intensity. Therefore we made an attempt to utilize the
compact GMEG in much lower frequency applications. The
frequency range adopted in this study is 1 Hz to 20 Hz.
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Fig.11 shows a picture of the experimental apparatus in
order to conduct forced vibration experiments under varying
frequencies and amplitudes. In addition, we also developed a
circuit board for evaluation purposes which enables a
rectification and energy storage under a variety of
experimental conditions. Fig.12 shows the outlook of the
circuit board.

(b) Stored energy vs. time
Fig.13 Experimental results of compact GMEG

Ⅵ. EXPERIMENTAL RESULTS OF GMEG-A
In order to evaluate the performance of GMEG-A,
GMEG-A was freely dropped from the rest at the height of
10mm-50mm inside the acrylic cylinder. The setup is shown
in Fig.14.
Fig.11 Apparatus for forced vibration experiments

Fig.12 Circuit board for evaluation purposes

Fig.14 Experimental setup for GMEG-A

Energy generated by the compact GMEG is stored to a
selected capacitor on the board after a full rectification. A
wave sample measured before rectification is shown in Fig. 13
(a) while the stored energy versus time is presented in Fig. 13
(b). It should be noted that Fig. 13 (a) shows a wave form
observed at an instance of one impact while Fig. 13 (b)
exhibits a energy stored over 15 seconds of time period.

GMEG-A was connected to 150 ohm of resistance with the
preload setting of 8MPa. Energy output generated was
measured against different heights from 10mm to 50mm with a
10mm interval. Results are shown in Fig.15. It can be seen
that the average amount of energy per drop is 130 J.

Fig.15 Averaged energy generated at
a free-fall impact from different heights
(a) Output voltage per impact vs. time

Fig. 16 shows an example of voltage and current measured
for 50mm where the instantaneous maximum voltage and
current are 26.8V and 58mA, respectively. The energy output
calculated according to the integrated sum of multiplication of
voltage and current values is 145 J.
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Fig.19 Conception drawing of the system installation
Fig.16 Output signals measured for a free-fall impact

Ⅷ. CONCLUSIONS AND FUTURE WORK

Ⅶ. ENERGY HARVESTING IN SHOES

Two types of energy harvesting systems, compact GMEG
and GMEG-A for automobile applications, were presented.
Both systems were evaluated in terms of energy output per
impact. In addition, the compact GMEG was applied for a
power generation using a low frequency, continuous vibration.
The compact GEMG with 8MPa preload was evaluated for
its performance. It was confirmed that the compact GMEG
combined with an appropriate choice of a mass and a spring
can produce a significant power even from a low-frequency
vibration source. It was also verified that GMEG-A is capable
of producing more than 100 J of electric energy.
At the end, a new design of energy harvesting unit was
introduced, in which electricity is squeezed out of reciprocal,
compressive forces due to foot landing. In future work, the
unit will be combined with an energy storage device and
installed in running shoes for experimental evaluations.

A new energy harvesting system currently being developed
is intended to be installed at the heal portion of running shoes.
The power generated therein will be used for driving a lowpower consumption device such as a wireless transmitter or
sensor. A crucial difference between the current unit and
conventional systems such as GMEG or GMEG-A is that the
new unit has a symmetric structure, i.e., no head or tail. A
picture of the harvesting unit is shown in Fig. 17. This unit
uses GMM of the same dimension as those used in GMEG and
GMEG-A.
Output signals of the unit measured at impact are shown in
Fig. 18. Instantaneous voltage and current are 40V and
0.05mA, respectively. Conception drawing of the system
installation inside a running shoe is given in Fig. 19.
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ABSTRACT
In this paper, the effect of bilayer graphene on sensitivity of
surface plasmon resonance (SPR) biosensor is numerically
presented. It shows that the zero reflection at the resonance
angle occurred by choosing proper thickness for gold and
graphene layers. This research analyzes light reflection in
angular modulation with a fixed wavelength (=633 nm) of
incident light regarding to variation in thickness of gold
layer underlying bilayer graphene. In comparison to the
conventional SPR sensors, graphene based sensor gives a
larger local change in the refractive index near the sensor
surface. The light reflection coupled into a SPR mode
propagating along a gold-graphene layer is calculated and
compared to a conventional SPR sensor with varied gold
thicknesses.
Keywords—surface plasmon resonance, biosensor, bilayer
graphene.
1. INTRODUCTION
Surface plasmons (SPs) are waves that propagate along the
surface of a noble metals such as gold, copper and silver in
visible range. The SP waves at a metal-dielectric interface is
applicable as kind of robust and label-free electrochemical
biosensor which called surface plasmon resonance (SPR)
biosensor [1]. The SPR biosensor shown as a very effective
optical detection for absorption of biomolecules [2, 3].
The SP propagation constant is changed by variation in the
refractive index at the metal surface. Therefore, both the
light and SP wave coupling condition possibly change and
observed. Classification of SPR sensor depends on coupling
wavelength, coupling angle, and change in intensity, phase,
or polarization [4].
Figure 1 shows that a thin noble metal layer is sandwiched
between two dielectrics in a conventional surface plasmon
resonance sensor. Unfortunately the sensitivity of the sensor
is restricted due to the weak biomolecule adsorption of gold
or silver. Oxidation of the metal surface further reduces the
sensitivity dramatically. Numerous techniques have been
investigated to improve sensitivity in SPR biosensor such as
metallic nanoslits, metal nanoholes and nanoparticles in
buffered solution [5-10]. The accurate control of the optical
properties and geometry of nanostructure still remains

challenging. The surface plasmons properties can be
changed by functionalizing of the metal surface with
biomolecular recognition elements (BRE). This is an
alternative to enhance biomolecule adsorption efficiency on
the metal surface.

Dielectric 2

Plasmons

Metal
Dielectric 1

Figure 1. Excitation of surface plasmon at metal-dielectric
interface

Coating graphene on the top of metal layer as a BRE is
seen as an effective way to improve sensitivity. Several
researchers investigated the multilayer graphene based SPR
sensor, which typically used 50 nm gold layer but the effect
of gold thickness on the light reflection was highly
neglected ref. This work describes comparative sensor
studies conducted on characteristics of the reflection curve
regarding to the coating bilayer graphene on gold film in
conventional SPR sensor.
2. DESIGHN CONSIDERATION AND
THEORETICAL MODEL
In recent years, graphene on Au has been fabricated and
shows stable adsorption of biomolecule with carbon-based
ring structures [11-13]. In comparison with a conventional
SPR sensor graphene provides a greater change of refractive
near the metal surface. In addition a grapheme coating on
the gold surface improves the surface plasmon polariton
(SPP) propagation constant and prevents oxidation. The
optimal thickness of gold layer to have surface plasmon
excitation in Kretschmann configuration in visible range is
50 nanometers. Due to dielectric properties of graphene, the
thickness of the gold layer should be optimized to get the
best response when the bilayer graphene coated on top of
the Au layer.
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Figure 2. Simple schematic of Kretschmann configuration for
gold- bilayer graphene SPR biosensor.

The set up for proposed biosensor is illustrated in figure 2,
where the bilayer graphene covers a gold thin film. The
other side of gold layer is in contact with BK7 glass.
Considering the intensity of light reflected from a N-layer
system for a transverse-magnetic incident wave, the total
reflection, R, is given by [14]:

(M11  M12 qN )q1  ( M 21  M 22 qN )
R
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where λ0 is the free space wavelength.
The π-stacking interaction between carbon-based hexagonal
structure of graphene with carbon-based ring biomolecule
such as single-stranded DNA is the key factor for high
adsorption efficiency of graphene. The impermeability of
graphene is another reason to functionalize gold surface by
graphene layer which is protect gold surface from oxidation
[19, 20].
The sensitivity (S) can be defined by relation between the
sensor output,  , angle of incidence light, and the moles of
biomolecules in the water, M [21]:

N 1

, i , j  1, 2

that graphene has a very high quantum effectiveness for
light–matter interactions [15]. Furthermore, its optical and
electrical properties can be altered by doping and gating in
conventional plasmonics devices based on noble metals.
Recently, the dielectric function of graphene in the visible
range was estimated, which can be useful for accurate
prediction of the optical behavior of graphene structures. In
our calculation, the bilayer graphene is presumed to be
homogeneous and its thickness is equal to d3=0.68 nm.
Recent studies on transmission of light through graphene
membranes revealed a universal opacity constant of
graphene (wavelength independent) [16]. By using the
Fresnel coefficients calculation framework the refractive
index in the visible spectrum is obtained from [17, 18]:

(2)

S
(3)

  n


 Sn E
M n M

(7)

Where Δn is the change in refractive index of biding layer.
The graphene surface is a better absorber of biomolecules,
due to the π-stacking interactions between graphene's
hexagonal cells and the carbon-based ring structures in
biomolecules [22, 23]. The enhanced adsorption efficiency
of biomolecules is given by:

(4)

EGraphene  A.Econventional
(5)

The kth layer, where k is from 2 to N-1, has a thickness of dk
and local dielectric function εk. The scenario considered
uses a gold film with bilayer graphene (d3) as the BRE. At
an initial stage, binding layer of DNA hybridization with
3 nm thickness are modeled as a homogeneous layer with a
refractive index of 1.462 in a water medium and the
refractive index of water is 1.33 respectively. This values
gradually increases with the double-stranded DNA (dsDNA) corresponded to the refractive index of 1.53 [12].
Graphene can be used as a gapless material or the one have
small and large optical gaps. A mixture of graphene with
conventional
plasmonic
nanodevices
may
offer
ultrasensitive chemical sensors and biosensors. It expects

(where A>1)

(8)

A is coefficient of adsorption efficiency. The exact value of
adsorption efficiency requires experimental measurement.
3. RESULT AND DISCUSSION
Figure 3 shows the reflection, transmission and absorption
via MATLAB simulation for a gold-graphene structure. The
free electrons at metal surface can be excited by p-polarized
incident light. It depicts that the SPR occurs in total internal
reflection condition. So the SPR angle is always greater
than critical angle. It is worth considering that a binding
layer with refractive index 1.462 is applied on top of the
bilayer graphene.
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are simulated with 2, 5 and ten different graphene layers on
the top of gold. These graphs shows that, the SPR curve
shifts rightwards and broadens with an increased graphene
layer. However the minimum reflection at resonance angle
increases gradually for 50 nm gold thin film unlike for
45nm where the minimum reflection at resonance angle is
first decreased for first few graphene layers, but then
increased showing unpredictable result in SPR dip. The
zero reflection at resonance angle occurs for 45 nm gold by
applying bilayer graphene which is depicted in figure 4.a by
solid black line.

Figure 3. Reflection, transmission and absorption of light in
Kretschmann structure by P-polarized incident light for 45 nm
gold underlying bilayer graphene.

Figure 5. Reflection of light for different gold thicknesses in goldbilayer graphene SPR biosensor.

a)

b)
Figure 4. SPR curves for multilayer graphene on top of the a) 45
nm and b) 50 nm gold.

The angle at which the minimum reflection (also referred as
SPR dip) occurs is known as resonance angle. Other
researchers concluded that with an increase in graphene
layers on top of 50 nm gold thickness, the SPR curve
become wider and the minimum reflection at resonance
angle increases respectively as shown in figure 4.b [11].
Figure 4.a illustrates the SPR curve for 45 nanometer gold
thickness. The solid line curves indicates the ideal SPR dip
with zero reflection for 50nm and 45nm gold. The results

It is illustrated in figure 5 that the variation of gold
thickness mostly effects on light reflection value at
resonance angle. It shows that the SPR angle is slightly
depends on gold thickness. The sharpest SPR curve along
with the zero reflection at resonance angle occurred by
coating the bilayer graphene on 45 nanometers of gold film.
The SPR curves for 45 and 50 nm of gold coating bilayer
graphene shows better response as compared to the other
thicknesses of gold layer underlying bilayer graphene. In 40
nm gold, the resonance angle and minimum reflection is as
same as the SPR angle and reflection to that of 50 nm gold
but with wider SPR curve. We analyzed the sensitivity of
gold-bilayer graphene by using 45 and 50 nm of gold due to
their better SPR curve depicted in figure 5.
The sensitivities among bilayer graphene on gold and
conventional gold substrates with two different thicknesses
of gold layer is studied by considering a change in the SPR
angle. This change occurred with the increase in refractive
index of the binding layer in agreement to the adsorbed
analytes. Not only this it had but the refractive index of
water changes itself as well due to the presence of analytes
solution in it.
Due to the graphene properties, the adsorption efficiency, E,
enhances as graphene layer is covered on the gold thin film.
Beside this the application of the graphene layer will
modify the sensitivity to refractive index change as was
reported by Wu et al [11].
The SPR curves for two different thicknesses of gold film
in conventional biosensor and the gold-bilayer graphene
biosensor for He-Ne laser incident light (λ=633 nm) is
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simulated via MATLAB to analyze the sensitivity to
refractive index change. The structure include prism (n1=
1.723) | Au (d2= 45, 50 nm, n2= 0.1726 + i3.4218) | bilayer
graphene (d3= 0.68 nm, n3= 3 + i 1.149106) | binding layer
(d4=3 nm, n4= 1.462) | water (n5= 1.33), assuming the
same refractive index change in binding layer ∆n4=0.068
and water ∆n5=0.005 after adsorption of biomolecules in
both conventional and graphene based structure.
Based on the N-layer model using transfer matrix, SPR
curves are simulated for the conventional biosensor using
50 nm gold as the metal layer and the gold-bilayer graphene
biosensor. The resonance angle calculated in SPR curve
before and after the adsorption of biomolecules, assuming
that the same refractive index change is ∆n4= 0.068 for 3
nm of binding layer. The SPR curve by adding bilayer
graphene on top of the 50 nm gold film is shifted up and
rightward compare to conventional 50 nm gold. But it
shifted down and rightward compare to conventional
structure for 45 nm gold respectively. It is an interesting
result that in conventional SPR biosensor, the value of
minimum reflection at resonance angle for 50 nm gold is
smaller than that of the 45 nm gold but in gold-bilayer
graphene structure, the value of minimum reflection at
resonance angle for 50 nm gold is greater than the 45 nm
gold. The resonance angle (SPR angle) for conventional
structure and graphene based structure is slightly change by
variation of gold thickness. The minimum reflection at
resonance angle in conventional structure is changed
slightly for different gold thickness but it changed
dramatically in graphene based structure considering the
gold thickness variation.
The biomolecules adsorption cause a SPR shift towards a
larger SPR angle due to an increase in the refractive index
of sensing medium. For example, a 0.38 SPR angle shift
due to biomolecule adsorption in conventional SPR
biosensor give the 5.588 value for sensitivity to refractive
index change with the use of 50 nm gold. Furthermore a
shift of 0.39 and 5.735 sensitivity to refractive index change
by coating bilayer graphene on 50 nm gold. The results are
summarized in Table 1 where the sensitivity with bilayer
graphene on 45 nm gold almost double as compared to that
for 50 nm gold with reference to the conventional SPR
biosensor.
Table 1: sensitivity enhancement by using bilayer graphene on 45
and 50 nm gold thin film.

It is found that coating bilayer graphene on different
thickness of gold film can modify the sensitivity. The
sensitivity enhancement can be as high as 2.63% for bilayer
graphene on 50 nm gold and 5.5% for 45 nm gold. Based
on our calculations, it indicates that the sensitivity is
enhanced for 50 nm gold thickness by the factor of
(1+0.0263)A, where A is a coefficient of adsorption
efficiency. It has been reported that A can reach up to a
value of 4 [11], giving a 4.1052 times increase in sensitivity
for bilayer graphene and 4.22 times for 45 nm gold. So by
comparing the sensitivity for different gold thicknesses, we
can conclude that by using 45 nm Au-bilayer graphene
biosensor, the sensitivity can be enhanced by about 3% as
compared to the same structure of biosensor with 50 nm
gold thickness.
The major outcome for this simulation is the effect of
bilayer graphene on sensitivity of SPR sensor. It should be
noted that adding more graphene layers on top of the
gold layer with any thicknesses will broaden the SPR
curves,
which
may
cause difficulties in a SPR
measurement. So there is a thickness limitation to use
graphene on top of the metal layer.
4. CONCLUSION
This paper presented sensitivity enhancement considering
zero reflection at resonance angle for Au-bilayer graphene
SPR biosensor. The shift of plasmon dip can be controlled
by changing the thickness of gold layer with respect to the
increased number of graphene layers in order to sensitivity
improvement. Based on the numerical results, it is
confirmed that the SPR angle is slightly depends on gold
thickness but it is increased dramatically with increasing of
graphene thickness. The variation of gold thickness mostly
effects on minimum reflection at resonance angle. We
conclude that even if the 50 nm gold in conventional
structure has a better response with zero reflection compare
to 45 nm gold but by covering bilayer graphene on top of
gold film, the sensitivity to refractive index change in 45 nm
gold is greater than the 50 nm gold.
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ABSTRACT
The clarification of whisker growth mechanism is a key to
the mitigation of tin-whiskers. In order to confirm the
growth model the present authors had proposed, the
process of recrystallization of tin was investigated. A single
crystal of tin was prepared by using a slow-cooling method
and plate samples were prepared by using a spark-cutter
and electro-polishing. Deformation was applied to the plate
samples by scratching. The microstructural changes with
time at room temperature after scratching were observed
by scanning electron microscopy (SEM) and electron backscatter diffraction (EBSD). The experimental results
showed clearly that recrystallization can proceed even at
room temperature. A tensile test was also performed in
order to investigate its ordinary deformation behavior. The
present results have supported the model for tin whisker
growth mechanism, suggesting that if the recrystallization
phenomenon can be controlled to proceed homogenously in
tin solder and plating, the whisker growth will be mitigated.
Keywords— tin-whisker, SEM, EBSD, recrystallization,
mitigation

stress type (3) Surface oxidation/corrosion type and (4)
Welding type. [4] All these types of whiskers are formed
after applying stress. Therefore, it is clear that stress is a
key factor of whisker formation. [5, 6] But the formaion
mechanism is not yet clarified. The surface of
solder/plating is usually covered with a thin and tough tinoxide layer that is naturally formed. If there are holes or
cracks on the oxide layer, the body of tin is spouted out
through the hole or crack by the internal pressure to be a
whisker, just like “cream on a cake”. This model is thought
instinctively to be very plausible, but actually there are
several experimental results that cannot be explained by the
model. For example, there are occasionally formed voids or
valleys below the whisker. This reflects the existance of
tensile stress instead of compressive one, being against the
model of cream on a cake. Smetana [7] reported the
process of whisker formation in an article entitled “End
Game”. He intorduced the most believed model that a
whisker is curled by insertion of edge dislocations. But the
present authors [8] confirmed that actually the
crystallographic orientation is not tilted in the whole region
of whisker even when the whisker is curled or jogged. The
game has not ended yet.

1. INTRODUCTION

(a)

Tin-Lead (Sn-Pb) alloys have been used for a long time as
basic materials for solders and platings. Alloying Pb with
Sn gives notable improvements in mechanical properties of
tin-base solder and plating materials such as; (1) lower
melting point, (2) higher toughness and (3) mitigation of
whiskers. However, these alloys containing Pb are not
used further due to restriction of hazardous substances for
environmental concerns [1]. Then whiskers grow up again
from Sn-materials, and the whisker formation became a
revived issue. Lindoborg [2] proposed a model for the
whisker formation mechanism that an expansion of
dislocation loop by climb-up results in the growth of a
whisker. Nakadaira et al. [3] pointed out that contribution
of atomic vacancies are required for a continuous growth of
whiskers. However, an experimental evidence that proves
directly the mechanism has not be obtained yet. On the
other hand, the whisker formation has been understood to
result from internal pressure in a solder/plating. Actually
tin-whiskers are categolized into 4 types according to their
formation process; (1) External stress type, (2) Internal

(b)

Fig. 1 Growth model for a curling whisker
(a) Model adopted by Smetana [7]
Partial layers are inserted.
(b) Morphology of a curling whisker expected from
(a).

The present authors [9] have proposed a new model for
growth of whiskers: There are highly-stressed regions and
stress-relieved ones in a layer of tin, and tin atoms have a
high and low potential energy in these regions, respectively.
Therefore tin atoms diffuse from the highly-stressed
regions to the stress-relieved ones. Tin atoms coming to the
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stress-relieved region are spouted out from the surface of
tin layer to become a whisker. The high stress is produced
by a pressure that is applied internally or externally
depending on the case of the type of whiskers. The issue is
how the stress-relieved region is formed. The present
authors has suggested that recrystallization is strongly
related with the formation of stress-relieved regions.
The recrystallization temperature depends upon the degree
of deformation, and it is sometimes near room temperature
in case of pure tin. Therefore, there is a possibility that
recystallization proceeds during deformation at the same
time at room temperature. This issue is very important in
order in order to understand correctly the deformation
behavior. However, such characteristics have not been
taken into account well so far. In the present work, the
microstructure was analyzed with taking into account the
behavior after deformation in order to examine if
recrystallization proceeds at room temperature. Finally, the
mechanism of tin whisker formaion is discussed for
mitigation of whiskers.
2. METHODOLOGY
2.1. Experimental Methods
2.1.1. Scanning electron microscopy (SEM)
Scanning electron microscopy (SEM) is one of the most
popular technique for characterization. A basic structure of
SEM is composed of electron beam illumination part and
electron detectors. When an electron beam hits a specimen,
two types of electrons come back from the specimen. One
is secondary electrons (SE) with a low energy about a few
10 V or less, and the second is back-scatter elecrons (BSE)
with higher energy up to that of incident electrons. If the
SE are collected with an electron detector positioned aside,
the intensity of them corresponds roughly to the orientation
of the specimen surface. Therefore SE images are used for
observation of an external morphology of specimen. On the
other hand, the BSE intensity depends upon the chemical
composition and the direction of BSE is almost
perpendicular to the specimen surface. Therefore BSE are
used for observing the distribution of chemical compositon
as well as observation of the external morphology of
specimen. Therefore a conventional SEM has usually two
elecron detectors aside the specimen and below the
objective lens for SE and BSE, respectively. An advanced
model of SEM has 4 electron detectors or more; two
detectors are those mentioned above, and other two
detectors are positioned inside the column of objective lens,
being for SE and BSE, respectively. Fig. 2 shows a typical
example of the positions of electron detectors in an
advanced SEM.
It was thought conventionally that SEM is a tool to observe
an external morphology of specimen and a disribution of
chemical composition. But it is not the case. When the
incident beam has a high coherecy the intensity of BSE, as
well as SE sometimes, depends considerably on the
crystallographic orientation of specimen. Such image
contrast are called “channeling contrast”. Then the

information on crystallographic characters can be analyzed
by using channeling contrast. [10, 11] . Therefore, SEM is a
strong tool with which a variety of information can be
obtained provided the observation is conducted and
analyzed properly.

Fig. 2. Positions of electron detectors in an advanced SEM
(Ultra 55, Carl Zeiss)
SE1, SE2: Detectors for secondary electrons
AsB: Angular-selective back-scatter electron detector
EsB: Energy-selective Back-scatter elctron detector
STEM: Scanning transmission electron microscopy
detector

Fig. 3 Configuration in SEM for EBSD pattern and basics
of geometry for Kikuchi lines.( Courtesy of TSL Solutions,
Co. Ltd.) and the explanation for a pair of Kikuchi lines
2.1.2. Electron back-scatter diffraction (EBSD)
As explained in the previous subsection, the intensity of
BSE depends on the crystallographic orientation. The
intensity of BSE emitted from a single point on the
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specimen surface also has an angular distribution. Basically
electron beam is an electron wave, so that diffraction
phenomenon occurs. When an inelastic scattering occurs
inside a specimen, the scattered electron waves run in every
direction. Then some of them are diffracted by a certain set
of crystal lattice planes, modifying the intensity distribution
of inelastically scattered electrons or BSE. Then the
intensity distribution contains the information on the
orientations of crystal lattice planes. Usually the intensity
of BSE changes quickly at the diffraction condition, and
then sets of two lines, or Kikuchi lines, are observed in the
angular distribution of BSE. These are called “Kikuchi
pattern”. By analysing such a Kikuchi pattern, the
crystallographic orientation can be determined for the
position of the incident beam on the specimen. By
accumulating the data, a map of crystallographic orientation
can be obtained. It is very important to recognize that a
center line between a pair of Kikuchi lines corresponds to a
trace of a set of the planes that contribute to the diffraction
for the Kikuchi lines. Therefore the Kikuchi pattern is
formed by the diffraction phenomenon, but the geometry of
Kikuchi pattern is of the direct space.
The crystallographic orientations of each position in the
specimen are represented in two dimension, or inverse pole
figure (IPF) for three orthogonal directions; ND (normal
direction to the specimen surface), RD (rolling direction;
horizontal) and TD (transverse direction; vertical). The
sharpness of Kikuchi pattern corresponds to the
crystallinity, so that the distribution of crystallinity can be
also shown as “quality map”.
2.2. Experimental Procedure
2.2.1. Preparation of single crystal specimens
Rods of pure tin (Sn) were prepared by using a quartz
crucible. Single crystals of pure tin were grown by melting
the rod in a soft mould of fine alumina powder, followed by
one-dimentional slow-cooling [12]. A rod of single crystal
was cut out into slabs with a spark-cutting machine.
Damaged layers on a surface of the slab formed by sparkcutting were removed by electro-polishing in a solution of
20% perchloric acid and 80% acetic acid at 20oC with a
direct current at 10V.
2.2.2. Scratching test
Scratching test was performed with a diamond pen (a glasscutter) under a force of 1kgf on a plate specimen of pure tin
single crystal afer electropolishing. After scratching, the
specimen was put into a specimen chamber of a SEM (Ultra
55, Carl Zeiss) and observed after certain durations.

3. EXPERIMENTAL RESULTS
3.1. Scratching test
Fig. 4 shows the results of EBSD experiments after
scratching. It is confirmed that small crystal grains are
formed very quickly after scratching, This phenomenon can
be explained by either of twinning deformation or
spontaneous recrystallization. Actually, characteristic
lammelar structure is observed in part. But most parts of the
scratched region is composed with round-shape crystal
grains. As proposed previously [12], regions with a
different crystallographic orientation from the undeformed
matrix are formed without changes in morphology of
external surface. It is clearly seen that a new crystal grain
of a round shape (indicated with an arrow in Fig. 4) appears
and grows with time. It is witnessed that recrystallization
and crystal growth proceed even at room temperature.

Fig. 4 Changes in EBSD IPF (ND) image with the durtion
of room temperature annealing
(1) 1 hr, (2) 3 hr, (3) 5 hr

3.2 Tensile test
A preliminary experiment of tensile test was carried out for
a single crystal specimen of pure tin. A stress strain curve is
shown in Fig. 5. During application of strain, the elongation
was kept constant for a while at particular strains in order
to observe SEM images and to collect EBSD data. Short
lines running from the stress-strain curve shows the stress
is reduced during the constant elongation. This suggests
that some rearrangement in defecs occurs. By loading again,
stress exceeds the value for the moment of keeping the
strain constant, indicating the existence of work hardening.

2.2.3. Tensile test
Tensite tests were performed with a tensile test devise
(TSL Solutions, Japan) in SEM of Ultra 55, Carl Zeiss.
Stress-strain curves were measured. SEM images and
EBSD data were also collected under loading at a certain
position of strain with fixing the elongation or strain.
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Fig. 5 Stress-strain curve experimentally obtained for a
single crystal specimen of pure tin
At each position of keeping constant strains, the
morphology was observed in SEM. Some results were
shown in Fig. 6. Parallel striations run across the specimen.
In the region where the striations are concentrated, the
surface of spcimen has many steps so that the specimen is
bent. These striations seem to resemble the deformation
morphology due to slide deformation. As tin is one of
presentative materials that present twinning deformation,
these striations can be also due to twinning deformation in
part at least. More detail analysis is needed to characterize
the deformation process.

Fig. 7. EBSD result for a single crystal of tin after rupture
IPF image (ND)
After rupture, the regions where strains are concentrated
are made of plate-like plates piled up in morphology. The
morphology is quite different from that obtained after
scratching. We need to examine the morphology of crystal
grains inside of the ruptured specimen. If recrystallization
does not proceed after the rupture, deformation structure
containg dislocations piled up and/or twinning plates would
be observed, in correpondence with the external
morphology. If recrystallization has already proceeded, a
lot of small crystal grains with a round shape appear inside
the specimen irrespective with the strucrure with striations.
Fig. 7 shows an example of EBSD data for the tin specimen
of a single crystal after rupture. It is confirmed that large
crystal grains have been formed irrespective of the
lammelar morphology formed by deformation. this result
indicates that recrystallization and grain-growth proceed
almost spontaneously also in this case. EBSD data for each
stage have been already collected from this specimen. The
results of analysis will be presented elsewhere.
4. DISCUSSION
4.1 Deformation and recrystallizaion behavior
From the experimental results, it is be concluded that the
deformation of single crystal seems to proceed in a way of
sliding deformation or twinning deformation up to rupture.
Large crystal grains are formed after the rupture. When a
severe deformation like skratchng is applied, small round
crystal grains without strains are formed almost
spontaneously. These results indicate that recrystallization
and grain-growth process proceeds almost spontaneously
during the deformation at room temperature.
4.2 Growth mechanism of tin whiskers

Fig. 6 SEM SE-images of a tin single crystal during tensile
test
(a) Elongation = 701 μm, Load = 46.22 N
(b) Elongation = 2002μm, Load = 56.21 N
(c) after rupture

The mechanism of whisker growth has been discussed
extensively, and it should be a conclusive result that the
stress is a key for whisker formation. That is; compressive
pressure is a driving force for whisker formation. However,
there are some experimental results that cannot be
explained by a conventional understanding. The present
authors [9] proposed a new theory of whisker formation. As
explained already in Introduction, there should be regions
of high stress and a “point” where stress is almost relieved.
Tin atoms have a high potential energy in the matrix of
high stress, and a low potential energy at a low stress. Then
tin atoms flow toward the point of stress-free. If the atoms
coming up to the point can go out of the matrix by spouting
out, tin atoms flow continously. That is, it is not
compressive pressure that make tin atoms flow, but the
point of stress-free draws up tin atoms and spouts them out
to form a whisker. The point of stress-free works as a pump.
This model can explain the voids and cracks that are
frequeatly observed near whiskers. Recrystallization
process should proceed at room temperature in order to
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realize a point of stress-free. Concerning the formation of a
curled whisker without grain boundary inside, it can be
explained by taking it into account that the rotation in
crystallographic
orientation
of
whisker
occurs
spontaneously at the boundary between the whisker and the
grains below it The detail of the formation mechanism will
be discussed separately elsewhere.
If a point of stress-free does not appear but recrystallization
occurs in a wide region, whiskers will not be formed. Even
if whiskers appear, they will not be elongated much.
Controlling the recrystallization is a key for mitigation of
whisker formation.
5. CONCLUSION
Behavior of deformation and recrystallization was
investigated by means of electron mcroscopy, and the
following conclusions were drawn:
(1) It has been confirmed that in a pure tin, recrystallization
and grain growth occur almost spontaneously during the
deformation and proceed even at room temperature.
(2) Deformation behavior during a tensile test was
successfully observed in a way of in-situ. Preliminary
analysis indicated that recrystallization and grain growth
occur almost spontaneously during the deformation.
(3) The experimental results that indicate the occurrance of
recrystallization at room temperature support the model for
whisker formation proposed by the present authors.
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ABSTRACT
The importance of energy extracting capability of a
variable geometry turbocharger (VGT) has led the
investigation of pulsating flow condition of exhaust gas on
turbine inlet. Although its properties have been studied in
an enormous number, the proper control strategy
development had remained untouched until the invention of
an active control turbocharger (ACT). The ACT has two
general application modes, which are sinusoidal and
arbitrary mode. The developed one is sinusoidal mode. It
has a disadvantage in its complex instrumentation and its
slow responsiveness for feed forward control. Thus, a new
concept called a passively controlled turbocharger (PCT)
was proposed to decreasing the complexity of ACT and
adds the response rate compared to feed forward system.
However, its passive properties can only be adjusted
manually. Therefore, this paper's objective is to introduce
an arbitrary feedback control algorithm based on PCT
concept with adjustable parameter and easiness to
integrate with control system. The controller will be
simulated with an exhaust and a turbocharger model to
investigate turbocharger performance.
Keywords— Active Control Turbocharger, Passive Control
turbocharger, Pulsating Exhaust Flow, Simulation,
Feedback Control Algorithm
1. INTRODUCTION
Turbocharging technologies have been developed to gain
more power and decrease the emission for internal
combustion engine. Since the incapability of the first
generation of the turbocharger, Fix Geometry Turbocharger
(FGT), to operating in a various operating condition of
exhaust gas, Variable Geometry Turbocharger (VGT)
concept has been developed. Its operation is a function of
engine speed and load. Moreover, VGT becomes quite
popular nowadays, especially because its easiness to utilize
emission gas and reduce turbo lag because its controllable
dimension of turbine inlet. Recent studies have been shown
that VGT capable of reducing emission [1]–[3] and to
achieve more efficiency [4], [5].
The common assumption when designing a turbocharger
control system is steady flow and pressure condition.
However, The actual nature of turbocharger is pulsating
according to the exhaust valve of the engine. Therefore,
some control techniques have been developed to optimize

the extraction energy of the exhaust gas in every pulse. A
notable effort is a method developed by Pesiridis called an
Actively Controlled Turbocharger (ACT) [6] in imperial
college. ACT is a technique to adapt the exhaust gas nature
actively and periodically. The concept has been proven
through the experimental result [6], [7] and the science
behind the technique was investigated [8], [9]. The
experimental data has shown that it has promising potential
to gain more actual power from the exhaust gas.
The ACT has two general application modes, which are
sinusoidal and arbitrary mode. Pesiridis has developed a
sinusoidal mode to make a higher cycled averaged power
for each pulse than conventional control concept [10].
However, the recommended control algorithm, feed
forward control, is less responsive since the reference data
is average measured value. Thus, a new concept called a
passively controlled turbocharger (PCT) was proposed to
decreasing the complexity of ACT and also gain a
responsive device [11], [12]. The PCT works by utilizing
the exhaust gas energy to move the vane directly without
external power supply. However, its inflexible passive
properties have led to its narrow operating condition range,
such as from low to mid engine speed and load. Although
the range is adjustable by modifying one of its parameters,
it still consumes time and contains risk.
Therefore, this paper's objective is to reduce ACT complex
algorithm and introduce an arbitrary control algorithm
based on PCT concept with adjustable parameters and
easiness to integrate with other control system. The
controller will be simulated with an exhaust and a
turbocharger
model
to
investigate
turbocharger
performance. The contents of the paper are as the
following. The first part is about the turbocharger
modelling. The second part discuss the control strategy
applied for turbocharger. The last part presents the
simulation result and the discussion of the control system
2. MODELLING OF TURBOCHARGER
In this section, the exhaust manifold and turbocharger
model is described in the form of Mean Value Engine
Model (MVEM) briefly. For the paper purposes, the
modelling scope is limited only about the exhaust manifold
and turbine as the experimental facilities set up for
investigating ACT [7] as in shade part in Figure 1.
However, the detailed equations derivation are not
explained here, or the complete description is contained in
[5], [13].
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Exhaust
Manifold

Controller act by modifying the effective area of inlet rotor.
It usually is represented by normalized value as xVGT ,
which has a minimum value as 0 and maximum value as 1.
It is assumed that the relationship of the given signal and
the changing rate of effective turbine area (AVGT ) are linear
as stated in (4). The effective area is expressed as the
altering function that has the maximum value of b and
negative gradient of a.

Turbine

Modelling Scope

VGT

Intake
Manifold

Cooler

Compressor

A turbocharger consists of a turbine and a compressor
connected to a shaft. The isentropic power of the turbine is
calculated as below equation.

Figure 1 The Turbocharger System

Gas mass flow from each engine cylinder is sent to the
exhaust manifold and accumulated. In some conditions,
Exhaust Gas Recirculation (EGR) valve opens, and some
portion of the exhaust air flows to the intake manifold such
as case while allowable pressure is exceeded. The input of
the exhaust manifold is total engine gas mass flow (ṁeng )
decreased by EGR gas mass flow (ṁegr ). Some of the input
is accumulated in the manifold (me,m ) and some flows to
the turbine (ṁt ). The accumulated flow is expressed by the
ideal gas law and, then, substitutes it in mass balance
equation to get the below equation.
𝑑𝑑𝑝𝑝𝑒𝑒,𝑚𝑚 𝑅𝑅𝑇𝑇𝑒𝑒𝑒𝑒
=
((𝑚𝑚̇𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑚𝑚̇𝑒𝑒𝑒𝑒𝑒𝑒 ) − 𝑚𝑚̇𝑡𝑡 )
𝑑𝑑𝑑𝑑
𝑉𝑉𝑒𝑒,𝑚𝑚

(1)

where pe,m is the pressure of the exhaust manifold that is
assumed as equal to the pressure before VGT or inlet of the
turbine (pt ) , Tex is the engine temperature or exhaust
temperature, R is the specific gas constant, Ve,m is the
volume of the exhaust manifold. The temperature of the
exhaust manifold is assumed not change from the manifold
to before entering turbine.
The model of the vanes resistance effect of VGT uses the
orifice function, as in [4], [5], [13], and given by (2).
Normalized opening and closing of VGT (xVGT ) affects the
effective flow area (AVGT ). Furthermore, discharge
coefficient (cd,VGT ) is determined experimentally. The ratio
correction factor (Ψ) depends on the pressure ratio of inlet
and outlet. The equation is also based on (3), where γ is the
ratio of specific heats and pout is the pressure at the outlet
of VGT.
𝑚𝑚̇𝑡𝑡 = 𝑐𝑐𝑑𝑑,𝑉𝑉𝑉𝑉𝑉𝑉 𝐴𝐴𝑉𝑉𝑉𝑉𝑉𝑉 (𝑥𝑥𝑉𝑉𝑉𝑉𝑉𝑉 )

𝛹𝛹 (
=

𝑝𝑝𝑡𝑡
)
𝑝𝑝𝑜𝑜𝑜𝑜𝑜𝑜

𝛾𝛾+1
2(𝛾𝛾−1)

1
2
𝛾𝛾 2 (
)
𝛾𝛾 + 1
2
𝛾𝛾

𝛾𝛾+1
𝛾𝛾

2𝛾𝛾
𝑝𝑝𝑡𝑡
𝑝𝑝𝑡𝑡
√
((
) −(
)
𝑝𝑝𝑜𝑜𝑜𝑜𝑜𝑜
{ 𝛾𝛾 + 1 𝑝𝑝𝑜𝑜𝑜𝑜𝑜𝑜

𝑝𝑝𝑡𝑡

√𝑅𝑅𝑇𝑇𝑖𝑖𝑖𝑖
𝑓𝑓𝑓𝑓𝑓𝑓

)

𝑓𝑓𝑓𝑓𝑓𝑓

𝛹𝛹 (

𝑝𝑝𝑡𝑡
)
𝑝𝑝𝑜𝑜𝑜𝑜𝑜𝑜

(4)

AVGT = axVGT (t) + b

𝑃𝑃𝑇𝑇 = 𝑚𝑚̇𝑡𝑡 𝑐𝑐𝑝𝑝 𝑇𝑇𝑒𝑒𝑒𝑒 𝜂𝜂𝑡𝑡 [1 − [

𝛾𝛾−1
𝛾𝛾

𝑝𝑝𝑇𝑇
]
𝑝𝑝𝑎𝑎

(5)

]

where turbine mass flow (ṁt ), engine temperature (Tex ) and
expansion ratio ( pi,t /po,t ) as in (5) [14]. The power is
usually specified as Isentropic Power. Meanwhile, power
model has an equation as in (6) as a product of torque (𝒯𝒯)
and angular speed (ω) [14].
(6)

𝑃𝑃𝑇𝑇 = 𝒯𝒯𝑇𝑇 𝜔𝜔

The total inertia of the shaft, compressor and turbine blade
gives the state equation derived from second of Newton law
regarding the mechanical rotation system to get the
equation (7).
𝑑𝑑𝑑𝑑 𝒯𝒯𝑇𝑇 − 𝒯𝒯𝑐𝑐
=
𝑑𝑑𝑑𝑑
𝐽𝐽

(7)

The equation (8) is obtained by substituting (6) to (7).
𝒯𝒯𝑡𝑡 =

𝛾𝛾−1
𝛾𝛾

1
𝑝𝑝𝑇𝑇
𝑚𝑚̇ 𝑇𝑇 𝑐𝑐𝑝𝑝 𝑇𝑇𝑒𝑒𝑒𝑒 𝜂𝜂 𝑇𝑇 [1 − [ ]
𝜔𝜔
𝑝𝑝𝑎𝑎

(8)

]

(9)

𝒯𝒯𝑐𝑐 = 𝐾𝐾𝑐𝑐 𝜔𝜔

The compressor dynamic is not investigated because the
main intention of the paper to observe the turbine dynamic

(2)
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Figure 2 General Control Strategy
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when a new control is applied as in experimental testing by
Padzillah [14]. The torque of the compressor is modelled as
a resistance toward the shaft in the form of (9), where K c is
a constant that represents a resistance nature.

𝑃𝑃(𝑡𝑡)𝐴𝐴 = 𝑏𝑏𝑥𝑥̇ (𝑡𝑡) + 𝑘𝑘𝑘𝑘(𝑡𝑡) + 𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝 (𝑡𝑡)

If the equation is transformed to a Laplace equation, it can
be expressed as equation (12).

3. CONTROL STRATEGY
This section focused on the development of active control
strategy. As defined in [8], the emission gas will be
controlled actively and periodically. The sinusoidal control
as one of two control modes has been investigated by
Pesiridis [7]. The paper suggested using feed forward for
generating the actuator command signal. However, it will
less responsive since the set point is determined based on
average measurement. The other method called arbitrary
control is an algorithm based on the current situation or
measurement. However, this system contains more
complexity to determine the error, the null point and
frequency. For overcoming the complexity of the algorithm,
the system will be developed based on naturally oscillated
turbocharger proposed by Rajoo [11].
An actuator of PCT contains a spring and a damper. When
the pressure gives enough force to the device, the spring
and damper will be compressed. If the pressure decreases,
the spring and damper will retract back. Figure 2 is a free
body diagram of the device and the plate or ring of VGT.
Therefore, if the ring is assumed as a non-contribution
parameter to the overall dynamic since its small angular
displacement, the device can be modelled as a first order
system as below.
(10)

𝑝𝑝𝑇𝑇 𝐴𝐴 = 𝑏𝑏𝑥𝑥̇ + 𝑘𝑘𝑘𝑘

where pT as exhaust gas pressure, A as piston area, b as
damper constant, k as spring stiffness, and x as the
displacement of damper and spring.
In the real application, the adjustable parameter is spring
preload and the spring stiffness by adding other springs. If
the spring stiffness is a function of time and also the
preload (Fpre), the equation can be expanded as below
equation.

R

k

Input

Force= Pex*A

b

(11)

1
𝑋𝑋(𝑠𝑠)
= 𝑘𝑘
𝑏𝑏𝑏𝑏
𝑃𝑃(𝑠𝑠)𝐴𝐴 − 𝐹𝐹𝑝𝑝𝑝𝑝𝑝𝑝 (𝑠𝑠)
+1
𝑘𝑘

(12)

Like PCT working principle, the proposed active control
needs instantaneous pressure measurement to produce an
enough displacement of the vane. The control equation
itself also needs to replicate dynamic within the PCT.
Equation (12) shows that the spring stiffness (k) affecting
the gain as the comparison of output and input and the time
constant as the device response rate. Therefore, in the new
control concept, authors will make a controller with the
following equation.
𝑘𝑘𝑠𝑠𝑠𝑠𝑠𝑠 (𝑎𝑎𝑚𝑚 )
𝑋𝑋(𝑠𝑠)
=
𝑏𝑏𝑚𝑚 𝑠𝑠
(𝑠𝑠)
𝑃𝑃(𝑠𝑠) − 𝑐𝑐𝑚𝑚
+1
1000

(13)

X(s) is the output controller and P(s) is the measurement of
instantaneous measured pressure. cm is a bias for adjusting
the lowest allowed pressure, am represents the gain and bm
is the time constant of the system. The complete system
represents as in the block diagram of Figure 2. The
feedback variable is instantaneous pressure. The manipulate
variable is the displacement of vanes. The control
parameters are am, bm and cm.
Meanwhile, the ksys is the main gain of the controller
system. It can be determined by (14) with Phighest is a
maximum operating range. Therefore, the range of a m can
be between 0 and 1 to control the overall controller gain.
𝑘𝑘𝑠𝑠𝑠𝑠𝑠𝑠 =

1

𝑃𝑃ℎ𝑖𝑖𝑖𝑖ℎ𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑐𝑐𝑚𝑚

(14)

bm is to adjust the response rate and its range about 0-50.
The higher bm results in the increasing of the time constant
and vice versa.
Moreover, since the PCT known only can cover a narrow
operating condition, the Engine Control Unit (ECU) can
change the controller parameter. It is based on average
measurement of engine speed (Neng), engine temperature
(Tex) and turbine mass flow. Those parameters can be
determined by the controller parameter using the gain
scheduling or another controller method. It is an interesting
topic, but will not be explained in detail since it is not focus
of this paper’s purpose.

X

Figure 3 The Schematic of PCT
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4. SIMULATION RESULT
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Figure 7 The Turbine Pressure with Various Gain at 40hz
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Figure 6 The Vane Movement with Various Gain at 60hz

Table 1 The Cases of The Simulations

Name
Case 1
Case 2

Case 1
Case 2
Case 3

Figure 5 The Turbine Pressure with Various Gain at 60hz

Vanes Position(Degree)

where the engine speeds (Neng ) , cylinders number in a
group (C), the manifold group number (G) is proportional
toward frequency (f) and has an inverse relationship with
the strokes number (n) [11], [14]. The simulation of the
pulsating nature will be conducted in engine speed,
400rpm, 800rpm and 1600rpm. The speeds are equivalent
to 20Hz, 40Hz and 60Hz for frequency, respectively. Those
conditions are the typical speeds when the engine works
from low to heavy load. In addition, the operating condition
of this simulation is like in the real experiment [11] by
maintaining the speed of turbine at 48000 rpm.
The simulation was conducted with a variation of am, bm
and cm to investigating the parameter effect. Then, the
control will be applied in a fluctuating dynamic at different
engine speeds. Therefore, the testing will be varied in
different frequencies as follows. The vanes have the range
between 40o and 80o, which is equivalent to 100% and 6%
of the normalised effective throttle area on turbine inlet.

60Hz
48000 rpm

200

120

(15)

Pressure (kPa)

𝑓𝑓 =

Pressure (kPa)

Simulation is carried out for investigating the controller
performance toward turbocharger dynamic with Simulink®.
Performance indicator of the controller is its pressure
because the isentropic power is mainly calculated based on
the exhaust pressure. The input of the model is mass flow
with dynamic as in Figure 4. Moreover, the frequency of
the pulse is a function of engine speed as below [14].
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Figure 8 The Vane Movement with Various Gain at 40hz

Figure 4 The Input of The Model
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Figure 13 The Turbine Pressure with Various Bias at 40hz
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Figure 10 The Vane Movement with Various Gain at 20hz
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Figure 9 The Turbine Pressure with Various Gain at 20hz
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Figure 11 The Turbine Pressure with Various Bias at 60hz

Figure 14 The Vane Movement with Various Bias at 40hz

Figure 5-10 shows the simulation result for different gain or
am. The results show that the gain can affect drastically the
range of actuator and also the highest point and the lowest
point of vanes oscillation. The higher the gain results in the
increasing area of the throttle and the range become also
higher and vice versa. If the gain is too high, it will be
saturated in 40o or at the maximum area of the variable
geometry turbocharger. Bias addition will affect the
amplitude and bias as shown in Figure 11-14. Figure 15-18
show the simulation results for different time constants. The
different for each variation is not too significant. Moreover,
the time constant can be used as an optimization parameter
of the vane movement.
The simulation result for different speed engine. The results
for 20 Hz and 40 Hz have shown a good response, but
worse or have a narrower range at 60 Hz. Therefore, the

parameter is better can be modified automatically by using
the gain scheduler. Furthermore, the further stability and
the transient performance investigation will be beneficial in
order to develop the advanced control for Variable
geometry turbocharger (VGT).
5. CONCLUSION
The proposed control algorithm has been developed and
investigated. The control strategy is based on the PCT
working principal. Then, the simulation with Simulink®
was conducted to know the performance of controller in
different control parameters. The gain or am seems the most
significant parameter to change the vanes movement track.
Moreover, the bias also gives the effect of the movement
range. However, without adjustment, the controller can not
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work well in the different engine speeds or only cover
partial operating condition range.
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ABSTRACT
In this study, a fundamental study of high-repetition rate
operation of a gas-fed low-power short-pulse plasma
thruster with an applied magnetic field was carried out.
The thrust performances with various conditions (mass flow
rate, pulse repetition frequency etc.) were evaluated with a
thrust stand. A typical pulse repetition frequency was 15
kpps (pulse per sec) with the maximum voltage of 6.5 kV
and pulse width of 900 ns. From the results, the maximum
thrust and efficiency were 0.16 mN and 12%, respectively,
for the maximum discharge voltage of 6.5 kV with a pulse
duration of 900 ns and discharge energy of 18 mJ/pulse.
Keywords— short-pulse, high-repetition rate
1. INTRODUCTION
Pulsed-plasma thrusters, PPTs, utilizing a solid propellant
usually PTFE (Teflon®), have attracted a growing P i
nterest for their system simplicity and advantages on
miniaturization and mass reduction for the use of attitude or
orbit control thrusters for small-sized spacecrafts, despite
their low efficiency (1-4. In their operations, short pulse
discharges with several-microsecond duration are induced
across an exposed propellant surface between electrodes,
vaporizing and ionizing the surface, and also inducing a
pressure force. Then an interaction of the discharge current
(tens of kA) and its self-induced magnetic field results as
the electromagnetic force, or Lorentz force, acting on the
plasma and inducing a directed plasma beam exhaust, or
thrust. In this electromagnetic acceleration process, it is
necessary to complete phase changes of the propellant, such
as vaporization and ionization, and the electromagnetic
acceleration at the same time within a short duration of a
pulse discharge. Improvements of the thrust performance
can be expected with shorter pulse duration cases, since it is
capable of higher current per unit time or higher power
input, namely higher thrust, and of reducing loads on
electrodes. However, it is difficult to complete the process
including the phase changes and electromagnetic
acceleration simultaneously during the discharge pulse,
because there is a delay in the phase change of the solidpropellant after the pulse discharge initiation. The surface
of the propellant will continue to evaporate long after
completion of the discharge pulse, providing mass that

cannot experience acceleration to high speeds by the
electromagnetic and gas dynamic forces. The various
masses including low-speed macroparticles can have quite
different velocities. Since the residual vapor or plasma from
the late-time evaporation of the propellant surface remains
in the discharge channel due to the delay after the pulse
discharge completion, which cannot contribute significantly
to the impulse bit, it has been difficult for the thruster of this
type to improve this mass loss of the propellant and thrust
efficiency [1-4]. In order to improve the mass loss and
thrust efficiency of PPTs, utilization various propellants in
various phases, such as gas [5], liquid [6], powder [7], and
laser ablation plasma [8-10] fed to the thrusters were
investigated. Studies on gas-fed PPTs have been conducted
from the late 1950's. The research includes coaxial, parallelplate, z-pinch and hybrid geometries using ambient fill or
pulsed gas injection techniques with hydrogen, nitrogen,
argon, and xenon propellants [5]. Until recently the gas-fed
PPTs suffered from low propellant utilization efficiency due
to the fact that the fastest available space-qualified gas
valve with long enough life (> 107 pulses) has an open time
not shorter than 1 ms. As the time to fill the discharge
chamber is only the on the order of 0.1 ms, much of the
propellant could not utilized effectively over the life of the
device.
Recent work has resulted in a complete solution [11,12] to
this problem by using state-of-the-art pulse power
technology raising the propellant utilization efficiency to
well above 90%. This solution relies on using modern
pulsed-power conditioning technology to adjust the period
between pulses to a length very close to the time it takes for
the cold injected gas to fill the thruster chamber. This
typically corresponds to pulse of such pulses can be
produced such that each lasts a period that is at least as long
as the response of a space-qualified valve (e.g. 1 ms) thus
making sure that practically all injected propellant is
utilized.
In this study, to develop novel gas-fed pulse plasma
thrusters, which can be operated in a continuous mode,
discharge characteristics and plasma (electron and ions)
acceleration characteristics of high-peak power short-pulse
discharges were investigated. The acceleration regime of
plasma through the interaction of short-pulse discharges
with matter clearly differs from the conventional
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acceleration regimes. Recent rapid progress of pulse power
generation technologies associated with recent development
of power sources for photolithography of next-generation
semiconductors has brought high-peak power sort-pulse
drivers for extreme ultraviolet (EUV) and X-ray sources,
particle accelerators, etc. With this regime, a wide range of
plasma densities, or acceleration regimes, from electrostatic
acceleration to electromagnetic acceleration, can be
expected, namely achieving either high-specific impulse
accelerator or high-impulse accelerator depending on the
mission requirement, which can possibly realize a highly
robust propulsion system for future spacecraft. The primary
objective of this study is to demonstrate these significant
characteristics.

employed, and a magnetic circuit consisting of soft steel
yokes is designed to generate a strong magnetic field in the
acceleration channel. A typical magnetic field distribution
of applied to the acceleration channel obtained from FEM
simulation is shown in Fig.3. This figure is a top view of the
thruster, and then a horizontal component distribution of
magnetic field is visualized. From the figure, it is shown
that the maximum magnetic field strength is 1.48 T in the
center of the acceleration channel. As for the propellant in
this study, argon gas is employed. Although the discharges
are in repetitively pulsed operation, argon gas is
continuously fed to the acceleration channel.

Authors have been investigating laser-assisted pulsed
plasma thrusters (LAPPTs) and have demonstrated their
high specific impulse characteristics [8,9]. In this study, as
the next step, reducing discharge pulse width using newly
developed pulse power source with higher repetition
frequencies, high-repetition rate discharges were
demonstrated and their characteristics were investigated.
2. EXPERIMENTAL SETUP
A. Rectangular gas-fed short-pulse plasma thruster with
external magnetic field
In general, primary acceleration mechanisms of pulsed
plasma thrusters include following two regimes, 1)
electromagnetic acceleration regime, in which an interaction,
or Lorentz force, between a pulsed discharge current and a
self-induced magnetic field induced by the current
accelerates plasma in the discharge channel, and 2) electro
thermal acceleration regime, where plasma with high
thermal energy, due to Joule heating by the discharge
current, is expanded and accelerated aerodynamically.
However, to achieve a high-repetition frequency of pulsed
discharges, discharge energy, or current, per pulse should
be limited due to the limited capability of a power source.
In this case, because of the lower current, a self-induced
magnetic field generated by the discharge current, will not
be high enough. In our thruster, to enhance the magnetic
field, an external magnetic field is applied in the
acceleration channel.
Figure 1 shows an external view of a rectangular gas-fed
short-pulse plasma thruster with external magnetic field
using a permanent magnet developed in this study, and its
cross-sectional view is illustrated in Fig.2. As shown in
these figures, a rectangular acceleration channel consists of
parallel electrodes made of tungsten rods (5 mm in length, 3
mm in diameter, gap of electrodes of 5 mm) and glass sidewalls insulating yokes for a magnetic circuit from the
electrodes.
In the acceleration channel, an external magnetic field
normal to a discharge current is applied as shown in Fig.1.
As for a magnetic field source, a neodymium magnet is

Figure 1 A rectangular gas-fed short-pulse plasma thruster
with external magnetic field using permanent magnet.

Figure 2 Cross-sectional view of thruster.

Figure 3 Magnetic field distribution of applied magnetic
field of thruster obtained from FEM simulation.
B. Short-pulse power source and thrust stand
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The schematic of experimental setup is illustrated in
Fig.4. Trains of pulse waves are generated by a function
generator (FG-350, Iwatsu Test Instruments Corporation),
and amplified by a power amplifier (NF4505, NF
Corporation, average output power of 350 W). Then after
boosted by a transformer (Union Electronics), high-voltage
repetitive pulse discharges are generated.
Typical repetition rates of the pulse discharges are 10 ~
19 kpps with the maximum voltage of 3.5 kV and pulse
duration of 900 ns (FWHM) As shown in this figure, thrust
measurement is conducted with a thrust stand installed in a
vacuum chamber. As for the argon gas propellant, typical
mass flow rates are 5 ~ 10 sccm. In the maximum propellant
flow case, the internal pressure of the vacuum chamber can
be maintained below 5 x 10-3 Pa. A thrust stand developed
and used for the measurement is shown in Fig.5. A height of
the thrust stand made of stainless steel is 400 mm and a
length of a pendulum arm is 300 mm. A knife edge is
employed for the pivot. As shown in the Figs.4 and 5, the
thruster is hung at the lower edge of the pendulum. With the
thruster installed on the pendulum, a natural period of the
pendulum is about 1 s. When the thruster is in operation, a
horizontal displacement the pendulum is induced by the
thrust, and then by measuring the displacement, a thrust is
estimated.
To measure the displacement, a laser displacement sensor is
employed (KEYENCE LK-01, minimum resolution of 20
um). Although this thruster generates repetitive pulsed
discharges, the facts, that a pulse duration of 400 nsec
significantly smaller than a natural period 1 s of the
pendulum and that a typical repetition rate of 10 kHz is
much larger than a natural frequency of the pendulum 1 Hz,
allows us to assume the thrust acting on the pendulum is
regarded as a steady force. Before each thrust measurement,
calibration of the stand was conducted. From the calibration,
the minimum resolution of the thrust was about 100 nN.

Figure 5 Photo of thrust stand.
C. ACalibration of thrust stand
Since a small thrust could be expected by a cold gas jet
estimated as high as 20µN, the calibration of the thrust
stand should range from 2 µN to 0.1 mN. Because the lower
range is very small to calibrate, the calibration range, or
namely method, was divided into two ranges (first range: 2
~ 10µN, second range: 10µN ~ 0.1 mN).
Although arbitrary weights can be used for the larger
(second) range of the thrust, the weights are not easily
applicable for much smaller forces (first range). Because of
this difficulty with the weights, an electrostatic actuator was
employed for the calibration of the first range. A schematic
of calibration setup using arbitrary weights for the second
(larger) range is shown in Fig.6. As shown in this figure, a
mass of a weight can generate an arbitrary force, or namely
a displacement, on the pendulum in this system. The
weights are made of copper with the masses of 2 ~ 10 mg.
A thin nylon string of less than 0.1 mg was employed to
connect the mass and pendulum.

Figure 6 Calibration of thrust stand with arbitrary weights.

Figure 4 Schematic of experimental setup.

A schematic of calibration setup using an electrostatic
actuator for the first (smaller) range is shown in Fig.7.
As shown in this figure, an arbitrary electrostatic force is
induced when an arbitrary voltage is applied to a pair of
planer plates with arbitrary gaps, and then a displacement of
the pendulum will be induced. The applied voltage was
fixed as 320 V. The gap between the plates was adjusted
with a linear actuator enabling the gaps to be controlled
from 1 ~ 2 mm, which were also monitored with a laser
displacement sensor. A schematic of calibration setup using
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an electrostatic actuator for the first (smaller) range is
shown in Fig.7. As shown in this figure, an arbitrary
electrostatic force is induced when an arbitrary voltage is
applied to a pair of planer plates with arbitrary gaps, and
then a displacement of the pendulum will be induced. The
applied voltage was fixed as 320 V. The gap between the
plates was adjusted with a linear actuator enabling the gaps
to be controlled from 1 ~ 2 mm, which were also monitored
with a laser displacement sensor.
A relationship between a displacement, or a gap, and a force
can be expressed by a gap D, area of plates S, and applied
voltage V. Where, ε0 is dielectric constant in vacuum, a
and b are vertical and horizontal lengths of the plates (S = a
x b). In Eq. (1) an edge effect of plate edges is also included.
Results of the calibration for two regions are plotted in
Fig.8.

A typical discharge voltage waveform is shown in Fig.9. It
is shown that the maximum voltage is 6.5 kV with a pulse
duration of about 900 ns in this case. Effects of repetition
rates on thrust and thrust efficiency, respectively, are
plotted in Figs.10 and 11. In the figures, it can be seen that
thrust and efficiency increase with repetition rates of pulses
and mass flow of the propellant. The maximum thrust and
efficiency are 0.16 mN and 12%, respectively at mass flow
of 10 sccm and repetition rate of 19 kpps. Since average
input powers for these experiments were about the same, an
energy per pulse must be reduced at higher repetition rate
cases. Typical discharge energies for each pulse were 35
mJ/pulse for 10 kpps, 23 mJ/pulse for 15 kpps, and 18
mJ/pulse for 19 kpps.

Figure 9 Typical discharge voltage waveform.

Figure 7 Calibration of thrust stand with electrostatic
actuator

Figure 10 Effect of repetition rates on thrust.

Figure 8 Results of calibrations.
3. RESULTS AND DISCUSSION
Figure 11
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[12] Ziemer, J. K., Choueiri, E. Y, Birx, D.,”Is the Gas-Fed PPT
an Electromagnetic Accelerator? An Investigation using
Measured Performance”, AIAA-99-2289, 1999.

Figure 12

Photo of ignition experiment
4. CONCLUSION

In this study, characterization of high-repetition frequency
operation of a gas-fed low-power short-pulse plasma
thruster with an applied magnetic field was conducted. A
typical pulse repetition frequency was 15 kpps (pulse per
sec) with maximum voltage of 6.5 kV and pulse width of
900 ns. Results obtained in this study are as follows.
1)The maximum thrust and efficiency were 0.16 mN and
12%, respectively.
2)The maximum discharge voltage was 6.5 kV with a pulse
duration of 900 ns.
3)A typical discharge energy was 18 mJ/pulse in the case of
maximum thrust efficiency.
Currently, development of power sources with higher
repetition rates and shorter pulse durations is conducted to
investigate the influences of these parameters on the thrust
performance .
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ABSTRACT

For the future of optical interconnect, high optical coupling
efficiency is required for high density multilayer optical
printed wiring board (OPWB). Hence, we propose optical
pin as optical coupling devices between surface devices and
the multi-layer channel of OPWB using self-written
waveguide (SWW) with mask-transfer method. SWW-pin is
passively aligned and mask-transfer provides precise
positioning between surface device and channel waveguide.
This makes these technology is a promising technology for
coupling device. A comparison of coupling efficiency of three
cases methods is performed-using ray-tracing simulation.
The calculation for optical coupling efficiency with vertical
pin of -0.05 dB is achieved. The proposed of an easy and
sufficient fabrication concept using MTSW method with the
application of prism are expected. The vertical pin
technologies are anticipated to be useful in the future of high
optical coupling devices of the multi-layer and multi-channel
waveguides and /or a multi-core optical fiber.
Keywords— Optical coupling device, ray tracing simulation,
self-written waveguide (SWW), Mask-Transfer Self
(MTSW), optical pin, multi-layer printed wiring board
1. INTRODUCTION
With the dramatically enormous rapid growth in recent
information technology (IT) development, a remarkable
explosion in the information flow in the network necessitates
more excellent network capacity and speedy signal
processing in IT equipment and hardwares. Back then,
metallic wiring was widely used for data transmission;
however, restraint in a number of problems includes signal
degradation, bandwidth, impedance matching, crosstalk
between adjacent channels, large power utilization,
electromagnetic interference (EMI), bulky mass and huge
footprints have become acute bottlenecks in conventional
electric wiring, even inside of a box [1]. To address these
issues, optical interconnect technology as expected to solve
these problems has become the focus of active researches
and development in board-to-board and chip-to-chip
interconnection. The introduction of “linking with optics” in
replacement of "metallic wirings" is just a short cut [2], due
to the limitations of optical wiring in the context of optical

connections such as high optical coupling efficiency needs
excessively fine alignment have become the issues. To
overcome this issues, a sophisticated packaging and coupling
technologies yet cost-effective are needed to develop
practical optical interconnection that enables both large
coupling efficiency and easy alignment for high speed
optical printed wiring board (OPWB).
Currently, most waveguide devices are channel on one
substrate plane by mean waveguide formed only on one
plane. In spite of that, the structure of OPWB has been
expand ahead from a single optical layer to multiple optical
layers [3]. Since OPWB is going to be multi-channeled and
multi-layered [4], waveguides (1 x N channels) will be a
leading for the future of optical interconnect with high
density and large capacity.
High speed, high density, and small power consumption
multi-layer OPWB is required for the next generation of high
performance routers and servers. However, due to increasing
inter channel crosstalk and propagation loss at high speeds
such as more than 10 Gbit/s/channel, at data transmission
become resistance.
For high speed and huge capacity interconnection,
Shishikura et al [3] successfully demonstrated 10Gbit/s/channel operation and developed a multi-layer OPWB
using a cube-core structure as an optical confinement that
react as a waveguide core or a lens that is simultaneously
occur in the waveguide core fabrication methods. Hence,
high optical coupling efficiency between optical devices and
the lower waveguide layer for high-density optical
interconnections can be achieved.
Nevertheless, for future servers and routers of Tb/s-class
capacity, an interconnection rate greater than 20 Gb/s/ch is
required to overcome the obstacle for electrical signal
transmission. To achieve this requirement, Matsuoka et al
[5] successfully fabricated a huge capacity, small power
utilization and superior speed Optical Printed Circuit Board
(OPCB) 480 Gbps/cm2 (20 Gbps x 12 ch x 2 layers) with two
lens optical interface using an aspheric microlens array and
lens integrated PIN photodiode to support 20 Gbps/ch
operation. Previously Matsuoka et al [6] also successfully
demonstrated for 20-Gb/s/ch operation and developed a 1Tb/s (20-Gb/s/ch x 48-ch per transmitter (Tx) or receiver
(Rx)) huge capacity OPCB with a small power transmitter or
receiver optical I/O module.
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Thus, we interested in the optical coupling for surface device
(such as Vertical-cavity surface-emitting laser (VCSEL) or
photodiode (PD)) and multi-layer channels using self-written
waveguide (SWW) with mask-transfer method.
2. PROPOSED DEVICE CONFIGURATION
Transmitting signal from surface devices (VCSEL/PD) to
multi-layer channel mounted on an OPWB needs both high
optical coupling efficiency and easy alignment device. Given
these circumstances, we propose optical coupling device
with vertical optical coupling pillar called “optical pin”
patterned by (SWW) with mask-transfer method. The cross
sectional view of our proposed optical coupling device
structure is shown in Figure 1. These optical pins coved with
cladding resin can passively grow using SWW and precisely
aligned at the end of channel with the mask-transfer methods.
The SWWs and the circular windows of the photomask
aperture and optical waveguide channels of the OPWB were
precisely aligned under an optical microscope.
Previously, this device is applied to hybrid-integrated Siphotonics-based optical I/O cores, which is developed by
Japan National Research Project Team (PETRA) and has
been presented at OFC (Optical Fiber Conference, March
2015) [7][8]. The proposed device has a great additional
advantage and interesting structure. By adding in prism,
built-in alignment scheme become sufficient. Improved of
optical coupling efficiency is expected to be achieved when
the optical pin coupling device is coupled between surface
devices (VCSEL/ PD) and the multi-layer channel of OPWB
due to the accurately targeted by mask-transfer method. This
concept has the advantage of providing high density multilayer OPWB.

Configuration of multiple channel and multiple waveguide
for (a) No vertical pin, core end, 450 and (b) No vertical pin,
core end, 900 , 𝑔𝑔𝑔𝑔𝑔𝑔 200 𝜇𝜇𝜇𝜇 shown in Figure 2.

(a) Case 2

(b) Case 3
Figure 2 Configuration of multiple channel and multiple
waveguide for (a) No vertical pin, core end, 450 and (b) No
vertical pin, core end, 900
Case

Ray Tracing
Propagation

Configuration

(a)
Case 1
(Fig. 1)

(b)
Case 2

Figure 1 Cross sectional view of proposed optical coupling
device structure (Case 1).
3. COMPARISON OF COUPLING METHODS
For the future of optical interconnect with high density and
large capacity OPWB, configuration of multi-layers and
multi-channels is necessary. However, the obstacle of optical
coupling scheme between surface devices (VCSEL/ PD) and
the multilayer channel of OPWB become our priority and
concern, not the coupling between channels at the end face
and optical devices/ fibers. Therefore, three configuration
structure were considered and discussed as below;
i.
Case 1: vertical pin coupling between surface
devices (VCSEL/ PD) and the multi-layer channel
of OPWB (refer Fig.1)
ii.
Case 2: no vertical pin, core end at 450
iii.
Case 3: no vertical pin, core end 900

(c)
Case 3

Figure 3 Schematic diagram of beam propagation and Ray
configuration of Ray Tracing Method for (a) With vertical
pin, (b) No vertical pin, core end, 450 and (c) No vertical
pin, core end, 900 , gap 200 𝜇𝜇𝜇𝜇

A comparative study was simulated with ray tracing software
OptiCAD® (OptiCAD Corp.). Schematic diagram of beam
propagation and Ray configuration of Ray Tracing Method
for (a) With vertical pin, (b) No vertical pin, core end, 450
and (c) No vertical pin, core end, 900 , 𝑔𝑔𝑔𝑔𝑔𝑔 200 𝜇𝜇𝜇𝜇 shown
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in Figure 3. These three configurations is assembled with
photodiode (PD) and film in core.
Base on Case 1, few losses shown in beam propagation due
to reflection and refraction. However, it narrowed and
focusing due to the optical pin for the ray configuration.
Next, for Case 2, broader reflection shown for beam
propagation and ray configuration. Finally for Case 3, beam
propagation shows some refracted pass through the mirror
and reflected farther from PD for the ray configuration.
Table 1. Coupling efficient of the OWP by OPTI-CAD
simulation.
Ray
Coupling
Ray
reaching
efficiency,
Case
reaching
film in core
PD
𝜂𝜂 (dB)
(total 1089)
Case 1
1089
1077
−0.05
Case 2
1089
799
−1.34
Case 3
1089
489
−3.48
The coupling efficiency of the Optical Waveguide Plugs
(OWPs) of the optical connection rods is summarized in
Table 1. The equation for coupling efficiency will be given
by;
Ray reaching PD
𝜂𝜂 (𝑑𝑑𝑑𝑑) = 10 log10
Ray reaching film in core

large coupling efficiency between the fiber and fabricated
waveguide core can be achieved [4]. A previous study in
SWW has been introduced for realization of optical
interconnection [14]. Moreover, using this so called “optical
soldering” technology is a great promising to reduce the
alignment difficulties. It is also suitable to perform the
various shape OWPs on the optical devices [15].
The extended Mask-Transfer Self-Written (MTSW) to
improve the contact exposure of the UV-curable resin by a
current photomask and developed from the "classic" fiberSWW technology which only can produce a single 1-channel
waveguide
at
a
time.
A
UV-curable
resin
(SUNCONNECTTM, Nissan Chemical Industries, Ltd.) is
injected into a gap between the substrate and photomask; the
thickness of the fabricated device is controlled by the gap
size. At room temperature, the SWWs were grown. When the
UV light is irradiated, the photomask aperture is precisely
controlled the photomask and the cross section of SWWs [4].
MTSW technique is advantageous whereas it can be
assembled at single shot of UV light and by using M x N
arrayed photomask patterns it can be efficiently extended to
matrix-arrayed optical interconnection of multi-optical
layers and multi-optical waveguide channels [16]. Figure 4
shows schematically the MTSW method. By using MTSW
technologies, several new optical interconnect device have
been proposed and fabricated [17].

The ratio between the numbers of rays reaching PD with the
number of rays reaching film in core is calculated for the
coupling efficiency.
For each cases, 1089 ray is reaching the film in core without
loss. From the results, we realized that ray reaching PD is
various for 1077, 799 and 489 respectively for each cases.
This mean greater beam diverge for Case 3 followed by Case
2 than Case 1 through travelling to reach PD. Crosstalk occur
due to the ray loss.
As a result, the coupling efficiency is maximum for Case 1
(-0.05 dB) which is greater than Case 2 (-1.34 dB) and Case
3 (-3.48 dB). We conclude that the coupling efficiency
for Case 1 > Case 2 > Case 3 and descending Case 1 <
Case 2 < Case 3 for crosstalk. Without vertical pin, beam
flux become diverge and high density channel becomes
difficult. This showed that vertical pin maximizing the
coupling efficiency and minimizing the crosstalk between
channels.

Figure 4 The concept of MTSW method of fabrication
process [14].

4. MASK-TRANSFER SELF-WRITTEN
WAVEGUIDE TECHNOLOGY
The self-written waveguide (SWW) technology with lightcurable resin is one of the potential technologies to achieve
practical packaging and coupling technologies to enable both
high coupling efficiency and simple alignment [9][10][11].
SWW technique has advantageous in 1) great mechanical
strength, 2) less alteration of optical coupling loss, and 3)
unnecessary alignment in between an optical wiring and an
SWW [2][12]. Furthermore, under UV light irradiation, the
SWW method that allows fabrication of an optical channel
waveguide, grows from the end face of the optical fiber, the
growth is homologous to that of an icicle [13]. Extremely

Figure 5 Fabrication samples of 4 x 4 arrayed optical
connection rods [14]. (a) samples of square aperture
patterns, (b) samples of round aperture patterns
Fabrication samples of 4 x 4 arrayed optical connection rods
shown in Figure 5, (a) samples of square aperture patterns,
(b) samples of round aperture patterns, with period of 100𝜇𝜇𝜇𝜇
respectively [14]. A summary of MTSW technologies is
listed in Table 2. High optical coupling between SWW and
targets (VCSEL/ PD) need to be highlighted here as the
advantage of Mask-SWW Technology. Additionally, the
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refractive index of the representative grade is shown in Table
3 is used for the set up. Figure 6 shows fabrication of OWPs
with 250𝜇𝜇𝜇𝜇 pitches [18].

iv.
v.

Table 2. Summary of Mask-SWW Technology
Fabrication Tool
UV + Photomask
any patterns possible
SWW cross-section
ex. Disk, Rectangular,
Donut,
SWW longitudinal shape
straight, taper
SWW Size (diameter)
min 30 𝜇𝜇m
(length)
max 1000 𝜇𝜇m
High (1 mask can make
multi SWWs)
Productivity
ex. 100 x 100 SWWs at
one UV shot
High between SWW and
Optical Coupling
targets (VCSEL, PD)
key: UV light collimation
Remark
control
Table 3. Nissan Chemical Data sheet
NP-001
Physical properties
(CORE)
Viscosity at
4700
25 ℃ [𝑚𝑚𝑚𝑚𝑚𝑚 ∙ 𝑠𝑠]
Hardened
850 nm
1.5851
material
1305nm
1.5763
Refractive
1551nm
1.5744
index

Again, inject the space with light-curable cladding
resin; irradiate with UV-light (to stabilize the SWW
channel).
Wash off uncured resin.

(a) Concept image

NP-206
(CLAD)
7700
1.5523
1.5456

(b) Overall

1.5437

Figure 7 Proposed optical coupling device by MTSW [19]
(a) side (b) overall
5. CONCLUSION

Figure 6 Fabrication of OWPs [18].
4. FABRICATION METHOD
Figure 7 shows a schematic concept of the proposed optical
coupling device. Figure 7 (a) is a concept image. Figure 7 (b)
is an overall fabrication process. The fabrication process is
summarized as follows;
i.
ii.
iii.

Place a prism with an angle of 45° on the bottom
of multi-layered optical wiring board, inject space
with light-curable core resin.
Cover with an alternate white and black stripes
photomask, irradiate with UV-light through the top
of the photomask.
Wash off uncured resin after forming SWW
channel.

We proposed optical coupling devices with SWW by MTSW
called “optical pin”. From a ray-tracing simulation, it
showed that by using vertical pin, higher optical coupling
efficiency can be achieved. Thus minimizing the crosstalk
between channels. Next, fabrication concept shows that easy
fabricated using MTSW method with application of prism
make it sufficiently. Vertical pin technologies will be very
promising in the future optical coupling devices of the multilayer and multi-channel waveguides and /or a multi-core
optical fiber. For future improvements in optical coupling,
loss in cross point of the SWW will be considered.
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ABSTRACT
In this study, development of Al-water fed arcjet was
conducted, in which water and aluminum were fed to the
thruster as the propellant. The combustion of aluminum
with water as an oxidizer can release a very high energy
density with unit mass compared with fossil fuels. From the
chemical equilibrium simulation, it was shown that thrust
performance of the Al-water fed arcjet was as well as that
of hydrazine arcjets at low specific power range. In
addition, to observe behaviors of vaporized aluminum
propellant fed as a solid state rod to the arcjet and then
vaporized in the discharge plenum, a novel coaxial double
cathode was developed and tested. It was shown that
streams of vaporized aluminum were injected through the
injection holes at a tip of the coaxial double cathode. From
the spectroscopic measurement of the plasma in the plenum,
spectra of atomic and ionic aluminum were observed at 200
nm to 400 nm. In addition, larger heat generation, probably
due to exothermic chemical reactions of species, was
confirmed with mixed propellant of Al and water. Since the
heat exhausted from the nozzle was no longer measured
after termination of discharges, this chemical reaction
could be controlled only with discharges.

Fig.1 Variations of mole fractions of reaction
products and adiabatic flame temperatures with
initial temperature for initial mass fractions of
water and aluminum of 90% and 10%.

Keywords— Plasma Application, Plasma Source, Arcjet
1. INTRODUCTION
Althought propulsion systems on the majority of spacecraft
to date have consisted of chemical thrusters, an increasing
number of spacecraft launched recently use arcjet thrusters
as a high-performance alternative for north-south station
keeping (NSSK) of geosynchronous satellites 1-4). Through
the use of an arc for direct heating of the propellant stream
to temperatures much higher than the wall temperatures,
DC arcjet thrusters overcome the gas temperature and
specific impulse limitation of the resistojet thrusters and
can yield relatively high thrust power ratio among other
electric propulsion systems. Regarding propellants, various
kinds of gas have been applied to arcjet thrusters. Although
relatively low molecular-mass gaseous propellants such as
hydrogen generate a relatively high specific impulse, a need
for a high-pressure tank and leakage problems through seals
and valves are inevitable. These issues can be major

Fig.2 Relations between input power and
specific impulse for various propellants.

disadvantages for the use of the propellant of this type for
long-term missions 5). At present, hydrazine is the most
common propellant because it is storable as a liquid phase
and can be shared with chemical thrusters. However, due to
its relatively high freezing point of 274 K, temperature
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management is still necessary for the storage in space
environment. Since hydrazine is very reactive and toxic, the
materials for tanks and valves must be compatible to the
chemical properties.
For an alternative propellant, Kakami et al. proposed
Dimethyl ether (DME)6). Unlike hydrogen and hydrazine,
DME can be stored as a liquid phase under a relatively low
storage pressure without sophisticated temperature
management system owing to a freezing point of 130 K, a
boiling point of 119 K, and a vapor pressure of 6 atm at
room temperature. Catalyst is not necessary for propellant
gasification because DME is easily gasified or liquefied
simply by adjusting pressure or temperature. They
demonstrated that the DME arcjet thruster was comparable
to the conventional thruster in discharge voltage, power and
plenum chamber pressure. As for another alternative
propellant, we propose a mixture of aluminum (either solid
or powder) and water in this study. Since the combustion
reaction of the mixture can release a very high energy, a
thruster using this propellant can either be a chemically
augmented arcjet thruster or an electrically augmented
chemical thruster, in which much higher thrust
performances can be expected than conventional chemical
thrusters or even than hydrazine arcjets. Numerical
investigations based on chemical equilibrium calculations
are conducted to understand the details of combustion
reactions and products of the electrically augmented
aluminum and water reactions. In addition, to observe
behaviors of vaporized aluminum propellant fed as a solid
state rod to the arcjet and then vaporized in the discharge
plenum, a novel coaxial double cathode was developed and
its vaporization characteristics were experimentally
exmined.
2. ADVANTAGES OF USE WATER AND
ALUMINUM
Water is one of the handiest substances for a propellant in
terms of the chemically stable, harmless characteristics for
human body, and low-cost advantages for storage and
delivery at room temperature compared with conventional
propellants, such as hydrazine. Since it can be stored either
in a liquid or solid state in space environment, any highpressure tanks are not necessary. In addition, the water has
superior thermochemical characteristics as a propellant.
Due to large specific heat characteristics, the increase of
plenum temperature can be suppressed under the increase
of input power, or namely enthalpy, to the propellant. In
particular, the suppressed plenum temperature characteristic
will result in reduction of thermal losses of the thruster,
which can be conductive, radiative and frozen flow losses,
and also in improvement of thrust efficiency. In addition,
the large specific heat characteristic will contribute to the
increase of the plenum enthalpy which is a product of the
specific heat and temperature of the plenum, or namely to
the increase of the specific impulse, even under suppressed
plenum temperature conditions.
Since aluminum exists about 8wt% on the earth, its cost of
utilization as a propellant can be inexpensive. In addition, a

Fig.3 Influences of equivalence ratios on specific
impulse
w

ith various input power.

Fig.4 Photo (upper) and schematic (lower) of coaxial
double cathode
w

ith various input power.

Fig.5 Schematic of arcjet
block of solid aluminum is chemically stable and harmless
either to human body or to environment at room
temperature. Even at elevated temperatures below the
melting point, a block of solid aluminum mixed with water
even at a stoichiometric ratio is still stable and safe without
any combustion reactions. Therefore, under wide ranges of
temperature and pressure, a mixture of water and aluminum
can be a safe material. However, when the aluminum
surface is stimulated with a significantly high energy
density, a combustion reaction of water and aluminum
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additives will take place. The combustion of aluminum with
water as an oxidizer can release a very high energy density
with unit mass compared with fossil fuels, as follows,
2Al(s) + 3H2O(l) = Al2O3(cr) + 3H2 + 30 kJ/g. (1)
Therefore, a mixture of aluminum and water can be very
handy and superior material as a propellant for a thermal
rocket engine, if any high-energy density sources are
equipped. In this study, effects of use of arc discharges for
the ignition of the aluminum (either in solid or powder
state) and water mixture are investigated. Moreover,
advantages of use of the mixture for a propellant of an
arcjet thruster are also investigated for the improvement
thrust performance, or efficiency.
For equilibrium calculations of combustion reactions of
aluminum and water mixtures and further estimation of
thrust performances for a given nozzle condition of an
arcjet thruster, a simulation code, NASA Chemical
Equilibrium with Applications (CEA) developed by S.
Gordon and B. J. McBride7) was utilized. To include
additional heating through arc discharges occurring in an
arcjet thruster, an electrical input power was assumed and
added to an enthalpy, or power, of formation of reactants,
or propellant components.

Fig.6 Schematic of experimental setup

3. EXPERIMENTAL
Although our final goal is to utilize aluminum and water to
the propellant of an arcjet thruster, an objective of this part
is to examine a newly developed coaxial double cathode
designed to vaporize the aluminum propellant fed as a solid
state rod to the arcjet and then vaporized in the discharge
plenum. Optical observations of behaviors of the vaporized
aluminum propellant were conducted.
A photo and a schematic of a coaxial double cathode are
shown in Fig.4. The cathode consists of an inner aluminum
rod (diameter 2 mm) propellant inserted in a hollow
tungsten cathode (outer diameter 3 mm, inner diameter 2
mm). On a tip of the hollow cathode, there are two
propellant injection holes of 0.2 mm in each diameter. From
the injection holes, vaporized aluminum propellant, which
is heated, melted and vaporized by the arc heating of the
cathode tip, is injected to the discharge plenum and then
mixed and to be reacted with oxidizing propellant (i.e. air,
water, etc. ). A schematic of an arcjet employing the coaxial
double cathode is illustrated in Fig.5. To observe behaviors
the aluminum vapor from the injectors, a wall of the
discharge plenum is made of a quartz tube and therefore is
transparent. A body of the arcjet is made of boron-nitride
(BN), and an anode made of brass with a throat of 3 mm in
diameter. A schematic of experimental setup for plasma
behavior observation is illustrated in Fig.6. To observe the
aluminum vapor behaviors, a digital HD camera (30 fps)
and a multichannel spectrum analyzer were employed. To
drive the arcjet, a direct current (DC) power supply
(capable of maximum voltage of 500 V, current of 40 A)
and an igniter to initiate arc discharges were used. As
shown in this figure, temporal variations of discharge
voltages and currents were monitored. An amount of heat

Fig.7 Images captured by digital HD camera ((a) left:
discharge current 13 A, discharge voltage 17 V, mass
flow rate 208mg/s (Ar), 5.4 mg/s (Al)) and ((b) right:
discharge current 11 A, discharge voltage 34 V, mass
flow rate 50mg/s (H2O), 10.7 mg/s (Al))
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exhausted from the nozzle of the arcjet was measured with
a calorimeter.
Although our final goal is to utilize aluminum and water to
the propellant, an objective of this study is to observe
behaviors of aluminum vapor during discharges. To
simplify the phenomena, non-reactive argon gas is firstly
utilized for the gaseous propellant for comparison. In
addition, effects of vaporized water for the propellant is
also tested. Mass of the gas or liquid propellant were
controlled with mass flow controllers.

Table1. Discharge characteristics of typical operation

I [A]
V [V]
P [W]
Operating duration Dt [s]
m (gas) [mg/s]
m (Al) [mg/s]
Q [J]
Q/(PDt) [%]

4. RESULTS AND DISCUSSION
Although our final goal is to utilize aluminum and water to
the propellant of an arcjet thruster, an Images of aluminum
vapor injection from a tip of a coaxial double cathode
captured by digital HD camera are shown in Fig. 7 (a) and
(b), respectively. In this case at Fig. 7 (a), discharge current
and voltage were 13 A and 17 V, respectively, and, namely,
the input power was 221 W. In addition, a flow rate of the
gaseous propellant, argon in this case, was 208 mg/s. A
flow rate, or consumption rate, of the aluminum vapor
propellant was estimated from the difference of the mass of
the coaxial double cathode before and after discharges and
its duration, which was 5.4 mg/s. In Fig. 7 (b), discharge
current and voltage were 11 A and 34 V, respectively, and,
namely, the input power was 374 W. In addition, a flow
rate of the gaseous propellant, H2O in this case, was 50
mg/s. A flow rate, or consumption rate, of the aluminum
vapor propellant was 10.7 mg/s.
From the images, it was shown that streams of vaporized
aluminum were injected through the
injection holes at a tip of the coaxial double cathode.
Typical spontaneous spectra from the plasma in the plenum
are shown in Fig. 8. As can be seen, spectra of atomic and
ionic aluminum were observed at 200 nm to 400 nm and
spectra of atomic and ionic argon were observed at 600 nm
to 900 nm. From these results, it was confirmed that
injected vapor from the injectors shown in Figs. 7 (a) and
(b) was mainly vaporized aluminum. From argon spectra,
the maximum temperatures of the plasma are roughly
estimated, 9000 ~ 30000 K.
From these results, the successful feed of the vaporized
aluminum propellant to the discharge plenum was
demonstrated by employing the coaxial dual cathode.
Discharge characteristics of an arcjet in operation obtained
from the experiments with argon and water propellants
employing a coaxial double cathode are listed in Table 1. In
this table, mass flow rates of aluminum (m (Al)) were
estimated from the differences of the masses of the cathode
by measuring the cathode mass before and after operation.
Moreover, estimated amount of heats Q measured at
exhaust orifice of the arcjet, and ratios of those to input
energies (Q/(PDt)) are also listed. Although, measured
exhausted heats are very low, there is clear difference in
exhaust energy outputs between argon and water
propellants. Namely, larger heat generation, probably due
to exothermic chemical reactions of species, is confirmed
with mixed propellant of water and Al. Since the heat

Ar
13
17
221
10
208
5.4
6.0
0.2

H 2O
11
34
369
5
50
10.7
164.4
2.2

exhausted from the nozzle was no longer measured after
termination of discharges, this chemical reaction can be
controlled only with discharges.
Therefore, the aluminum combustion with water can be
ignited and sustained with discharges.
5. CONCLUSION
In this study, development of Al-water fed arcjet was
conducted, in which water and aluminum were fed to the
thruster as the propellant. Numerical investigations based
on chemical equilibrium calculations were conducted to
understand the details of combustion reactions and products
of the electrically augmented aluminum and water reactions.
From the chemical equilibrium simulation, it was shown
that thrust performance of the Al-water fed arcjet was as
well as that of hydrazine arcjets at low specific power range.
In addition, to observe behaviors of vaporized aluminum
propellant fed as a solid state rod to the arcjet and then
vaporized in the discharge plenum, a novel coaxial double
cathode was developed and tested. From hispeed camera
images, it was shown that streams of vaporized aluminum
were injected through the injection holes at a tip of the
coaxial double cathode.
From the spectroscopic measurement of the plasma in the
plenum, spectra of atomic and ionic aluminum were
observed at 200 nm to 400 nm and spectra of atomic and
ionic argon were observed at 600 nm to 900 nm.
From these results, it was confirmed that injected vapor
from the injectors of the coaxial double cathode was mainly
vaporized aluminum.
In addition, larger heat generation, probably due to
exothermic chemical reactions of species, was confirmed
with mixed propellant of water and Al. Since the heat
exhausted from the nozzle was no longer measured after
termination of discharges, this chemical reaction could be
controlled only with discharges. Therefore, the aluminum
combustion with water could be ignited and sustained with
discharges.
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ABSTRACT
In most cases, the semiconductor optical amplifiers (SOA)
are used with anti-reflection coating for its facets to avoid
laser oscillation. Providing effects by residual reflection at
the facets are theoretically analyzed. When the reflection by
the back facet exists, the SOA shows larger amount of the
amplified spontaneous emission as well as the larger
intensity noise. When the reflection by the front facet exists,
amplification ratio is reduced. However, the spectral
linewidth of the inputted optical signal is never changed by
amplification in the SOA, even the facets have residual
reflectivities.
Keywords— Semiconductor optical amplifier, facet mirror,
amplification rate, noise, linewidth
1. INTRODUCTION
Semiconductor optical amplifier (SOA) has excellent
features such as having large amplification rate and possible
integration with laser or detector. The SOA consist of
almost same structure with the semiconductor laser but is
provided with anti-reflection coating for the facets to avoid
the laser oscillation.
Meanwhile, theoretical analysis of the SOA became
difficult by providing the anti-reflection coating, because
the Langevin noise source can not be defined without
concept of the longitudinal mode, which has been well
defined in the laser cavity. Author of this paper proposed a
theoretical model to define the longitudinal mode in the
SOA without facet mirrors based on the quantum
mechanical property of the spontaneous emission, and
theoretically analyzed several features of the SOA such as
the relative intensity noise (RIN) can be reduced and the
spectral linewidth is hardly changed by the amplification
[1],[2].
In this paper, operating characteristics such as the
amplification rate, the intensity noise, the frequency noise
and the spectrum linewidth in the SOA having finite
reflectivity at facets are theoretical analyzed. Analyzing
manner is basically same as that in Ref.[1] but is added
several improvements and suitable approximations.
2. ANALYSING MODEL AND BASIC EQUATIONS

Fig.1 Structure of Semiconductor Optical Amplifier with
Facet Mirrors
Structure of the SOA is illustrated in Fig.1. Length of the
SOA is Lo . Thickness and width of the active region are
d and w , respectively. Power reflectivity of the back and
the front facets are Rb and Ra , respectively. Input optical
power, output optical power and driving current of the SOA
are Pin , Pout and I, respectively.
We express the electric field component E(t , r ) of the
optical wave with the forward and the backward
propagating component to be
~
~
E  A(  ) (t , z ) e j  z  A( ) (t , z ) e j  z  ( x, y) e j t  c.c. (1)
~
~
where A(  ) (t , z ) and A( ) (t , z ) are amplitudes of the forward
and the backward waves, respectively.  ( x, y) is a
normalized field distribution function in the transverse cross
section.  is optical angular frequency and  is
propagation constant. Variation of the amplitude is driven
from the Maxwell’s wave equation as
~
~
 A (  ) 1  A (  ) g    j ~ (  ) ~ (  )
(2)



A U (t , z ) ,
z
v z
2





where v is velocity of the propagation given by

v


c

 o  eff  neff

(3)

with an effective refractive index neff . g ,  and  are the
gain coefficient, the loss coefficient and a coefficient for
~
phase variation, respectively. U (  ) (t , z ) indicates inclusion
of the spontaneous emission.
We factorize the amplitudes to absolute value and phase
term as
()
~
A(  ) (t , z )  A(  ) (t , z ) e j  (t ,z ) ,
(4)
Variation of these terms are given to be
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 A(  ) 1  A(  ) g   (  )
~


A  Re U (  ) e j
2
v t
z



1
 (  ) 1  (  )  (  )
~

A  (  ) Im U (  ) e j
2
z
v t
A

()





(5)

d  (  )  (  )
 (  ) v a
n( z)  n (0) T () (t , z) ,(18)

v

dt
t
z
2



(6)

where  is so called linewidth enhancement factor and a is
a tangential coefficient of the gain given by

()

Carrying optical powers are given as

P() ( z)  







  

a 

E (  ) H (  ) dx dy  2

 eq (  )
A ( z) .
o
2

(7)

Here, we introduce a length L f with which orthogonality for
modes induced by the spontaneous emission and the photon
number S ( ) are defined.
2

S (t , z ) 
()

2  eff L f A(  ) (t , z )




Lf
 v

P (t , z )
()

(8)

3. FREQUENCY EXPANSION OF FLUCTUATING
TERMS
The noise sources are expanded with noise frequency term
(20)
  2 f n


where the gain coefficient is approximately given as follows
with electron density n and coefficients a and b, and is
separated to components ge and ga corresponding to
direction of electron transition between the conduction and
the valence bands.
a ( n  ng )
g 
 ge  ga
(10)
1  bn
an
1  bn

(11)

a ng

(12)

1  bn

F (  ) (t , z )   F(  ) ( z ) e j (t  z / v ) d

w/ 2

2

  d / 2 w / 2  ( x, y) dx dy .



T (  ) (t , z )   T (  )( z ) e j (t  z / v ) d


W (t , z )   W (  )( z ) e j (t  z / v ) d

Corresponding to these expansions, the photon number is
expressed with DC (or CW) term and fluctuated term as


S (  )(t , z ) S (  ) ( z )   S ( )( z ) e j (t  z / v ) d .



density n(t , z) , the gain coefficients g (t , z) and g e (t , z ) are
similarly expressed with DC terms and fluctuated terms.
Auto correlation and mutual correlation of the noise
sources are given as followings.



2

()2

T

()



(15)

W(  )

2



F(  )



4 S (  )  1/ 4




2

,

(27)

F(  ) F(  )



,

(28)

4 S ()  1 / 4 S ()  1/ 4

 W(  ) W(  )  W2









()
F(  ) W  W

v ge  g a S (  )  ge ,
 F

and V f is a volume corresponding the supposed length L f
(17)

(26)

2

nV f V f I 

 v g e  g a  S (  )  S (  ) 


Vo e 



(16)

W (t, z) is another Langevin noise source for change of the
electron density.
Variation of the optical phase is rewritten from Eq.(6) as

()

T T

where Vo is total volume of the active region

V f  wd L f .

(25)



()
F
F(  ) v  g e  g a    S (  ) S (  )  g e  ,



F (t , z ) in Eq.(9) is Langevin noise source for the optical
emission.
Change of the electron density is given as

Vo  wd Lo ,




F(  )
v ge  g a   S (  )  ge ,

(14)

.

(24)

Other values of the optical phase  (  ) (t , z ) , the electron

()

dn
v g S (  )  S (  )  n
I
W (t , z )
 
 

 eVo
dt
Vf
Vf

(23)



(13)

.

(22)



The supposed length L f is given by the coefficient ge [1]

L f  1/ ge

(21)



Here  is the field confinement factor into the active region.
d /2

(19)

T (  ) (t , z ) is a noise source for variation of the optical phase.

d S ()  S ()
 S ()


v
v ( g   ) S (  )  v g e  F (  ) (t , z ) (9)
dt
t
z

ga  

.

in forms of traveling waves [3]

Variation of the photon number is given as

ge  

 g  ge
a


1  bn
n n

n(  ) T(  )  n(  ) T(  )  0

.

(29)

(30)
(31)

By substituting Eqs.(21),(24) and corresponding
equations of n(t , z) , g (t , z) and g e (t , z ) to Eq.(9), we get
variations of the DC and the fluctuated components of the
photon number to be
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 S ()


z
 S ()

 
z

g    S (  )  g e

,

(32)
()

g   S()  aS ()  1n( )  F

v

.

(33)

Similar substitutions to Eq.(15) gives



vg S

()

()

Vf
n(  ) 



S


I
n

eVo 



,




W(  )  v g S(  )  S(  ) e2 j z / v
j V f  V f /   v a S (  )  S (  )



.

Now, we rewrite the absolute values of the amplitude to
the photon number. The photon number of the inputted
optical signal is

Sin (t ) 













S(  ) (0)
()

S


 a
n ( z )  n (0)

z
2



o

(39)

4. BOUNDARY CONDITIONS AT FACETS
The forward and backward waves are connected at the
facets. At the back facet Rb at z  0
~
~
~
A (  ) (t ,0)  Rb A (  ) (t ,0)  Ain (t )
,
(40)
~
where Ain (t ) is amplitude of the inputted optical signal. At
the front facet R f at z  Lo
~
~
A (  ) (t , Lo ) e j L  R f A (  ) (t , Lo ) e j L
o

o

.

The inputted optical signal is also factorized as
~
Ain (t )  Ain (t ) e j in (t )
.

(41)
(42)

We substitute Eqs.(4) and (42) to Eqs.(40) and (41) and get
relations among the absolute values and phases as

A(  ) (t ,0)  Rb A(  ) (t ,0)  Ain (t ) ,

 (  ) (t ,0) 

( )

Rb A (t ,0)

( )

(t ,0)  Ain (t )in (t )

A(  ) (t ,0)
A(  ) (t , Lo )  R f A(  ) (t , Lo ) ,

2 Lo   ( ) (t , Lo )   (  ) (t , Lo )  2 p ,

(43)
,

(44)
(45)
(46)

where p is an integer indicating the longitudinal mode in a
laser cavity.

(49)

/v

(50)
,

(51)

Rb S (  ) (0) (  )
Sin
 (0) 
in , (52)
S (  ) (0)
S (  ) (0)

 (  ) (0) 

Rb S (  ) (0) (  )
Sin
 (0) 
in ,
()
()
S (0)
S (0)

(  ) (0) 

(  ) ( Lo ) (  ) ( Lo ) .

(38)

(  )  a (  ) T(  )
.
n 

2
v
z

(0)

(48)

Rb
S
S(  )  in ,
S (  ) (0)
Sin



S(  ) ( Lo )  R f S(  ) e2 j L



,

(47)

S (  ) ( Lo )  R f S (  ) ( Lo ) ,

From Eq.(18), we get relations of



Pin (t ) .

S (  ) (0)  Rb S (  ) (0)  Sin ,



()

 v

(35)





(1  Rb ) L f

(34)

(36)
 S (  )  1
S ( )  S ()  2
 S 1  (  )   S(  )
()
S 1
 S  1
Substitution of Eqs.(35) and (36) to Eq.(33) gives
 ()
v a g S (  )  S (  )  2
 S(  ) 
S
 
g   
()
( )  
j V f  V f /   v a S  S 
z

(37)
a S (  )  1 W(  )
F(  )


j V f  V f /   v a S (  )  S (  )
v
()



Ain2 (t ) 

Variables A(  ) (t , z ) and Sin (t ) are expanded with DC terms
and fluctuated terms and are substituted to Eqs.(43) to (46),
resulting in,

Here, we suppose a relation to make simpler equation as

S( )  S(  ) e2 j z / v

2 eff L f

(53)
(54)

5. INTENSITY AMPLIFICATION
5.1. DC Terms
We suppose n , g and ge are spatially uniform in the
z direction for simple treatment. Then variations of DC
terms of the photon number are from Eq.(32) to be
ge
S () ( z) 
e( g  ) z  1  S (  ) (0) e( g  ) z , (55)
g 









ge
e( g  )( Lo  z )  1  S (  ) ( Lo ) e( g  ) ( Lo  z ) . (56)
g 
By tracing one round trip of the optical wave in the SOA
with Eqs.(48),(50),(55) and (56), the photon number of the
forwad wave at the front facet is obtained to be,
S () ( z) 

S (  ) ( Lo ) 

B2  B22  B1 B3

,

B1

where

(57)


 ,
B  1  R R G 1  R G Y  1  R R G  G S
B  1  R G  Y  21  R G Y G S  G S 
2

B1  1  Rb R f G 2
2

b

3

b

2

f

2

G e

b

b

f

2

2

2

b

( g  ) Lo

in

,
ge
Y 
G 1
.
g 
Output optical power from the SOA is given as
(1  R f ) v (  )
.
Pout 
S ( Lo )
Lf
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Here, we determine spatially averaged value of the
photon numbers by denoting with

such as,

1 L (  )
S ( z ) dz .
(67)
Lo 0
By using these spatially averaged values, Eq.(34) is
rewritten as
I
n vg
.
(68)


S (  )  S ( )
eVo  V f
S () 

o



K1 



Numerical calculation is performed to find suitable value of
n and photon umbers by using Eq.(57) to (68) for given
current value I.



()

C







v a g S (  )  S (  )  2
Yf



a S (  )  1 W F(  )


Yf
v


Y f j V f 



Vf

 v a S (  )  S (  )



,

(69)

,

(70)

.

(71)

Pin2
S in2 

RIN in
,
Pin2
S in2
and RIN for the output optical power is evaluated by
RIN out



( )







C
(73)
S ( z )   e X  ( L  z )  1  S(  ) (0)e X  ( L  z ) .
X
By tracing one round trip propagation with Eqs.(49),
(51), (72) and (73), we get
( )

S(  ) ( Lo ) 
with

o

Ys


Ys 1  Rb R f G2 exp 2 j Lo / v  .

, (74)
(75)

We rewrite the term Y(  )  Rb G Y(  ) with the noise
sources, and takes auto-correlated value as,

 ()  



 (  ) ( Lo ) 

 K2

F

 Rb2 G K 2

2

2

2

 G

S (  ) (0) (  )
Sin
 
in
()
()
S (0)
S (0)
, (82)
Yp


Y p 1  Rb

2

(83)


 (  ) (t , z )
  j  (  ) ( z ) e j (t  z / v ) d  2 f (  )


t
.

 2  f



  f ( z) e

()

()

j ( t  z / v )



(84)

d 

Therefore, the frequency fluctuation (noise) becomes,

(76)

()2

f

2

2

 Rb

S (  ) ( 0) (  ) 2
T
S (  ) (0)

  Lo   v a 
 
( Lo )  

 2 v   2 
2

2


S (  ) (0)  2
1  Rb (  )  n
S (0) 



S (  ) (0) (  ) (  ) 
T T 
S (  ) ( 0)


2
S
 (  )in
f in2   Yp
S (0)

 2 Rb

()

S (  ) (0) 2 
Sin   Ys
Sin


S (  ) (0)  2 j Lo / v
.
e
S (  ) (0)

The frequency fluctuation is given by time derivative of
the phase to be

 2 K 2 Rb Re(G ) F F
F(  )

 (  )  Rb

 T(  )

()

(81)

with



 2 Re( K1 Rb G* K 2* ) W F(  )
2

 a 
T () 
 (  )
dz  
n    Lo ,
v 
z
 2

By substituting this equation to the boundary conditions of
Eqs.(53) and (54), we get value of the phase to be

 K1 W2  2 Re K1 K 2* W F(  )

()2

Lo

0

S(  ) ( Lo )
2

(80)

Variation of the phase fluctuation has been given in Eq.(39).
If we can suppose that fluctuations n( ) and T( ) are almost
spatially uniform along, changed value of the phase
fluctuation is simply written as

2



2
Pout
S 2 ( Lo )



.
2
Pout
S 2 ( Lo )

o

Y(  )  Rb G Y(  )  G S (  ) (0) Sin Sin

(79)

6. PHASE FLUCTUATED TERM, FREQUENCY
NOISE AND LINEWIDTH

Furthermore, we suppose that the noise sources W and

F( ) are spatially uniform. Then, solutions of Eq.(37)
become
C ()
,
(72)
S(  ) ( z )   e X  z  1  S(  ) (0)e X  z
X

(77)

G  1
.
(78)
vX
The relative intensity noise (RIN) for the inputted optical
power is defined as

For calculation of fluctuated terms, we suppose that DC

X  g   

,

K2 

5.2. Intensity Fluctuated Terms and Intensity Noise

terms of n , g , ge and S ( ) are spatially uniform for simple
calculation.
To analyze Eq.(37), we rewrite as followings:





aG  1 S (  )  1  Rb G S (  )  1
Yf X 

2

where

(85)
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The auto-correlated value the electron density fluctuation
n2 is also obtained from Eqs.(35) and (76).

The spectrum linewidth is given with the frequency noise
as limit of   0 to be
2

 f  4 f 0(  ) ( Lo )

.

(86)

7. NUMERICAL CALCULATION
As the model of numerical calculation an InGaAsP quantum
well structure is supposed. Used parameters are
  1.55 m , Lo  1.0 mm , w  2.0 m , d  40 nm ,
, ng 2.0 1024 m 1 ,   3.0 ,
  0.86 ns , neff  3.5

Fig.2 DC output power vs. driving current when the input
optical power is zero.

, a 1.3451019 m2 ,
 3.0 103 m1 ,   0.035




1.0 1015 Hz -1 and

b 3.5831025 m3 , RIN
in
2
f
1.0 105 Hz .
in

7.1. Amplification of DC optical power
Variation of the DC output power Pout with driving current I
without input optical power Pin  0 is shown in Fig.2.
Origin of this output power is the spontaneous emission
because there is no input power. The case having finite
reflectivities at both the back and the front facets show the
laser oscillation with threshold currents of I th 62mA for
Rb 
Rf 
0.3 , and I th 128mA for Rb 
Rf 
0.01 . The

Fig.3 Amplification rate vs. input optical power

case of Rb  0.3 with R f  0 is not the laser oscillation but
reveals large output power due to the amplified spontaneous
emission (ASE) which is generated in backward direction
and reflected by the back facet mirror Rb and amplified
more in the forward propagation.
Variation of the amplification rate Pout / Pin with input

Fig.4 Amplification rate vs. driving current
optical power Pin is shown in Fig.3. Larger value of the
amplification rate for smaller input power comes from the
inclusion of the ASE as shown in Fig.2 and is not true amplification rate.
amplification rate.
Larger input power range than
Rf 
0.3
Pin  200W could be trusted. Situation of Rb 
7.2. Intensity Noise
show reduction of the amplification rate, because the
amplification gain g is clamped at the threshold level due to
the laser oscillation. Situation of Rb  0 but R f  0.3 is not
suitable to get larger amplification rate, because output
power is reduced by the front facet mirror R f .
Variation of the amplification rate Pout / Pin with driving
current I for Pin  1mW is shown in Fig.4. It is clear that
situation of Rb 
Rf 
0 is the best, and Rb 
Rf 
0.3 and

Rb  0 but

R f  0.3

are

worse.

Situations

of

Rb 
Rf 
0.01 and Rb  0.3 with R f  0 are not bad as the

Noise frequency spectrum when the optical input is
Pin  1mW with RINin  1015 Hz -1 is shown in Fig.5.

RINout can be reduced from input RIN level. This effect
comes from that amplification gain for fluctuated
component becomes smaller than that for DC component as
found in Eqs.(32) and (37).
Variations of RINout for the input optical power Pin and
driving current I are shown in Figs.6 and 7. We found that
RINout can be reduced from RINin for all cases if input
optical power and the driving current are large enough.
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affect on the frequency noise of the SOA even the SOA is in
laser oscillation given by Rb 
Rf 
0.3 in Fig.8. This is
very different character compare with the free running laser
oscillation.
The spectral linewidth of the output light from the SOA
is given in Fig.9. The linewidth is never change though
amplification in the SOA, as found by putting   0 in
Eq.(85).
Fig.5 Frequency spectrum of intensity noise when input
optical power is 1mW

Fig.8 Frequency spectrum of frequency noise when input
optical power 1mW.

Fig.6 Relative intensity noise vs. input optical power

Fig.9 Spectrum linewidth
8. CONCLUSION
Effect of facet reflections on amplification and noise
characteristics in the SOA are theoretically analyzed. To get
larger amplification with higher power, the residual
However, we should be careful that situation reflectivity at amplifier facets should be reduced. However,
Rb 
Rf 
0.3 is in the laser oscillation and can not use as residual reflectivities are not terrible problem to keep
specific features of the SOA, which are the RIN level can be
an amplifier as given in Figs.2 to 4. Situation Rb  0.3
reduced and the linewidth is hardly change by the optical
with R f  0 show larger RINout than that of Rb 
Rf 
0
amplification in the SOA.
because fluctuated power emitted backward direction is
reflected by the back facet and amplified in the forward
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ABSTRACT

Characteristics of intensity (IM) noise and frequency (FM)
noise in semiconductor optical amplifier (SOA) without
facet mirrors were theoretically analyzed. We introduced
concept of discrete longitudinal modes for spontaneous
emission as the basis of quantum mechanical treatment.
With this concept, we can quantitatively examine the
Langevin noise sources. We also introduced some
developments and improvements from our previous
theoretical analyses. The relative intensity noise (RIN) level
increases for lower input power than several hundred μW,
but is reduced for larger input power in lower frequency
region than 1 GHz. The FM noise increases proportional to
square value of the noise frequency and less affected by the
electron density fluctuation. The FM noise in the higher
frequency is caused by the intrinsic phase fluctuation
associating the optical emission. Both the IM and the FM
noises becomes stronger for lower optical power.
Keywords— optical amplifier, semiconductor optical
amplifier, noise
1. INTRODUCTION
Optical amplifier is one of the most important devices in
optical communication system. One of the optical amplifiers
is semiconductor optical amplifier (SOA). Semiconductor
optical amplifier has several advantages such as compact
size (only 1 mm length), high gain and can be easily
integrated with semiconductor laser.
However, SOA has a disadvantage that reveals higher
noise than other optical amplifier such as the Erbium doped
fiber amplifier. Several studies about noise in SOA have
been done [1-11], but the intrinsic characteristics of the
noise is not clear enough.
Source of noise in SOA is the quantum noise which is
caused by temporal fluctuations on transition of electrons
between two energy levels. The noise source in SOA is
included in the rate equations of electron and photon which
is known as Langevin Noise Source. Characteristics of
Langevin noise source can be analyzed when the optical
field is defined as discrete mode number where the modes
are orthogonal each other.

Structure of the SOA is very similar with that of
semiconductor laser. The main difference is that SOA does
not have facet mirrors. Semiconductor laser has front and
back facet mirrors which show the closed cavity condition
by which the discrete longitudinal modes are well defined. .
However in SOA, the front and back facet mirror are antireflection coated. Therefore, definition of the discrete
longitudinal mode seems difficult. We proposed idea to
define the discrete longitudinal modes in the SOA based on
property of the spontaneous emission [9, 11] and analyzed
the noise characteristics quantitatively. Analyzed results
were well coincide with experimental data [10,11].
In this paper, we show a more accurate and improved
analysis. Noise characteristics at high frequency region
becomes clearer than the precious analysis.
This paper is organized as follow. In Section 2, the basic
model for analysis, equations describing the operation of
SOA and definition of longitudinal modes are given. In
Section 3, the terms of Langevin noise sources, optical
power, electron density and optical phase are expanded with
noise frequency components to analyze the intensity (IM)
and frequency (FM) noises. In Section 4, the numerical
calculations are performed. In Section 5, the conclusions are
given
2. MODEL FOR ANALYSIS
2.1. Structure of Semiconductor Optical Amplifier

Fig.1 Structure of semiconductor optical amplifier (SOA).
Structure of semiconductor optical amplifier (SOA) used
in this analysis is shown in Fig.1. The front and back facets
of the SOA are anti-reflection coated to prevent reflections.
The length of SOA is Lo, the width and thickness of the
active region are w and d, respectively. The signal wave
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propagates in the z-direction. The driving current is I and
the input power of the signal is Pin .
2.2. Photon and Longitudinal Modes
The spontaneous emission is caused by the zero point
energy of the quantized optical field with discreet
longitudinal mode [12]. We define the photon and
longitudinal modes for the amplified spontaneous emission
(ASE) as followings: We suppose a finite length Lf with
which the photon number is defined. The optical energy W
in the supposed length Lf is given as

W 

   E

zL f / 2 



z  L f / 2  



()2

 E (  ) 2 dx dy dz

.

1

m S m( )  Sm( )  2   m

(1)

Here, S m(  ) and S m(  ) are photon numbers of the forward and
backward propagating optical wave of mode m,
respectively. The zero-point energy of the quantized optical
wave (1/ 2)m is originally defined with a standing wave,
which is a superposed mode of the forward and the
backward waves, and should be uniquely defined with the
quantum number 1/2 without doubling the quantum number.
This is a new improvement from the previous works [9-11].
Then, we can define longitudinal mode m with condition of
2 m L f  2m
.
(2)
Orthogonal relations among the signal mode and all ASE
modes are guaranteed. The propagation constant  m is
characterized with equivalent dielectric constant or
equivalent refractive index  eq   o n eq2 . Propagation speed v
and optical frequency f mo are as in the followings:

 m   0 eq m 
v

c
n eq

2  f mo
v
.

,

(3)
(4)

example based on our proposed model. The center peak is
the signal mode, fine Lorentzian shape spectrum show
contribution from each ASE mode and flat spectrum is
summed up output of the ASE modes.
2.3. Gain and Spontaneous Emission
The amplitude Am (t , z) is factorized to an absolute value
and phase term:

Am (t.z)  Am (t, z) e j

m (t , z )

,
(5)
(t,z)
is
the
optical
phase
where θm
The carrying optical power Pm(t,z) of the forward
propagating mode along the waveguide is
 

Pm (t , z )    Em(  )  H m(  ) dxdy  2neq 0 Am (t , z ) 2
 
0
[W]. (6)


Sm(  ) mv
Lf

where Em( ) and H m(  ) are electric and magnetic components
of the mode m, respectively.
Dynamic equation of optical power Pm(t,z) is obtained
from Maxwell’s wave equation with suitable manipulation
and quantum mechanical modification [9]:
Pm 1 Pm
 m vgem  m



( g m   ) Pm 
Fm (t , z )
z v t
Lf
Lf
, (7)
where gm is the gain coefficient, κ is the guiding loss
coefficient and F m(t, z) is the Langevin noise source for

photon number. Note that vgem indicates the spontaneous
emission.
In this paper, we take up an SOA which is made of
InGaAsP system having a quantum well structure. Then, the
gain coefficient gm shows saturation phenomena with
increasing of electron density n. We propose an
approximated expression of the gain coefficient as [11].
 a(n  n g )
gm 
1  bn
,
(8)

where  is the field confinement factor, a and b are
coefficients to characterize the gain coefficient. ng is the
transparent electron density.
From quantum mechanical point of view, the gain
coefficient gm consists of two parts, g em for optical

Fig. 2 An example of calculated light output spectrum from
an SOA.

emission and g am for optical absorption, corresponding to
the electron transition from the conduction band to the
valence band and that from the valence band to the
conduction band, respectively:

g m g em  g am .
(9)

Although discrete values of the mode number m are
supposed, the output ASE profile reveals continuous
spectrum as shown in Fig. 2 because of the spectrum
broadening by each ASE mode. Fig. 2 is a calculated

－142－
–2–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

2.4. Examination of Supposed Length Lf

3. NOISES ANALYSIS

Since the term vgem gives emitting probability of the

spontaneous emission, 1 / vgem is a time period in which one
photon is emitted in the mode m as the spontaneous
emission. During this time period, the photon propagates
length Lf with velocity v. After this time period, the next
spontaneous emission is generated in the mode m.
Based on the discussion mentioned above, we can
conclude that the supposed length Lf must be
v
1
Lf 

.
(10)
vgem g em
The frequency separation of the longitudinal mode is,
vgem
v
.

m  f ( m1) o  f mo 
2L f
2

3.1. Frequency Expansion of Fluctuated Terms
The fluctuation on the electron density are determined
with fluctuation on the optical intensity as shown in eqs. (7)
and (14). Therefore, we need to analyze fluctuations on all
temporally changing variables to determine the noise.
We expand the noise sources with noise frequency
components;

Fm (t , z )   Fm ( z )e

W (t , z)  W ( z )e

d ,

d .

j(t  z )
v

d .

(17)
(18)
(19)

Here,

  2 f N

2.5. Electron Density Variation
The three dimensional volume Vf in the active region
corresponding to the supposed length Lf is
Vf  wd Lf ,
(12)
and total volume of the active region is
V0  w d L0

(13)

The variation of electron density n in the volume Vf is given
as [11],
g P
W (t , z )
dn
n
I
,
(14)
  m m  




dt
wd
eV
Vf
m
m
0

(20)
is an angular frequency corresponding to the noise
frequency fN.
In this paper, we expand the temporally changing
variables with term of exp[ j(t  z / v)] instead of
exp[ j t ] in refs.[9,11], because the fluctuations should
propagate with velocity v of the optical field in the SOA.
This is the second improvement from our previous analysis
in refs.[9, 11].
Then, the optical power, electron density and gain
coefficients are represented with continuous wave (CW)
terms and fluctuating terms as follows:

Pm (t , z ) P m ( z )   Pm ( z )e


where τ is the electron lifetime, e is the electron charge and
W(t,z) is the Langevin noise source for the electron number
fluctuation.


n(t , z) n( z)   n ( z)e

j ( t  z v )

j( t  z )
v

g m (t , z ) g m ( z )  g m  n ( z )e


2.6. Optical Phase Variation
A dynamic equation for variation of the optical
phase  m (t , z) is [9]:

dm m


v m
dt
t
z
.
(15)
v g 'm
n( z)  n (0) Tm (t, z)

2
Here, α is the linewidth enhancement factor which indicates
change of the refractive index with the electron density. g m
is derivative of the gain coefficient on the electron density
defined by

g
a
g 'm  m 
 n 1  bn

j(t  z )
v

Tm (t , z)   Tm ( z)e

(11)

j( t  z )
v

.

(16)

n is a temporally averaged (CW) value of the electron
density. Tmz (t , z) is a noise source giving an intrinsic phase
fluctuation associating the electron transition. The FM noise
is driven from the phase variation.

d .

d ,

j ( t  z v )

g em (t , z ) g em ( z )  g m  n ( z )e


d ,

j ( t  z v )

d .

(21)
(22)
(23)
(24)

3.2. Propagation of Intensity Noise
By substitution of eqs. (17), (21) – (24) into eq. (7), we
get equations for spatial variations of the CW term and the
fluctuating term of the optical power along z-direction,
respectively, as:
 v
Pm

 g m   Pm m g em ,
(25)
z
Lf

Pm

z





gm   Pm  Pm  mv gm n  m Fm .(26)

Lf 
Lf



We also substitute eqs. (18), (21) - (23) into eq.(14) and
obtain equations for the CW term and the fluctuating term
of the electron density, respectively, as:
g P
n
I
,
(27)
0 m m  
 eV0
m  m wd
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n 

g P
W
  m m
Vf
m  m wd
j  
m

g m Pm
1

 m wd 

.

(28)

Now, we substitute eq.(28) to eq. (26) and derive an
equation for auto-correlated value of the intensity
fluctuation, because amount of the fluctuation are evaluated
with auto-correlated value. We get:
 Pm2
 Pm *
 P*

Pm  Pm m
z
z
z



m v  g m' P p 1  

'


g
g
P
m


m m

L f  p  p wd   

  Pm2
 2 g m   
2


'



g m P p 1  
2


m wd 
   




,(29)

 p  p wd   





 v 
2 g m' P m  m 


L f 

Pm W



 Re 

'
Vf
g
P
1
p
m
  j 
p  wd   

p


2m

 Re Pm F
Lf

W

Vf n Vf I
g  g am
,
L f Pm 
  em

m

V0 e
m

g  g am
FmW 
W Fm 
 em
L f P m  v g em ,
m

f m ( z ) j  g m'
T ( z) 

n ( z )  m  .

z
v 
2  2
Then, variation of the auto-correlated value of

(36)

f m2

is

given as

 f m2
z

 f m *
f*
f m  f m m
z
z



  g m

Im f mn  Im f mTm

2
v
The frequency noise

f m2 ( z ) 

2
2 2

z


0

z'

0

,

(37)

2
f m
( z ) at position z is expressed by:

  m g m  2 2
1
 n ( z )  2 Tm2 ( z )

v
 2 


 d z  d z 


 f m2 (0)

Auto-correlated value of the carrier density fluctuation is:
2
 L f g m  2 
2L f g m
 2
2


Re Pm W  
n
Pm 

 W  
m  m wd
m   m 




.(30)
2
 

'


g P m 1  

 V f2  2    m

 m  m wd   
 

 
 
The correlated values of Langevin noise sources are
given with CW components of the electron density and the
optical power as:
g  g am  
Fm2  em
L f P m  v g em ,
(31)
m
2


The optical phase is expressed from eq. (34) to be
j ( t  z v )

f ( z) e
d 
m (t , z )  2  f m ( z )t   m
 . (35)
j


By substituting eqs (19), (22), (34) and (35) to eq.(15), we
get an equation for spatial variation of the fluctuating term
of the optical frequency as:

[Hz2/Hz].
(38)
We find from this equation that the FM noise is
proportional
to
square
value
of
the
noise
frequency f N   / 2 . If the integrand variables are almost
uniformly distributed along z-direction, the double integral
gives

z


0

z

0

dz  dz   z 2 / 2 . Then the FM noise of the output

light is almost proportional to  Lo  .
2

Amount of the intrinsic phase noise source Tm2 is
obtained as a divided value of the intensity noise source
Fm2 by intensity of the electric field.

(32)

Tm2 

(33)

Fm2
1

4 S m(  )  
4


2



g em  g am  
L f P m  v g em
 m
 Lf
1
4
P m  
4
  m

2

,(40)

This equation is slightly different from similar equation in
ref. [9] on the treatment of the zero-point energy. This
change is the third improvement from our previous analysis
in ref. [9].

3.3. Propagation of FM Noise
The shift of the frequency f m is derived from the optical
phase  m (t , z) as,

3.4. Initial Conditions

m (t , z)
j(t  z )
v
2 fm 
2  f m ( z)   fm ( z) e
d , (34)



t
where f m is temporally averaged component and f m is
fluctuating term. The FM noise is given by this fluctuating
term as f m2 .
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for m  s ,
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P m (0)  0

for m  s ,
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Ps2 (0)  P2

in

for m  s ,

(43)

for m  s ,

Pm2 (0)  0

f s2 (0)  f in2

(44)

for m=s .

Mechanism of this noise reduction effect comes from the
fact that fluctuating phases of the optical power and the
electron density are temporally opposite each other resulting
in reduction of the amplification gain for the fluctuating
power as given in eq.(29)

(45)

We should be careful about the initial condition for the FM
noise of the ASE mode. At the position z  0 ,  m /  z 0

can be supposed, but  m / t 2 f m is not zero.
initial condition becomes
2
1  vgm'   2


f (0)  2 
n (0)  Tm2 (0)
4  2 
2
m

The


 for m  s (46)


4. CALCULATED DATA

Fig.3 Frequency Dispersion of Relative Intensity Noise

As the model used for numerical calculation, an SOA
made of an InGaAsP system is supposed. The width w,
thickness d and length L o of the active region are

2 10 6 m, 4 10 8 m and 110 3 m, respectively. The
electron lifetime  is 8.6 10 10 s. Optical wavelength 
and half wavelength of spontaneous emission  are
1.5510 6 m and 8 10 8 m, respectively. The values of
equivalent refractive index neq is 3.5, linewidth enhancement
factor α is 3 and confinement factor  is 3.5 10 2 .
The gain coefficient and the spontaneous emission are
assumed to be identical for all modes within half
wavelength  of the spontaneous emission with a =

Fig. 4 Electron Density Fluctuation

and b = 3.58310 25 m 3 , and
1.34510 19 m 2

ng 2 1024 m 3 . The number of counted longitudinal
modes within  is

M

2neq L f 

2

.
(47)
The Intensity noise of the outputted light is evaluated as the
Relative Intensity Noise (RIN) which can be analyzed as:

RIN 

Ps2  M Pm2

P  M P 

2

s

for m ≠ s,

(48)

m

Fig. 5 Intrinsic Phase Fluctuation

As the operating situation, the RIN and the FM noise for
the inputted signal light
are assumed to be

RIN in  Pin2 / Pin2  1015 Hz 1 and

f in2 

K1 H
0 ,0z

respectively.
Fig. 3 shows calculated results of noise frequency
spectrum of the RIN. RIN value of the inputted signal light
is indicated with a chain line. When the inputted optical
signal power Pin is lower than several hundred W , the RIN
of the output light is increased. However, the RIN of the
output light can be reduced from that of the inputted light
when the input power is larger than 1mW. This reduction
effect was already predicted in ref.[9] and experimentally
confirmed in ref.[10].

Fig.6 Frequency Dispersion of FM Noise of the signal light
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Amount of the fluctuation of the electron density

n2 ( L o ) is shown in Fig. 4, where the fluctuation is rapidly
reduced in higher frequency region than several hundred
MHz, resulting in less effective for the noise reduction
effect. This simple result is one issue of this paper.
Frequency dispersion of the FM noise of output signal
light

4. Fluctuation on the electron density less affects on the FM
noise of the inputted signal light.
5. The amplified spontaneous emission less affects on the
FM noise of the inputted signal light.
6. The FM noise in the high frequency region is caused by
the intrinsic phase fluctuation on the optical emission, and
becomes the stronger for the lower optical power.

f s2 ( L0 ) is shown in Fig.6. As found from eq.(38),

the FM noise added in the SOA is proportional to  2 , the
FM noise hardly increase in the lower frequency region, but
rapidly increase in the high frequency region.
The electron density fluctuation n2 ( Lo )

reduces in

higher frequency region than several 100 MHz as shown in
Fig.4. On the other hand, the intrinsic phase
fluctuation Ts2 ( Lo keeps same value for whole frequency
range as in Fig.5. Meanwhile, the FM noise increases in the
higher frequency region. These facts mean that the higher
FM noise in the higher frequency region comes only from
the intrinsic phase fluctuation Ts2 ( Lo .
The possibility to include the interaction among the ASE
modes to the analysis of FM noise is only through the
electron density fluctuation n2 which is caused by all
existing modes. However, the effect from the electron
density fluctuation on the FM noise is very weak. Then, we
can conclude that the ASE does not affect on the FM noise
of the inputted optical signal.
From eq.(40), we find that increasing the optical power
Ps will cause lower intrinsic phase fluctuation Ts2 . Then
the FM noise given in Fig.5 shows the smaller value for the
higher input optical power Pin .
4.

CONCLUSION

The characteristics of intensity (IM) and frequency (FM)
noises in semiconductor optical amplifier (SOA) without
facet mirrors were theoretically analyzed. The concept of
discrete longitudinal mode for the spontaneous emission
was introduced as the basis of quantum mechanical
characteristics, allowing the quantitative examination of
noise sources for fluctuation of the photon number, the
electron density and the optical phase.
Obtained
followings:

results

by theoretical

analysis

are

as

1. The Relative Intensity Noise (RIN) of the output light
increase when the inputted optical power is lower than
several hundred μW
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A novel RSSI prediction using ICA, RBF and FFA in
wireless networks
Shidrokh Goudarzi, Wan H Hassan

In this study, we design a vertical handover prediction method to minimize unnecessary handovers for a mobile node (MN)
during vertical handover process. This approach relies on a novel method for prediction of RSSI named as IRBF-FFA that is
designed by utilizing imperialist competition algorithm (ICA) to train the radial basis function (RBF) and hybridizing with firefly
algorithm (FFA) to predict the best solution. In order to assess the models’performance, we measured the coefficient of
determination (R2), correlation coefficient (r), root mean square error (RMSE) and mean absolute percentage error (MAPE). The
achieved results show that the developed IRBF–FFA model provides more precise predictions. The performance of the proposed
model is analyzed through simulated and real-time RSSI measurements. The results specify that the developed
IRBF–FFA model can be used as an efficient technique for accurate prediction of vertical handover.

1. Introduction
With the possibility of network prediction which has developed as a very significant issue in the next
generation access networks, the usage of network with low cost and high data rate can be maximize. In
this regard, some methods have been carried out on handover prediction (Sadiq, Ali Safa, et al., 2014).
Due to necessity of accurate and reliable VHO decision, artificial and computational intelligence methods
have been mostly used to predict vertical handover in many studies. Neural networks have been
successfully used to solve complicated problems by automatically learning the system behavior. The field
of neural networks has applied in handover related issues in order to estimate the signal decay (Z. Salcic
and E. Chan, 2000) and to predict users’ profile (X. Shen et al. 2000). In RSS based prediction
algorithms, RSS of the current attachment point is compared with the RSS of the other available networks
for prediction a handover. Becvar et al. (2011) suggest a handover mechanism to maximize the handover
prediction efficiency using the parameter of RSSI (M. Ylianttila et al., 2005; S. Mohanty and I. Akyildiz,
2006). The authors have described two thresholds for RSSI in order to use the best usage of it. Using
a similar method in (B.-J. Chang and J.-F. Chen, 2008; B.-J. Chang et al., 2009), they proposed a
predictive RSS scheme with the markov Decision Process (MDP) based network selection for vertical
handovers in heterogeneous wireless networks. In the first stage, a polynomial regression based
methodology is used to predict whether an MN handovers nearer to or away from a wireless network. In
the next stage, candidate access network with the lowermost possible cost must be determined for an
optimal network selection for handover. The proposed approach could achieve load balancing in the
target networks and prevents unnecessary handovers. Also, (L. Xia et al., 2008) is proposed
another predictive RSS based method, which addresses the QoS parameters based on dynamic network
conditions in HetNets. Liu et al. (2007) proposed a scheme to achieve better performance in terms of low
number of unnecessary handovers and Ping-Pong effect avoidance based on the predicted RSS and
mobile’s velocity but this scheme need to address some more performance assessment measures like
handover latency. According to the proposed scheme, if the mobile node is attached to the WLAN, and its
velocity is higher than a predefined threshold velocity, a handover towards the UMTS network is
initialized to prevent a connection loss. The authors in (P. Bellavista, A. Corradi, and L. Foschini, 2007)
proposed a mobile agent-based scheme to prevent service interruptions during horizontal and vertical
handovers in the heterogeneous environment. In this method, to predict a handover, RSS of different
networks is compared and whenever the handover prediction is completed then it exploits its context to
select an optimal network from the available ones based on user service requirements and preferences.
Authors in (P. Pawar, 2008) also proposed a similar context based scheme, which collects the contextual
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information from fixed networks and mobile nodes for providing end-to-end QoS. The author in (C.-P.
Lin et al., 2012) described a cross layer predictive vertical handover mechanism which usages MIH
protocol for supporting QoS also this scheme can manage connectivity issues in heterogeneous wireless
networks. Also, authors in (X. Yan et al., 2008) in order to decrease the number of unnecessary
handovers designed an estimation mechanism which highly dependent on the users’ predicted traveling
time. However, this method has shortcoming about high handover latency, but this scheme has some
advantages in terms of reducing unnecessary handovers and the probability of handover failures.
These works are very affective but a vast majority of them are based on current system state only i.e., they
focus only current QoS of the networks and current mobile nodes’ conditions. Handover decisions need to
consider on the probabilistic outcomes of the future system states as a result of the current decision.
Hence, the integration of various intelligence aspect and prediction technique is necessary in the decision
function. The goal of this study is to propose a novel prediction algorithm that takes advantage of the
prediction model by imperialist competition algorithm (ICA) and radial basis function (RBF) and firefly
algorithm (FFA) to meet the above stated requirements. The usage of IRBF-FFA algorithm for prediction
has three purposes: (1) to serve as a validation algorithm for prediction, (2) to decrease the number of
unnecessary handover, and prevent the ‘Ping-Pong’ effect, and (3) to improve the selection of the best
candidate access point among various access technologies. ANNs are good choices for function
prediction problems. However, for all three cases, by proper training, weights and bias are determined to
guarantee a specified performance goal. More importantly, this comparison evaluates the aforementioned
methods from different aspects, for example, root mean square (RMSE), coefficient of determination (R2)
correlation coefficient (r) and means absolute percentage error (MAPE). The results show that IRBF–FFA
has better performance, which we are presenting in-depth next. The proposed method is a step towards
future computer based optimization methods where huge uncertainties by the optimization algorithm must
be avoided. To do this, the imperialist competition algorithm (ICA) is used to train the radial basis
function (RBF) and combined with the Firefly Algorithm to predict the best solution. Towards a better
understanding, Fig. 1 presents schematic diagram of the proposed IRBF–FFA model based on scanned
RSSI as the considered input parameters.

Fig 1. Diagram of IRBF–FFA model

The outline of this paper is as follows: First, the materials and methods are described in Section 2. In
Section 3, the proposed prediction method based on IRBF–FFA is explained. Then, in Section 4 the
different neural modelling methods are introduced for performance evaluation. Section 5 analyzes and
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discuses the performance of the algorithm through simulation results. Finally, section 6 concludes the
paper.
2. Materials and methods
A prediction technique for vertical handover using IRBF–FFA algorithm is presented in this study.
Received Signal Strength Indicator RSSI is a common metric used in handover decision-making (Rehan,
M. et al., 2009). Initially Received signal strength Indicator (RSSI) is used to identify the existence of
wireless networks. In heterogeneous wireless environments when the mobile device senses more than one
wireless network at the same time, then the network selection with best QoS play important role as the
main problem. In the proposed model, in scanning phase, first observe the physical layer metric (RSSI) of
available networks in heterogeneous environments to perform an intelligence prediction.
In this purpose, we can analyze the quality and distance for each node in the range by scanning RSSI via
mobile node (MN). When the MN changes its location to an AP, the level of RSSI for that AP will be
changed. The real-tested measurement is used to realize RSSI level through MN movement. The scenario
to perform the measurements comprises one laptop as a MN within different nodes that used to offer the
UMTS and WLAN services has been used. The laptop collects MAC/PHY level KPIs, application level
QoS KPIs, and location information. The location information are retrieved from a GPS device and the
measurement tool QoSMeT for outdoors and indoors systems respectively. The QoSMeT can monitor a
large set of application level QoS KPIs over a point-to-point connection. The engineering mode terminal
incorporates the Nemo Handy application, which provides the terminal with a powerful radio monitoring
capability. Nemo Handy provides extensive network parameters and exchanged signaling messages
captured over data transfers. The logged measured data has been processed using the Nemo Outdoor
software tool. The testbed enables both real-time as well as offline measurements. A commercially
available network-monitoring tool (Nemo Outdoor) was used to provide offline measurements for
validation purposes. The server combines the incoming information with network planning information,
and gives the aggregated data to a prediction algorithm. The architecture of the testbed is depicted in Fig.
2.

Fig 2. The architecture of the testbed

IRBF–FFA Model has been designed in this paper as a novel prediction model to constructing a
mathematical function, which has the best fit to a series of data points for RSSI value in UMTS and
WLAN networks. In scanning phase, the received signal strength indicator parameter is measured as main
input to the IRBF–FFA Model to predicting the received signal strength value for the four access points in
an intelligent approach. The RSSI has varying values during MN movement during 15 Sec.

－149－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

The performance of the proposed algorithm has been assessed in a scenario when the Mobile Node moves
with a constant speed along a straight line path from the area covered by WLAN1 to the one covered by
UMTS then roams to the area which covered by WLAN2. Clearly with the increase of distance the
average of RSS, ABR, SNR and throughput will be reduced and also BER will be increased. The
Simulation scenario is shown in Fig 3.

Fig 3. Simulation scenario

3. RBF parameters selection using ICA and FFA

Artificial neural network with radial basis function (RBF) based on ICA have been utilized to
interpolation in order to approximate the solution and then is combined with firefly optimization
algorithm to estimate of the RSSI data. In this section, the explanation of experiment by IRBF–FFA
model is shown. It should be mentioned that here, number of kernel RBFs was set to 10. Also, the mean
square error (MSE) was used as cost function in the ICA. The ability of the IRBF to make good
predictions is related on input parameters selection. The RSSI data will be inserted as inputs into IRBF in
order to examine the best prediction by this method.
The Pseudo code of the hybrid of ICA and RBF is shown in Fig 4. In this combination, we train the RBF
by ICA. In other words, in order to improve the accuracy of the prediction, the responsibility of RBF’s
training. For ICA-RBF algorithm we have provided a brief introduction then the operations of main
functions namely CreateInitialEmpires, AssimilateColonies, DoRevolution, InterEmpireCompetition and
IntraEmpireCompetition are explained to facilitate the implementation and use of such algorithms by
researchers and practitioners and figures as the visual aid.
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4.

Results and discussions

Fig 4. Hybrid of ICA and RBF

In this section, we try to show the importance of each independent input variable on the output. Some
experimental works were executed to do the evaluation of proposed model. Root-mean-square error
(RMSE), coefficient of determination (R2), correlation coefficient (r) and mean absolute percentage error
(MAPE) served to evaluate the differences between the predicted and actual values for both SVMs
models. The radial basis artificial neural network model was trained to minimize the mean squared error
(MSE) with parameter (RSSI) as input and the desired output (predicted RSSI). To design and verify the
reliability of the proposed model, the dataset was divided into two different sets includes of training and
test data that are 80% and 20% of the total data, respectively. The test data are not presented to the
network in the training process. Afterwards, when the training process is done, the reliability and over
fitting of the network was verified with test data. In order to acquire correct assessment, RBF model are
tested with data set that have not been used during the training process. The statistical parameters
(minimum value, maximum value, mean, standard deviation and variation coefficient) for data sets are
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analyzed. The real and predicted RSSI values for four Aps during 15 seconds have been evaluated. By
looking at results, we can observe that the IRBF–FFA model can estimate the RSSI value very quickly
about 700 ms before the actual time. Results indicate that the IRBF–FFA model has the best capabilities
of estimating the RSSI.

(a) The RSSI prediction values for N1
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(b) The RSSI prediction values for N2

(c)

The RSSI prediction values for N3
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(d) The RSSI prediction values for N4
Fig 5. Overall performance of IRBF–FFA for N1, N2, N3, and N4

5. Conclusion
In this study, a novel hybrid prediction model is proposed. For this purpose, we integrated
imperialist competition Algorithm (ICA) to train the Radial basis function (RBF) and combined
with Firefly Algorithm (FFA) to improve the prediction accuracy. The simulation studies
measured RSSI data obtained from four different nodes. The main idea of the study focuses on
examination of the feasibility of the proposed hybrid technique in comparison with other
techniques. After the analysis we could show that proposed model has better performance. The
statistical indicator used for performance evaluation of the proposed model indicates lower values
of RMSE and MAPE and higher values of R2 and r . The achieved results revealed that the
proposed hybrid IRBF–FFA approach would be an appealing option to predict RSSI since the
results were favorable for all 30 running times studies despite different nodes characterizes.
Based on these, the proposed IRBF–FFA model can therefore be allocated an efficient approach
for accurate prediction of RSSI data.
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ABSTRACT
Microalgae recently appeared to be a new source of
renewable biofuel that is capable of meeting the global
demand for transport fuel due to its ability to accumulate
high amount of lipid in their intracellular body. In addition,
massive accumulation of ketocarotenoid astaxanthin, which
is one of the secondary metabolites produced by microalgae
have also gained much attention for its potential
applications in pharmaceuticals, nutraceuticals as well as
cosmetics
products.
Four
green
microalgae
morphologically
identified
as
Staurastrum
sp.,
Scenedesmus sp., Desmodesmus sp., and Ankistrodesmus
sp. were isolated from Kuala Selangor Nature Park and
Hulu Langat River, Selangor. The intracellular lipid bodies
of the microalgae were stained with BODIPY 493/503 for
the screening of the potential microalgae for biodiesel
production. From the staining, more lipid bodies can be
seen from Scenedesmus sp. compared to the other three
isolated microalgae species. In astaxanthin complex
quantification analysis, Ankistrodesmus sp. showed the
highest accumulation of astaxanthin complex and therefore
has the potential to be utilized for natural supplement
applications.
Keywords— Astaxanthin, biodiesel, isolation, lipid,
microalgae
1. INTRODUCTION

productivity in terms of oil than oilseed crops [3].
Microalgae also grow faster and this high growth rate
results in high biomass yield in a short period of time [4].
Besides, the cultivation of microalgae can use the nonarable land and they give a high per-acre yield [5]. Lipids in
microalgae are accumulated specifically under the
conditions of excess carbon and limited of other nutrients,
especially nitrogen [6]. The accumulated lipid is in the form
of discrete oil droplets and in some cases it can occupy up
to 85% of the cell volume [7]. Microalgal total lipid is
mainly composed of neutral lipids (NLs), glycolipids (GLs)
and phospholipids (PLs) [8]. The NLs are mainly composed
of triacylglycerols (TAGs) or triglycerides which is the
main component for the production of microalgal biodiesel.
Different species of microalgae accumulated different
amount of lipid in their cell bodies (Table 1) and
commonly, the lipid content is in the range of 20-50% by
weight of their dry biomass [3]. However, the compositions
and structure of fatty acid esters of the microalgal lipid
including the unsaturation degree and carbon chain length
need to be scrutinized to determine its feasibility for
producing high quality of biodiesel. This is because, fatty
acid methyl esters (FAMEs) oxidizes easily and forms
products that shown to have unfavourable effects on vehicle
fuel systems, especially those that contained high level of
unsaturation [9]. High level of unsaturation indicates low
oxidation stability and this is unfavourable for the
production of biodiesel.
Table 1 Lipid content of some microalgae [3]

Microalgae, the sunlight-driven microorganisms are
currently gaining much attention from the researchers due
to its ability to produce a wide range of metabolites
includes, proteins, lipids, carbohydrates, carotenoids and
vitamins [1]. Nowadays, special attention is paid to the
coupling of the carotenoid and lipid biosynthesis as well as
the deposition of astaxanthin in the microalgal cells.
Recent volatility in crude oil prices attributed to
increase demand and limited resources, tied with the urge to
reduce pollutant emissions and greenhouse gases, have
created a major focus in the production of sustainable
biofuel. At present, microalgae had become a promising
alternative and being considered as the potential feedstock
for the production of third generation of biofuels [2]. This is
due to the reasons that biofuel derived from microalgae
gives some merits than those other alternative feedstocks.
Microalgae have the potential of giving twenty times more

Microalgae

Botryococcus braunii
Chlorella sp.
Crypthecodinium cohnii
Cylindrotheca sp.
Dunaliella primolecta
Isochrysis sp.
Monallanthus salina
Nannochloris sp.
Nannochloropsis sp.
Neochloris oleoabundans
Nitzschia sp.
Phaeodactylum tricornutum
Schizochytrium sp.
Tetraselmis sueica

－157－
–1–
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25-75
28-32
20
16-37
23
25-33
>20
20-35
31-68
35-54
45-47
20-30
50-77
15-23
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Fig. 1 Skeletal structure of astaxanthin [11].

Other than lipid, the high accumulation of carotenoids
in the microalgal cells, especially astaxanthin has increased
the attention towards microalgae to be one of the major
sources for the production of natural supplement [10]. In the
recent years, there is considerable interest among the
researchers in extracting bioactive compounds from natural
resources due to its efficacy towards treatment of human
diseases. This is due to the fact that synthetic compound is
always classified as compound that might give side effect to
the consumer. Synthetic astaxanthin is usually produced
from petrochemical and the production is not preferred in
some cases because it contains a mixture of stereoisomer
(3R, 3S’) and is potentially unsafe. Astaxanthin (3,3’dihydroxy-𝛽𝛽,𝛽𝛽’-carotene-4,4’dione) is a group of
xanthophyll carotenoids that possess a red colour pigment
that can be found in many microorganisms and marine
organisms [11]. Astaxanthin has the antioxidant properties
which are very beneficial in blocking the activity of free
radical chemicals that are highly reactive and have potential
to cause cell damage that may lead to cancer [11].
Scientific literatures have revealed the significant evidence
that astaxanthin surpasses the antioxidant benefits of betacarotene, zeaxanthin, canthaxanthin, vitamin C and vitamin
E [12].
Generally, the massive accumulation of secondary
metabolites of lipid and ketocarotenoid astaxanthin in the
microalgal cells are dominant under the adverse growth
conditions (mostly nutrient starvation) that limits the cell
growth due to the restrictions of nitrogen content that
inhibits the cell to perform cell divisions [10, 13]. The
accumulation of astaxanthin is strongly related with the
biosynthesis of fatty acid such as oleic acid associated
predominantly with triacylglycerols [14]. However, the
inhibition of the lipid biosynthesis abolished the
accumulation of astaxanthin, but blocking the biosynthesis
of astaxanthin did not prevent the accumulation of neutral
lipids and formation of lipid bodies [15]. Eukaryotic marine
microalgae, Haematococcus pluvalis was found to boost
high amount of astaxanthin accumulation [16]. The bulk of
astaxanthin in Haematococcus pluvalis is in the form of
mono- and diesters of palmitic acid (16:0), oleic acid (18:1)
or linoleic acid (18:2) [10]. There were attempts to estimate
the suitability of conversion of the Haematococcus pluvalis
biomass to biodiesel, however, nowadays, the application
of Haematococcus pluvalis biomass for the extraction of
astaxanthin is much more economically viable than
production of biodiesel [10]. Nevertheless, the knowledge
on the coupling of the secondary metabolites biosynthesis
of lipid and astaxanthin of freshwater microalgae is
currently much unknown.

(a)
(b)
Fig. 2 Sampling sites. (a) Brackish water in Kuala Selangor
Nature Park, (b) Freshwater in Hulu Langat River Selangor.

The objectives of this study were focused on the
characterization and comparison of the isolated tropical
freshwater microalgae on their feasibility for biodiesel
production as well as the assessment of the potential
applications of secondary ketocarotenoid astaxanthin as the
natural supplements.
2. MATERIAL AND METHOD
2.1 Isolation and inoculation
Microalgae samples were collected from brackish water in
Kuala Selangor Nature Park and freshwater in Hulu Langat
River with a plankton net (25µm open mesh). Four
individual cells of microalgae were isolated from the water
samples using sterile micropipette washing method. The
isolated microalgae were subjected to purification by serial
dilution followed by inoculation in 96 well plates
containing artificial freshwater (AF-6) medium at ambient
temperature under continuous illumination of 45 µmol
photons m-2s-1 light intensity. The purity of the isolated
microalgal culture was ensured by repeated plating and by
regular observations under the microscope. The isolated
microalgae were morphologically identified as Staurastrum
sp.,
Scenedesmus
sp.,
Desmodesmus
sp.,
and
Ankistrodesmus sp. by referring to Encyclopaedia of
Microbes in Freshwater: Visual Guidebook of Protozoa as
shown in Fig. 3.
2.2 Algal cultures
The isolates were cultured in 100 mL Erlenmeyer flasks
containing 75 mL of AF-6 medium at ambient temperature.
The isolates were allowed to grow under continuous
illumination of 45 µmol photons m-2s-1 light intensity. The
optical densities (OD) of each sample were determined
using UV-VIS spectrophotometer (Hach DR6000) at
750nm by withdrawing aliquots of the microalgae cultures
at interval of every 24 hours. All experiments were carried
out at least in duplicate.
2.3 Fluorescent staining
A type of the available lipophilic dyes which is BODIPY
493/503 (4,4-difluoro-4-bora-3a,4a-diaza-s-indacene) was
prepared in dimethyl sulfoxide (DMSO) to give a stock
solution of 1 mg/mL and stored in dark tube protected from
light.
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3. RESULTS AND DISCUSSIONS
3.1 Growth Analysis

30 𝜇𝜇m

30 𝜇𝜇m

30 𝜇𝜇m

(a)

30 𝜇𝜇m

(c)

Growth (OD 750 nm)

0.2

(b)

2.4 Quantification of astaxanthin complex
Astaxanthin content in the isolated microalgae cultures
were analysed spectrophotometrically by extraction using
acetone as the solvent. 5 mL of each microalgae culture
were harvested by centrifugation at 4000 g for 5 minutes.
The supernatant was then removed before adding 3.5 mL of
solution mixture of 5% potassium hydroxide (KOH) in 3%
methanol (CH3OH). The mixture was then incubated at 70℃
for 5 minutes. After the incubation, it was then centrifuged
again at 4000 g for 5 minutes. The supernatant was
removed and 3 to 5 drops of acetic acid were added into the
sample tubes. Next, 5 mL of acetone was added into each
tubes followed by incubation at 70℃ for 1 night. The
sample cultures were then analysed by UV-VIS
spectrophotometer (Hach DR6000) at 470 nm wavelength.
All experiments were carried out at least in duplicate. The
astaxanthin concentration was simply calculated by
dividing the measured absorbance by the extinction
coefficient for pure astaxanthin at the specific wavelength
and corresponding for dilution of the product sample as
shown in the equation below [18].

10000
2100

0.05

(d)

1 mL of microalgae cultures were stained with 1 µL of
BODIPY 493/503 to stain the fatty acid contained in the
microalgae followed by incubation in darkness for 10
minutes before being observed under the fluorescence
microscope [17].

= Absorbance x

0.1

0

Fig. 3 Visualization of isolated cultures of microalgae at 40X
magnification. Isolates were morphologically identified as (a)
Staurastrum sp. (b) Scenedesmus sp. (c) Desmodesmus sp. (d)
Ankistrodesmus sp. by referring to Encyclopaedia of Microbes in
Freshwater: Visual Guidebook of Protozoa.

Concentration of astaxanthin, 𝜇𝜇g/mL

0.15

0
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Fig. 4 Growth curve of four isolated microalgae Staurastrum sp.
(solid diamond), Scenedesmus sp. (solid square), Desmodesmus
sp. (solid triangle) and Ankistrodesmus sp (cross).

Fig. 4 shows the comparison of growth curve among four
isolated microalgae based on the optical density analysis.
Based on Fig. 4, Ankistrodesmus sp. showed the fastest
growth followed by Desmodesmus sp., Staurastrum sp. and
the slowest one was the Scenedesmus sp. After 8 days
cultivation, the microalgal growth was still at the
exponential phase. This means that there were still enough
nutrients in the medium for the growth of the microalgae.
Upon reaching the stationary phase where most of the
essential nutrients were deprived, the microalgae stop their
cell division and start to accumulate lipid and astaxanthin as
the secondary metabolites in their cell bodies [2].
Accordingly, different species of microalgae have different
ability to maintain their photosynthetic rates under
conditions which are unfavourable for growth [19].

30 𝜇𝜇m

(a)

30 𝜇𝜇m

(b)

30 𝜇𝜇m

(c)

30 𝜇𝜇m

(d)

Fig. 5 Visualization of intracellular lipid bodies of four isolated
microalgae cells under fluorescent light at 40X magnification
when staining with BODIPY 493/503. (a) Staurastrum sp.
(b) Scenedesmus sp. (c) Desmodesmus sp. (d) Ankistrodesmus sp.
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Fig. 6

Astaxanthin concentrations in four different isolated microalgae.

3.2 Fluorescent staining
The isolated cultures were stained with BODIPY 493/503
and being observed under fluorescent microscope. This was
done because staining the microalgae with BODIPY
493/503 aids in the detection of intracellular lipid bodies by
fluorescence microscopy [17]. This is due to the fact that
fluorescence intensities could be correlated to the lipid
content within the microalgal cells. The BODIPY 493/503
stained lipid bodies showed bright green fluorescence in the
microalgal cells as shown in Fig. 5. Meanwhile, the strong
red autofluorescence was from the chlorophyll of the
microalgae.
From Fig. 5, it can be deduced that Scenedesmus sp.
contained more lipid bodies compared to the other isolated
microalgae. Strong green fluorescence separated from the
red fluorescence stained by the BODIPY 493/503 can be
seen clearly in Scenedesmus sp. cells. Not much lipid
bodies contained in Staurastrum sp., Desmodesmus sp., and
Ankistrodesmus sp. cells as only some green lipid droplets
can be seen. More lipid bodies were expected to be seen
when staining the microalgae cells after the cultures
reached the stationary phase of growth as the lipid
accumulation is increased under the nutrient starvation
condition, especially in nitrogen limitation. Accordingly,
the degree to which photosynthetic capacity is decreased
under nutrient limitation is species-specific and can
strongly influence the amount of energy that is available for
triacylglycerol (neutral lipid) synthesis [19]. However,
gravimetric analysis involving transesterification process
and gas chromatography are needed to study and
characterize the composition of the lipid content of the
isolated microalgae for the determination of their potential
in producing high quality biodiesel.
3.3 Astaxanthin complex quantification
Astaxanthin was determined as the most important
carotenoid in pigmentation. In this study, the concentration
of the astaxanthin complex was quantified by
spectrophotometric assay method. The light absorbance of
the extract solvent containing the astaxanthin is measured at
a wavelength that corresponds to the maximum absorbance
for astaxanthin (usually between 470 and 480 nm). From

Fig. 6, it shows that Ankistrodesmus sp. contained the
highest concentration of astaxanthin with 0.567 𝜇𝜇g/mL. It
was followed by Scenedesmus sp. with 0.414 𝜇𝜇g/mL and
Staurastrum sp. with 0.348 𝜇𝜇g/mL. Desmodesmus sp.
shows the least accumulation of astaxanthin concentration
among the isolates with 0.305 𝜇𝜇g/mL. However, the
astaxanthin concentrations difference among Scenedesmus
sp., Staurastrum sp. and Desmodesmus sp. were not really
significant compare to Ankistrodesmus sp. In accordance to
lipid synthesis, the accumulation of secondary
ketocarotenoid astaxanthin in microalgal cells is also more
preferable under adverse conditions (under excessive
irradiance, nutrient deficiency, extreme temperatures, high
salinity, and their combinations) which slowing down the
cell division and photosynthesis reaction [20]. Thus, it was
also expected that higher accumulation of astaxanthin
complex will be obtained when performing the extraction
under these conditions.
4.0 CONCLUSIONS
Recent insights had unveiled the amazing ability of
microalgae in the accumulation of lipid and ketocarotenoids
astaxanthin as the secondary metabolites. These highly
valued substances have the potential for the production of
biodiesel as well as the natural supplements. In this study,
the tropical microalgae from brackish water and freshwater
in Selangor, Malaysia were isolated and their lipid and
astaxanthin content were analysed and compared. Among 4
isolated microalgae, it was found that Scenedesmus sp.
contained more lipid bodies based on the fluorescent
staining by BODIPY 493/503. Meanwhile, Ankistrodesmus
sp. showed the highest accumulation of astaxanthin
concentration compared to Staurastrum sp., Scenedesmus
sp. and Desmodesmus sp. This study has revealed that
these two species of microalgae have a great potential for
the production of biodiesel as well as in other various
applications of pharmaceutical, nutraceuticals and
cosmetics products.
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ABSTRACT

particle penetrated as well as help other particles from
penetrating through the filter media [3].

A study on the penetration of particle across a newly
formulated filter aids material known as PrekotAC
(combination of an adsorbent, activated carbon and
pre-coating material, PreKot™) on PTFE filter media was
carried out in a laboratory scale filtration test system.
PrekotAC was evaluated based on the total penetrated
particles across its filter cake under constant material
loading of 0.2 mg/mm² and three different air flow rates of
4, 5 and 6 L/min. The ratio of total penetrated particles
with and without the introduction of filter aids was
observed and results showed that PrekotAC is capable to
increase the collection efficiencies of ambient air particles
compared to the performance of PTFE filter media alone. It
was also found that PrekotAC has a better particle
collection efficiencies compared to its original raw
material activated carbon alone with PrekotAC 10:90 gives
the lowest particle penetration among other combination of
PrekotAC materials.
Keywords— Filter aids, filter media, pre-coating material,
penetration, PTFE
1. INTRODUCTION
Filter aids has been applied in air filtration system in order
to increase the particle collection efficiency during
filtration process. Filter aids consists of a group of inert
materials used to coat the fabric as a ‘barrier’ for better
protection of filter media as well as allowing a uniform air
flow passing through the filter cake [1].
It was reported by previous authors that filter cake
accumulated on the surface of a filter media acts as a new
filter media that helps to increase the filtration efficiency.
However, during cake filtration process, some particles do
not participate in the formation of the filter cake. The
particles either penetrating through or clog and block the
pores of the filter media [2]. Therefore, understanding the
parameters effecting the filtration efficiency is important in
determining the best filter aids. Previous researcher stated
that a good filter aids should not only able to extend the life
span of a fabric filter, but it should have the least amount of

This paper presents on the penetration of particles across a
newly formulated filter aids material known as PrekotAC
under constant material loading of 0.2 mg/mm² along with
three different air flow rates of 4, 5, and 6 L/min
(corresponds to filtration velocity, Vf of 5, 6 and 8 m/min
respectively). PrekotAC was evaluated based on the total
particle penetration across its filter cake as a mean of
measuring its performance as a filter aids material in
filtration process.
2. METHODOLOGY
2.1. Formulation of PrekotAC
Activated carbon used in this study is a coconut based
material which is currently utilized as flue gas cleaning
adsorbent product in the incineration process. On the other
hand, PreKot™ (proprietary of AMR Environmental Sdn.
Bhd.) is a commercially available pre-coating material
consisting essentially of an amorphous hydrated glassy
volcanic rock primarily fused aluminum silicate. Table 2.1
summarized the specifications of both materials that were
used in this study.
Table 2.1 Specifications of activated carbon and PreKot™
Activated carbon
PreKot™
Form, color: Powder,
Form, color: Powder, snowy
black
white
Origin: Coal based
Fusion point: 1300-1400°
pH: 9-11
Softening point: 900-1100°
Ash content: 8% max
Thermal conductivity: Less
than 0.0500 (kcal/mh°C) at
0°C
Bulk density: ~440 kg/m³
Bulk density: ~120 kg/m³
Both activated carbon and PreKot™ were dried in an oven
(Memmert, Model UNB 200) for 24 hours at 110°C and
mixed according to the proposed compositions as listed in
Table 2.2.
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Table 2.2
carbon.

Table 2.4 Summary of the experimental procedures
Filter media
PTFE
Total filtration area
755 mm²
Material loading
0.2 mg/mm²
Air flow rate
4, 5, and 6 L/min
Filtration velocity
5, 6, and 8 m/min

Formulation ratio of PreKot™ to activated
Ratio (wt%) PreKot™:Activated carbon
10:90
20:80
30:70
40:60

3. RESULTS AND DISCUSSIONS

2.2. Filtration Test System

3.1. Collection efficiencies of PTFE filter media

Figure 2.1 presents the experimental setup for the filtration
system designed in this study, which consists of a dust
feeder, filter media, pressure manometer, rotameter, and a
vacuum pump. The filtration system was composed of two
cylinders with a dust feeder on the top and a filter holder in
between of the two cylinders. The volumetric airflow rate
was controlled using the vacuum located at the end of the
filtration system and monitored by a rotameter [4].

Preliminarily in this study, the number of particle count in
the ambient was measured before and after the filter media.
Figure 3.1 presents the total number of particulate count per
liter of ambient air (count/L) before and after filter media
(without the introduction of filter aids) under various air
flow rates of 4, 5, and 6 L/min. As in the figure, the
average number of particles contained in ambient air before
and after the filter media was 3.0 x 10⁵ and 5.0 x 104,
respectively which revealed that the total number of
particles penetrated across the filter media was reduced by
six orders of magnitudes in all cases. The study illustrated
that the number of particle found even in the ambient air
decreases significantly after passing through the filter
media which showed the ability of the filter media in
capturing fine particles.

Figure 2.1
this study

Laboratory scale filtration test system used in

The experiment was performed using PTFE filter media
with total filtration area of 755 mm². Table 2.3 presents the
properties of the PTFE filter media used in this study.
Table 2.3
study

Properties of PTFE filter media used in this

Material
Weight (g/m²)
Thickness (mm)
Density (g/cm²)

PTFE
800
1.3
0.62

The experiment was performed under three different air
flow rates of 4, 5 and 6 L/min with the introduction of
material loading 0.2 mg/mm². The filtration velocity was
determined by manipulating the air flow rate divided by the
filtration area of the filter media. The particle penetration
was monitored using GRIMM Aerosol Portable Laser
Aerosol Spectrometer placed after the filter media.
Similarly each of the experiment was repeated thrice and
the overall experimental procedures are summarized in
Table 2.4.

Figure 3.1 Total number of ambient air particles observed
before and after filter media
As illustrated in Figure 3.1, the particle penetration is
influenced by the air flow rate where the number of
particles that penetrating through the filter media increases
with flow rate from 4 to 6 L/min. A higher air flow rate
leads to a bigger driving force causing more particles to
penetrate through the open pores of the filter media as
observed in the study.
It was reported that particle penetration at a lower air flow
rate is less compared to the particle penetration at a higher
flow rate [5]. The authors stated that higher air flow rate
forces fine particles to easily permeate deep into the pores
of the filter media compared to lower air flow rate thus
increase the total number of particle penetration. Other
authors also reported that penetration at lower air flow rate
is small due to bridges of particles that formed because of
low inertia and long retention time which limit particles
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from passing through the filter media that leads to higher
collection efficiency of particles [6].

are increasing and decreasing, respectively as air flow rate
increases.

Hence, it can be concluded that PTFE filter media itself has
the ability to capture fine particles during filtration process.
It was also observed that filtration efficiency is dependent
on the air flow rate during filtration where higher air flow
rate leads to increase in total particle penetration.

As illustrated in Figure 3.2, the total particle penetration
decreases as particle size increases in all cases and the
penetration of particles greater or equal to 0.75 µm was
very minimal which is less than 1% compared to smaller
particles. The findings also suggest that the penetration of
particle greater than 2.25 µm is virtually zero in all cases
which showed the ability of the PTFE filter media itself in
arresting fine dust particles. However, the collection
efficiency is highly influenced by the air flow rate of
filtration process. The higher the air flow rate is, the higher
the total particle penetration becomes especially for fine
particles.

3.2. Efficiencies of PTFE filter media with respect to
ambient particle size
Figure 3.2 presents the percentage of particle penetration
(after PTFE filter media) against the ambient particle size
under the three different air flow rates of 4, 5, and 6 L/min
which showed that the particle penetration of particle size
fraction of greater than 2.25 µm is virtually zero in all cases.
As in the figure, it was observed that approximately 80
percent of the particles that able to permeate through the
filter media are those in the size range of
0.265 µm≤dp<0.375 µm.

It was also observed that the total penetrated fine particles
at higher air flow rate is higher compared to lower air flow
rate. This is due to deep penetration where fine particles
can easily penetrating through the filter media under high
air flow rate as in this case. In addition, total penetrated
particles decreases as particle size increases in all cases as
the first dendrites formed inside the filter media pores
blocked incoming particles from passing through the filter
media.
3.3. Higher collection efficiencies with PrekotAC

Figure 3.2
Penetration of ambient air in term of its
particle size under three different air flow rates of 4, 5, and
6 L/min
The percentage of penetrated fine particles found in the
ambient air was nearly the same for all air flow rates in this
size range. This is expected as more of fine particles are
found in the indoor ambient air which can easily escape
through the pore size of the filter media. However, higher
air flow rate leads to greater total particle penetration due to
deep penetration of particles through the filter media. The
penetration of particles with size bigger than 0.375 µm was
only 20 percent from the total penetrated particles. The
decrement was observed due to particle blocking of open
pores as well as the additional filter layer of filter cake on
the surface of the filter media in all cases.
As reported by previous researcher the penetrating particle
size decreases as filtration velocity (referring to air flow
rate) increases because most penetrating particle shifts to a
smaller particle size fraction. The authors also stated that,
as velocity decreases it enhances the diffusion mechanism
of the particles on the filter media resulting in lesser total
particle penetration. On contrary, at higher velocity
resulting in more particle penetration because it has bigger
impaction mechanism [7]. Hence, as showed in the Figure
3.2, the number of penetration of fine and coarse particles

Figure 3.3 depicts the ratio of the number of penetrated
particles through a PTFE fabric filter, with the introduction
of filter aids materials under constant material loading of
0.2 mg/mm² with three different air flow rates of 4, 5 and 6
L/min. The ratio of the number of penetrated particles
across the blank PTFE filter under various air flow rates
was calculated based on Equation 3.1 [8].
Ratio penetrated particles (Rpp) = Tf/Ti

… Equation 3.1

Where;
= the ratio of the number of penetrated particles,
Rpp
= total number of ambient air penetrated without
Ti
filter aids, and
= total number of penetrated particles after filter
Tf
aids was added
The Rpp < 1.0 means that less particle penetrated through
while Rpp > 1.0 means poor filteration as higher amount of
particles is able to penetrate compared to the fabric filter
alone.
As in Figure 3.3, Rpp = 1.0 marked with a dashed line is a
ratio of an equal number of penetrated particles with
respect to the blank PTFE fabric filter. As previously
discussed, PTFE filter media is able to reduce the number
of particles found in the ambient air. However, its
collection performance increases with the addition of filter
aids material (i.e Rpp <1.0) in the filtration process
particularly at the lowest air flow rate of 4 L/min.
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filtration velocity. The higher air flow rate forces more
particles to penetrate deep into the filter media pores and
therefore causes more particles to pass through the filter
media, causing bigger total penetration.

Figure 3.3
Ratio of total penetrated particles with and
without addition of PrekotAC.
As illustrated in Figure 3.3, the original material of
activated carbon retains the highest while PreKot™ has the
lowest Rpp in all cases. It seems that the particle size
distribution of the respective material play a major role in
this finding. As reported by previous researcher, activated
carbon and PreKot™ have a different characteristics in
terms of its particle size distribution where activated carbon
which mainly consists of fine particles (more than 80% of
particles with size ≤75 µm) compared to PreKot™ (merely
20% of it is particles with size ≤75 µm). Thus, it is
expected that activated carbon has higher Rpp compared to
PreKot™ [8].
A similar finding was also reported that the collection
efficiency for coarser particles are higher compared to finer
particles. Lee et al. found that fine particles can easily
penetrating through the filter media compared to coarser
particles even using two different types of fabric filter [3,9].
In term of PrekotAC materials, PrekotAC 40:60 registered
the highest while PrekotAC 10:90 retains the lowest Rpp in
all cases. As shown in Figure 3.3, higher amount of
PreKot™ in the newly formulated PrekotAC materials leads
to higher Rpp. It was found that the characteristics of the
PreKot™ itself which has an oddball shapes of a loosely
pack material with larger size particles and porosity (as
shown in Figure 3.4), leads to higher Rpp [10]. As observed,
PrekotAC 10:90 presents a better collection efficiency
among the other combination of PrekotAC mixtures.

Figure 3.4

The finding showed that PrekotAC has the ability to reduce
the number of particles penetrated through a filter media.
However, total particle penetration is dependent on the air
flow rate of the filtration process where higher air flow rate
leads to a higher total particle penetration. However, the
utilization of PrekotAC mixture as filter aids and flue gas
cleaning agent in the actual industrial application will be of
greater advantage as a very low filtering velocity of
1.0 – 1.5 m/min is usually applied in the filtration system.
3.4. Efficiencies of PrekotAC filter aids material based
on particle size
Figure 3.6 presents the percentage of penetrated particles
through the filter media for filter aids material under a
constant material loading of 0.2 mg/mm² and at various air
flow rates of 4, 5, and 6 L/min which showed that the
particle size fraction of greater than 1.18 μm is completely
collected. As previously observed (Figure 3.2), PTFE filter
media is capable of completely collected ambient particle
size greater than 2.25 μm from passing through it.
Interestingly as shown in Figure 3.6, only particles size
lesser and equal to 1.18 μm was able to penetrate through
the filter media which illustrated that the application of
filter aids helps to further remove fine particles compared
to filter media alone. Thus, the addition of filter aids during
the filtration process helps to increase the collection
efficiency of sub-micron particle size fraction.
Filter aids have been widely applied in fabric filtration
system as a ‘barrier’ to remove the sub-micron particles or
impurities from the air gas stream [11]. Filter aids material
has been applied in air filtration system as a pre-coating
material to enhance the collection efficiency as well as
overcome the wear and tear problem of fabric filter. Filter
aids also helps to increase the filtration efficiency by
forming a permeable filter cake layer for efficient operation
against blinding and plugging of fabric filter. Thus, by
adding filter aids in fabric filtration system, it helps to give
a better filtration performance and reduces total penetrated
particles.
Similarly, the study showed that the application of filter
aids during the filtration system increases the filtration
efficiency of a given filter media. As depicted in the figures,
most penetrated particles were extremely fine in size of
between 0.265 μm and 0.375 μm in all cases of the
experiment representing 80 percent of the total number of
penetrated particles.

Micrographs view of PreKot™

As illustrated in the Figure 3.3, higher air flow rate leads to
higher Rpp for all filter aids admixtures. The Rpp for all filter
aids material was the lowest at 4 L/min and the highest at 6
L/min. This is similarly reported by other studies of
increased in particle penetration with respect to higher
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It was also observed from Figure 3.6 that as flow rate
increases, the percentage of the fine particles that
penetrated through a filter media also increases. As can be
seen from the figure, at higher air flow rate of 5 and 6
L/min, more of fine particles of 0.265 μm≤dp<0.375 μm
able to penetrated through the filter media compared to
lower air flow rate of 4 L/min. However, the total
penetration of particles with size range of 0.375 μm ≤ dp <
0.54 μm, was slightly higher at lower air flow rate of 4
L/min compared to higher air flow rate of 5 and 6 L/min.
The results obtained are also similar to previous report
where it was stated that the penetrating particle size
decreases as filtration velocity increases because most
penetrating particle shifts to a smaller particle size fraction

(a)

As observed by other authors, at higher air flow rate, the
filter cake piled up with faster rate because high air flow
rate leads to the higher kinetic energy of the dust particulate
which forces many fine dust particles penetrated through
the filter media leading to higher penetration of fine
particles [12]. The results obtained in this study are also
similar to those found elsewhere [9,13]. As observed by the
authors, an increase in particle size will reduce the total
particle that penetrating through the filter media. Hence, as
expected, the penetration of particles with size range 0.265
μm ≤ dp < 0.375 μm retains the highest particle penetration
percentage compared to coarser particles since fine
particles can easily penetrating through a filter media.

(b)

(c)

4. CONCLUSIONS
The study deals with the effect of adding PrekotAC as a
filter aids material in fabric filtration system. Throughout
the experiment, it was found that PrekotAC has the ability
to reduce the total number of penetrated particles compares
to the performance of PTFE filter media alone. Among
these four PrekotAC mixtures, PrekotAC 10:90 retains the
lowest Rpp even at the highest air flow rate of 6 L/min. The
effect of the PreKot™ material itself which has a multi
cellular shape with higher porosity had caused fine particles
to easily penetrate through the material. It was also proven
that the total number of penetrated particles is highly
influenced by the air flow rate used during the filtration
process. It was found that higher air flow rate leads to
bigger total penetrated particles. However, In the actual
processes, filter aids will be treated under a very low air
flow rate of 1 – 1.5 L/min. Thus, it is expected that by
adding PrekotAC during the processes will increase
significantly.

(d)

(e)
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ABSTRACT
The target of this study is the development of the high
efficiency air-conditioning system using the prefabricated
module air-conditioner cassettes. The water heat source
makeup air unit applied the desiccant rotor whose adsorption
and desorption processes can work at the low-temperature
was developed for one kind of cassettes on the high efficiency
air conditioning system. This makeup air unit consisted of the
refrigeration cycle, the water heat source line, and the
desiccant rotor. A prototype makeup air unit was made and
its performance was tested on the cooling/dehumidifying
operation and the heating/humidifying operation. As results,
the capacity was 4.84kW and the coefficient of performance
(COP) was 4.78 under the cooling/dehumidifying operation
at the heat source water (the heat sink water) of 32°C, the
indoor air of 27°CDB/19°CWB and the outdoor air of
33°CDB/28°CWB. And it was conformed that the
performance of unit greatly depends on the heat source water
temperature.
Keywords— Air-conditioning system, Desiccant, Adsorption,
Makeup air unit, Heat source water
1. INTRODUCTION
The significant reduction of energy consumption on the
building air-conditioning system is demanded for the urgent
problem of global warming. For this significant reduction
of energy consumption, it is necessary that, to improve the
efficiency of air-conditioner, and to introduce the
renewable energy and the unused energy into the airconditioning system.
The handling of heat source water is easier than Freon
refrigerant, and it has high extensibility for heat source
medium to introduce such the thermal energy into the airconditioning system. On the other hand, the humidity
control of air-conditioning space is regarded as important
from the viewpoint of intellectual productivity as well as
comfort [1].
Therefore, we have developed the heat pump type makeup
air unit which adopted the low-temperature desorption-type
desiccant rotor [2], for the development of the high
efficiency water heat source air-conditioning system which

consisted of the prefabricated module air-conditioner
cassettes (PMACs) [3] [4]. The prefabricated module airconditioner cassettes system (PMAC system) is consisted
of the individual distributed water heat source heat pump
cassettes, the cooling tower, the heater, the water heat
source line, and the pump, as shown in Figure 1. These
cassettes have been introduced into the building airconditioning systems in Japan since 1972 [5] [6].
In this report, the characteristics and refrigeration cycle of
the water heat source makeup air unit were explained, and
the performance test result and the efficiency evaluation of
the prototype makeup air unit were introduced.
2. CHARACTERISTIC OF WATER HEAT SOURCE
MAKEUP AIR UNIT
The characteristics and outline of the water heat source
makeup air unit are shown in Figure 2 schematically. In
this figure, there are three kinds of thermal operation such
as the adsorption/desorption operation of the desiccant
rotor, the cooling/heating operation of the refrigeration
cycle (the heat pump cycle), and the cooling/heating
operation of the water (the heat source water or the hot/cold
water). Therefore, this unit has the characteristics of triple
air-conditioning systems with the desiccant, the heat pump,
and the water.
Generally, it is important to make the temperature-head of
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Figure 2. Characteristics of the water heat source makeup air unit applied desiccant rotor.

compressor small, raising the evaporation temperature (the
evaporation pressure) and reducing the condensation
temperature (the condensation pressure), for the high
efficiency of refrigeration cycle. In this makeup air unit, the
cooling/dehumidifying operation realizes driving at
relatively high evaporation temperature (approximately
20C) by using both of the desiccant rotor and the
evaporator (pre-cooler) on refrigeration cycle. And, this
refrigeration cycle realizes driving at relatively low
condensation temperature by adopted the low-temperature
desorption type desiccant rotor.
Moreover, with the above combination of such heat source
and heat sink use on the refrigeration cycle, because the
adsorption heat of desiccant rotor is cooled by the heat
source water and removed from the cooling/dehumidifying
load of the unit, the load of compressor (power
consumption of compressor) and the refrigerant flow rate in

Fan

Pre-cooler
(Evaporator)

Desiccant
rotor

refrigeration cycle are reduced. At the low temperature of
heat source water, the power consumption of compressor is
reduced more and it is with energy saving driving because
the cooling capacity for the adsorption heat of desiccant
rotor increases.
3. METHOD OF PERFORMANCE TEST
A prototype makeup air unit was made and its performance
was tested. The specifications of unit, the method of
performance test, and the conditions of performance test are
explained as the following.
3.1. Specification of prototype makeup air unit
The equipment configuration of prototype makeup air unit
is shown in Figure 3. The outer shape of unit is
After-cooler (1)
(Water / Air HEX)

After-cooler (2)
(Evaporator)

Supply Air
SA

Outside Air
OA
(Outdoor Air)

Humidifier
Return Air
RA

Exhaust Air
EA

(Indoor Air)

Compressor

Inlet / Outlet
of water

Water-cooled
Condenser

Air heating HEX
(Condenser)

Fan

Figure 3. Equipment configuration of prototype makeup air unit.
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Table 1. Specifications of prototype makeup air unit
(Main component devices).
Equipment
Compressor
Fan
Desiccant rotor
Pre-cooler
After-cooler (1)
After-cooler (2)
Air heating HEX
Water-cooled Condenser

Specifications
750W，Rotary Compressor,
DC Inverter
Sirocco Fan for OA/SA ,
Sirocco Fan for RA/EA
500×L200
Refrigerant/air heat exchanger
Water/air heat exchanger
Refrigerant/air heat exchanger
Refrigerant/air heat exchanger
Refrigerant/water heat exchanger

(a) Exterior of test room

1.69m×0.90m×0.45mH. The desiccant rotor around is
unitized as shown in this figure, can be removed and
replaced, and its maintenance is easy structure.
Because the desiccant rotor is designed with the
conditions at the cooling/dehumidifying operation, the
humidity performance of rotor at the heating/humidifying
operation will be insufficient. Therefore, the unit is
provided with a natural evaporation type humidifier to the
supply air SA side, and is made to satisfy the humidity
performance of both the cooling/dehumidifying operation
and the heating/humidifying operation.
The main component devices of prototype makeup air unit
are shown in Table 1.
3.2. Method of performance test
The prototype makeup air unit was installed in the test
room of Nippon PMAC Co., Ltd. and its performance was
tested at the cooling/dehumidifying operation and the
heating/humidifying operation. The performance test room
is shown in Figure 4. The test room is the environmental
test laboratory for air-conditioning equipment, it is
composed of two rooms with the indoor side room;
3.8m×5.8m×3.6mH (80m3) and the outdoor side room;
3.9m×5.7m×3.6mH (80m3), and the cooling/heating
capacity is 21kW/25kW respectively.
The power consumption and the air flow rate were

(b) Exterior of test room

(c) Air temperature and humidity
control apparatus

(d) Control panel

Figure 4. Test room (Environmental test laboratory).

measured by the instrument installed on the test room. The
temperature (accuracy: 0.2C) and the relative humidity
(accuracy: 1.0%RH) of air at the inlet and outlet of unit
were measured (OA/SA side and EA/RA side).
And more, the temperature and the relative humidity of air
in the inside of unit were measured to determine the amount
of humidification and dehumidification. Furthermore, the
temperature and the pressure (accuracy: ±0.05%F.S.) of
refrigerant were measured to confirm the validity of the
amount of humidification and dehumidification.
3.3. Conditions of performance test
The conditions of performance test are shown in Table 2.
On the cooling/dehumidifying operation, the performance
of unit is tested at 7C, 20C, and 32C on the heat source
water temperature, the dry/wet bulb temperature of indoor
suction air is constant at 27CDB/19CWB, and the

Table 2. Main test conditions and results of performance evaluation.
Cooling/dehumidifying operation
Temp. of heat source water (C)

7

32

25

27/19

Temp. of indoor suction air (CDB/CWB)

45
22/15.4

33/28

Temp. of outdoor suction air (CDB/CWB)
Capacity of cooling/heating (kW)

20

Heating/humidifying operation

0/-3.0

8.03

6.24

4.84

6.79

8.77

2.65
5.38

1.44
4.80

0.35
4.49

4.43
2.36

6.55
2.22

Power consumption (kW)

0.977

0.991

1.012

1.208

1.379

Coefficient of Performance (-)

8.22

6.30

4.78

5.62

6.36

Amount of humidification/dehumidification (kg/h)

7.431

6.782

6.508

3.409

4.015

Sensible heat (kW)
Latent heat (kW)

Supply and exhaust air flow rate: 500m3/h
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Figure 5. Flow of cooling and dehumidifying operation in unit.

heating/humidifying operation, the performance test results
are introduced as the following.

dry/wet bulb temperature of outdoor suction air is constant
at 33CDB/28CWB.
On the heating/humidifying operation, the performance of
unit is tested at 25C and 45C on the heat source water
temperature, the dry/wet bulb temperature of indoor suction
air is constant at 22CDB/15.4CWB, and the dry/wet bulb
temperature of outdoor suction air is constant at 0CDB/3.0CWB.
These temperatures of outdoor suction air are design values
for the air conditioner in Japan.

4.1. Cooling and Dehumidifying Operation

Psychrometric chart
t-x chart (101.325 kPa)
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Pre-cooling before
adsorption
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About the cooling/dehumidifying operation and the
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4. RESULT OF PERFORMANCE TEST AND
CONSIDERATION

80

The air and refrigerant flow in a makeup air unit is shown
in Figure 5 on the cooling/dehumidifying operation. There
are two kinds of air flow (OA/SA side and EA/RA side)
with the desiccant rotor, and the refrigeration cycle
consisted of the evaporators, the condensers, the
compressor, the expansion valve and the four-way valve.
As an example of performance test result, Figure 6 shows
the state of air in the unit on the psychrometric chart, and
Figure 7 shows the state of refrigerant in the unit on the ph diagram, at 32C, 20C, and 7C on the heat source water
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Figure 6. Air condition of cooling and dehumidifying operation in unit (psychrometric chart).
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Figure 7. Refrigerant state of cooling and dehumidifying operation in unit (p-h diagram).

temperature.
4.1.1. State of Air in unit
As shown in Figure 6, for example at 32C of the heat
source water, the outdoor air (OA) at 32.4CDB and
21.9g/kg(DA) was cooled and dehumidified (pre-cooling
before adsorption) by the evaporator of the refrigeration
cycle, then it was dehumidified by the desiccant rotor
(adsorption by the desiccant rotor). The air heated by the
adsorption heat of desiccant rotor was cooled by the heat
source water at 32C, and more cooled by the evaporator of
the refrigeration cycle (after-cooling) to supply the air (SA).
The humidity ratio difference of the OA and the SA was
10.8g/kg(DA).
It was confirmed that 4.4g/kg(DA) is dehumidified by the
pre-cooling and 6.4g/kg(DA) is dehumidified by the
desiccant rotor.
On the other hand, the indoor return air (RA) was heated to
about 45C by the condenser of refrigeration cycle for the
desorption of desiccant rotor (for reproducing the desiccant
rotor), and was discharged as the exhaust air (EA).
4.1.2. State of refrigerant in unit
As shown in Figure 7, the vapour refrigerant boosted to
about 3MPa (the saturation temperature: about 48°C) in the
compressor heated the RA by the condensation latent heat
of refrigerant, and its heat was radiated to the heat source
water of 32°C in the sub-cooling heat exchanger (watercooled condenser, sub-cooler). Hear the degree of subcooling was about 10K.
The liquid refrigerant reduced to about 1.5MPa (the
saturation temperature: about 20°C) in the expansion valve
cooled the outdoor air (pre-cooling of OA) by the
evaporation latent heat of refrigerant, and more cooled the

air dehumidified by the desiccant rotor (after-cooling).
Hear the degree of supper-heat was about 13K.
As shown in the figure, it was confirmed that the almost of
evaporation latent heat was used for pre-cooling of OA and
the many of condensation latent heat was used in the RA
heating for the desorption of desiccant rotor (for
reproducing the desiccant rotor).
4.1.3. Cooling capacity and COP
The results of the performance test of this makeup air unit
are shown in above Table 2 with the performance test
conditions. The power consumptions of the table are
included in electricity of the compressor, the fans, and the
rotor.
As shown in the table, the cooling capacity was 4.84kW,
the coefficient of performance (COP) was 4.78, and the
amount of dehumidification was 6.5 kg/h at the heat source
water of 32C. And, it was conformed that, the
performance of unit greatly depends on the heat source
water temperature.
4.2. Heating and Humidifying Operation
The results of the performance test of this makeup air unit
are shown in above Table 2 with the performance test
conditions.
As shown in the table, the heating capacity was 6.79kW,
the COP was 5.62, and the amount of humidification was
3.4 kg/h at the heat source water of 25C. And, it was
conformed that, the performance of unit greatly depends on
the heat source water temperature.
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Figure 8. Relationship of COP and heat source water temperature on cooling and dehumidifying operation.

4.3. Effect of Heat Source Water Temperature
In above Table 2, it was conformed that, the performance
of unit greatly depends on the heat source water
temperature.
Therefore, Figure 8 shows the relationship of the COP and
the temperature of heat source water on the
cooling/dehumidifying operation. As shown in the figure,
on the cooling/dehumidifying operation, the COP improved
low temperature with 32C to 7C on the heat source water
temperature monotonically.
It can be estimated that the improved COP is 5.1 at 30C
and the improved COP is 5.6 at 25C on the heat source
water temperature. The high performance of unit was
evaluated because of changing the heat source water
temperature through the cooling/dehumidifying operation
period.
Moreover, if it is applied the grand heat source of
renewable energy, the high performance and the high COP
will be realized as shown in this figure.
In addition, this unit is applicable to not only the individual
distributed air-conditioning system with water heat source
heat pump cassettes (PMAC system) [5] [6] but also the
central air-conditioning system because the driving at the
widespread heat source water temperature is possible like
in this figure.
5. CONCLUSIONS
A prototype makeup air unit was produced and its
performance was tested for the development of the high
efficiency water heat source air-conditioning system which
consisted of the individual distributed water heat source
heat pump unit.
As a result, it was possible to confirm the following.
1) The cooling capacity was 4.84kW, the COP was 4.78,
and the amount of dehumidification was 6.5kg/h at 32
C of heat source water.

2) The heating capacity was 6.79kW, the COP was 5.62,
and the amount of humidification was 3.4kg/h at 25 C
of heat source water.
3) The cooling and dehumidifying capacity, the heating
and humidifying capacity, and the COP were depended
on the temperature of heat source water. Therefore, the
high performance could be confirmed through the
cooling period.
4) The high performance and the high COP will be
realized by applied the grand heat source of renewable
energy.
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ABSTRACT
Since green spaces can be used as a solution for decreasing
temperature in built-up areas, this was conducted to
determine the effect of green spaces on the reduction of the
temperature and humidity of urban development in
residential areas of Mutiara Rini and Seri Pulai Perdana of
Johor Baharu, Malaysia. The main focus of this work was
on the effectiveness of green spaces on outdoor
temperatures in residential areas in the normal days of low
raining season. Fixed Station Point and Mobile Survey
methods were used for data collection. The results showed
that green spaces positively influence on temperature
reductions in both areas, especially during middays (3 pm).
Keywords— Green Space, UHI, Residential Area,
Temperature, Humidity
1. INTRODUCTION
The increased construction of buildings and paving roads
represent some of the dominant factors in the rise of surface
radiation and air temperature, which results in overall drier
and warmer environments [1] . However, green spaces can
be used as a solution for decreasing temperature by
increasing the ratio of evaporation process which it leads to
have lower diurnal temperature variation and cooling down
of built-up areas.
The previous studies on urban greenery were conducted in
four categories: urban temperature and urban heat island [24] , impact of urban greenery, vegetation, and greenway [57] , and green assessment of urban temperatures . Studies
have shown that tropical zones, such as compacted bulks
and buildings, are obvious agents of climate change and
thermal increase in residential areas [8-11] . An effect on
the distance green space to the area around it was also
investigated. The effect of huge parks (around 1235.5 acre),
covering a parameter of up to 2 km, which is similar to the
green space (around 86.5 acre), may affect spaces as far
away as 1 km when wind speeds are robust [12] . In certain
cities, the mismatch between the amount of green spaces
and urban areas fails to mitigate the negative effect of
climate and thermal changes. Based on the ﬁndings [13] ,
potential design strategies are proposed in an effort to
mitigate urban heat island (UHI), including manipulating
building layouts and mass to improve shades during the day,
which will in turn facilitate site ventilation during nights

and increase site vegetation cover via strategic tree planting.
Moreover, the spatial characteristics of UHI in Johor
Baharu were investigated during two different seasons
(rainy and dry season) in 2008. It was determined that
relatively large open spaces scattered between the built-up
areas may create low air temperature areas and skew the
UHI of the city [14] . Another study predicted a signiﬁcant
potential in offering an optimum cooling effect to urban
spaces via the modiﬁcations of both trees and ground
surface material physical properties in tropical countries.
The average monthly UHI intensity was found to be 2.6oC.
In mitigating its impact, higher levels of tree canopy density
(LAI 9.7), coupled with “cool” materials (albedo of 0.8),
resulted in massive temperature reduction in urban areas
[15] . Moreover, the average maximum temperature would
decrease and reach 2.27oC in the peak of the summer (at
15:00), when the quantity of trees was increased by 20%.
Furthermore, combining both modification methods led to
the largest air temperature decrease, with an average and
maximum of 0.24oC and 2.29oC, respectively [16] . On the
other hand, the effect of greenery on the urban temperature
are measured based on distribution, structure, and function
of green space in cities. Hence, urban cities with large green
areas such as shrines, parks, and temples are cooler
compared to surrounding areas [1-17] . A study [18] shows
that the temperature differential between points is most
evident during the day, and is most significantly affected by
shades casted by trees and buildings that seems to provide a
realistic threshold for lowering outdoor temperatures. Trees,
shrubs, and green walls may be introduced into the outdoor
environment with the intention of reducing temperatures to
a desirable level for a specific time range.
As per the aforementioned issues, the main purpose of this
study is to determine the effect of green spaces on
temperature and humidity reductions, and explore the
impact of sustainable urban design on the improvement of
the city’s development and ecology in residential areas of
Mutiara Rini and Seri Pulai Perdana of Johor Baharu,
Malaysia.
2. METHODOLOGY
2.1.Area of study
Taman Mutiara Rini and Sri Pulai Perdana were the
locations selected for the research, as both are residential
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areas located in Johor Baharu (Figure 1). Johor Baharu is
the second largest city in Malaysia, and is located at 1o 29’
and 103o 44’ E in the southernmost tip of the Malay
Peninsula. Both were chosen due to its open and vast green
space, density of the residential area, and widespread
accessibility (Table 1). As shown in Figure 1, the open
space of Sri Pulai Perdana is located at the centre of the
area, while Mutiara Rini is located in the corner of area,
with the green space in the former is smaller. Moreover, the
density of the residential area in Sri Pulai Perdana is higher,
and both area’s accessibility are excellent, as they are
located near main roads.

Figure 1. The location of cases of study in Johor Bahru, (a)
Sri Pulai Perdana and (b) Mutiara Rini

devices that were used to measure the temperature and
humidity were a1-meter Pipe and a vehicle.
2.3.Research Approach
Since this study focuses on the effectiveness of the green
space on outdoor temperatures in residential area, the Fixed
Station Point and Mobile Survey methods were used to
gather data on a normal day on March 2013. Hobo U14-001
data logger was located at the center of the housing and
park (fixed station) areas, and is approximately 1.8 meter
high. Moreover, Hobo Pro V2 was fixed into a pipe at the
height of one meter from the roof of the vehicle to prevent it
from heat transferring from the roof of vehicle in mobile
survey investigation. The recorded data was extracted from
Hobo data loggers using Pro software (version 3-2-2).
Prior to the actual data collection period, a pilot study was
conducted to assess the validity of the research instrument.
Air temperatures and relative humidity were recorded at one
minute intervals in the mobile survey, while the data will be
taken at ten minute intervals in the stationary survey. All the
data was recorded in 12 and 24 hours on dry. In order to
cover most part of both residential areas, mobile surveys
were conducted in three routes at different times (Table 2)
simultaneously for two days, and four measuring points
(stationary points) were placed at residential areas for nine
days for three times on March 2013.
Table 2. Mobile traverse details in Sri Pulai Perdana and
Mutiara Rini
Mobile traverse detail (Time)
T1
06:00 am
T2
09:00 am
T3
12:00 pm
T4
03:00 pm
T5
06:00 pm
T6
09:00 pm
T7
12:00 am
T8
03:00 am

Table 1. Residential area specification
Sri Pulai Perdana

Mutiara Rini

Green Space (acre)

27.941

171.16

Built-up (acre)

105.2

442.8

3111

11911

-0.77

+1.9

Number of
Buildings (unit)
Density ratio of the
residential area
based on Malaysian
regulation (%)
The location of
Green Spaces

located in the center
of residential area

Area accessibility

Close to the main
roads

located in the
corner of residential
area
far from the main
road

2.2.Variables and research instrument
Both temperature and humidity are variables that have
considerable effects on environmental healthiness. Effective
control of both variables will result in the reduction of UHI
and a pleasant quality of the urban environment.
In this study, two different types of Hobo; Hobo Data
Logger (U14-001 Logger user manual, LCD Logger
Internal T/HR; ± 0.2°C from 0° to 50°C - RH ± 2.5% from
10 to 90%) and Hobo Pro V2 (without LCD) with part
number U23-001 (± 0.21°C, over 0° to 50°C - ± 2.5% from
10% to 90% RH), were used to collect the data. Other

In the mobile survey, data loggers were installed in the wellinsulated plastic pipes which were fixed onto the roofs of a
car. The car cruised at 20km/h during the period of the
mobile survey, as lower speed improves the accuracy of
collected dada. For the area of Sri Pulai Perdana, 19 points
(A, B, C,…., P, start point and finish point) were surveyed
(Figure 2a). Based on the given data, these 19 points were
divided into three different groups, each representing a
specific scale. Table 3 shows that scale 1:1 being the most
common scale in this area and applied to 11 points, while a
scale of 2:3 is just being applied to two points (F & G). On
the other hand, in Mutiara Rini, 23 points were selected and
surveyed (Figure 2b), A, B, C…, W, inclusive of the
presentation of the starting and finishing points. According
to the presented data, all of the study points of this location
were classified into five groups, each being representative
of a specific scale (table 3). Based on the tabulated data, it
can be surmised that the majority of the study points in this
area possesses the scale of 2:3. For higher accuracies, the
survey was repeated thrice.
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3. RESULT AND DISCUSSION

Figure 2. Location of fix station Hobo and Mobile Survey
condition in (a) Sri Pulai Perdana and (b) Mutiara Rini
Table 3. Street Cross Section
Points

Current situation

MutiaraRini

M, s, V, W

Scale
(High:Width)
2:2

S, A, E, f, L

2:1

I, J, O, P

2:3

B, N, U, F

3:2

C, D, G, H,

2:3

3.1.Housing and Park Fixed Station-Mutiara Rini and
Sri Pulai Perdana
The comparison of temperature and humidity in the housing
and park areas between Sri Pulai Perdana and Mutiara Rini
within three days (16th-18th March 2013) are illustrated in
Figures 3 and 4. As seen in Figure 3a, while the recorded
temperature in the housing area on March 16th (at 00:00am)
for both areas was between 27-28°C, the highest and the
lowest temperature was recorded in Sri Pulai Perdana on
March 18th at 3:00pm (around 42°C) and 6:00am (around
25°C), respectively, and the maximum recorded
temperature in Mutiara Rini housing area did not exceed
38°C during these three days. The graphs indicate that the
highest temperature on 18/3/2013 at 4:00pm in Sri Pulai
Perdana housing was caused by lack of green spaces. At the
same time, in Mutiara Rini housing area, the temperature
difference was recorded to be almost 11°C lower than Sri
Pulai Perdana, which indicates on the effectiveness of
vegetation for reducing the temperature there. Additionally,
the lowest temperature measured on 18/3/2013 at 8:00am in
the Sri Pulai Perdana housing area (around 24 hours) while
it was around 3°C lower in comparison with Mutiara Rini
housing area on that time. This might be due to the fact that
Mutiara Rini is mitigated by the presence of green spaces in
central part of residental area. It is also in agreement with
evious research studies [19-20] .

K, M, Q, R,
T
A, B, C, L,

2:2

Sri Pulai Perdana

M, N
f, G

s, D, E, H, I,

2:3

1:1

J, K, Q, F,O,
P

*The hight of trees are between 2.5 and 3.5m in both
afomentioned areas.

Figure 3. (a)housing and
(b)park fixed station:
Temperature Vs. Time

Figure 4. (a)housing and
(b)park fixed station:
Humidity Vs. Time

The recorded temperature in different times in park areas
showed that the moderate changes in Mutiara Rini was 3°C
lower (Figure 3b). The highest temperature measured in Sri
Pulai Perdana Park on 17/3/2013 around 12:00 pm (around
39) which it was 14°C lower than Mutiara Rini Park. This
might be attributed to the presence of trees in Mutiara Rini
Park that creates natural shades, which lowers the overall
temperature. This was also mostly caused by the shading
effects of leaves and branches, which reduced the amount of
solar irradiance reaching other areas [16] . The results also
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agree with a previous study [15] . However, the level of
temperature in the Mutiara Rini Park was higher during the
night. For instance, on 17/3/2013 at 11:00pm, the
temperature in Mutiara Rini Park was almost 10°C higher
than the Sri Pulai Perdana Park. Due to higher
concentration of green space in Mutiara Rini Park, higher
levels of photosensitizations greatly increased the difference
in air temperature in a 24 hour time period. In addition, it is
inferred that an acceptable range of thermal comfort in open
space for both areas is less than 34 °C, and only occurs
during early mornings (9-10 am) and in the afternoons (4-5
pm). This concept also contributed to the same study
outdoor spaces within the UPM campus [21] .
On the other hand, the humidity fluctuations in the
aforementioned housing areas were between 35% and 90%
(Figure 4), with the highest humidity being recorded in both
Mutiara Rini and Sri Pulai Perdana between 6:00-7:00am
(almost 90%), while the lowest humidity measured was
between 3:00-4:00pm in Seri Pulai Perdana (almost 35%).
Moreover, the level of humidity in Sri Pulai Perdana park
area reached a maximum (almost 100%) in the morning for
these three days, while it was less than 65% in Mutiara Rini
during the same period. This was thought to be caused by
types and congestions of vegetation, location of park and
buildings [22] . In the latter, it was mostly attributed to
higher levels of green space and the location of the housing
area. However, the moderate humidity changes in both areas
were almost similar (65 percent) for those three days.
While the temperature is quite low, the humidity is high at
mid-night. It is due to the fact that tempratuare reduction
brought the capacity within the air below the amount of
vapor present [23-24] .
3.2.Mobile Survey
3.2.1.Sri Pulai Perdana
Figure 5 shows the mobile survey of Sri Pulai Perdana that
recorded the temperature within 12 and 24 hours. The track
being studied was around 6400 meters, and the observation
was ongoing from Point s, and completed at Point f. In
comparison, the lowest temperature recorded at T1 in point
F in both 12 and 24 hours was 26 and 25.5°C, respectively,
while the highest temperature was recorded at T4 on same
day, which was 41°C in the former, and 39°C in the latter.
Moreover, the times of T2 and T6 indicated that the
changing trend adhered to normal behavior from the outset
until the end of the survey in 24 hours. Additionally, the
temperature dropped by 3.5°C in T5 in both 12 and 24
hours, while the other points did not demonstrate any
significant changes.
Investigation on temperature changes for 24 hours (Figure
5a) showed that recorded temperature at T1 in point s was
around 26°C, as this point is located on a wide street
surrounded by trees, with the presence of light breeze being
a possible factor as well. Points A, B, C, L, M, N were
positioned in the narrow street between the housing and the
trees, which helped decrease the temperature, so the
temperature of these points was lower than points S, D and
H-K at this time due to two factors; shades and light breeze.

Previous studies also indicated that a careful mix of
buildings of various heights helps improve local ventilation
[13-28] .In addition, Point E is located on the street,
covered with trees and experiencing a light breeze, which
might make it cooler than the previous points. Next stations
are points F and G, which are overshadowed by two houses,
serving to lower their overall temperature. Points O and F
are similar to the first point (s), meaning that they are
covered by trees and shades, which helps decrease the
temperatures. Another reason might also be the fact that the
solar radiation from the sun does not reach the ground,
which cools it for the duration of the study.
Additionally, the temperature difference between points s
and f is around 1°C at T1. From T1 to T2, the temperature
increases by 2.5°C, which means the area was exposed to
solar radiation through the building and man-made
materials, prompting a gradual increase in temperature.
According to T3, the area was warmer compared to T2, due
to the area being exposed to higher levels of solar radiation
and the built-up materials being exposed to higher levels of
radiation, which culminates in the increase of temperatures.
The temperature between points J and K was stable, which
shows that the heat contrast between buildings and green
spaces remains in steady conditions. Furthermore, the
highest temperature recorded at T4 was close to 39°C,
which shows that the thermal conductivity of the
surrounding built environment leads to the creation of a
warm area, and the area was exposed to more solar
radiation and other man-made factors such as vehicles and
air conditioners. At this time, the temperature increased to
around 2°C compared to T3, and the temperature difference
was recorded to be around 1.5°C at T4 between points S
and F. At T5, the result illustrates that the temperature
dropped and the solar radiation being of little importance
vis-à-vis the area, with man-made materials being exposed
to less solar radiation. The temperature difference at T5 was
recorded to be around 3°C from Points S to F. The
temperature at points H and I at T3 and T5 were similar.
The temperature at T6 conclude that the area was colder
compared to T5 by approximately 3.5°C, and after this time,
the temperature gradually declines, with the temperature
difference being around 0.5°C. During night time at T7 and
T8, the temperature dropped to 28°C. Thus, the mobile
survey showed that the temperature during early morning is
at the lowest level, while the highest temperature was
determined to be between 12:00 pm to 3:00 pm.
The survey within 12 hours (Figure 5b) shows that the
temperature value increases dramatically from T1 to T4,
while it significantly declined at the following 3 hours. The
temperature difference from the starting point to the final
point was recorded to be around 1°C at all times except T5,
which is indicative of the fact that this area experiences
light breeze, and also the fact that solar radiation was not a
major factor. At T5, the temperature rapidly decreased from
39°C to 34°C, as solar radiation has low impact on manmade materials. The comparison on the mobile survey
showed that the temperature in the early morning is at the
lowest level, while the highest temperature was measured
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around 12:00 pm to 3:00 pm. The findings in this work also
agrees with Wilby [26] .

Figure 5. Sri Pulai Perdan mobile survey within (a)24 hours
and (b)12 hours
3.2.2.MutiaraRini
Figure 6 shows a mobile survey of Mutiara Rini taking
measurement of the temperature in 12 and 24 hours, with
the track of the mobile survey being approximately 7100
meters, as recorded from Point S and measured at point F.
In comparison, the lowest and highest temperatures in a 24hour survey were almost 27.5°C and 41.5°C, which were
recorded at T8 in point F and T4 in point S, respectively.
However, mobile survey in 12 hours shows the highest level
of temperature in point S at T4 (around 40°C), and the
lowest level in Point F at T1 (almost 27°C). Additionally,
among mobile survey travel times, 3:00pm shows the
highest tolerance (up to 4°C), while a relative stability was
observed at other times.

The navigated survey within 24 hours (Figure 6a) shows the
temperature changes following similar trends at A, E, S, L,
and f points at a specific time (T1). These points are located
between houses and trees, which help decrease the
temperature. However, at point A, the temperature was
lower than point S due to the higher amount of trees there.
Moreover, points B, F, N and U are located between houses
and vacant lands that experiences lighter breeze, which in
turn reduces the temperatures. Points C, D, G, H, K, M, Q,
R and T are located at similar locations. They were
surrounded by houses, which gives way to a warm area, as
the building materials were not exposed to direct solar
radiation [13-25] . Furthermore, J, I and O-P points were
surrounded by houses and street, and covered by trees,
exposed to breeze, and being less exposed to solar radiation.
Points s, M, V and Ware also surrounded by houses and
trees(with higher congestion) that help reduce the
temperatures at these areas.
In addition, the temperature difference was around 1°C at
T1 and T2 from point s until Point f, which is indicative of
temperature stability at these points and time. At T3, the
temperature difference between start and final points at this
time was approximately 3°C, and when compared to T2, a
4°C rise was observed [26] . Moreover, the temperature
continued to increase until 41.5°C, which is measured in the
first point at T4. It might duo to effectiveness of the green
space and shadow of trees in the afternoon. At T5; the graph
shows that at this time, the temperature gradually decreases
due to the solar radiation having a low impact on materials
such as concrete, pavements, and asphalt. At T6, the
temperature was coming down close to 32°C at point s, and
was measured at point f to be around 31°C. Moreover, the
temperatures at T7 and T8 were decreased up to 4°C in
comparison with T6. The result indicates that the green
space influences temperature reductions.
On the other hand, the 12-hour survey from the first point to
the last point (Figure 6b) shows that temperature changes at
T1 and T2 were negligible (less than 1.5°C), due to lower
solar radiations. However, compared to the same time in 24hours, the temperature was lower by 1°C due to vegetation.
In addition, at T3, the temperature gradually increased and
reached 37°C. The results showed that at T4, the
temperature decreases from 40.5°C to 38°C. Similar trends
were also observed at T5, where the temperature gradually
declined to 33°C, nevertheless, the level of temperature was
approximately 5°C lower than T4. This is mostly attributed
to the effectiveness of green area which left the materials
exposed to lower levels of solar radiations [27-28] .
4. CONCLUSION

Figure 6. Mutiara Rini mobile survey within (a)24 hours
and (b)12 hours

The investigation on the effectiveness of green spaces on
temperature and humidity and the exploration of the impact
of sustainable urban designs on the improvement of the
city’s development and ecology in residential areas of
Mutiara Rini and Seri Pulai Perdana in Johor Baharu in
Malaysia shows that green spaces have a positive impact on
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temperature reductions. As shown by the results, the larger
green space in Mutiara Rini is more effective in reducing
temperatures in both housing and park areas, especially
during the day. By taking into account the building
construction and, location of green spaces, the comparison
on the mobile survey showed that the highest temperature
was recorded during the afternoon between 12:00 and
3:00pm in both cases, nevertheless, Seri Pulai Perdana was
warmer (1-5oC) in both housing and park areas. Moreover,
this difference was more significant in early mornings,
where the difference was almost 14oC.
To achieve the best rendering both in the proceedings and
from the USB memory, we strongly encourage you to use
Times- Roman font. In addition, this will give the
proceedings a more uniform look. Use a font that is no
smaller than nine point type throughout the paper, including
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In nine point type font, capital letters are 2 mm high. If you
use the smallest point size, there should be no more than 3.2
lines/cm (8 lines/inch) vertically. This is a minimum
spacing; 2.75 lines/cm (7 lines/inch) will make the paper
much more readable. Larger type sizes require
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ABSTRACT
A study on the effect of different vortex finder diameter
towards the operating conditions of the MR-deDuster
cyclone system had been carried out in a pilot plant scale
unit. Two different vortex finder diameters of 90 and 60 mm
of four miniature cyclones with axial inlet entry were
evaluated for its pressure drop under various volumetric
air flow rates. Results showed that the pressure drop varies
inversely proportional to the diameter of the vortex finder.
The pressure drop across the MR-deDuster was also
simulated by using 3D computational fluid dynamics
(CFD) via FLUENT 15.0 which clearly illustrated the
pressure profile of MR-deDuster.

axial inlet entry are commonly used in multicyclone
configuration as these units provide higher efficiencies [5].
The main parameters generally being considered in order to
carry out an assessment of the design and performance of a
cyclone are pressure drop through the cyclone, volumetric
air flowrate, and collection efficiency of particle [3, 6, 7, 8].
The total pressure drop across a cyclone consists of losses
at the inlet, outlet, and within the cyclone body [9]. The
vortex finder size is a crucial dimension which significantly
affects the performance of the cyclone [10].

Keywords— Multicyclone, MR-deDuster, vortex finder,
pressure drop, CFD
1. INTRODUCTION
Cyclone was patented for the first time by John M. Finch
back in 1885 and called as dust collector. Due to its simple
construction, low manufacturing cost, ease of maintenance,
compactness, and lack of moving parts, cyclones continued
to grow in popularity and improve in both construction and
operation nowadays [1]. To date, cyclone is one of the
basic classes of particulate collection equipment commonly
applied in many industries [2].
As shown in Figure 1, there are four different types of inlet
used in gas cyclones that has its advantages and application
each: tangential, axial, helical, and spiral [3]. As example,
for the tangential entry, the gas is brought in at the side of
cyclone to initiate the swirling action. Meanwhile, for axial
entry, the gas is brought in at the top and the swirling
action is imparted by stationary vane positioned in path of
incoming gases [4].

Figure 1. Types of Inlet Entry [3]
A newly developed multicyclone system known as MRdeDuster with axial inlet entry has been tested and reported
[4,7,11,12]. However, this paper focused on the effect of
changing the vortex finder diameter on the pressure drop
across the pilot plant scale of the MR-deDuster unit.

One of the advantages of axial entry is the high degree of
axial symmetry in the flow which gives some operational
advantages as it eliminates the region prone to fouling on
the back side of the vortex finder [1]. Cyclone units with
2. METHODOLOGY
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.

2.1. Pressure Drop Across the MR-deDuster
Figure 2 shows the schematic diagram of MR-deDuster
arrangement which consists of four miniature cyclones. The
unit was designed with axial inlet entry equipped with
replaceable vortex finder pipe of any diameter size
(designated as D in Figure 3). In this study, a diameter size
of 90 and 60 mm vortex finder were used and evaluated.

Figure 2. Schematic Diagram of MR-deDuster with Four
Miniature Cyclone
Figure 4. MR-deDuster Unit in Pilot Plant Scale
2.2. CFD Analysis of MR-deDuster
The pressure profile of MR-deDuster was also observed by
using three-dimensional computational fluid dynamics
(CFD) by using Solidworks and simulated in FLUENT
15.0 to illustrate its pressure contour.
Figure 5 shows the model of MR-deDuster used in CFD
simulation with one inlet and four outlet parts.

Figure 3. Miniature Cyclone with Axial Entry
The pressure drop across the cyclone was measured by
using pressure gauge (Series 2000 Magnehelic®
Differential Pressure Gauge) located at the inlet and outlet
of the unit. The pilot plant scale of the MR-deDuster is
shown in Figure 4.

Figure 5. Model of MR-deDuster Unit Used in CFD
Simulation
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3. RESULTS AND DISCUSSION
3.1 Pressure Drop Across the MR-deDuster
The pressure drop across the cyclone is directly related to
the power of induced draught (ID) fan which is required to
operate the cyclone in driving the flue gas through the
system [7,8].
Figure 6 shows the relationship between speed of ID fan
(frequency) againts the pressure drop across the cyclone.
Figure 7. Relationship between Volumetric Flowrate and
Frequency of ID Fan
The highest volumetric flowrate obtained from the
maximum speed of ID fan for both vortex finder diameter
0.22 m3/s. The air volumetric flow rate was determined at
the stack of the pilot plant using a pitot-tube method.

Figure 6. Relationship between Pressure Drop Across the
Cyclone of MR-deDuster and Frequency of ID Fan

Figure 8 depicts the relationship between volumetric
flowrate in the system and pressure drop across the cyclone.
It is expected that the pressure drop across the cyclone
increases exponentially with air volumetric flowrate. It is
observed and as expected that pressure drop across the
cyclone for the bigger vortex finder is higher than the
smaller one.

The highest speed (50 Hz) of ID fan presents the highest
pressure drop across the cyclone (2.80 inches of water) as
indicated by larger diameter of vortex finder (90 mm). The
pressure drop across the cyclone increases directly
proportional with speed of ID fan and increasing of
diameter of vortex finder. Larger diameter of vortex finder
represents smaller area of inlet entry. The speed of the ID
fan is basically indicates the air volumteric flow rate
passing through the unit, the higher the speed the higher is
the air flowing through the unit.
Figure 7 presents the relationship between speed of ID fan
(frequency) and air volumetric flowrate passing through the
system which showed that there is a similarity in the air
volumetric flow rate at a given frequency.

Figure 8. Relationship between Pressure Drop Across the
Cyclone of MR-deDuster and Volumetric Flowrate
This is because of the area of inlet entry where the larger
diameter of vortex finder presents a smaller area of entry
and hence increases the pressure drop of the system
significantly especially at the higher air flow rate.
Figure 9 presents the relationship between inlet velocity of
the system and pressure drop across the cyclone for two
different diameters of the vortex finder which showed that
the inlet velocity for larger vortex finder diameter is higher
than the inlet velocity for smaller vortex finder due to
decreased in the area for inlet entry. In short, the study
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.
suggests that the air volumetric flowrate is directly
proportional to inlet velocity where higher air volumetric
flowrate will increase the inlet velocity, hence increases the
pressure drop across the unit.

Figure 10. Pressure Contour of MR-deDuster
Figure 9. Relationship between Pressure Drop Across the
Cyclone of MR-deDuster and Inlet Velocity
As the inlet velocity increases, the pressure drop of the
cyclone also increases and a higher inlet velocity not only
presents a higher collection efficiency but also increases the
pressure drop of the cyclone [7, 9]. Pressure drop and inlet
velocity for the system with 60 mm vortex finder diameter
seems to be much lower than the system with 90 mm
diameter for a given air volumteric flow rates. The
maximum pressure drop across the cyclone with 60 mm
vortex finder diameter was 1.60 compared to 2.80 inches of
water for the maximum pressure drop across the cyclone
with 90 mm vortex finder diameter.
Reduction in inlet velocity resulted in reduction of pressure
drop across the cyclone hence lowered the energy required.
It is important to note that the pressure drop is closely
connected to inlet velocity which is a measured of the
operating cost of the system [8]. All of the discussed
parameters were in agreement with the Equation 1;
Q = A*V

Equation 1

Where Q is the air volumetric flowrate of the entire system
(m3/s), A is the inlet entry area of the MR-deDuster (m2)
and V is the inlet velocity of the system (m/s).

the pressure decreases radially from wall to the centre and
formed a low pressure area at the centre of each unit. While,
a higher pressure is at the entry area surrounding the
vortex finder outer wall of each cyclone. The CFD analysis
simulates the pressure drop of MR-deDuster approximately
1.37 inches of water which indicated low pressure drop
measured in the cyclone.
4. CONCLUSION
A study on the effect of different diameter size of vortex
finder on the pressure drop across the MR-deDuster
cyclone had been presented in this study. A higher pressure
drop across the system having a larger diameter vortex
finder is due to the reduced in the effective area of inlet
entry in each of the unit cyclone. The predicted pressure
drop across the system by CFD modeling was able to be
measured with clearly profiled of pressure contour.
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3.2 CFD Analysis of MR-deDuster
Figure 10 presents the results of the simulated pressure
contour of MR-deDuster with diameter of vortes finder of
90 mm with air volumetric flow rate of 0.19 m3/s which
showed that
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ABSTRACT

Product Lifecycle Management (PLM) adoption is very
important for companies to sustain and stay competitive in
market particularly to the organizations that involving from
design to manufacturing. Many companies are struggling
whether to adopt PLM because implementing PLM involves
very extensive changes in intra and inter-organizational
practices. PLM assessment is an important activity in the
pre-implementation stage to determine the scope of
implementation. However, the requirements and scope of
implementation are always influenced by the users’
paradigm of “needs” instead of the company’s current
PLM maturity level. This research covered the PLM
assessment in using Capability Maturity Model (CMM) and
Analytical Hierarchy Process (AHP) focused in PLM
technology components. The research was based on case
study approach conducted in an Industrial Equipment
company. The scope of assessment was to investigate the
technology components in respect to data, process and
methodology. The empirical results showed PLM
technology components prioritization determined through
the hierarchy analysis could provide more consistent output
compared to user’s direct judgement. The authors argue
that PLM assessment in technology components
prioritization requires consideration of its maturity level
because the outcomes provide a better guideline to define a
strategic roadmap for PLM implementation.
Keywords- Product lifecycle management (PLM), PLM
Assessment, Capability Maturity Model (CMM), Analytical
Hierarchy Process (AHP).
1. INTRODUCTION
The industrial equipment (IE) industry is a capital-intensive
and cyclical sector that tends to be severely hit by
downturns when there is a significant contraction in capital
expenditure. Cutting costs has become a priority over the
past few years and today the trends for the leading
industrial equipment manufacturers is toward greater
productivity [1]. Pierfrancesco Manenti (2013) reported that
in order to increase productivity along the product life cycle
process, IE companies will need to tackle a number of
challenges including (a) Effective managing global
organizations; (b) Increasing product complexity; (c)
Rapidly fulfilling diverse customer needs; (d) Effectively
managing after-sales services; (e) Designing for
serviceability. The product life-cycle process is the most

important process for IE manufacturers [1]. IDC
Manufacturing Insights suggested industrial equipment
organizations shall modernize their IT landscape to speed
up in decision making, streamline business processes, and
breaking organizational silos; this can be supported via a
unique platform that supporting the entire product life-cycle
process, end to end and offers a single data source from
product creation to service [1].
PLM is an integrated, information-driven strategy that
accelerates the innovation and launch of successful
products, built on a common platform that serves as a single
repository of all product-related knowledge, data, and
processes [2]. The four most important components for
PLM are:- (a) PLM is a concept that focuses product
definition information; (b) PLM concerns product
definition information throughout the complete product
lifecycle, from concept to end of life; (c) Product definition
information is created, managed, disseminated and used; (d)
This is done in order to integrate people, processes, systems
and information [3].
PLM affects a wide range of processes within and outside
the company. This makes PLM a complex organizational
change effort. Many companies are struggling in PLM
implementation. This is because PLM adoption includes
very extensive changes in intra- and inter-organizational
practices [4]. Grieves (2009) emphasizes that PLM
implementation requires four aspects to be coordinated:
people, processes, practices, and technology [5]. The
challenges of PLM implementation can be related to the
technology on one hand and business strategy on
knowledge information management on the other hand [6].
Few organizations evaluated the true benefits of PLM
systems and it has been reported that PLM implementations
in industry render unsatisfactory results [3]. The key
challenge in PLM implementation can be seen via
organizational readiness, say maturity, to change the way it
operates [7],[8]. In all these elements the organization has
to make a coordinated plan from where it is today to where
its vision is for tomorrow as well as to make coordinated
transition, otherwise the whole plan suffers [6]. In this
context, PLM maturity assessment will give a good
measurement on how far a company to the full PLM
implementation.
1.1 Research Objective
The objective of this study is to identify the priority of the
critical PLM technology components in a PLM solution
adoption. There are 3 stages in PLM solution adoption i.e.
Pre-implementation,
Implementation
and
Post-
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implementation. In the preceding literature review, PLM
assessment with regards to the pre-implementation were
discussed about business alignment for People & Culture,
IT infrastructure, Management, Process and tools. However
there are not many research papers related to the evaluation
of the PLM technology components especially in its
adoption sequence. The purpose of this qualitative study is
to explore the method to optimal sequence in adopting the
PLM technology components during the preliminary stage
of PLM implementation. The outcome of the assessment
will help to understand the companies’ readiness in
adopting PLM at different functional areas, and
subsequently this can be served as the guideline for them to
define the PLM roadmap in the later stage.
The main research questions of this study are:
1. How shall the user paradigm of “needs” influence the
PLM technology components selection during the preimplementation phase?
2. How shall the PLM maturity level of the organization
impact the PLM technology adoption?
3. How will the user preference in PLM adoption and the
organization maturity level impact the priority of PLM
technology component adoption sequence?
2. LITERATURE REVIEW
2.1. IE industry trends and challenges
The industrial equipment industry is currently in a phase of
profound transformation, with companies redefining their
business models from product to service [1]. Dassault
Systèmes (2013) reported that IE landscape is characterized
by its diversity and the complexity of its products and
players [9]. It is also reported that today IE manufacturers
are expected in (a) Delivery highly complex machines to
market where the machines are comprised of electrical,
automation mechanism, software and motion control; (b)
Fast accessing up to date information from anywhere
enabling collaboration on a global scale ensures that
everyone has a voice in product development; (c) More
customization which can lead to the transition to a
development approach based on modularization which
diversifies their product offering while keeping costs under
control; (d) Faster quotation process to rationalize their part
management to streamline their quotation and purchasing
process; (e) Ensure manufacturing conformity where
production lines have to be re-aligned and re-configured to
keep these quality levels high and (f) Continuous
improvement by adopting the tools and environment that
promote cooperation and an exchange of ideas to encourage
collaborative innovation [9].
To cope with the current difficult business conditions and in
order to tackle the challenges in the market, IE
manufacturers need to improve the effectiveness and
efficiency of the product life-cycle process. This process is
in fact the backbone of any IE organization, and optimizing
it will rapidly bring significant productivity gains [1].

2.2. PLM
In today worldwide global market, innovation and mass
products customization are the key driving factor for the
companies. In this context IT support for product
management becomes an important issue and many
companies are in the process of adopting PLM as one of
their key strategies [10]. PLM is inherently focused on the
management of data, information and knowledge for
creating product offerings that respond to customer needs
[11].
The Product data are referring to the record of
requirements, designs, development schedules, sourcing,
etc. All elements of product data are incorporated into the
processes undertaken by sales, purchasing, design,
engineering and manufacturing teams no matter where they
work in a global value chain [12],[13]. The process in PLM
is referring to the managing of the whole life cycle of a
product starting from generating an idea, concept
description, business analyzes, product design and solution
architecture and technical implementation, to the successful
entrance to the market, service, maintenance and product
improvement [2],[13].
Eventhough it is reported PLM will bring great values to
the company however due to its magnitude of
transformation
a
controlled
and
proper
PLM
implementation can be very challenging in practice
[14],[11]. Baker (2002) stated that “nobody could have
foreseen how big, messy, and tough this project would turn
out to be” [3]. The reason is mainly due to lack of clear
understanding of what PLM is and how it could fit with the
needs and requirements of the companies in terms of
product management. In this context, it is important to
assess how far is a company from a full PLM
implementation [6].
2.3. PLM solutions
Dassault Systèmes (2012) PLM platform in IE delivers
three fundamentals of efficiency i.e. (a) System Stability
where all participants need to access a single, consistent
data source; (b) Process Standardization to ensure definition
and capture of standard reference processes; (c) Correction
and improvement on problems and improvement
opportunities should be identified, analysed, and eliminated
quickly [15]. There are few keys areas in PLM scoping
have been discuss but not limited to the needs of IE
industry there are: (a) Reuse of components and processes
that already exist in the company. This will help to avoid
recreating components can lead to significant time savings
and many other savings in a domino effect throughout the
product lifecycle [16]. (b) Enhanced integration of
engineering software suites which allows engineers to stay
immersed in designs and their design tools so they can
focus on innovation instead of navigating multiple
interfaces and moving files [17]. (c) Requirements
management for continuous communication, change
management and traceability enforcement of customer
requirements throughout the development cycle [18]. (d)
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Bill of Material (BOM) management to accommodate a
variety of engineering and manufacturing models, including
engineer-to-order, build-to-stock, build-to-order, and
assemble-to-order. (e) Others PLM process enable greater
agility in functions such as bidding, sourcing, procurement,
and production. Other important and critical elements
include multi-discipline product and process engineering;
project and program management; portfolio management
and supply chain management [13],[15].

process [10],[19]. The strength of this approach is to
organize tangible and intangible factors in a systematic way
and to provide a structured yet relatively simple solution to
the decision making problems [10]. The task of any multicriteria decision methodology is not to prescribe the "right"
decision to be chosen, but to help decision makers to find
an alternative that could best fits their needs and the general
understanding of the problem [10].
3.

2.4. PLM AND CMM
When talking about maturity models, most people first
think of Capability Maturity Model Integration (CMMI)
that has become an established model in the field of
information systems development [7]. The first version of
CMMI model was the CMM published in 1989 by Watts
Humphrey, and later by the Software Engineering Institute
(SEI) at Carnegie Mellon. CMM composed of five maturity
levels i.e. Initial, Repeatable, Defined, Managed, and
Optimized [8]. Batenburg (2006) proposed a PLM maturity
model and aligned model to assess the relative position of
companies on their road to full PLM implementation [10].
The idea of the PLM maturity assessment along the PLM
process are to make the implementation of the extensive
business issue of PLM better approachable and a more
carefully planned process [6] and to avoid premature
moves, which is to say to avoid implementing processes or
systems in to an organization that is not yet able to utilize
them [7]. Based on Vezzetti, Violante and Marcolin (2014)
has reviewed the following PLM maturity model with
regards to CMM:- Batenburg proposal was designed to
assess the PLM achievements of individual companies or
business units of a company; Saaksvuori and Immonen
proposal referred to the generic maturity model CMM
combined with the COBIT framework; Stark proposal
discussed about the maturity model for PDM, which was an
important component of PLM; Schuh proposal covered a
set of lifecycle-oriented business process reference models
which linked the necessary fundamental concepts,
enterprise knowledge and software solutions to effectively
deploy PLM; Kärkkäinen proposal defined the maturity of
customer dimension, and they provided preliminary
maturity level descriptions for this dimension; and lastly
Terzi S. proposal assessed for new product development
process that provided a snapshot of the company in order to
offer a starting point for further analysis and the definition
of a strategy for improvement in its processes of
engineering and innovation [8].
2.5. AHP

RESEARCH METHODOLOGY

In this study, the researchers have identified the keys areas
of PLM technology components that were reviewed in the
literature. Based on the selected technology components the
researchers carried out an assessment to explore the
company’s preferences of its technology components
adoption through prioritize its sequence based on the user’s
needs and areas of improvement. Following with this, the
researchers continued the assessment on technology
components to evaluate the company’s current state of
PLM maturity level. The purpose of this research is to
allow the company have a clearer picture on the gap
between its desire areas of improvements and its current
state of maturity level. The objective of this study is to
investigate the important of the needs analysis in PLM
technology adoption via PLM maturity assessment and
critical PLM component selection through the PLM Data,
Process and Methodology.
3.1. Research Model
The research model was structured as follows: the first
section was based user’s direct perception of needs in PLM.
The respondents were asked to rank the priority and
sequence of the areas of improvement they needed. In the
second section, we conducted Multi-Criteria Analysis
(AHP) method to allow the company to define their needs
in relation to their current position and status in defining the
improvement sequence on technology adoption. Thirdly,
we applied CMM method to asses the company’s current
state in the technology components that were grouped
under Data (the solution system), Process (the workflow
and communication) and Methodology (the company
practices). The last part of this paper we discussed on the
the analyzed result from section.1-2-3 to conclude the
findings and summary. The researchers believed that the
outcome of the assessment would help the researchers to
understand the companies’ readiness at different functional
areas. Eventually, this can be served as the guideline to
define the PLM roadmap in the later stage. The research
model of this research has illustrated in Figure 1 below.

Analytical Hierarchy Process (AHP) is a multi-criteria
decision-making technique developed by Saaty (1980). It
aims at quantifying relative priorities for a certain set of
alternatives on a ratio scale, based on the judgment of the
decision-maker, stressing the importance of the intuitive
judgments of a decision-maker as well as the consistency of
the comparison of alternatives in the decision-making
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Figure 1: Research Model
Based on the preceeding literature reviews which discussed
the challenges and areas of improvement in IE industry, the
researchers have identified the most appropriate PLM
technology components as Figure 2 below.

Figure 2: PLM Technology Components
As indicated in Figure 2, the PLM technology components
are grouped under Data, Process and Methodology. Data
are referred to the available solution system in the
organization and its status in managing the data
information; Process is referred to the available workflow
for communication across various teams and Methodology
is referred to the company and industry best practices which
has deployed. Data components will cover Product Data
Management (PDM) foundation, Master library,
Project/Program management, Engineering Bill of Material
(EBOM) management, Variant and Product Condiguration,
Requirement management, Cost Analytics and CAD data.
Process components will cover the same components as
stated in Data including Engineering change process.
Methodology components will cover DFMEA & PFMEA,
Enterprise
Part
Numbering/
Taxonomy,
Design
Methodology, BOM Methodology and BOM Methodology.
3.2. The Case Company
The selected case study company (COM01) is a multinational company (MNC) that core business is Industry
Equipments (IE) manufacturing. COM01 is a local
representative office in Malaysia that focusing in sales and
project management, in which also acting as the main
central hub in Asia that coordinating and communicating
with Europe (Design Central) and China (Manufacturing
Central) on project related matters. In order to increase the
market share and vision to be an one-stop system provider,

COM01 is experiencing rapid grow and product expansion
in the recent year through acquisition of other companies’
products. Due to the extensive acquisition process, today
COM01 is facing challenges in retrieving the up-to-date
information from the systems as need. Therefore, there are
requirements to consolidate information from various ICT
systems. Some of the challenges faced by COM01 are
summarized as follows:
a) Data are stored in vary Product Center located at
Europe and Asia. No centralize platform to enable
share, capture and retrieve the information. Product
information is isolated and is not synchronized.
Heterogeneous information managed by different
teams in different geos with different tools requires a
lot of effort to reconcile.
b) Due to the massive acquisition process, various
enterprise solutions are still in individual island and
managed through the local team. The process of
standardization did not apply across.
c) Product Portfolio is not up-to-date and most of the
product information is referred to product or project
costing in Europe. Limited reference available in Asia
database, this lead to inaccurate of costing budgeting
during the proposal stage and lower the
competitiveness of the product costing.
In realizing of the above challenges, today COM01 has
identified the following key improvement areas as part of
the transformation program and would like to overcome
those challenges through PLM solution adoption:a) To setup an ICT improvement task force to evaluate
and consolidate the IT infra, standardizing the product
database, standardizing the ERP enterprise system
b) To centralize and consolidate products data for updateto-date product information retrieval.
c) To establish a multi-site collaboration platform that
allowing dispersed design team to collaborate on the
same design effectively.
d) To improve on accurate profit margin assessment via
tight project cost monitoring
e) To increase the work efficiency in term of information
searching with governs policy and workflow.
It has perceived that PLM solution that comes with the
functional technology components is able to address the
above requirements. COM01 has decided to undergo the
PLM assessment in order to identify the priority of the
critical technology components and its PLM maturity status
prior to its PLM adoption.
4.

DATA COLLECTION

The interviews were pre-arranged with the case study
company and conducted onsite with the operational
manager, project manager and sales manager. First
interview was carried out with the respondents to capture
the initial data and and second interview was conducted to
clarify and validate the results findings a week later. The
data collected were audio recordings, minute of meeting,
company profile and some products brochures.
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4.2. CMM Assessment
4.1. AHP Assessment
In this assessment, researchers named the technology
components according to its categories e.g. Data
(D1,D2,D3…), Process (P1,P2,P3…) and Methodology
(M1,M2,M3…) as indicated in Technology Components
list in Table 2. Based on the interview outcome and
findings, pair-wise comparison table for each of the
categories was built. Table I is the pair-wise comparison
table for Data.
Table 1: Pair-wise comparison table for Data
D3
1.00
1.00
1.00
0.14
5.00
1.00
5.00
0.20

D4
3.00
5.00
7.00
1.00
7.00
5.00
7.00
0.33

D5
0.20
0.14
0.20
0.14
1.00
3.00
0.20
0.14

D6
0.14
0.20
1.00
0.20
0.33
1.00
0.20
0.14

D7
0.14
0.14
0.20
0.14
5.00
5.00
1.00
0.14

D8
0.14
3.00
5.00
3.00
7.00
7.00
7.00
1.00

CMM Rating
1
2
3
4
5
1
2
3

DATA

D2
0.33
1.00
1.00
0.20
7.00
5.00
7.00
0.33

PROCESS

D1
1.00
3.00
1.00
0.33
5.00
7.00
7.00
7.00

where Di (i=1 to 8) are PLM components for Data
Subsequently, we built the 8x8 matrix for Data to compute
the priority ranking by squaring the matrix and then
normalized it to obtain the eigenvector. The process was
repeated until the difference between eigenvectors in two
consecutive calculation was smaller than a prescribed
value. Matrix for Data as indicated in Figure 3.

METHODOLOGY

D1
D2
D3
D4
D5
D6
D7
D8

Through the interview sessions, researchers further
investigated the company’s PLM maturity level based on
the identified PLM components. Face-to-face interview was
carried out with the respondents. The rating of the
assessment was based on researchers’ observation and
determined based on the closest measure criterias as
indicated in Figure 5. The measure criterias were developed
with reference to the CMM measure rating of 1-Initial, 2Repeatable, 3-Define, 4-Manage and 5-Optimize by MattH
[20]. Researchers had re-confirmed the CMM ratings
results with the respondents to ensure the final results were
agreed by both parties.
MEASURE CRITERIAS
Management system is not defined nor in-placed
Management system is define and managed manually
Management system is under implementation with defined processes
Management system is implemented with process governance
Management system is in-placed and working effectively
Process is not defined execution is based on user preference
Process is define and executed manually within departments
Process is in-placed and manually executed across the organization

4

Process is in-placed and partially governed by the management system

5
1
2
3

Process is in place and governed by the management system
Methodology is not described and not implemented
Methodology is described but not implemented
Methodology is in-place and implemented manually.

4

Methodology is in-place and implemented within the management system

5

Methodology is adopted with measureable result and process is
optimized

Figure 5: PLM Component Measurement criterias
5.

RESULTS AND DATA ANALYSES

From the results indicated in Table 2, UR ≠ PoU, this has
indicated the result obtained from the initial user ranking
was not identical to the results obtained through the
empirical study in prioritizing the PLM technology
components.

Figure 3: 8x8 matrix for Data
The calculations were continued to carried out for 9x9
matrix for Process and 5x5 matrix for Methodology. The
final results of AHP computation for Data, Process and
Methdology are shown below:

Figure 4: AHP values for technology components
The priority ranking (1,2,3…) of technology components
was based the weightage of the AHP value from highest to
lowest. The AHP priority list is indicated as Preference of
User (PoU) in Table 2.
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Figure 6: AHP empirical result for Data- ProcessMethodology
The empirical result of AHP was also shown that among
DATA- PROCESS- METHODOLOGY, the DATA has
weightage of 73% where COM01 would like to put more
focus to improve the management system. Researchers
further investigated into the PLM technology components
in DATA and identified the top three components that the
total weightage for Requirement Management, Variant &
Product Configuration and Cost Analytic have contributed
75% of overall scoring among all eight PLM components as
listed in DATA. This means Requirement Management,
Variant & Product Configuration and Cost Analytic are the
critical improvement areas that COM01 was keen to look
into.
However, the result derived from the AHP assessment
could only tell us the preference of the case study company
on the critical areas where they wanted to look into the
improvement and solution. The researchers compared the
top three shortlisted results from AHP and CMM. The
outcomes showed that Requirement Management, Variant
& Product Configuration and Cost Analytic those were
having the highest priority in AHP were having CMM
maturity level at 2-3-2 respectively.
To further evaluate the PLM components implementation
sequence, researchers multiplied AHP results and CMM
status to obtain the Priority index (Pi), that able to show the
maturity level has direct impact to the result of
implementation sequence.
Priority index (Pi) = Preference of User (PoU) x PLM
Maturity Level (PML)
And the result shows that priority index for COM01 was in
the sequence of (1) Variant & Product Configuration; (2)
Requirement Management; (3) Cost Analytic
6.

DISCUSSION

This research put the focus areas of PLM assessment in
technology components and studied the sequence in
preparing the technology components prior to the PLM
implementation. Throughout the entire assessment process,
researchers recognized that user would have direct
influence in the technology components selection. This

could be based on the user working experience over the
years and how they were dealing with the day to day
operational challenges, as well as the user’s desired in
improving their needs in work operation. However, the
empirical result obtained from AHP and the initial user
ranking was not identical in the technology components
prioritization. The results obtained from AHP method
should be referred because it provided more analytical
measures and consistency compared to direct user
judgement.
The result also showed that, the empirical results from AHP
for the areas of improvement might not be necessary
aligned to its maturity level at the moment. Based on the
cost analytic result in Data it was identified to be the top
priority to be addressed but its maturity level was still at
level.2 i.e. repeatable. It is always arguable the higher
maturity level should have higher priority for
implementation because it will give an optimal result with
minimal effort and required shorter timeline.
In order to have more rationalized results in prioritization,
researchers multiplying the output results of AHP and
CMM to obtain the priority index. This has given another
dimension for researchers in data analysis.
This research was based on one case study. The results
might not be able to reflect the entire IE industry. The
researchers recognized that there were still room for
improvements in fine-tuning the PLM technology
components selection to cater for bigger scope of PLM
adoption, e.g. Supplier management, ERP integration and
etc. Future research could also investigate how to integrate
the necessary business alignment in the later stage and the
relationship or the precedency of each technology
components along implementation process, as the current
researches did not cover those areas.
7.

CONCLUSIONS

This research is an empirical case study research on PLM
assessment via case study qualitative method. The research
has achieved its objective i.e. to identify the priority of the
critical PLM technology components in a PLM solution
adoption. The determination of the adoption sequence has
been validated through AHP and CMM assessments. The
users’ preference on the desired PLM technology
components could be quantified and prioritized with AHP
method.
The result from the AHP assessment has indicated that the
case company has top priority in improving the
management system i.e. DATA specifically on technology
function in Requirement Management, Variant & Product
Configuration and Cost Analytic. Based on the outcome
derived from the AHP assessment, the researchers reckon
that it is important also to assess its current maturity level
through CMM. CMM assessment can help the user to
understand better the current state of their maturity and
readiness in preparing the related technology components to
fill the gap analysis.
The result showed that the top three identified technology
components based on user preference are at CMM Level 2
(Repeated) and Level 3 (Define). The average result
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indicated COM01 CMM status for Data is Level 3
(Defined), Process is Level 2 (Repeatable) and
Methodology is Level 2 (Repeatable). Researchers
developed the priority index (Pi) by multiplying the output
components of AHP and CMM. This has given researchers
another dimension in doing data analysis.
Researchers discovered that the systematic assessment
process has provided better justifications for users to
understand their maturity level and readiness gap towards
the PLM adoption, instead of based on their personal
preference or judgement. The users agreed and recognized
that this research had provided a clear picture to the
organization on how to define the strategic PLM roadmap
later.
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ABSTRACT
The concept of Web-Scale IT has become a pattern of
global-class computing that delivers the capabilities of
large cloud service providers in the enterprise IT industry
and business sector. Based on a Gartner report, Web-Scale
IT is one of the technology trends highly likely to have a
significant effect on companies over the next three years, or
by 2017. Web-Scale IT is clearly defined as all the things
happening at large cloud service firms like Google,
Amazon, Netflix, Facebook, etc., and that enable these
companies to attain high levels of agility and scalability by
using new processes and architectures. This study
scrutinizes how technology can change the business style
for IoT use in the future. It is expected that using Web-Scale
IT will be critical to the turning point of changing the
business method of using IoT in future. To achieve this aim,
the first step toward Web-Scale IT for many organizations
should be to bring Development and Operations together, a
movement known as DevOps.
Keywords— Web-Scale IT, Internet of Things, Enterprises,
Business, DevOps
1. INTRODUCTION
The cloud computing generation is now in its initial stages.
The future vision is a breakdown of boundaries between
private and public clouds and between diverse Virtual
Machine Monitor platforms to facilitate comprehensive
mobility of virtual machines and data. Famous public cloud
providers like Google and Amazon have set the new bar to
easy use and speedy self-service while enterprise IT users
expect private infrastructure to overcome the challenges and
enable a seamless experience.
Nowadays, datacenters have become unbelievably complex,
which is caused by the intersecting point between legacy
infrastructures and arising technologies. Meanwhile,
visualization has enabled unprecedented fluidity in
computer resources. Network-based storage generally
applied in virtual environments is still based on legacy
scale-up architectures. Major aspects of infrastructure, such
as infrastructure planning, resource silos and storage
management are challenges with traditional storage, from

start to end points (buying, deploying, configuring,
managing and scaling) [8].
Storage administrators first require the design of capacity
and performance quarters, and then purchasing suitable
resources. Customers face the risk of inaccurate growth
forecasting, since this is the only means of acquiring new
storage infrastructure, which will be required to break and
replace storage in order to deal with managing multiple
systems. IT organizations have become more complex and
specialized due to technological complexities. In order to
bring discipline and manageability to IT service delivery,
some process frameworks like ITIL have been developed.
However, these kinds of frameworks have disadvantages,
such as 1) adding future layers of cost and rigidity, 2)
slowing down service delivery, and 3) less agility in
organizations [8].
It should be noted that although IT team members spent a
major part of their time and resources on dealing with
infrastructure matters, they cannot focus on initiatives that
will propel and guide them in business. For these reason,
giant enterprises like Google, Facebook and Amazon have
begun resolving the lack of existing infrastructure systems
and processes by proposing new ways unlike traditional
businesses.
These large organizations endeavor to use current
infrastructure architectures, as they have rapidly found that
traditional infrastructure architectures were not suitable for
their requirements. Consequently, they have developed
reasonable approaches to data center infrastructure that
leverage a new set of technologies, processes and
organizational culture. The novel system eliminates
prominent issues at the core of many data, such as
centralized scale-up network storage.
These large enterprises have done so by replacing a new
scale-out distributed system for the old one. To achieve the
aim, they employed teams of engineers, researchers and
scientists. Their task was to identify the technologies and
apply them in the industry, academic sector or open source
projects, as well as other relevant sectors. This new IT
infrastructure method is known as Web-Scale IT. It allows
giant companies to have a superior business agility
predictable scale while reducing the Total Cost of
Ownership (TCO).
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2. WEB-SCALE IT

complexity.

According to Gartner (2014), Web-Scale IT explains how
consumer Internet giant enterprises like Google, Amazon,
and Facebook deliver seamless user service on a massive
scale. Web-Scale IT permits companies to reduce marketing
time of IT services and mitigate infrastructure costs. It can
also increase agility, enhance the ability to simulate IT
culture change and increase quality of service. Based on the
aforementioned report, Gartner predicted that Web-Scale IT
use as an architectural method in global enterprises will
increase from 10% in 2013 to 50% by 2017 [9].

Distrubetd Everything

3. WEB-SCALE CHARACTERISTICS
The key elements of an effective Web-Scale method consist
of an open approach to hardware, new software
architectures, agile processes, a collaborative aligned
organization and a risk-embracing culture. With a WebScale IT approach, successful cloud-service enterprise
companies are able to change the way they run their data
centers, network their branches offices and carry out daily
operations with the same reliability, performance and
scalability, easily and quickly. By integrating the cloud and
new technology enabled by Web-Scale IT, large companies
can address some concerns such as vendor lock-in, shadow
IT and silo infrastructure. Moreover, the integration can
facilitate companies rapidly, easily and with low risk
develop trusted, simpler and more adaptable ICT
infrastructures they need to capitalize on new opportunities.
Web-Scale principles are proposed to design and operate
datacenters that are highly scalable. Integrating these
principles into the infrastructure allows developers to run
some applications and services that will scale, without
applying low-level software coding.

Self-healing

API-Based automation and rich
analytics

Elastic growth

Table 1. Characteristics of Web-Scale IT

Characteristics
Hyper-Convergence
servers

Description

on

x86

Is optimized for scale-out, goes a
step
beyond
converged
infrastructure and blurs the line
between compute, storage, and
storage
service
such
as
replication, compression, and
deduplication, and make an
infrastructure-in-a-box solution.
In other words, it is integrated of
compute and storage on x86
servers running a hypervisor,
network together and managed as
one entity. Hyperconvergance is
a next-generation solution for
cloud-like,
elastic,
agile
requirements and especially for
mid-size and large enterprises IT
organizations with decreased IT
staff and budget. It can proposes
a flexible, efficient, and agile
platform for organizations and
also, it remove the storage

For
achieving
Web-Scale
resiliency and availability a
distributed-everything system is
required. It is incloduding storage
node,
data,
metadata,
intelligence,
administration,
management, and operations
control. Hadoop is an example of
distributed storage technology. It
has some features such as
distributed databasesfile system,
Hadoop Distributed File Sysytem
(HDFS), and other services that
are keys for Web-Scale’s
handling big data across a fully
distributed, scalable, and resilient
environment.
Due to the Web-Scale method
expects and tolerates failures
without
losing
overall
availability,
self-healing
is
crucial. For all nodes at every
level, automated failover, and
remediation are essential.
Automation is crucial for getting
Web-Scale scalability, agility,
responsiveness, and also lowcost. It requires to apply of
intelligent
analytics
for
optimized
automation
via
providing an API. API can
applied
for
asynchronous
operations. Current API would be
able to be used by everything
from
script
to
standard
management
software
to
advanced
analytics
and
correlation engines.
Web-Scale
support
elastic
growth which is consist of
number of users, transactions,
and also amount of data. It was
developed for predictable scale
through scale-out. Web-Scale
design must be able to add and
subtract on the fly.

4. BENEFITS OF WEB-SCALE IT
Businesses can discover significant benefits by embracing
Web-Scale
architecture
compared
to
traditional
infrastructure architectures. The following table describes
the Web-Scale benefits.
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WEB-SCALE IN THE ENTERPRISE

Table 2. Benefits of Web-Scale IT
Benefits
Peredictable Scale

Business Agility

Lower TCO

Scale on-demand
Always-on operation,
resiliency to failures
Cost-efficient
performance
availability
standardization
automation

Agility, flexibility

and
via
and

Discription
1) Foreseeing growth by removing the
guesswork from infrastructure designing and
removing the risk inaccurate predicting demand
for future.
2) Achieving real time scaling and pay-as-yougrow economics as well as enhancing
infrastructure to petabytes of data or several
servers.
1) Quickly deploying and repurposing
infrastructure to meet business demands.
2) Allowing the systems to be configure at run
time for range of performance, availability, and
resilience requirements non-disruptively.
3) Creating feature velocity in software without
requiring hardware uprates.
4) Eliminating Error-Prone, time-consuming
manual operations as well as improving easer
deployment and management due to its
architectural simplicity.
1) Diminishing the TCO of enterprise
infrastructure by 40-60% relative to legacy
solution [8].
2) Decreasing the requirement for mautual
operation and enable proactive issue resolution.
3) Inceasing resource utilization hereby
purchasing infrastructure when needed .
Highly scalability and extremely agile as it was
designed for elasticity and predictability in
adding or subtracting resources needed.
Making high resiliency as it can recover from
failures. To do so, Web-Scale architecture and
processes are designed with automated recovery
features.
1) Reducing software-licensing costs by using
Open-source software.
2) Deploying and implementing of new
software version as a critical step for rolling
upgrades and cost-efficiency.
3) Minimizing waste and reducing cost by
using Web-Scale architecture, principles, and
technologies.
1) Enhancing agility by deployment of
automated provisioning
2) Allowing full-service provisioning in
instances.
3) Suggesting an environment by highly
adaptability with changes as quickly and often
as needed.
4) Helping companies to move towards offering
continuous updates, and rapid deployment, less
risk, and cost efficient.

Using Web-Scale open-source technologies like Hadoop,
Paxos, Zookeeper, Protocol Buffer (ProtoBuf), Cassandra,
and MangoDB is one approach for system differentiation
and innovation. Companies that employ custom applications
or have demanding business can apply Web-Scale
infrastructure at the fundamental level since they require
vast data storage and analytics.
Based on a Gartner report, 25% of the 2000 global ecommerce applications will be supported by a Web-Scale
IT approach by 2017 [1]. For this reason, organizations
need to understand the advantages and disadvantages of
specific Web-Scale technologies. Furthermore, enterprises
should learn how to deploy and use technologies based on
their needs. Organizations are seeking ways to achieve
greater Web-Scale infrastructure capabilities in their
environment without necessitating a complete overhaul.
Generally, companies use standard server visualization like
VMware and Microsoft, while they have no control over
how these applications are designed and no team in place to
learn about new Web-Scale technologies. These consumers
can make use of turnkey hyper-converged infrastructure
solutions built using Web-Scale technologies and
infrastructure principles that deliver a familiar computing
environment on which to run standard applications [8] [10].
6. INTERNET OF THINGS
The past decade has seen an increasing research tendency
on the Internet of Things – a disruptive technology based on
the US National Intelligence Council [2]. Despite its recent
popularity, the term Internet of Things was actually first
encountered in the last century. The original definition
envisaged a world where computers would help release
people from the Sisyphean burden of data entry by
recording, storing and processing all relevant information
about the things involved in human activities [3] in an
automated and more proper manner. Depending on the
perspective, nonetheless, diverse understanding and
definitions of what the Internet of Things is have been
reported in the literature [4], [5], [6]. The European
Commission regards the IoT as an integrated part of the
Future Internet, where “things have identities and virtual
personalities operating in smart spaces using intelligent
interfaces to connect and communicate within social,
environmental and user contexts [7]”. Standard technologies
in the World Wide Web to instrument the Internet of Things
have regularly been referred to as the Web of Things.
Both challenges and the potential of the Internet of Things
and Machine to Machine communications (M2M) have
publicly been acknowledged by prominent players in all
major ICT markets. Gartner estimated that the IoT will see
26 billion units installed by 2020, channeling huge volumes
of data traffic into datacenters. At the same time, IoT
product and service suppliers will generate incremental
revenue exceeding $300bn mainly in services. By
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implementing the IoT, companies will face large amounts of
data that will need to be processed and analyzed in real
time.
7. DEVOPS
Enterprise companies endeavor to create innovative
applications or services to overcome business problems.
They wish to address internal business matters such as
creating a better customer relationship management system
or assisting people by providing new mobile apps. Many
companies do not achieve success with software projects, as
their failures often pertain to challenges in software
development and delivery. These challenges cause
companies to miss business opportunities.
Since the systems of engagement are used by customers
directly, they require focus on user experience, delivery
speed and agility. To realize these aims, the DevOps
approach is required. DevOps [11] enables a business to
maximize the high-speed delivery of a product or service
from the starting point (initial idea) to the production level
as well as obtain customer feedback on system
improvements. Because DevOps enhances business style, it
is a business process requirement and not only an IT
capability.
Three areas that may benefit through DevOps are:
- Improve customer experience
Delivering improved customer experience leads to
customer loyalty and gaining more market shares.
To achieve this purpose, a business must get
customers’ feedback and respond, which requires
an approach of obtaining rapid feedback from
stakeholders in the software application being
delivered. Nowadays, enabling and adopting an
agile style leads to improved customer experience
and loyalty.
-

-

Increase capability of innovation
Modern enterprises apply lean thinking approaches
to increase their capability to innovate. The aims
are to decrease waste and rework and to shift
resources to high-value activities.
Faster time to value
The goal of the DevOps strategy is to deliver value
quickly and more efficiently.

Figure 1: DevOps application for new turning point in business

DevOps includes four adoption path steps:
1- Plan and measure
This step involves a practice that concentrates on
continuous business planning
2- Develop and test
This step includes two practices: collaborative development
and repeat testing. As such, it shapes the development core
and quality assurance capabilities.
3- Release and deploy
The aim of this step is to release new features to customers
and users immediately.
4- Monitor and optimize
This step involves practices that allow businesses to be able
to monitor 1) how published applications are performing in
the production environment and 2) how to receive feedback
from customers. By analyzing the collected data, the
business can react in an agile manner and modify its
business plans.
DevOps Practices:
1- Close gaps between Development and Operation in IT
companies
2- Reduce the feedback time to development teams
3) Increase the speed with which updates are delivered to
users
4) No sacrificing quality or increasing risk
5) Characteristics of DevOps
5.1 Streamline delivery of software into systems from
development through testing to production
5.2 Automate everything build, analysis, deployment,
testing and promotion
6) Implementation of back-out and roll-back.
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8. CONCLUSION
The current study focused on Web-Scale IT as one of the
top ten strategic technologies of the future. With regard to
the IoT revolution, companies consider focusing on this
turning point in their business. Thus, Web-Scale principles
and design can assist enterprise companies to obtain private
cloud operations that accomplish scalability, elasticity,
resiliency and ability. Moreover, hyperconvergence assists
with the breakdown of IT silos by merging computing and
storage. By placing the data closer to where it is needed,
data movement is minimized. Moreover, Web-Scale IT
would be able to provide the ability to manage computing
and storage holistically. In sum, the study endeavored to
propose DevOps as a strategy for enterprises to help them
achieve their goals.
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ABSTRACT

The purpose of this study is to investigate the purchase
intention of students in Kota Samarahan and its association
with electronic word of mouth and brand image. Also, this
study aims to identify which of the independent variables
(electronic word of mouth and brand image) provide more
impact toward purchase intention. The data set is collected
through self-administered questionnaire and conveniently
collected using non-probability random sampling method.
A sample of 380 was collected from Kota Samarahan,
Sarawak, Malaysia. The findings revealed that there is a
significant relationship between brand image and purchase
intention but an opposite for electronic word of mouth.
Based on the results, it can be said that brand image
provide more impact toward purchase intention compared
to electronic word of mouth. This study is more important
for marketers to understand the consumer’s smart phone
purchase intention to be more competitive. This study
explores the contribution of interpersonal influence and
brand image on purchase intention in smart phone industry.
In addition, research showed that e-WOM has no direct
effect on purchase intention. As compared to other previous
studies carried out, the result is unique as most studies
show that e-WOM has a strong direct effect on purchase
intention.
Keywords— e-WOM, brand image, purchase intention,
smart phone, Kota Samarahan.
1. INTRODUCTION
Smartphone industry belongs in between the software
publishers and computer system design industry of which
two of the most dynamic industries in the world [9] and its
evolution is closely linked to the development of new
technologies. In addition to this technological revolution,
more and more consumer are exposed to the usage of
internet regardless the purpose of it. Some use it for
entertainment while other uses it to increase productivity.
Despite all that, some group of consumers’ uses internet as
a form of reference by taking other peoples’ opinions as the
base of their offline purchase decisions through data
acquired online [12]. Internet had presented us with the
revolution of information technology that had affect how
information flow today compared to the old days of no

internet [23]. With internet now widely available, the
marketing communications had improve up a notch with a
more versatile and highly customizable tools like e-mail
and short-messaging-system (SMS), and also personal
selling direct-marketing channels of door-to-door visits and
telemarketing [16]. To better understand the functions and
importance of electronic word-of-mouth, we must first
understand the basic structures that once combined together
will create this electronic word of mouth (e-WOM). As the
name defined itself, electronic word-of-mouth is a
combination of electronics and word-of-mouth. Word-ofmouth (WOM) has been recognized as one of the most
influential resources of information transmission. Advances
in information technology and the emergence of online
social network sites have changed the way information is
transmitted. This phenomenon impacts consumers as this
easily accessible information could greatly affect the
consumption decision. Many industries had placed the
issues of branding as their primary capital. A brand that is
strong, able to increase customers’ trust in the product or
service purchased and enabling them to better visualize and
understand intangible factors [28]. A brand image has the
ability to influence company’s future profit and long-term
cash flow by enhancing customer’s willingness to pay
premium prices, merger and acquisition decision making,
stock prices, sustainable competitive advantage and
marketing success [58]. According to [6], consumer based
their images of brand based on their experiences, and
perceived service quality had been the function of these
experiences. Because of that, customer perception
regarding service quality is proven to have direct effect on
brand image. However, after sales service that is an
intangible could not be evaluated before customer
experience the consumption; therefore purchasing product
and services that are intangible provide higher risk and this
had lead customer to depend more on interpersonal
influence of e-WOM [34],[36]. Thus, this study was
conducted to identify the relationship between e-WOM and
brand image towards purchase intention of smart phone
among students and which one affect purchase intention the
most.
2. LITERATURE REVIEW
2.1 Purchase Intention
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To understand reason for consumer purchase smart phone,
it is necessary to begin by looking at two basic behavior
theories called Theory of Reasoned Action (TRA) and
Theory of Planned Behavior (TPB). The TRA was
developed by [3] followed by TPB developed by [2]. Both
theories explain how a person carries out a certain behavior.
The main factor in these theories is the individual’s
intention to perform a given behavior. As mentioned by [2],
intentions are assumed to capture to motivational factors
that influence a behavior, they are indications of how hard
people are willing to try, of how much of an effort they are
planning to exert, in order to perform the behavior”. Later
he makes further emphasis that “when people have the
stronger intention to engage in the behavior, they will more
likely to perform the behavior” [2]. Purchase intention
could be also define as the decision to act or psychological
action that shows an individual’s behavior according to the
product [43], Based on the TRA, there are two bases which
determines a person’s behavioral intention, and the first is
attitude toward behavior and second is subjective norm. [2]
defines attitude toward behavior as “the degree to which a
person has a favorable or unfavorable evaluation or
appraisal of the behavior in question”. If a person beliefs
that positive outcome will be mostly achieved, that person
will hold favorable attitude towards performing it and vice
versa [48]. Also, [2] refers subjective norms as “the
perceived social pressure to perform or not to perform the
behavior”. However, TRA failed to explain the reason for is
some cases, a person that holds a very favorable attitude
towards performing behavior as well as perceives very
strong social pressure to perform it; yet the person still have
low or no intention to carry out the behavior. Due to that,
the TPB was created by [2]. TPB model mentioned that an
individual’s behavioral intention is a function with three
fundamental components. Those components are attitude
towards the behavior, subjective norms and perceived
behavioral control. Those scenarios that could not be
explained by TRA can be explained by TPB. TPB
explained that in some scenario, people hold a great
favorable attitude towards performing the behavior along
with strong perceived social pressure to carry out the
behavior but people still did not do it. This is because;
people perceived obstacle or difficulty in performing the
behavior. The perception of having low capacity to carry
out the behavior lowers a person’s behavioral intention and
thus carrying out the behavioral seemed impossible. This is
called a perceived behavioral control. Consumer purchase
intention was constructed based on several factors namely
consumer’s attitude, consumer’s assessment and external
factors [3]. The possibility of consumer to buy a product
can be measured by purchase intention as the higher the
purchase intention is, the higher the willingness of
consumer to buy a product [44]. “Purchase intention
indicates that consumer will follow their experience,
preference and external environment to collect information,
evaluate alternative, and make purchase decision” [44]. A
study was carried out by [58] that investigate the direct
effects of store image and service quality on brand image
and purchase intention for a private label brand and
revealed that there is a positive relationship of purchase

intention being influenced by store image. Another study
carried out by [45] found that the communication between
person-to-person or word-of-mouth can be effective in
influencing purchase intention.
2.2 e-WOM
Today is the age of modern technology where information
is being shared everywhere and this resulted in consumer to
use internet more often in order to seek out information
about a particular product in interest or a profile of some
company which will then causing the emergence of eWOM [29]. Electronic word-of-mouth (e-WOM)
communication is any positive or negative statement made
by potential, actual, or former consumers about a product or
company, which is made available to a multitude of people
and institutions via the Internet [49]. In a research carried
out by [49] with the use of 2,000 online consumer as
samples, the results show that consumer desire for social
interactions, concerns for other consumers, and the
potential to enhance their own self-worth is the primary
factors leading consumer towards e-WOM behavior.
Furthermore, it is also suggested that firms may need to
develop different strategies for encouraging positive eWOM behavior among the consumer that uses their product
[49]. [4] proved that managers could obtain competitive
advantage upon competitors through gaining knowledge
regarding what consumer needs and wants. Another
research conducted by [60] suggested that companies
should actively get involved in some major online
communities (for example, cnet.com) by providing relevant
and complete information about the company that will lead
to greater information adoption so that consumer will
become more clearer regarding the company and this will
lead to a positive e-WOM among consumer. Since online
review had become one of the most popular way for
consumer to obtain information, this is one of the most
efficient ways for company to increase their brand
awareness and build respectable reputation [57] ; [42]. Also
in the article written by [5]. from the point of view of
management it is important for travel industry leaders to
promote actions that reaffirm individual’s social position by
providing them with the opportunity to share their
participation in tourist activities and other services with
their social networks. This will then help companies to
achieve positive e-WOM communication from clients who
shared their experiences to their social network contacts [4].
The benefits of e-WOM excel during time when purchase
decision could not be made due to lack of information and
awareness on a product or brand which cause consumer to
seek out information on the internet. Thus, making e-WOM
messages as an important source of information about
product or service quality [13]. Moreover, when purchasing
products or services, the risk of uncertainty can be
effectively reduce with this kind of message, thus furthering
the influence on decision-making and purchase intention
[12].
2.3 Brand Image
The brand image (or sometimes brand knowledge or brand
description) is defined as any information related to the
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brand within the consumer’s memory [31] or in other word
the associations and beliefs that the consumer has towards a
certain brand. The creation and development of brand had
been markedly increased in investment by firms for the last
few decades. With the intention of enhancing target groups
ability to link a set of associations with brand image, firms
had created a method of communication in a form of a
brand. Brand equity can be conceptualizes as “a set of
brand and liabilities linked to a brand, its name and symbol
that add to or subtract from the value provided by a product
or service to a firm and/or to that firm’s consumers” [28]. A
thesis written by [35] examined brand extension within a
tourist’s destination context. The destination preferences
was said to be influenced by the image of consumer-based
brand equity. He then further added that this relationship
further extends to products that are associated with the
destination. He also mentioned that there are a positive
relationship between images of destination and the
preference for product associated with a destination brand
[31]. This clearly shows that the brand image has influence
on consumer reference in a product. This statement was
also supported by [41] where he mentioned that the
purchase decision can be stimulated by knowledge of a
brand and most consumer are more likely to rely on the
brand image that are already known to them. Advertising,
word-of-mouth, celebrities and media are some of the tools
used to create brand image. Consumer are more likely felt
to be in a part of cultural environment as well as certain
groups when the brand that they are associated with
contains specific meaning. Brand is differed from the other
brands and consumer can easily recognize them. With this,
consumer are willing to pay premium price for branded
items and also encourages the spread of loyalty towards a
brand among the consumer’s closest group of people such
as family members, friends and social groups [41]. Brand
image consists of attributes and benefits offered by a brand
in order to distinguish it from other competitors [55].
Attributes is a descriptive feature of a brand that consumer
perceived the brand has and what is involved with its
purchase or consumption. The benefits of brand image is
the personal value that consumer attach to the brand
attributes. This is what consumers think the brand can do
for them [31].
2.4 Smartphone
A mobile phone with an advance mobile operating system
is called a smart phone [38]. This item combines the
features of cell phone with some other popular mobile
devices features like personal digital assistant (PDA),
global positioning system (GPS), touch screen interface,
camera, internet connection, web browsing, motion sensors
and some other major and minor addition. However, a
smart phone will not be smart if it does not have the
operating system (OS) that will help it. Some of the major
operating system available today are Android, iOS (apple
product), Microsoft (Windows phone) and some other
minor operating system like Firefox OS, Sailfish OS,
Ubuntu Touch and of course the once famous brand the
BlackBerry [39] ; [40].

3. METHODOLOGY
3.1 Research Design and Framework
The study is primarily an exploratory research. In this
research, the researcher uses a questionnaire as the major
instrument for gathering data. A questionnaire is chosen as
the main technique to collect data in this research because it
is self-administered and is simple to use.

Adopted from (Jalilvand & Samiei, 2012)

3.2 Data collection and analyses
Data for the study is collected from the respondents by
using a structured questionnaire that is distributed by hand
to the respondents in the Kota Samarahan area. Data that is
collected, including facts, knowledge, opinion, intention,
and motives, are generally categorized into two main
classes, primary and secondary data. Descriptive method is
used to describe behavioral data in general and some
inferential analysis is performed to understand the
relationship among variables. All primary data collected
from respondents in this study is processed using the
Statistical Packages for Social Science (SPSS) version 22
software for interpretation and analysis. The use of SPSS
requires that the data collected to be numerically coded. All
data from the questionnaire is analyzed one by one starting
from the demographic profile to all variables. The author
has analyzed the frequency distribution of respondents’
demographic profiles, as well as conducting reliability
analysis on dimensions and items, validity analysis,
regression analysis and mean analysis. Descriptive statistics
such as mean and standard deviation are generated to
provide an overview of the data.
Frequency distribution is used to scrutinize the factors
influencing intention to purchase smart phone among
students in Kota Samarahan, and also the demographic
profile. The standardized multiple-regression analysis is
used to examine the linear relationship between the
exploratory/independent variables (e-WOM, brand image)
and the criterion/dependent variable (purchase intention).
Correlation coefficient test and observation of significant
levels are done to check the strength of the linear
relationships between the 2 types of variables. Cronbach’s
alpha coefficient is used to determine the items’ reliability
and internal consistency [37].
4. DATA ANALYSES AND FINDINGS
4.1 Respondent’s Profile
A total of 400 questionnaires were distributed and 380 are
usable. Out of the 380 respondents in the study, 307 were
females and 73 were males. There were 80.8 percent and
19.2 percent respectively. In terms of age, 91.6 percent of
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respondents were below 25 years old whereas the other 8.4
percent were 26 years old and above. 51.3 percent
respondents were from UiTM and the remaining 48.7
percent were from Unimas. 75.8 percent of respondents
were Malay followed by Iban with 18.4 percent, Melanau
with 2.6 percent and Chinese with 3.2 percent. Most
respondents were single with 91.9 percent and the
remaining 8.9 percent were married.
4.2 Correlation Analyses
4.2.1 Research Objective 1: To determine the relationship
of e-WOM and brand image towards purchase intention of
smart phone.
Two separated analysis was carried out in order to identify
the precise results for each independent variable. The first
analysis includes the correlation between e-WOM and
purchase intention. The second analysis is between brand
image and purchase intention.
Table 1: Correlation Test between e-WOM and purchase
intention
Purchase
Intention
e-WOM
Pearson Correlation
.077
Sig. (2-tailed)
N
.136
380
** Correlation is significant at 0.01 level (2-tailed)
The objective of this study that is to determine the
relationship between e-WOM and purchase intention of
smart phone among students in Kota Samarahan was
answered as the result shows that purchase intention of
student is not affected by e-WOM. Based on Table 1, eWOM and purchase intention has a negative and
insignificant relationship (p=0.136) with regards to students
in Kota Samarahan. Based on the findings, correlation is
not significant at the 0.01 level (2-tailed). This result
conforms to the study carried out by [59], where the
empirical study revealed that the influence of eWOM
information on consumer purchase decision is insignificant.
He explained that by comparing between fast-depreciating
product and slow-depreciating products, different kind of
product have different kind of level influenced by e-WOM.
Therefore, the effect of e-WOM on fast-depreciating
product like smart phone is insignificant.
Table 2: Correlation Test between Brand image and
purchase intention
Purchase
Intention
Brand image Pearson
.622**
Correlation
Sig. (2.000
tailed)
N
380
** Correlation is significant at 0.01 level (2-tailed)

Based on the Table 2, it has proved that brand image and
purchase intention of smart phone among students in Kota
Samarahan has a positive relationship. The result shows
that there is a positive relationship between these two
variables (p<0.01). This means that the positive influence
from brand image will leads to positive purchase intention
of smart phone among student in Kota Samarahan. This
result is consistent with the study carried out by [46], where
it says that major components of core-brand image are
awareness and preference of the brand. These two
components have a direct impact on core-brand image and
are positively associated with purchase attitude. Thus, this
finding answered one of the research objectives which are
to determine the relationship between brand image and
purchase intention.
4.2.2 Research Objective 2: To identify which factors has
more impact towards purchase intention of smart phone
among students in Kota Samarahan.
Table 3: Regression Analysis

Model

R

R Square

Adjusted R
Square

1

.676a

.456

.453

Std. Error
of the
Estimate

.45684

a. Predictors: (Constant), Brand_image, e-WOM

The r2 value of 0.456 explains that 45.6 percent of changes
in the dependent variable value (purchase intention) can be
explained by the independent variables included in the
regression equation (e-WOM and brand image). This means
that the remaining 54.4 percent of r2 can be explained by
other factors that are not discussed in this study. Referring
to a study carried out by [26], there are several factors that
influence the decision to purchase fresh potatoes in the
market of New England. They manage to purpose eight key
factors affecting purchase decision of consumer;
appearance, price, size, region, type, product inspection
certificate, previous experience and money back guaranteed
if not satisfying. Based on their research, those key factors
may be implemented within this research as future research.
Table 4: Relationship between Variables
Un-standardized
Coefficient

Standardized
Coefficient

Model

B

Beta

1 (constant
)
e-WOM
Brand
image

1.583

Std.
Error
.195

-.151
.748

.043
.042

-.140
.705

t

Sig.

8.103

.000

-3.512
17.675

.000
.000

From Table 4, The Beta column under standard coefficient
shows that the highest beta value of 0.705 for Brand image
which is at 0.001 significant levels. As compared to the
other independent variable (e-WOM) with the Beta result of
-0.140, it is clearly shown that brand image with 0.705 has
more impact towards purchase intention. Thus answering
the research Objective 2 to identify which independent
variables has more impact towards purchase intention.
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5. CONCLUSIONS AND RECOMMENDATIONS
The starting point of this paper is the increasing popularity
of consumers’ tendency to share their experience and views
regarding product or brand online (e.g. Facebook.com)
along with their tendency of reflecting the image of
themselves through brands. In addition, practical
experience and previous research suggested that consumer
loves to read and write pleasant and unpleasant experiences.
From a marketers’ perspective, the question that came by is
what effects does e-WOM and brand image might have on
dependent variables that are relevant in marketing. The
dependent variables chosen in this study is purchase
intention. This research explores the contribution of
interpersonal influence and brand image on purchase
intention in smart phone industry. In addition, research
showed that e-WOM has no direct effect on purchase
intention. As compared to other previous studies carried
out, the result is unique as most studies showed that eWOM has a strong direct effect on purchase intention [28].
The results of this research have several important
implications. With the finding that e-WOM communication
does not cause purchase intention is particularly important
to smart phone manufacturers. Even though the availability
of internet had given consumers to ability to read online
recommendations for the product that they are interested in,
still it is proven that consumers rely more on brand image
rather that e-WOM to initiate purchase intention. Therefore,
managers could focus more on enhancing brand image
rather than initiating point-of-sales activities as suggested
by [28]. Based on that, managers could improve brand
image through increasing product variety, enhancing
product quality, offering value-for-money products and also
providing after sales services. These will greatly increase
the purchase intention of products.
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ABSTRACT
Hazardous waste is extremely dangerous and critical to
manage, since the process for treatment will involve heavy
metals and dioxin among others. The effects constituents
are the most critical components to health and
environment. In Malaysia, for the last three decades, the
waste management has been a main priority to the
government. Policies are made to minimize and manage
hazardous waste. This paper will discuss the present status
of sustainable hazardous waste management in Malaysia
from the perspective of legislations frameworks, applied
technology and the volumes produced.
Keywords - Malaysia, hazardous waste, management,
legislation, technology, sustainable.
1. INTRODUCTION
Waste can be defined as any substance that is discarded
after primary use, worthless, defective and of no use. It can
be classified as household waste, clinical waste and
industrial waste. Alternatively, it can be categorise as
hazardous waste and non-hazardous waste according to
their functions of its toxicity, corrosiveness, explosiveness
and radioactiveness characteristics. [1]
The Malaysian Department of Environment (DOE) define
Hazardous waste as any waste falling within the categories
listed in the First Scheduled of Environmental Quality
(Scheduled Wastes) Regulations 2005. [2]
Hazardous Wastes are potentially harmful, therefore normal
handling (storage, packaging, and transport) and the
subsequent disposal methods, that usually being used for
non-hazardous industrial wastes (land filling), are not
appropriate. Due to scheduled wastes present potential risks
to the human health and environment.
Four basic characteristics for hazardous wastes which are
listed below :
• Ignitable (flash point of ≤ 60ûc)
• Corrosive (dissolves metals, burns the skin or has a pH
≤ 2 or pH ≥ 12.5)
• Reactive (unstable or undergoes rapid or violent
chemical reaction with water, air or other materials)
• Toxic (poisonous or can cause cancer, mutations or
death)

Thermal disposable techniques especially incinerations with
energy recovery as an option often used in industrialised
countries concerning waste management. Although, there is
no comprehensive control in the emission reductions of Zn,
As, Hg, Cd, Se, Pb, Cu and of other substances such as
heavy metal and dioxin. These emission reductions control
are mandatory by industries to fulfill the International
Standard Organisation (ISO 9000) norms. This leads to the
promotion of the use and investment in other conversion
technologies such as combustion or gasification that can be
combined with environmental improvements as well as
enhanced efficiencies.
In Malaysia, for the last thirty years, the waste management
has been a major concern and policies are made in order to
minimize or manage them by changing the legislations
frameworks, applying new technologies, developing new
infrastructures and complex management networks.
In this paper, a comprehensive evaluation of hazardous
waste management in Malaysia will be made in from the
perspectives of legislations frameworks, hazardous waste
cycles, available waste treatments technologies as well as
hazardous waste generation and prevention actions towards
sustainable hazardous waste management.
2. HAZARDOUS WASTE MANAGEMENT
LEGISLATION IN MALAYSIA
As of 13th March 1974, The Act 127 Environmental Quality
Act 1974 has been gazzeted. Which mentioned the
scheduled waste stipulated under Act 127 Section 34B in
which the provision against placing, deposit, etc., of
schedule waste. Any person who contravenes this section
shall liable to a fine not exceeding five hundred thousand
ringgit or to imprisonment for a period not exceeding five
years or to both [3].
As of October 1993, Malaysia has been a part of the Basel
Convention on the Control of Transboundary Movement of
Hazardous Waste and Their Disposal, being obliged to
carry out the regulation no P.U.(A) 294/2005 of the
parliment and council.[4]
The Department of Environment (DOE) is authorised by
the Malaysian government mandate to prevent, control and
abate pollution, from the trade and industrial sources. [2]
In 7th Malaysian Plan (1990-1995) [5], the environmental
policy focused on balance and sustainable development
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integrated with the development planning for the economic
growth and environmental. In order to further substantiate
efforts to promote sustainable development, innovative
economic mechanism was instituted to supplement
legislative and enforcement means to encourage the private
sector to adopt and develop environmentally sound
technology.
In 8th Malaysian Plan (1996-200) [6], the ambition on
efficient waste management system, the privatisation of
solid waste management has been initiated. As a result,
two out of four consortia involved in collection of solid
waste in 26 out of 145 local authorities. Eventually 23
municipal waste disposal sites have been upgraded to
ensure proper wastes disposal. Additionally the campaigns
to for reduce, reuse and recycling were promoted.
During the time period of 1995-1999, the government of
Malaysia has been aware of the increasing generation of
toxic and hazardous wastes. The comprehensive legislation
has been announced and enforced for use, storage,
handling, transport and labelling of hazardous substances as
well as for the safe disposal and treatment.
At the same period of time a fully integrated toxic waste
treatment and disposal facility was also established at Bukit
Nanas, Negeri Sembilan. As a result by the end of the year
2000, the same facility received waste for treatment from
1,002 Malaysians companies totalled to 216,500 tonnes of
toxic and hazardous waste.
The 9th Malaysian Plan (2006-2010) [7], saw a new
Ministry of Natural Resources and Environment formed
which consolidated 10 environment and natural resources
agencies under one administration in order to facilitate a
coordinated and comprehensive approach in managing
environment and natural resources.
By the 10th Malaysia Plan (2011-2015) [8], the Malaysian
government completed the restructuring for federalising the
solid waste management and public cleansing and full
enforcement of the Solid Waste and Public Cleansing
Management Act 2007. With these efforts the responsibility
of solid waste management and public cleansing has been
shifted from local authorities to the jurisdiction of the
Federal Government. The main result of the above efforts
are providing support to local authorities in delivering
comprehensive and sanitary landfill while ensuring the
wastes are managed sustainably.
With the Environmental Quality (Scheduled Wastes)
Regulations 2005 prescribing 77 categories of hazardous
wastes. That control hazardous wastes basing on the
‘cradle-to-grave’ / cradle to cradle concept whereby the
generation, storage, transportation, treatment and disposal
are regulated.
Some of the key provisions under the regulations are:
i.
Control of the waste generated by notification
system ;
ii.
Licensing of hazardous waste recovery facilities;
iii.
Treatment and disposal of hazardous wastes at
prescribed premises; and

iv.

Implementation of the manifest system for
tracking and controlling movement of wastes (ECN).[9]
3. HAZARDOUS WASTE IN MALAYSIA

As a developing country, Malaysia has a population of 30.5
millions in 2015. [10]
It is interesting to note that there is a rapid growth in the
urban population which is due to the rural-urban migration
and natural growth which resulted in changing consumption
patterns. This phenomenon has contributed to an increase in
the generation and composition of waste.
However, 5% to 7% of the municipal solid waste is also
considered to be hazardous. The fundamental rule in
managing waste is given by the following hierarchy:
prevention, reducing its production, reuse, recycles
valuation and deposition
The above objective is to reduce the amount and the level
of hazardous of the industrial wastes. However its main
concern is managing the waste produced instead of
management of waste production. In this paper, the focus
will be on the hazardous waste comes from industrial
wastes.
3.1 Schedule Waste Trend in Malaysia
The trend for total scheduled waste generated from 2007 to
2013 as shown in Figure 1.
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Figure 1 : The Trends of Scheduled Waste in Malaysia
(2007 – 2013)
Figure 1 explained the increment of scheduled waste
generated by 260%. In 2013, the total number of scheduled
wastes produced were 2,965,611.65 metric tonnes, which
shows an overall increase of 3.89% as compared to 2012,
where is only 2,854,516.78 metric tonnes of scheduled
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wastes was reported. Gypsum, dross/slag/ clinker/ash, spent
lubricating oil, heavy metal sludge and contaminated
containers, were the main categories of the total number of
wastes generated.
In 2013, a total of 570,214.58 metric tonnes (19.23%) of
wastes were being recovered locally and abroad. This
showed a decrease of 5.07% as compared to 600,672.99
metric tonnes in 2012.
Overall, 566,506.51 metric tonnes (19.10%) of scheduled
wastes were recovered at local off-site facilities and
3,708.07 metric tonnes (0.13%) were exported for recovery
at foreign facilities.
A total of 131,190.20 metric tonnes (4.42%) of wastes were
treated and placed for final disposal at Kualiti Alam Sdn.
Bhd. (111,860.20 MT) and Trienekens (Sarawak) Sdn. Bhd.
(19,330.00 MT) and 18,201.05 metric tonnes (0.61%) of
clinical wastes were incinerated at domestic licensed offsite facilities. This amount indicated a decrease of 5.66%
from a total of 139,084.41 metric tonnes of scheduled
wastes disposed in 2012.
The total of scheduled wastes treated on-site were
630,221.40 metric tonnes; (21.25%) while 41,742.48 metric
tonnes (1.41%) were stored on-site at wastes generator’s
premises.
3.2 Schedule Waste Produced by states in Malaysia

incinerators respectively. Of the total wastes produced in
2013, 1,574,041.95 metric tonnes (53.08%) were granted
conditional approval to be managed under special
management as stipulated under Regulation 7,
Environmental Quality (Scheduled Wastes) Regulations,
2005.
Table 1 : Schedule Waste Handling in Malaysia
No
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Figure 2 : Distribution of Schedule Waste Generated by
State 2013
As per report, the state of Terengganu produced the largest
volume of scheduled wastes (29.78%), followed by Perak
(17.98%), Selangor (16.68%), Johor (12.28%) and Pulau
Pinang (9.99%), while the other remaining 10 states
generated a total of 13.28%.
3.3 Schedule Waste Handling in Malaysia
To allow for on-site treatment and incineration, the DOE
have licensed two (2) land farms and 15 on-site wastes

Tonnes

(%)

1,574,041.95

53.08

1

Special Waste Management

2

On-Site Treatment

630,221.40

21.25

3

Local Off-site Recovery Facilities

566,506.51

19.10

4

Kualiti Alam Sdn Bhd

111,860.20

3.77

5

On-Site Storage

41,742.48

1.41

6

Trienekens ( Sarawak ) Sdn Bhd

19,330.00

0.65

7

Off-site Clinical Waste Incinerators

18,201.05

0.61

8

Foreign Facilities ( Export )

3,708.07

0.13

2,965,611.65

100

TOTAL

Figure 2 explained scheduled waste produced by states in
Malaysia.

450,000.00 ︎

Facility

Table 1 explained on the amount represented by an increase
of 37.37% as compared to only 1,145,808.05 metric tonnes
in 2012. These waste streams were mostly generated from
coal-fired power plant (55.10%), sludges from drinking
water treatment facilities (31.25%) and others (13.65%).
Comprehensive legislation was promulgated to regulate the
use, storage, handling, transport and labeling of hazardous
substances as well as for the safe disposal and treatment of
toxic and hazardous wastes. A National Contingency Plan
was developed to deal with accidental spillage of toxic and
hazardous waste.
In 1999, the government also launched the Malaysian
Agenda for Waste Reduction (MAWAR) Programme to
encourage industries to formulate strategies to reduce
waste.
The privately managed facility started operation in 1998.
As a result, it relieved the industries of the need to store to
some extend- hazardous waste within their compounds.
3.4 Schedule Waste Recovery Facilities
A total of 445 off-site recovery facilities have been licensed
by the Malaysian Department of Environment (DOE) to
recover various categories of scheduled wastes. The most
licensed facilities according to categories of waste are
electronic and electrical wastes (150 facilities) followed by
oil/ mineral sludge/spent coolant (56 facilities), dross/ ash/
slag/ catalyst (62 facilities), heavy metal sludge/ rubber (47
facilities), used container/ contaminated waste/ ink/ paint/
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lacquer (34 facilities), solvent (31 facilities) and acid/
alkaline (17 facilities), whilst four (4) other wastes
categories totaling of 48 facilities as shown in Table 2
below.
Table 2 : Waste Category & Recovery Facility
Waste Category

Recovery Facility

Electronic and Electrical Wastes

150

Oil / Mineral Sludge / Spent Coolant

56

Dross / Ash / Slag / Catalyst

62

Heavy Metal Sludge / Rubber

47

Used Container / Contaminated Waste /
Ink / Paint / Lacquer

34

Solvent

31

Acid / Alkaline

17

Phenol / Adhesive / Resin

23

Photographic

12

Battery

6

Gypsum

7
TOTAL

445

The categories of wastes sent to the licensed premises
(Kualiti Alam Sdn Bhd and Trinekens (Sarawak) Sdn Bhd)
for final disposal are sludge containing one or several heavy
metals, mixed wastes, dust/slag/ dross or ash containing
arsenic/ mercury and spent inorganic acid. Such wastes
were either incinerated, treated physically and chemically,
solidified or disposed off in secured landfill depending on
their characteristics.
As shown in Figure 3, wastes sent to Kualiti Alam Sdn Bhd
and Trienekens Sdn Bhd were incinerated (45%), followed
by landfilled (43%), several heavy metals, mixed wastes,
dust/slag/dross or ash containing arsenic solidified (9%)
and treated physically and chemically (3%).

Land3ill	
  
43%	
  

Treated	
  
physically	
  and	
  
chemically	
  
3%	
  

Solidi3ication	
  
9%	
  
Solidification

environmentally effective, economically affordable and
socially acceptable. [12]
In the Malaysian current practice context, the Incineration
system and secured landfills have to be reevaluated since
Ruj & Ghosh (2014) conceded the conventional techniques
such as combustion/incineration have been the
conventionally preferred method of waste management for
several countries in lieu of land-filling, releasing toxic
emissions onto an already over polluted environment. [13]
It has been supported by Wu, Lin & Zeng (2014) admitted
the heavy-metal content in the fly ash increases with the
bed-material particle size after the incineration process.
[14] Reinhardt, Richers, & Suchomel (2008) commended
on the incineration effect of CO2 emission based on the
constant optimization of plant operation due to the
consumption of fossil fuel. [15]
Beylot & Villeneuve (2013) highlighted the impact of
incineration to environment based on the 110 French
incinerators in particular, the climate change impact
potential of the incineration of 1 tonne of waste ranges from
a benefit of 58 kg CO2-eq to a relatively large burden of
408 kg CO2-eq, with 294 kg CO2-eq as the average impact.
[16]
Therefore, in my opionion the best sustainable hazardous
management system with proven trends from the wave of
innovation waste management system recommended the
Plasma Technology as the most effective way of treating
the hazardous waste. This has been supported by the
research done by Galeno, Minutillo, & Perna (2011) which
justify the effectiveness of the Plasma as compared to the
conventional Incinerator being used. [17] (Figure 4)
Futhermore, Wilson, Velis and Rodic (2013) lensed their
focus currently on “Integrated Sustainable Waste
Management” (ISWM) to examine how cities in the
developing countries have been tackling their solid waste
problems. To explain further, ISWM is a combination of
physical components (collection, disposal and recycling)
and the governance aspects (inclusivity of users and service
providers; financial sustainability; coherent, sound
institutions underpinned by proactive policies). [18]

Treated physically and chemically

Landfill

Incinerated	
  
45%	
  

Incinerated

Figure 3 : Types of Treatment and Disposal of Waste
4. SUSTAINABLE HAZARDOUS WASTE
MANAGEMENT SYSTEM
With reference to Morrissey & Browne (2004) for a waste
management to be sustainable, it needs to be

Figure 4 : Comparison of conventional and advanced
technologies for Waste-to-Energy (W2E)
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ABSTRACT
Service Innovation is one of the most important
components of the mobile service provider. The success of
competitive advantage depends on the success of service
innovation to the companies. Service innovation introduces
something new into the way of life, organization, timing and
placement of what can generally be described as the
individual and collective processes that relate to customer
involvement. The main objective of this paper is to evaluate
mediating effect of customer involvement in relationship
between service innovation and organizational competitive
advantage. The existence of the customer along with the
service innovation management is crucial point where the
customer innovation would be mediating effect for
measuring factor of (system, process, organization,
tools/technology and strategy) towards achieving
organizational competitive advantage. Thus, the study is
significant to manager level for improving service
innovation management and enhance competitive
advantage.
Keywords— Service Innovation, Customer Involvement,
Competitive Advantage, Mobile Service Provider
1. INTRODUCTION
Service innovation is a competitive tool to surpass
competitors in the service market. Innovation is the
fundamental source of value creation and an important
enabler of competitive advantage (Cinite, 2010). A
comprehensive definition of service innovation was
proposed by Van Ark et al (2003) when they said service
innovation can be defined as a new or considerably changed
service concept, client interaction channel, service delivery
system or technological concept that individually, but most
likely in combination, leads to one or more renewed service
functions that are new to the firm and do change the service
or good offered on the market and do require structurally new
technological, human or organisational capabilities of the
service organization. In the Malaysia telecommunications
industry for instance, there are a good number of service
providers. These companies all strive to expand their market
share, minimize costs, and be responsive to customer’s

needs, also to increase customer base, sales volume, and
ultimately profit. As such, keeping services customeroriented has become so huge a priority for these companies
because customer needs are dynamic and constantly change
as a result of social, technological, and environmental
factors.
Telekom Malaysia introduced mobile services into
Malaysia in 1985. Since then, Malaysia government granted
a number of licenses to private sector telecommunication
operators in an effort to develop the country’s
telecommunications industry and infrastructures. Malaysia's
telecommunication infrastructure market was opened in
1989 when a second mobile operator, Celcom, launched
service. From 1993 to 1995, the market was further opened
when three additional companies were granted various
operating licenses such as fixed, long distance, mobile
cellular allowing them to compete as full service operators.
The telecommunication companies are competing among
each other and create a competitive environment in the telco
industry. Today, four prominent companies make up the
major telecommunication market segment. The companies
are DiGi, Maxis, Celcom and U-mobile.
Due to the competition in the telecommunication
market, it is no doubt that the telecommunication market
structure in Malaysia is oligopoly. An oligopoly is an
industry in which the number of firms is sufficiently small
that one firm’s action can affect the market condition. The
industry of the oligopoly is the telecommunication industry
and there are only a few companies that offer
telecommunication service in Malaysia. In order to maintain
their position in the market, they would have to consider the
possible reaction of rivals to its own pricing, output
advertising decisions and service innovations.
2. RESEARCH GAP AND OPPORTUNITY
The research into adoption of service innovation as domain
has attracted many researchers and practitioners as well. A
review of the literature indicated that past studies dealt with
the service innovation issue from many angles. Every
researcher has provided the factors of service innovation
from his or her point of view. The majority of past studies
focused on exploring factors that affect the organizational
performance.

－208－
–1–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

The first theory is diffusion of innovation theory.
The diffusion theory was originated by Gabriel Tarde, a
French lawyer and judge, alongside Neal Gross (1946-1948),
Bruce Ryan who was a graduate assistant for Neal Gross, and
The British and German-Austrian Diffusionists (Calvo and
Rahrig, 1997). Diffusion of Innovations is a theory that
analyses, as well as helps explain, the adaptation of a new
innovation. In other words, it helps to explain the process of
social change. An innovation is an idea, practice, or object
that is perceived as new by an individual or other unit of
adoption. The perceived newness of the idea for the
individual determines his/her reaction to it (Rogers, 1995).
In addition, diffusion is the process by which an innovation
is communicated through selected channels over time among
the members of a social system. Thus, according to Rogers
(1995) the aforementioned definition contains four elements
that are present in the diffusion of innovation process. These
elements are: innovation, communication, time and the
social system. Mass media channels of the communication
process are more effective in creating knowledge of
innovations, whereas interpersonal channels are more
effective in forming and changing attitudes toward a new
idea, and thus in influencing the decision to adopt or reject a
new idea. Most individuals evaluate an innovation, not on
the basis of scientific research by experts, but through the
subjective evaluations of near-peers who have adopted the
innovation. First, time is involved in the innovation-decision
process: is the mental process through which an individual
(or other decision-making unit) passes from first knowledge
of an innovation to forming an attitude toward the
innovation, to a decision to adopt or reject, to implement the
new idea, and to confirm this decision.
The second way in which time is involved in
diffusion is in the innovativeness of an individual or other
unit of adoption. Innovativeness is the degree to which an
individual or other unit of adoption is relatively earlier in
adopting new ideas than other members of a social system.
The third way in which time is involved in diffusion is in rate
of adoption. The rate of adoption is the relative speed which
an innovation is adopted by members of a social system. The
rate of adoption is usually measured as the number of
members of the system that adopt the innovation in a given
time period.
The demarcation approach to innovation in
services, argues that due to the peculiarities of service
products, innovation in services differ from innovation in
manufacturing and must thus be treated as something which
is different in kind. Whereas the assimilationist approach
treats service sectors as odd manufacturing sectors, scholars
of the demarcation approach assume that innovation in
service sectors are of another type than the innovations
taking place in manufacturing sectors. Scholars of this
perspective also tend to focus on differences between service
sectors and manufacturing sectors and not on differences
among various service sectors according to (Boden and
Miles, 2000).
The synthesis approach recognises that innovations
taking place in service sectors may differ from innovations
taking place in manufacturing sectors and findings on
innovation in service sectors may enrich the concept of

innovation in manufacturing. According to (Drejer, 2004),
the synthesis approach is still in its infancy, but she mentions
Gallouj and Weinstein (1997) and Preissl (2000) as
contributions to the synthesis approach. The synthesis
approach (which is also denoted the rainbow economy) sees
services and manufacturing as intrinsic parts of the economy.
The distinction between service sectors and manufacturing
sectors is blurred since manufacturing sectors produce
service products and service sectors sometimes produces
goods products (Boden and Miles, 2000).
The other majority of service innovation research
studies had used models/theories, which commonly used to
investigate the factors that influence individuals’ intention
toward the acceptance of new technology. The previous
models or theories are Innovation Diffusion Theory (IDT),
Theory of Reasoned Action (TRA), Technology Acceptance
Model (TAM), Theory of Planned Behavior (TPB),
Decomposed Theory of Planned Behavior (DTPB) and
Unified Theory of Acceptance and Use of Technology
(UTAUT).
From the management perspective, the Dialog,
Access, Risk-benefits, and Transparency (DART) model
developed by Prahalad and Ramaswamy (2004) is of
particular interest that describes value co-creation practices.
The model includes a creative combination of the building
blocks of dialogue, access, risk, and transparency. The
customer’s experience would be achieved through their
accessibility on firm’s service processes, information, design
and quality across the value network. An active consumer
has goal of access to experience and not just to get products
and services, they directly or indirectly influence what,
where, when, and how the products and services get sold.
This would be successful if the firm’s data are transparent for
the customer on dialogue sessions. The transparency of the
company’s information enhances the customer’s willingness
to accept the quality of product and services. During these
three activities which are dialogue, access, and transparency,
the customers would be more demanding on potential risk
related to the consumption, delivery, and producing of
particular services and product. In the company-centric view,
the company is responsible for all risks associated with the
product offering while in consumer-centricity firms should
make an obligation to inform the consumers about the
potential risks of service and product (Prahalad &
Ramaswamy, 2004).
3. LITERATURE REVIEW
The literature review on the service innovation indicated the
concept and framework of service innovation and the
mediating effect factors of customer involvement towards
competitive advantage. The concepts able to summarize the
review of relevant literatures into 3 main variable factors as
follows:
3.1. Service Innovations
Recent developments instead propose to go beyond the
product service distinction by introducing a “service-
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dominant logic” (Vargo & Lusch, 2004, Lusch et al., 2007).
Looking at patterns of innovative behavior in service firms,
Oke (2007) found that service innovations are emphasized
more in the telecommunications and financial sectors. In
conjunction with service innovation, there is a wellestablished innovation management model developed by
Tidd, Bessant, and Pavitt (2001) and modified by Tidd and
Bessant (2009) which is known as “SPOTS” model. The
SPOTS model consists of five elements; Strategy, Process,
Organization, Tools/Technology, and Systems. This model
simultaneously integrates all functions within the
organization, in order to reduce the time taken to develop and
launch a new product successfully. These five elements
cover technological and administrative innovation,
incremental and radical innovation. Thus, contribute
competitive advantage to the service firms.
Hypothesis 1: The greater the level of service innovation
management practices, the higher the level of organizational
competitive advantage.
3.1.1. Systems
According to Hamel (2000) innovations that refer to system
are disorder old systems, create new players and new markets
while marginalizing old ones, and deliver dramatic value to
stakeholders who successfully implement and adapt to the
innovation. The process represents a disciplined practice in
order to control the innovation process from idea generation
to successful implementation of new product development
effectively and efficiently within prior specified time frame
and budget. This control will lead to the high level of product
commercialization (Hull & Tidd, 2003). Essentially, process
considers various activities which include how well to assess
markets, identify consumer needs, quality function, and
review the design of the products. For example, in the
external investigating of in-process design controls,
departments involve stakeholders in generating new product
ideas to ensure that consumer needs are prioritized in the
uncertain environment.
Hypothesis 2: The more integrated the development system
with customer involvement, the higher the level of
organizational competitive advantage.
3.1.2. Process
According to the Weiss and Legrand (2011), innovative
organization carries out every practice and process in a
systematic and sustainable way. A set of many structures and
components are integrated within an innovative organization
to develop new product such as; shared vision, effective team
working, creative climate, leadership and appropriate
structure, and external factors. The main characteristic of
such an organization is a Cross-Functional Team (CFT). It
coordinates people at all stages of the innovation process
from upstream sources of supply chain to downstream
consumers such as marketing, operation, engineering, human
resource, and finance functional areas (Roy & Sivakumar,
2010). High performance team work increase the level of

idea generation, benefit performance and success of any
organization while without effective teams, innovation will
be of a low level of implementation (Weiss & Legrand,
2011).
Hypothesis 3: The greater the level of process improvement
practices with customer involvement, the higher the level of
organizational competitive advantage.
3.1.3. Organization
The different functions or different professions in the
innovation process has been suggested by Froehle et al.
(2000) and by Hull (2004) as appropriate elements when
formalizing the service innovation process. According to
Avlonitis et al. (2001) cross-functional involvement also
include a critical factor in the innovation process. High
performance team work increase the level of idea generation,
benefit performance and success of any organization while
without effective teams, innovation will be of a low level of
implementation (Weiss & Legrand, 2011). Cross-functional
involvement has also been the specific focus of a few
articles. In one article Hull (2003) examines cross-functional
involvement in service development and shows that
simultaneous involvement of multiple functions has a strong
positive effect on innovation performance in terms of speed
and cost, at least in the early phases of the service innovation
process.
Hypothesis 4: The greater the level of cross functional
organizational practices with customer involvement, the
higher the level of organizational competitive advantage.
3.1.4. Tools/Technology
Information technology has been a strong driver in this
development (Miles, 2000). Froehle et al. (2000) found that
IT decisions play a significant role in improving both the
speed of the New Service Development (NSD) process and
the effectiveness of the firm’s NSD efforts. Also, the use of
teams for NSD directly contributes to the overall
effectiveness of developing new services. Service
innovations are generally more incremental, whereas product
innovations can be more radical (Tether, 2005).Although
people are important in the new product development
process, they are arguably more important in new service
development. This is because people are the ones who
generate new service ideas. New product ideas can stem from
external sources, such as new technology. New service ideas
come from a close interaction between customers and
employees.
Hypothesis 5: The greater the level of deployment of
innovative tools/technology practices with customer
involvement, the higher the level of organizational
competitive advantage.
3.1.5. Strategy
Previous research concerns different types of innovative
strategies in service firms. Specifically it is emphasized that
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service firms vary according to the degree of innovativeness
in their service development. Tether (2003) has, for example,
found a significant difference between service sectors when
it comes to the extent to which the service firms innovate. In
innovative strategy new technologies, market developments,
and innovation projects are reviewed and identified to match
appropriately with the organization’s goals. By developing
an innovation strategy of Rapid, Reiterative, and
Redevelopment (RRR), firms requires to get more
knowledge from consumers, markets, technology,
regulation, competition, and suppliers to reach the goals
(Hull & Tidd, 2003). For firms, the way to achieve
competitive advantage is to create a competitive strategy that
is consistent with trends in the firm’s industry and
appropriate to the firm’s resources and capabilities which
can be achieved through innovation (Porter, 2006). This
approach supported by Tidd & Bessant (2009) by leads to
repeat the process cycle, major improvements in existing
products are made to enable the company for deliver value
and build competitive advantage.
Hypothesis 6: The greater the level of strategy organizational
practices with customer involvement, the higher the level of
organizational competitive advantage.

Martín-de Castro et al. (2013) say that developing successful
technological innovations is essential for creating and
sustaining an organisation´s competitive advantage. The
organization innovation was well accepted as the key critical
factor for modern organization as it increases the competitive
advantage. The created innovation leads to the lower
production cost of the organization, new beneficial
knowledge, new products, new production process, new
working technique and new working procedure which in turn
would generate competitive advantage in the long run
(Dunning and Dunham, 2010).
4. RESEARCH FRAMEWORK
Based on figure 1, the research framework illustrated consist
of 5 independent variable which are (process, systems,
organization, tools/technology, and strategy). The
independent variable is adapted from service innovation
model Tidd & Hull, 2003. The extension of this research
framework is customer involvement as mediating effect
variable towards dependent variable which is competitive
advantage.
Process

3.2. Customer Involvement
With advances in technology and changes in customers’
shopping patterns and experiences, the active participation of
consumers is required (Prahalad and Ranaswarny, 2000).
Silpakit and Fisk (1985) specify customer participation as
‘the degree of consumers’ effort and involvement, both
mental and physical, necessary to participate in production
and delivery of services. Similarly, Rodie and Kleine (2000)
interpret customer participation as ‘a behavioural concept
that refers to the actions and resources supplied by customers
for service production and/or delivery, ‘emphasizing the fact
that customer participation is essential in service delivery.
Von Hippel (1976) documents the importance of the
phenomenon and shows that more than 80% of innovations
in the scientific instruments industry were invented,
prototyped, and first field tested by instrument users rather
than by the instrument manufacturer. Subsequently, an
important literature has emerged that analyzes the key
benefits from and obstacles to user involvement in the
innovation process (Henkel and von Hippel, 2005). When
focusing on the telecom and IT service sectors a number of
articles investigate the benefits and dynamics of involving
different factors in the service innovation process. This
includes benefits of involving customers (Kristensson et al.,
2002; Kristensson et al., 2004; Kristensson et al., 2008;
Magnusson, 2003; Magnusson et al., 2003; Matthing, 2004;
Matthing et al., 2006; Matthing et al., 2004).
3.3. Competitive Advantage
According to Tidd et al. (2006) innovation contributes to
achieving a competitive advantage in several aspects.

Systems

Organization

Customer
Involvement

Competitive
Advantage

Tools/
Technology

Strategy

Independen
t Variable

Mediating
Variable

Dependent
Variable

Figure 1: Research Framework
5. DISCUSSION
There are some main justifications that prompted the
researcher to conduct this study. They can be explained as
follows:
First of all, previous research has indicated that
customer involvement is the main factor to be considered in
the development of service innovations in the future. Service
innovation received attention among both service and
manufacturing firms as means to achieve competitive
advantages (Gremyr, Löfberg, & Witell, 2010; Kindström &
Kowalkowski, 2009; Ostrom et al., 2010). It has become
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very important for the managers to know why customers
accept or reject this service (Lassar, Manolis and Lassar,
2005). An understanding factors that affect service
innovation and helps mobile service provider to maintain
existing customer and attract potential one.
Moreover, Chen, Tsou, and Huang (2009) noted the
lack of research on the connection between service
innovation and delivery, despite the need to explore this topic
because of the wider scope of service innovation and the
need to integrate downstream activities into the innovation
process (Lenfle & Midler, 2009). Service innovation thus
appeared cyclic, such that deployment topics became more
prevalent (Kindström & Kowalkowski, 2009; Lenfle &
Midler, 2009).
As management and marketing research
increasingly viewed customers as active participants in the
service process and as co-creators of value (Louro & Cuncha,
2001; Normann, 2001; Prahalad & Ramaswamy, 2004;
Vargo & Lusch, 2004), customer involvement also started to
receive significantly more attention as a service innovation
topic (Abramovici & Bancel-Charensol, 2004; Alam, 2002;
Magnusson, Matthing & Kristensson, 2003; Matthing et al.,
2004; von Hippel, 2001). Studies began to focus on how to
learn from customers and how to involve them more
systematically in the innovation process. Alam (2002) asked
why users are involved in service development and at what
stages.
In addition to that, the discussion of the problem
statement and the research's gaps show the limitations of past
models/theories (IDT, TRA, TPB, TAM, DTPB and
UTAUT). It can be seen that they have neglected customer
perceptions dimension, which strengthen or weaken
individuals’ technology readiness (propensity) in term have
significant influence individuals’ intention to accept new
technology (Chen and Li, 2010). Therefore, the current
research was conducted also bridge this theoretical gap.
Moreover, there is no comprehensive model includes all
potential factors that influence individuals’ behavioral
intention as one of the reasons that motivated the researcher
to conduct this research. The researcher aims to develop a
comprehensive model, including all potential factors, in a
single model.
Finally, one of the most important rationales that
necessitated the undertaking of this study is the fact that most
service innovation studies have been conducted in developed
countries. However, in general, very few studies have been
conducted in developing countries, Malaysia.
6. CONCLUSIONS
In developed economies, the service sector now dominates
their gross domestic products, and its share continues to grow
(Gallouj & Djellal, 2010a; Gallouj & Windrum, 2009).
Therefore, both services and service innovation represent
central drivers of broader economic growth and innovation
(Gallouj, 2002; Miles, 1993; OECD, 2005). The
telecommunication sector significantly contributes to the
prosperity and overall growth of the economy Malaysia.
Facilitating the mobility of telecommunication service
among different parties in the economic structure is an

important role of service mobile provider. Service
innovation is one of the most important components of the
mobile service provider. Service innovation introduces
something new into the way of life, organization, timing and
placement of what can generally be described as the
individual and collective processes that relate to consumers
(Barcet, 2010). In particular, service innovation is still new
in Malaysia. Thus, it is a worthwhile topic to study. In
addition, the current study of service innovation in Malaysia
was conducted in an attempt to improve mobile service
provider in the telecommunications industry.
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ABSTRACT

In general, major characteristics of job shop are flexibility,
variety, high skilled workers, much direct labors, and a
great deal of manual material handling as an consideration
of general function machines used in this [6]. Flexibility are
caused by machine, material handling, operational, process,
product, routing, volume, expansion, control program, and
production [7]. Therefore, planning and scheduling are
needed in job shop where all information of those
flexibilities will be used to control the job prior to entering
the execution phase [8].
Job shop problem exist in many forms in most of advanced
manufacturing system and due to that reason many
researchers and practitioners have studied to improve the
performance of job shop [9]. Through this review paper that
highlight the constraints of job shop and explain the method
to optimize the performance of this system can be identified
the appropriate method in order to optimization of job shop
such as in term of improving machine utilization or
reducing lead time. This paper also review the appropriate
method in acceptance order (OA) related to lead time and
cost estimation due to decision taken on OA will directly
impact to number of job that should be completed in job
shop whereas job shop have limitation on capacity.

This paper defines the characteristic of job shop and the
problem usually appeared on its implementation. It also
defines several methods studied and how they can be
integrated one with another in order to improve the
optimization of job shop. The paper discusses the important
of integration of planning and scheduling to get more
feasible schedule. It also suggest an order acceptance (OA)
strategy for job shop related with lead time quotation and
cost estimation especially in competitive bidding where the
order based on the customer decision by using output of
finite capacity scheduling (FCS) information integrated
with MRP system. Based on FCS and MRP integrated
model, it will be developed a procedure to allocate
capacity for determining the lead time and cost estimation
under the constraint of capacity in job shop.
Keywords - Job shop, MRP, finite capacity scheduling, lead
time, optimization, planning, order acceptance
1. INTRODUCTION

2.

The most common manufacturing system worldwide is the
job shop where job shop is associated with the production
of small volumes and large variety products [1].
Approximately 50 to 75 % of all manufactured components
fall into this system and the percentage likely will increase
due to the market trends [2]. Job shop is a type of
manufacturing system in which the flow of work is not in a
single direction where each job consists of a set of tasks
that should be executed in a predetermined sequence in a
machine or set of machines [3]. There are n jobs that must
be processed on m machine and each job may have unique
machine sequence [4].The simplest job shop model
assumes that a job may be processed on a particular
machine at most once on its route through the system, as
shown in Figure 1, and in other a job may visit a given
machine several times on its route through the system [5].

JOB SHOP SCHEDULING PROBLEM

Since job shop provide great flexibility on the shop
manufacturing, production planning and scheduling
becomes very complex in the number of jobs, operations,
parts, and machine increases in which different processes is
done subject to complete the jobs [10]. The challenge is job
shop scheduling also need to consider the effect of job
failure, which cause rework and reprocessing, result in the
increased cycle time of jobs. Consequently, achieving ontime delivery product becomes more challenging for
manufacturer [11]. The objective of scheduling task is to
improve the system parameter such as minimizing meanflow time, minimizing makespan, minimizing average
tardiness, minimizing work-in process inventory,
minimizing cost, maximizing equipment utilization,
maximizing probability of meeting due date, and increase in
effectiveness and efficiency of machine shop [12].
In the aged of customized products and services, demand
variability can be identified as a key source of uncertainty
in job shop because failure to account the product demand
may lead either high production cost (due to high inventory
charges) or unsatisfied customer (due to late shipment)

Figure 1. Job Shop
-1-
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[13]. Nevertheless, demand variability cannot be assumed
in forecasts because production distribution is too dynamic
[14] where the planning is on the basis of order received
[15]. The complexity arises from the fact that the exact
capacity is not known at the time of order arrival due to
stochastic nature where this condition internally come from
capacity uncertainty arises from machine failures, stop or
breakdown [15] and externally come from uncertainty of
order received related to when and number of order placed
[16].

availability, have received a lot of attention as a method of
improving capacity management in manufacturing [25].
FCS means that (1) the amount of work scheduled into a
work center does not exceed a predetermined amount, (2)
capacity availability is computed based on operations
already scheduled, and (3) a mechanism (usually an
assigned priority) is used to determine which jobs to
reschedule if there is no available capacity [23]. Since MRP
use an ICS methodology, the result is that certain machine
center can be overloaded at specific point in time in the
scheduled plan and floating bottleneck may occur at various
work centers [26]. Therefore, MRP is not accurate enough
to properly generate a schedule [27]. Yet, combination
concept between ICS and FCS where MRP keep in position
to solve mainly material problem and FCS solve only
scheduling problems could integrate planning and
scheduling and provide visibility and feedback between
these areas [23].

2.1 Solving Job Shop Problem with Material
Requirement Planning (MRP) Infinite Capacity
Scheduling (ICS)
Material requirement planning (MRP) is the most popular
production planning and scheduling system where it
provide the right part at the right time for the right customer
[17]. Around 75% of manufacturing companies use MRP as
the main method of material planning [18] because MRP is
relative simply system preferred by many over
mathematical programming approaches [19] as shown in
Figure 2. In job shop, MRP is one of method that
extensively used to plan dependent demand items based on
the production schedule for the independent demand items
(end items) [20]. However, MRP have limitation in perform
comprehensive capacity planning and it becomes necessary
to develop an optimization approach to reach the desired
goal of simultaneously improving the productivity and
flexibility of an MRP system [21].

2.3 Solving Job Shop Problem
Approach and Simulation

with

Scheduling

Effective scheduling is essential in job shop manufacturing
system in order to meet all internal and external
requirements and through simulation based FCS proved that
simulation can minimize the lead time [28]. Simulation is a
means to compare result and model “what if” scenarios and
it is more appropriate than analytical methods to handle
stochastic nature in manufacturing area such as machine
breakdowns or set-up machine times [29]. However,
simulation for complex system can be run lengthly and
costly and also model validation will become quite difficult
[10].
In majority, scheduling problems can be solved into three
categories production scheduling approaches: (1)
mathematical approach, e.i. exact algorithm, such as branch
and bond, (2) meta-heuristic approaches, and (3) heuristic
approaches [30]. For a real size problem with a multiple
number of stations and resources, mathematical approaches
cannot be used because the number of possible solutions
grows exponentially with the number of jobs that should be
scheduled [31]. Therefore for the real size problem heuristic
methods are usually preferred due to low computational
time, their simplicity, and it can be used along with
simulation [30].
Although efficient for some problem instances, heuristic
method cannot guarantee the solution resulted is an optimal
solution in real implementation for different situation [10].
By using a high-level strategy to guide other heuristics, a
modified search algorithm known as meta-heuristic
approaches are developed to overcome the mathematical
complexities of scheduling problem in way of utilizing an
iterative generation process [32]. The advantage of metaheuristic is the fact that they commonly produce a good
solution that is acceptable sequence of jobs.
Some studies have been carried out to optimize the job shop
manufacturing system by implementing meta-heuristic
approaches. However, these approaches are timeconsuming for production engineer where the process
should be repeated any time that a change is introduced to

Figure 2. The MRP system
Capacity constraints are ignored in MRP, assumes that lead
time are fixed, and does not consider operation sequence of
items or usually called infinite capacity scheduling (ICS)
[22]. ICS schedule a job without any regard to (1) other
jobs in the system, (2) available capacity to complete the
job, and (3) work already planned for the work center
which uses standard move and queue line and thus
complicity considers capacity constraints [23]. Those
conditions create many problems on the shop floor for later
production, such as varying workloads, changing
bottleneck, and etc [24].
2.2 Solving Job Shop Problem with Finite Capacity
Scheduling (FCS)
FCS, known as the process of creating a detailed schedule
for occurrence of future events subject to resource
-2-
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the system [30]. It is also argued that although they improve
the performance of shop floor but the control problem is
more complicated in shop floor [33].

systems use local information about the status of production
and inventories to authorize the order release and also
initiates production of parts in a system based on actual
demand [45]. It uses signal cards commonly referred to as
production authorization cards to authorize the release of
parts in a system such as in Kanban control strategy in
order to eliminate the waste [46].
Until today, production planning problem in assign the job
to finite capacities and precedence constraints are extremely
hard to solve due to its complexity. Another method that
have been tried to solve this problem is aggregation where
it reduced the complexity by not allowing generate the
detailed plans for the future that will certainly be different
from the current schedule [47]. This method is not only
succeed in production planning but also in early stage of
engineering where design can changes and effect to the
requirement of order [48].

2.4 Solving Job Shop Problem with Alternate Routing,
Batch, and Utilization Of Sensor
A majority of literature on job shop scheduling focuses on
introducing advanced mathematical techniques to improve
production scheduling as it is an important part of job shop
control system. In order to achieve that, utilization of
alternate routes have been proved as one option to increase
performance of job shop although it involve more
operations or more processing time than primary route [34].
Batch processing process can also be used to process a
batch of jobs as long as machine capacity is not violated to
keep simultaneously process in multiple jobs [3].
Many organizations are also tried to integrate their
manufacturing enterprise (MES) with MRP while in fact
high backlogs, higher cycle time, penalty cost due to late
shipment, or ineffective machine utilization are still occur
during the process [35]. By improving visibility of work-in
process (WIP) through Radio Frequency Identification
(RFID) implementation, a sensor equipment that can detect
the location of WIP in real time, shown that significantly
reduction of backlog as opposed to FIFO and EDD
scenarios. In comparison of productivity and bottleneck,
RFID scenario is better than others [36]. Futhermore, RFID
was also used in demonstrate the application of virtual
stochastic sensor (VSS) study for behavior reconstruction in
a job shop [37]. However, increased accuracy by adapting
new technologies (such as MES and RFID) to enhance
visibility of operation on shop floor comes with a cost, and
the benefit of information must be traded off with this cost.
Otherwise, the need for actual shop floor information is
important in order to quote more precise lead time [38].

3.
ORDER ACCEPTANCE IN JOB SHOP :
LEAD TIME QUOTATION & COST ESTIMATION
In today’s immensely competitive environment, the
profitability of companies is based on its quick adaptation
on changing conditions in the production environment to
market needs and establishment of communication channels
with the customer [49]. Therefore, revenue management
has considerable potential for manufacturing operation in
order to maximize total profit of company [15]. Many of
companies implemented job shop in make-to-order (MTO)
and engineered-to-order (ETO) environment are finding
that they struggle to remain profitable and in a position of
grow.
In MTO environment, acceptance or rejection of an order
depends on the availability of capacity because if an order
is accepted but not carried on, the manufacturer has to pay
some penalty to customer [15]. This may happen due to the
stochastic nature of the capacity or by overestimating
production capacity so it is beneficial for the order
acceptance (OA) policy to be a comprehensive as possible
way out from that problem [16]. OA deals with related
decision, such as lead time quotation and cost determination
[50].

2.5 Solving Job Shop Problem with Other Approaches
As a result to anticipate the flexibility in job shop,
traditionally functional layout are implemented where
machine are grouped by function to minimize machine idle
time and maximize machine utilization [39]. Nevertheless,
increasing the number of product and machine type trigger
increasing of product travel in shop floor that effect to lead
time. In order to solve that problem, the combination
between the flexibility of functional layout and the
efficiency of flow shop layout by grouping similar product
into families are implemented or called cellular
manufacturing layout [40].
Cellular manufacturing was developed from the principles
of group technology [41] with the importance on
minimizing the WIP inventory, setup times, lead times and
workforce
[42].
However
in
implementation,
communication is required among and between the operator
and the functional management to support the rapid
problem solving and result [43]. Futhermore, combination
between cellular manufacturing layout and demand-pull
production control are shown the best collaboration in
reducing processing time variability [44]. In general, pull

3.1 Lead Time Quotation
Lead time or throughput time is the amount of time
between the placement of an order and the receipt of the
ordered product / service by the customer [51]. From a
customer perspective, lead time can be translated into
delivery time where customer satisfaction have correlation
with accuracy of delivery time offered to them [52].
Most of literature dealing with OA policy assumed that the
manufacturer can select orders according to their own
criteria and own initiative [53]. In competitive bidding,
however, the manufacturer offer a bidding cost and accept
the order based on the customer decision especially in ETO
environment as shown in Figure 3 [54]. In the competitive
bidding, the customer prepare request for proposal (RFP)
for an order and invite several potential manufacturers to
the bidding and then evaluate them on the basis of multi-3-
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Cost is estimated based on strategy taken to manufacture
the particular product which commonly called by make or
buy strategy. The make or buy strategy often be a major
determinant of profitability making a significant
contribution to the financial health of the company [57].
One of reason manufacturer choose buy strategy is to deal
with limitation of capacity however, it may cost more than
the equivalent daily rate to make a job in-house. Even more
than that, delivery and quality are always be the supplier
problem and take time to reprocessing if the problem
related to quality [58]. Therefore, the manufacturer needs to
prioritize orders and allocate more capacity to the potential
orders to improve the bid performance due to the bidding
conditions are different in each order [54].
A model has been developed for engineer-projectconstruction (EPC) which maintains the appropriate
balance of man hour for cost estimation and project
execution under the variability of accepted orders with
competitive bidding situations to improve the total expected
profit [59]. However, job shop for MTO/ETO is more
complicated than EPC where capacity can be assumed as
man hours because it depends on machine function not
depend on labor. The cost could be estimated precisely by
using the information of capacity at the time that order will
come, whether it supposed to keep in house manufacturing
(make) or sub contract (buy).

attribute bid evaluation criteria, such as bidding cost, past
experience, past performance, company reputation, and the
proposed method of delivery and technical solutions [55].

Figure 3. An overview of competitive bidding
In practice, OA and production planning are often
functionally separated because of order placement and
fulfillment are managed by separate department such as the
sales department, when a customer places or cancels an
order, this may not be reflected to production department
immediately [38]. As a result, order acceptance decisions
are made without considering the actual workload in the
production system, or by only regarding the aggregate
workload and standard lead time without considering the
real status capability of manufacturing. Hence, it is
importance to study approaches that integrate order
acceptance and resource capacity loading in a good
workload based order acceptance method [50]. There is a
strong need for a modelling approach in an integrated
model that simultaneously integrating both the dynamic
operational and stochastic order that suitable for job shop
[13]. By using FCS information to close the capacity
planning loop in MRP, capacity constraints and work load
information are taken into account to manage customer
orders [25]. Based on FCS and MRP integrated model, it
will be developed a procedure to allocate capacity for
determining the lead time and cost estimation accuracy of
each bidding order under the constraints limitation of
capacity in job shop.
3.2

4.

CONCLUSION

Recently most manufacturers have been moved to job shop
manufacturing system where customized product more
possible to produce to fulfil the market demand. Beside
bring the flexibility to produce different type of orders/jobs
however, job shop also bring the complexity in planning
and scheduling in order to complete those jobs by using
limited capacities on the date promised to consumer. This
paper have discussed the several ways to deal with the
problem in job shop such as minimizing makespan,
minimizing tardiness, increase the productivity of machine
and etc. The most popular system that extensively used to
plan the production is MRP but it assumed that capacity is
infinite so the schedule resulted is not feasible. Because of
that, integration FCS and MRP become important to
provide visibility and feedback between planning and
scheduling.
Common other alternatives used are (1) mathematical
approach, (2) meta-heuristic approaches, and (3) heuristic
approaches. However, each of these approaches have some
advantages and disadvantages. It argued that difficult to
implement the mathematical modeling and algorithm in real
manufacturing area. Therefore, some researches were also
tried to simulate the impact of utilization of alternate route,
batch production process, sensor, cellular manufacturing,
and demand-pull production control to solve the problem
appeared in job shop.
Stochastic demand is a condition that would be faced by
manufacturer in competitive bidding environment where
the number of order cannot be forecasted because the
planning is on the basis of order received. In the other side,
all orders are accepted without considering the rest

Cost Estimation

It is essential to make a stable profit in order to ensure
sustainability of company. The cost offered in bidding is
basically determined by adding the target profit to the
estimated cost. However, manufacturer cannot estimate the
precise cost in the process of determining the bidding cost
because of limited information and restricted time. If the
manufacturer’s bidding cost is set higher than that of a
competitor due to cost estimation error, the manufacturer
could fail to receive the order. Conversely, if the cost
estimation error results in an underestimation of the cost,
the manufacturer would be granted the order; however, they
would eventually suffer a deficit due to this order [56].
-4-
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[10] N. H. Al-hinai, Optimizing the flexible job-shop
scheduling problem using hybridized genetic
algorithms, 2011.
[11] V. A. Raghavan, A framework for job shop scheduling
with stochastic rework and reprocessing in electronics
manufacturing, 2013.
[12] W. Tan and B. Khoshnevis, “Integration of process
planning and scheduling review,” Journal of intelligent
manufacturing 11, 51-63, 2000.
[13] A. Ravindran, Aggregate Capacitated Production
Planning in A Stochastic Demand Enviroment, 2008.
[14] B. Hai, The Implementation of CRP (Capacity
Requirement Planning) Module, 2009.
[15] M. Modarres and M. Sharifyazdi, “Revenue
management approach to stochastic capacity allocation
problem,” European Journal of Operational Research,
192(2),
442–459.
http://doi.org/10.1016/j.ejor.2007.09.044, 2009.
[16] H. Qu, A New workload Control Policy for the M/M/1,
2006.
[17] J. A. Orlicky, “Material requirement planning,” New
York: McGraw-Hill, 1976.
[18] P. Jonsson and S. Mattsson, “A longitudinal study of
material planning applications in manufacturing
companies,” International Journal of operations and
productions management, 26, 971-995, 2006.
[19] A. M Ornek and O. Cengiz, “Capacitated lot sizing
with alternative routings and overtime decisions,”
International journal of production research, 44. 53635389. 2006.
[20] W. O. Rom, O. I. Tukel, and J. R. Muscatello, “MRP in
a job shop environment using a resource constrained
project scheduling model,” Omega, 30(4), 275–286.
http://doi.org/10.1016/S0305-0483(02)00033-6, 2002.
[21] Y. Pochet and L. A Woolsey, “Prodution Planning by
mixed integer programming,” New York: Springer,
2006.
[22] S. VoB and D.I. Woodruff, “Introduction to
computational optimization model for production
planning in a supply chain,” Berlin. Springer, 2003.
[23] R. Sen, Combining infinite capacity scheduling and fite
capacity scheduling: An experimental investigation of
an alternative scheduling procedure, 2010.
[24] K. Chen and P. Ji, “A mixed integer programming
model for advanced planning and scheduling (APS),”
European Journal of Operational Research, 515–522.
http://doi.org/10.1016/j.ejor.2006.06.018, 2007.
[25] S.T. Enns, Finite Capacity Scheduling System:
Performance Issues and Comparisons, 1996.
[26] A. Zozom, “A finite capacity job shop planning and
scheduling system,” 1998.
[27] A.J. Weintraub, “A Simulation-Based Finite Capacity
Scheduling,” Preceedings of the 1997 winter
simulation conference, 1997.
[28] A. Jarrahzadeh, Simulation Based Finite Capacity
Scheduling System, 2008.
[29] P. L. Market and M.H. Mayer, “Witness simulation
software a flexible site of simulation tools,”
Preceeding of the 1997 winter simulation conference,
1997.

available capacity in order to get high total profit so it is
important to arrange methodology in OA where OA deal
with related decision, such as lead time quotation and cost
estimation. Most of literature dealing with OA policy
assumed that the manufacturer can select orders according
to their own need but in competitive bidding the acceptance
order decision is based on customer. Therefore,
manufacturer needs to offer precise lead time and cost
during the bidding stage. However, manufacturer faces
difficulty in estimate lead time and cost accurately because
of limited information and restricted time.
By using FCS information where work load information are
taking into account integrated with MRP, OA related lead
time quotation and cost estimation are become more
realistic for each bidding order under the constraints
limitation of capacity in job shop. FCS will guide the
manufacturer to decide whether make or buy strategy could
be implemented to particular bidding order. The first
priority is still keep maintain the optimization of capacity
usage that plant have but if capacity is not available at the
time order expected come, the strategy will be taken is buy.
Automatically, those decision is not only affect to lead time
but also to cost estimation. Although by taking buy strategy
is more risky in quality and delivery but the lead time and
cost offered for bidding must capture that situation.
Therefore, lead time and cost estimation error could be
minimized.
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Abstract
With globalization of the Japanese economy, the business
increases complexity. And the business project became the
cross-industrial style and globalized. Therefore the
demand for an engineer and the management person who
can cope with a global project increases previously. The
educational environment of University greatly changes in
order to respond to such demands of the age and is going
to "globalization". In Malaysia-Japan International
Institute of Technology, we work on the global human
resource education for not only the students of Malaysia
and Southeast Asian countries but also Japanese (1)
university students and (2) business persons. This article
introduces activities about global training program for
Japanese students in MJIIT.
Keywords - Malaysia-Japan International Institute of
Technology, Global Project Based Learning, Human
Talent Development

ship between Japan and Malaysia. And MJIIT brings up
human resource who will contend with the global problem
in the Southeastern Asian area. The Japanese Government
formed the consortium named JUC consisting of 25
cooperation universities, Ministry of Foreign Affairs,
Ministry of Education, Culture, Sports, Science and
Technology, Ministry of Economy, Trade and Industry,
The Japan Chamber of Commerce and Industry and Japan
International Cooperation Agency (JICA). JUC has
performed Japanese teacher dispatch and the development
of the course curriculums as the educational support for
MJIIT[4,5].
MJIIT is the compilation of the important education
measure that the Malaysian government advocates as Look
East Policy. It is expected that MJIIT greatly contributes
to globalization of higher education of Japanese University
at the same time. In this paper, it is reported about the
global instructional activities that the authors carried out
for Japanese students in MJIIT.
2. Global Talent Training

1. Introduction
The globalization of the any kind of corporations is an
essential an indispensable condition to improve Japanese
industry competitiveness in the global market. The arrival
of the global economy means that business and projects
also become to globalize. The demand of cultivating of an
engineer and management resources who can handle a
global project increases. The education environment of the
university is going to greatly change to accommodate such
a demand from business scene.
The Malaysia-Japan International Institute of Technology
(MJIIT), Universiti Techlogi Malaysia (UTM) was opened
as a school of the higher education system which gave
Japanese style engineering in Malaysia on September 12,
2011[1]. And on 1st June 2012, MJIIT invited Dato' Seri
Haji Mohd Najib bin Tun Haji Abdul Razak, Prime
Minister of Malaysia, and Former Prime Minister Yukio
Hatoyama of the Japanese Government special envoy as
guests and held the launching ceremony[2,3].
An establishment purpose of MJIIT is to become the
international hub of the Japanese style engineering
education in Southeast Asia while building collaboration

2.1 Objective
Project members of a global project must achieve the
project goal with team member of various countries who
have different in sense of values and a way of thinking. It
is necessary to accept diversity in order to understand each
other with such various peoples. It is important to consider
Japan by an objective viewpoint to acquire this
competency of global. And it is important to be conscious
of a fact that there is a person thinking in a way different
from oneself. Global human resource training is to bring
up the talent who can challenge global business positively,
and can play an active role on the global stage, as a base of
improvement of international industry competitiveness and
the reinforcement of the cross-national bond.
In this article, I chose four of follows as ability necessary
for a global talented person; "Ability for solution to the
problem",
"Communication",
"Cross-cultures
understanding" and "Management of Technology". Global
training programs to increase these abilities were carried
out. The target for the global training program is classified
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in three categories of (1) high school student, (2)
university student and (3) business persons. This paper
reports the global training program that authors carried out
based on the following chapter.

3.2 Prospective Result

Chapter 3: Global Talent Training for University Students
Chapter 4: Global Talent Training for Business Persons

(1) The Japanese students understand Malaysian culture,
and the Malaysian students understand Japanese culture.
They acquire literacy and human competency to play an
active role in global business based on understanding each
different culture.
(2) The students acquire high ability (conceptual design,
functional design, mechatronics development of products,
prototypic inspection) in the mechanical engineering.
(3) The students acquire ability for management of
technology to create industry (corporate strategy,
organization design, market prediction, identification of
customer needs, competing analysis, strategic drafting,
business-related evaluation, servicizing).
Author carried out the global human resource training
program for business person in cooperation with
Yamaguchi University.

2.2 Feature of learning in Malaysia
It is advantageous to learn in Malaysia, not in Japan, to
acquire a global business sense.
Features of Malaysia as the training place are as bellows;
-Located in Southeast Asia,
-Multiracial nation (Malaysian, Chinese, Indian)
-Advanced social infrastructure
-Low crime rate
-High level medical service
-One hour difference in time with Japan
In addition mentioned above, English spreads as common
language because Malaysia is a multiracial nation.
Therefore, Malaysia has good potential as the place to
carry out the global education program for Japanese. For a
high school student, it thinks that it is very good to
experience global educational program carried out abroad
in considering about their future carrier design.
3 Global Talent Training for University Students

For three aims of this program mentioned in above
background, we can expect the following objectives;

3.3 Features of Program
There are two features of this program. One is to
implement the program on teaching style of Project-Based
Learning (PBL). PBL is paid the attention to as the
education technique that is effective to bring up task
analysis ability and originality that is difficult to acquire it
in the conventional learning-style of the knowledge
instruction.

3.1 Brief Outline of the Program for University
Student

Identifying Needs

The global talent training for university students was
carried out for students of Yamaguchi University (YU),
Shibaura Institute of Technology, and Tokyo University of
Agriculture and Technology under the cooperation with
the JUC participation university mainly. Yamaguchi
University (from 2013 to 2015) and Shibaura Institute of
Technology (2014) performed the training by 2-week
global PBL (project based learning) procedures each. In
this paper, we will review the global PBL programs
performed by joint corroboration with MJIIT and
Yamaguchi University (YU).
In global PBL by Yamaguchi University and MJIIT, 15
students of Department of Mechanical Engineering,
Faculty of Engineering, YU, and 18 students of
Mechanical Precision Engineering Department, MJIIT
participated in 2014.
Global PBL program by Yamaguchi University was
performed in cooperation with MJIIT and to carry out it in
UTM Kuala Lumpur Campus. Educational purposes of
this program are (1) to learn Japan and Malaysian culture
each other, (2) to get high engineer ability in the
mechanical engineering and (3) to acquire an ability of
management of technology to create new industry.
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Storyboarding
Specification
Functional Design
Prototyping
Evaluation and Improvement
Business Planning
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Table 1 Program Schedule on Model Based Creative
Design Program
Day
1
2
3
4

Activity
Orientation
Welcome remarks
Team building
Lecture
Malaysian Culture and Language Exposure
MBCD Lecture 1
Set-up for design activities
MBCD Lecture 2

5

MBCD Design Activities
Group Work

6
7
8

Leadership Seminar
MOT Lecture
Creativity Training
MBCD Design Activities

communication software development. This model-based
design approach is also expected to be effective in the
creation of innovation. To lead the new innovations
through product development process, it must be further
advanced the abstraction level of the target obtained by
analyzing the needs of the market.
In this program, as a method to visualize the abstract
concept, it was introduced also to the prototyping
approach using Lego Mindstorms. By carried out by
integrating the model-based design techniques and
prototyping, we can expect that the practical skills to
creating innovation are nourished. Figure shows the
conceptual diagram for the process to abstract the nature
of the target derived from the diversity of needs and the
process up to achieve products with a wide range of
potential from the abstracted entity. We defined an
integrated approach in this paper as Model Based Creative
Design for creation of innovation.

Design experience

Diversity of needs

MBCD Lecture 3
9

MBCD Design Activities
i. Exercise
ii. Let's use LEGO

10

Outside Activity
Culture, Custom and Society
MBCD Lecture 3

11

Lesson on model‐based design
MBCD Design Activities
MBCD Lecture 4

12

MBCD Design Activities
i. Requirements analysis and conceptual design
ii. Business Planning
MBCD Lecture 5
MBCD Design Activities
Creative product development

13

i. Planning and concept development
ii. Design of System Level
iii. Detail design
iv. Prototyping
v. Business Planning

14

Final presentation
Demonstration, competition,

One of the purposes of this educational program is to
acquire the ability to develop a business case based on
mechanical engineering. The second feature, in order to
achieve this objective, is to introduce a course curriculum
based on the model-based design methodology. It is shown
in Fig. 1 and Table 1. As shown in Figure 1, the program
begins to identify the needs of the market. It is the first
step to lead an innovation to define definitely the target
you plan to develop and the reason why you develop it.
In an actual field of product development, in order to
ensure competitiveness of the products in the market, lowcost and short-term development of products is not
avoided. Therefore, the model-based design approach is as
an effective way in order to reduce costs and to shorten the
development period. It is introduced not only to the
manufacturing development, but to information &

Potential of Products

Figure 2 Conceptual diagram of Model Based Creative
Design for creation of innovation.
4 Global Talent Training for Business Persons
Author carried out the global human resource training
program for business person in cooperation with
Yamaguchi University. In this program for business
person, Halal culture is selected as practical program
theme.
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4.1 Summary of the Halal market
The Halal means "a forgiven thing" in Arabic. The item
which Halal intends for is not only food. The cosmetics
are also one object of the Halal, and the object of the Halal
is widespread up to machine, transportation facilities
processing food for space, processing. The market sizes of
the Halal market exceed 3 trillion dollars now. The market
size of food and the non-food (pharmaceutical products,
cosmetics, personal care product, leather products) is

world Muslims rises 570 million for 20 years until 2030 to
show it in table 2 and is anticipated when it becomes 2,190
million. The Islam population in the Asia-Pacific region
rises 290 million, and it is expected that I become 1,300
million people. That, with population growth and
economic growth of the Islam zone, the scale of the Islam
market spreads to 10 trillion dollars in 2030; is predicted.
The Japanese company must adapt to the Islam market as
one issue of the globalization in future.

Table 2 Muslim Population by Region

Muslim Population/ Region

World
Asia-Pacific
Middle East-North Africa
Sub-Saharan Africa
Europe
Americas

2010
ESTIMATED
ESTIMATED
MUSLIM
PERCENTAGE
POPULATION
OF GLOBAL
MUSLIM
POPULATION
1,619,314,000
1,005,507,000
321,869,000
242,544,000
44,138,000
5,256,000

100.0%
62.1%
19.9%
15.0%
2.7%
0.3%

2030
ESTIMATED
PROJECTED
MUSLIM
PERCENTAGE
POPULATION
OF GLOBAL
MUSLIM
POPULATION
2,190,154,000
1,295,625,000
439,453,000
385,939,000
58,209,000
10,927,000

100.0%
59.2%
20.1%
17.6%
2.7%
0.5%

Table 3 12 Countries with the Largest Number of Muslims in 2010 and 2030

Country /
Population
World
Pakistan
Indonesia
India
Bangladesh
Nigeria
Egypt
Iran
Turkey
Afghanistan
Iraq
Morocco
Malaysia

2010
ESTIMATED
ESTIMATED
MUSLIM
P.C.T.
POPULATION
1,619,314,000
178,097,000
204,847,000
177,286,000
148,607,000
75,728,000
80,024,000
74,819,000
74,660,000
29,047,000
31,107,000
32,381,000
17,139,000

100.0%
11.0%
12.7%
10.9%
9.2%
4.7%
4.9%
4.6%
4.6%
1.8%
1.9%
2.0%
1.1%

2030
PROJECTED
PROJECTED
MUSLIM
P.C.T.
POPULATION
2,190,154,000
256,117,000
238,833,000
236,182,000
187,506,000
116,832,000
105,065,000
89,626,000
89,127,000
50,527,000
48,350,000
39,259,000
22,752,000

approximately 2 trillion dollars. Approximately 1 billion
people are in the Asian countries with Indonesia which is
the world's largest Islamic nation. The Halal food market
in Asian countries is approximately 400 billion dollars.
This is a number of approximately two times of market
size 230 billion dollars of the Japanese food service
industry in 2011[6]. The Islam market features that a rate
of population growth is big in addition to a populous thing.
The number of the world Muslims rises 570 million for 20
years until 2030 and is anticipated when it becomes 2,190
million as show it in table 2 and 3[7].
The Islam market features that a rate of population growth
is big in addition to a populous thing. The number of the

100.0%
11.7%
10.9%
10.8%
8.6%
5.3%
4.8%
4.1%
4.1%
2.3%
2.2%
1.8%
1.0%

2010 - 2030
PROJECTED INCREASE
NUMERICAL RATIO
INCREASE
570,840,000
78,020,000
33,986,000
58,896,000
38,899,000
41,104,000
25,041,000
14,807,000
14,467,000
21,480,000
17,243,000
6,878,000
5,613,000

35.3%
43.8%
16.6%
33.2%
26.2%
54.3%
31.3%
19.8%
19.4%
73.9%
55.4%
21.2%
32.7%

4.2 Program
For from 24 to 27 on November in 2014, the global
business talent training was carried out for five
representative students of the Graduate School of
Management of Innovation and Technology, YU. They
visited Halal development Corporation to understand the
food culture in Malaysia, NITTSU TRANSPORT
SERVICE (M) SDN. BHD as a company on behalf of
Malaysia in this training. And they attended the lecture
about the comparison of human resource development
management between in Japan and in Malaysia (shown in
Table 4).
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Table 4 Program Schedule of
Date
November
23th
24th

Activity
Arrive
Welcoming ceremony
Basic knowledge of Islam market and the Halal

25th

Company Visit 1 JEF Engineering Malaysia
Company Visit 2 NITTSU Transport Services (M) Sdn Bhd

26th

Lecture :
Morning – Global Standardization

27th

Company Visit 3 DreamEdge
Workshop on Change Management

28th

Return to Japan

References

Fig. 3 Discussion and group working
Participants were able to receive training by carrying it out
in Malaysia while feeling Halal culture close. As a result,
it is able to be given some reflection about the importance
of Halal culture and the Halal market.

5. Summary
As an instructional activity in Malaysia-Japan
International Institute of Technology, author introduced
global human resource training program for Japanese (1)
university student and (2) business person. As a result for
(1), it was able to give an opportunity for Japanese
University students to learn the sense as the global
engineer. As a result for (2), it is able to be given well
reflection about the importance of Halal culture and the
Halal market for globalization of Japanese industry.
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ABSTRACT
This paper investigate to impact of audit quality on the
earnings management. The ability to manage the firm’s
earnings for private gain is considered as disadvantageous
for the reliability of the reported earnings. One of the
impact on earnings management – measured as the degree
of discretionary accruals prevalent in a firm – is audit
quality, where Big Four auditors deliver higher quality
audits than non-Big Four auditors. A stream of literature
explains that audit quality of external auditor mechanisms
such as auditor size, audit fees , non-audit services, and
auditor industry specialization are able to contribute
towards improving the firms performance and reducing
information asymmetry. The other dimension of value
creation is the reduction in the earning management raised
by companies. Theoretically to some extent, high audit
quality of external auditors will lead to lower firm risk,
information asymmetry and subsequently, a high earnings.
This paper aims to prepare a critical conceptual of the
empirical literature on the effect of audit quality on the
earning management.
Keywords— Audit Quality, Earnings management and
Accrual
1.

INTRODUCTION AND LITERATURE

A large body of research has over the last two decades
documented the importance of legal foundations, including
the quality of the audit, for earnings management. This
paper examines the association between audit quality and
real earning management. past literature suggests that
higher quality auditors reduce the level of accrual earnings
management ( Johnson et al, 2002; Balsam et al. 2003;
Becker et al. 1998).
Despite the importance of audit quality, corporate
governance such as boards of directors and its committees
are recognized as monitoring mechanisms that may impact
the quality of financial reports (Lin and Hwang, 2009;
Carcello et al., 2002; Abbott et al., 2004; Larcker and
Richardson, 2004;). Therefore, how audit quality and the
monitoring role of the board of directors and share holders
its committees influence the market’s perception of reported
earnings and audit quality remains important to the policymakers and regulators. Levitt (1998; 2000) claims that the
assessment of audit quality and earnings management is
crucial because it is reflected the investors‟ confidence in
the financial reporting and it affects the allocation of

resources. Since, most of the prior studies relating to audit
quality, corporate governance and earnings management
have been conducted in developed countries. Monitoring
the financial reporting process and ensuring high-quality
financial statements is one of the prime tasks bestowed on
corporate boards in general, and independent outside
directors in particular. In line with this, the annual report
and prior evidence suggest that the presence of inside
directors on the audit is likely to be related to poorer
financial reporting choices (Klein 2002; Bédard et al.
2004), because insiders often have incentives to tolerate a
lower quality of reported earnings.
The majority of the research which seeks to explain the
incentives for managing earnings draws on costly
contracting theory. This study utilizes costly contracting
theory which characterizes the corporation as a “legal nexus
of contractual relationship” and assumes that corporate
reporting enables principals (shareholders) to monitor
agents’ (managers) compliance with contractual obligations
(Godfrey et al., 2003). Jensen and Meckling (1976) identify
the existence of two agency relationships:
• The manager-shareholders (e.g. bonus plans) where the
manager acts as an agent for the shareholders who are
considered to be the owners; and
• The shareholder-debtholder (e.g. debt contracts) where
the manager is assumed to act on behalf of the shareholders;
thus the manager is an agent whereas the debtholder
becomes the principal.
Such situations impose agency costs, due to the existence of
conflicts of interest between the agents and the principals.
Bartov et al. (2000) note that agency costs include a
manager’s incentive to manage earnings. Experiential
evidence from agency theory also reports that management
has a preference for managing earnings numbers in order to
benefit from the contracting process (Holthausen et al.,
1995). Prior studies document that higher transaction costs
result from greater information asymmetry amongst market
participants. When the markets or investors have less
information and cannot observe a company’s performance
and prospects, they then require higher rates of return and
lower current firm’s stock prices (Bodnar and Bartov,
1996). Most of studies also document evidence that the
existence of information asymmetry between shareholders
and managers is a necessary condition for earnings
management (Dye, 1988). Because shareholders have less
information, thus management can use its’ insider position
to manage reported earnings (Lobo and Zhou, 2001). It is
argued that earnings management decreases the reliability of
earnings because reported earnings is biased, and
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misrepresents the true reporting earnings figure. Levitt Jr
(1998), the former chairman of Securities and Exchange
Commission, states that the practice of earnings
management has negative impacts on reliability of financial
satemnt. This paper assumes opportunistic earnings
management is hgh characterized via accounting method
choices and DAC (Wilsonand McNichols, 1988).
Also, existing agency cost proposes a series of mechanisms
that seek to reconcile the interests of shareholders and
managers. These include external governance instruments
such as takeovers (Manne, 1965), competition in product
markets (Hart, 1983), and the managerial labour market
(Fama, 1980). Viewing the statutory audit as one of a
number of monitoring mechanisms available to shareholders
is a useful framework in which to understand the
relationship between ownership, board composition, audit
quality, and ultimately, audit fees. In their respective reports
on corporate governance, emphasize the value of increased
non-executive representation on boards’ suggesting that
non-executives are able of bringing greater independence
and impartiality to board decisions. In regard of the audit
process, it is anticipated that developed non-executive
representation is able of improving the quality of the audit
process in a number of respects. First of all, external
auditors are to discuss matters arising from the audit
process with non-executive board members, free from
managerial influence. This is very important if auditors seek
to question certain aspects of the way in which the financial
statements have been prepared by management, or require
further (more exclusive) testing in order to reach an opinion
on the quality of the financial statements. The second, in
negotiations with the non-executives, external auditors are
expected to place a greater emphasis on the quality and
extent of the audit rather than on the cost, compared to
executive directors. Also, non-executives are expected to
favor more comprehensive auditing in order to complement
their own monitoring responsibilities, but they share with
auditors the objective of identifying and rectifying reporting
errors deliberately or otherwise made by managers.
2.

AUDIT QUALITY

External auditor services to verify accounting numbers are
demanded as a market-induced mechanism to reduce agency
costs that can arise as a result of the potential conflicts of
interest between a firm’s owners and managers (Gore et al.
2001). Research shows differences in the degree of audit
services quality delivered by auditors. One of the first
studies that examined this phenomenon has been carried out
by DeAngelo (1981). She argues that the quality of audit
services must be defined as the joint probability that a given
auditor will discover a breach in a firm’s accounting system
and at the same time report this breach. In order to evaluate
this audit quality, potential clients must incur costs to assess
the joint probability, which are likely to be significant.
Because of the fact that audit quality is costly to evaluate,
potential clients develop surrogates for audit quality.
According to DeAngelo (1981) this is done to rely on a less
costly to observe variable which is correlated with the

quality of the audits. Palmrose (1987) shows that it is
possible to assess litigation activities of auditors as a
means for making quality distinctions among them. With
litigation against auditors, Palmrose means the process of
the discovery of false statements, the filing of lawsuits and
the resolution of them (Palmrose 1987). She demonstrates
that auditors with relatively low litigation activity represent
higher quality suppliers and vice versa. Palmrose defines
audit quality in much the same way as DeAngelo, namely
the probability that statements contain no material
misstatements. The lower the probability, the higher level of
assurances and the higher the quality of services provided
(Palmrose 1987).
2.1 AUDITOR INDEPENDENCE (FEE)
LNNAF and LNTOTALFEES are associates to the fee
dependence of auditor on a client. Besides the audit fees
received by the auditor, the level of NAS fees further
increase the client-auditor economic bond as the auditor
reliance on the client increases (Simunic, 1984; Beck et al.,
1988). The present study argues that the level of NAS fees
and the sum of audit and NAS fees are better measures to
capture the economic important of the client to the auditor
than the NAS ratio. Although FEERATIO1 and
FEERATIO2 do not necessarily capture the client’s
importance, they do explain the financial link between the
auditor and the client, and have an impact on the regulators‟
perception of independence (Ashbaugh et al., 2003).
2.2 INDUSTRY
(SPEC_AUD)

SPECIALIST

AUDITOR

The existing literature suggests that the industry
specialization of auditors can be measured using several
approaches, such as the market share approach (Krishnan,
2003a; Dunn et al., 2000; Balsam et al., 2003; Velury et al.,
2003; Chen et al., 2005) and the portfolio approach
(Krishnan, 2003a), as well as a complementary approach set
out by Neal and Riley (2004). Despite the limitations of
each approach, they are recognized as the most appropriate
measures for auditor industry specialization. Also, Neal and
Riley (2004) introduce the weighted market share, a
complementary
approach
which
captures
the
complementary effects between the market share approach
and the portfolio approach. This measure offers a solution
for the inconsistency between the two main approaches.
However, Neal and Riley note that, like the other two
approaches, this approach does not consider the lead/lag
period effect. Thus, to ensure the consistency and
robustness of the findings, the present study considers all
three of these approaches in determining the industry
specialist auditors based on audit fees.
2.3 AUDIT FEES (LNAFEE)
The audit fees variable (AFEE) is transformed to natural log
and prefixed by LN to achieve normality of information, in
order to prevent the largest firms from unduly influencing
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the findings. Data for this variable (LNAFEE) is gathered
from the FAME database.
3.

RELATIONSHIP
BETWEEN
AUDIT
QUALITY AND EARNING MANAGEMENT
AND IPO

The external audit exercise is a governance procedure that
analyses and reviews a firm’s internal audit and controls the
fiscal reports to avoid material misstatements. According to
Wallace (1980), claims that shareholders demand audited
fiscal reports as these reports offer details that are
advantageous for their decisions on investments; hence, the
external audit would act as a tracking device that reduces
managers’ interests in misstating the earnings. Thus, the
audit is used as a method of enhancing the top quality of the
fiscal information; hence, it is expected that a good audit
quality will be linked with reduced cost of capital by
organization. Shareholders depend on the external auditor
to offer some guarantee that the fiscal reports of a firm are
not deceiving. It is critical that the tracking mechanism
offered by the external auditors is not affected and becomes
the most necessary aspect for the study delivery of an
independent auditing function. One of the most important
elements that influence the reliability of fiscal reports are
said to be the audit quality (Arruñada, 2004). The
stakeholders would show more trust on the information
revealed in the fiscal reports if the audit of the fiscal reports
is recognized to be of top high quality. The auditing quality
is based on the likelihood of the auditor being able to find
and report any misappropriation in the financial reports (R.
Watts & Zimmerman, 1986). DeAngelo (1981) focus on the
audit quality pointed out two important aspects that it is
dependent on.
The accounting role has to face a growing pressure from
external elements to observe and enhance the high audit
process of company (Sutton, 1993). To contend efficiently
in this setting, audit companies must continuously endeavor
to enhance the audit quality and increase customer
satisfaction. Firstly, the auditor’s capability is to analyses
the records and recognizes mistakes or flaws, i.e. their
technical proficiency, and secondly, their objectivity or
detachment, i.e. their independence. The auditing quality is
the unique blend of the auditor’s ability to recognize and
report issues found in the records (R. Watts & Zimmerman,
1986). According to DeAngelo (1981), defining audit
quality is beneficial for research as proficiency and
independence to carry out their jobs are quite unique
constructs. Nevertheless, these two measurements are not
very different nor separate: for instance, the audit company
could determine not trying to locate the problematic areas
(competence) which they do not wish to report
(independence).
Also, Public offerings: “Window dressing”, or enhancing
financial reports prior to an IPO or secondary equity
offering to attract better valuations; Executive
compensation: Increasing reported earnings to increase
executive bonuses; Financial liabilities: Fulfilling financial
requirements in loan covenants; Regulation: Reducing

regulation costs or enhancing regulatory benefits. Beneish
(2001) suggests that an insider trading can be added to this
list of motives. Managers aware of mis-statement of profits
can benefit by trading the securities. Stolowy and Breton
(2000) suggest three broad objectives for earnings
management: minimization of political costs; minimization
of the cost of capital and maximization of managers’
wealth. Also, most earnings management studies examine
whether companies manage earnings in response to some
economic incentive. One setting where management has an
incentive to manipulate earnings is at the time of an IPO,
since greater earnings may be reflected in a higher offering
price and greater proceeds to the company and offering
shareholders.
Francis et al. (1999) argue that high-accrual firms have
greater opportunity for opportunistic earnings management
and have an incentive to hire a big five auditor to provide
assurance that earnings are credible. They find that high
accrual firms are more likely to hire a big five auditor, but
report lower unexpected accruals, consistent with big five
auditors constraining opportunistic reporting of accruals.
The objective of this paper is to investigate the limited but
expanding body of literature on the effect of audit quality
on the earnings management. The remaining of this study is
organized as follows. The next section looks at the
measurement of audit quality and empirical evidence of
audit quality on the earnings management. The final section
concludes this study and provides suggestions for future
research.
4.

AUDIT QUALITY MEASURING

It is challenging and complicated to measure audit quality
(K. L. Jensen & Payne, 2005; Niemi, 2004; Wooten, 2003).
Nevertheless, according to Bailey and Grambling (2005),
Francis (2004) and PCAOB (2008); there are several
possible measurements of audit quality available in practice
and in the literature. Three proxies of audit quality are
examined in this study. In the first empirical analysis, the
audit quality proxies are dependent variables, whilst in the
second, they are represented as independent variables. The
definition and measurement of each audit quality proxy are
described below.

5.

EARNINGS MANAGEMENT

Accounting earnings are used for contracting and can
provide investors the information about the firm they need.
For these purposes, accrual-based earnings are more
appropriate than cash flows (Subramanyam 1996). Since the
real earnings are not observable by outsiders, only the
reported earnings, uncertainty remains because of potential
bias and noise due to possible self-interested behavior by
managers. Managers have incentives to alter the earnings to
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maximize their own wealth. Auditors can provide credibility
to management’s reported earnings by issuing audit reports.
These reports reduce the existing information asymmetry
between the firm’s shareholders and its managers by
allowing the outsiders to validate the reliability of the
financial statements. Thus, asymmetric information – and
the associated agency costs – affect the demand for auditors
by means of an external monitoring-mechanism (Becker et
al. 1998; Francis et al. 2004).
Most of the effort in testing earnings management behavior
has focused on explaining accounting choices by examining
the relationship between an accounting choice variable and
a number of explanatory variables. In defining the
accounting choice variable, three different approaches have
been most widely used: (1) single procedure (e.g.,
Hagerman and Zmijewski, 1979), (2) sets of procedures
(e.g., Zmijewski and Hagerman, 1981; Press and Weintrop,
1990, Inoue and Thomas, 1996), (3) and net accruals (e.g.,
Healy, 1985; DeAngelo, 1988). All three definitions of
accounting choice have been criticized as being poorly
specified, and consequently, they may have contributed to
the low power of the tests (Watts and Zimmerman, 1990).
Jones (1991) developed a model to capture the discretionary
component of total accruals. Jones defines the total accruals
as “the change in noncash working capital before income
taxes payable less total depreciation expense.
In literature accruals have been intensively used as the
proxy for earnings management. These accruals can be
measured by two different approaches.
• Balance sheet approach
• Cash flow statement approach
6.

RELATIONSHIP
BETWEEN
AUDIT
QUALITY AND EARNING MANAGENET

Based on the above mentioned arguments and other studies,
it is evident that auditors do influence a firm’s ability to
engage in earnings management. This is stated very
comprehensible by Jackson and Pitman (2001, p. 39):
“Independent auditors should lead the crusade to prevent
deceptive accounting practices, because they not only
posses in-depth knowledge of accounting and reporting
matters, but they also have access to the audit quality and
the board of directors responsible for scrutinizing a
company’s decision makers. (…) Auditors are in a prime
position to curtail abusive earnings management and help
maintain and enhance public confidence in financial
reporting.”
A distinction exists in the level of impact auditors have,
based on the quality of the audits carried out. So, whether
the auditor restrains or perhaps even promotes earnings
management and to what extent, is partly depending on the
quality of the auditor. Once again, I use the dichotomy of
Big Four versus non-Big Four auditors as a surrogate for
audit quality, in which Big Four auditors provide higher
quality audits than non-Big Four auditors. I will show what
exactly the impact of audit quality on earnings management
is and to what extent. After that, I will take a closer look at

some other factors influencing audit quality and thereby
earnings management.
7.

CONCLUSION AND FUTURE STUDIES

Empirically and theoretically to some extent, high audit
quality of external auditors will lead to lower firm risk and
subsequently to a lower cost. Firms that are well-managed
in terms of the existence of external and internal robust
monitoring devices as well as the provision of quality
financial reporting and protection of stakeholders’ wellbeing will be able to limit the exercise of power of
corporate managers and carefully allocate resources, which
in turn enjoy lower risk than other companies. It follows
that these companies should have access to cheaper source
of capital, either in the form of earnings and accrual, than
other firms. A few areas can be the focus of future research.
First, the influence of audit quality on the earnings
management in emerging markets such as the East Asia,
Eastern Europe and Russia should be undertaken so as to
enable generalization of research findings. Lastly, future
research could also draw on cross-countries comparisons by
examining the impact of different level of accounting
principles and their level of implementation on the earnings
management.
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KEY MOTIVATING FACTORS FOR EMPLOYEES RETENTION: A RESOURCE BASED
VIEW

Tahir Akhtar, Mohamad Ali Tareq, Akbariah Mohd Mahdzir
labor pool of managers and knowledge workers (Buhner, Rasheed,
ABSTRACT
& Rosenstein, 1997; Smith, 2003). If the firm fails to retain its
competent employees, it might leads to failure of the organization to
The study explored how employees’ retention act as a valuable
perform well and stay competitive. Thus, it is important to identify
resource for corporate governance to increase and sustain firm’s
the key factors that help the firm to retain the competent employees
performance. Phenomenological approach is used to collect
in order to gain competitive advantage and attain sustainable
information from a sample of 50 employees in the education sector.
organizational development.
By conducting semi structured interviews six themes were developed
Simmons (2008) compared within-company success orientation
by using various statements. The themes developed are the key
(stakeholder view) and a personal career success orientation
motivating factors of employee’s retention that create awareness
(shareholder view) in Japan. Naudé (2009) conducted surveys on the
among the managers and the board members to help them in making
health sector in Australia and South Africa to find the effect of
different strategies of retaining employees and using them as a
employee retention from a resource based view on the sustainable
valuable resource to achieve sustainable organizational
growth of the firm. Vasquez (2014) did a qualitative
development.
Key words— Corporate Governance, Employees Retention, phenomenological study on the hospitality sector by collecting data
through semi structured interviews and found that creating a good
Resource-based view, Sustainable Organizational Development
working environment comprising reward, management support and
incentive programs would lead to employee retention. We have
1.
INTRODUCTION
conducted face to face interviews with the employees from
education sector focusing on the resource based view of employee
A number of studies have been conducted on the corporate
retention and tried to link these factors with corporate governance to
governance and the firm’s performance in the context of shareholder
gain sustainable development. The study also tries to create
and stakeholder perspective (Cadbury, 1992; Jamali, Safieddine, &
awareness among the managers and the board members on the
Rabbath, 2008; Shleifer & Vishny, 1997), few studies took their
importance of employee retention.
attentions to the resource-based view of the corporate governance
(Lopez, 2005; Naudé, 2009). Every firm needs resources to operate
2.
LITERATURE REVIEW
and survive. Among those resources human resource is the most
important one (Naudé, 2009). In any organization employees act as
Corporate governance is about compliance, transparency and
the back bone and they are the most influential element in the
accountability to shareholders to obtain economic objective
decision-making process (Lewis, Machold, Oxtoby, & Ahmed,
(Cadbury, 2000; Jamali et al., 2008). The purpose of this regulatory
2004). Once they are motivated and satisfied, they work efficiently
and prescriptive approach is to develop such mechanism in which
and the firm outperform in the industry. The firm should be
managers and the owners’ interests can be aligned. This approach is
concerned about the employee satisfaction to enhance the firm
used to control manager’s behavior so that managers follow the rules
performance (Maslow, 1943).
and regulations to obtain firms objectives. In addition to this
If the employees are competent and the permanent member of the
approach, Jamali et al. (2008) gave broader view of the corporate
firm then they act as a valuable resource of the firm to gain
governance which not only covers the interest of shareholders but
sustainable development (Naudé, 2009). Employee retention is vital
also includes the stakeholders and ensuring that the management is
as it helps an organization to strengthen its image and reputation
responsible to all the stakeholders. This holistic model is more
(Peric, Mujacevic, & Simunic, 2011; Poulston, 2008; Travel &
descriptive on explaining both micro-internal and macro-external
Council., 2012). Enderwick (2011) argued that effective leadership
components (Young & Thyil, 2008).
as well as long-term vision can be achieved through retaining the
In effective corporate governance company is responsible to a
employees in the organization. The challenges an organization faces
variety of stakeholders including the board of directors, top
now-a-days include employees retention which can be overcome by
management, employees, customers, suppliers, financial firms, the
collaboration of academia, business sector and the government
community and the government are encouraging boards that have an
(Cavico, 2010; Molian, 2012; Olson, 2010).
increased involvement in strategy formulation, decision making and
Board of directors and the managers can play important role in
controlling (Jamali et al., 2008; Letza, Kirkbride, & Sun, 2004).
aligning the employees’ rewards and bonuses to their performance
A firm can get a competitive advantage by satisfying all its
and satisfying them to increase performance. It is important to
stakeholders. Clulow, Gertsman, and Barry (2003) and Lopez (2005)
explore whether the employees are satisfied and want to stay in the
have suggested resource-based view (RBV) as one of the tool for
firm or not. The major concerns that the management of the firm has
superior performance, competitive advantage and the control of key
with regard to the employee retention are; how the firm can make
resources and capabilities. The effective development and
employees as a valuable resource to the firm? How important it is to
deployment of this resource-based view provide a unique group of
retain the employees to gain competitive advantage? What are the
elements to create and maintain a competitive advantage. The
key important factors of employee retention that a corporate
resource based view suggests that a company that holds and exploits
governance mechanism should consider to gain competitive
resources and capabilities that are both unique and non-substitutable
advantage?
as well as valuable and rare, will create and sustain competitive
Very few studies have focused on the retention of employees, as a
advantage and ongoing organizational development. Lopez (2005)
valuable resource to gain sustainable organizational development
and Sun and Tse (2009) added that the resource-based view shifted
(Naudé, 2009). The owners of the firms need to manage and
the attention from external market and industry factors, such as
accumulate capital which can be done by an active and competitive
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explanation for a firm‘s competitive advantage to the internal
resources and an intra-organizational explanation of competitive
advantage of the firm. Among the major internal resources is the
human resource that plays the most important role in the success of
any organization, for these reason employees satisfaction is a must
to gain competitive advantage and high employee retention.
In an organization, employee retention is vital to economic
progression because company needs to spend less time and money
on training of existing employees than the new ones. According to
Singh (2012) both employee retention and economic stabilization is
attainable if the employees are equipped with the skills they need.
Govaerts, Kyndt, Dochy, and Baert (2011) stated that the
commitment from top management or leadership to development of
employees helps in retaining them. Now-a-days employees have big
aspirations and expectations for their own growth, so getting
employees to stay requires more than motivation such as
commitment to self-opportunity (Latukha, 2011). The literature has
confirmed that an organization can form a stable workforce through
effective employee preparation (Balán, 2012). The concepts of how
employees are important for the firms in the corporate governance
perspective are discussed one by one in the next section.
3.

CORPORATE GOVERNANCE AND EMPLOYEES
RETENTION

Protecting the rights of the shareholders is the core of corporate
governance. For example, Shleifer and Vishny (1997) described
corporate governance in the perspective, where they have argued for
the rights of shareholders since they are the major financers of a
firm. The concept of corporate governance has changed over time
and shifted towards the rights of not only the shareholders but also
the stakeholders. Cadbury (1992) and Bhasa (2004) argued that an
improved corporate governance mechanism results in safeguarding
the interests of all the stakeholders in a market.
According to Morin and Jarrell (2001) and Letza et al. (2004)
corporate governance is a framework that controls and defenses the
welfares of different players in the market. To them players of the
corporate governance mechanism consist of managers, customers
and employees, stakeholders, shareholder, CEO, suppliers and the
board of directors. Mathiesen (2012) defined corporate governance
as a mechanism used to encourage and motivate the management
and the staff so that the value of a firm can be improved. He further
added that the managers and the employees should be fairly
compensated and treated for their efforts. So, in this way the
employees become a major contributor which should be safeguarded
through corporate governance mechanism.
3.1.

Management and Employees

Bartol, Tein, Matthews, and Martin (2005) documented that the firm
can improve the value by following the principles of management,
such as setting goals for the organization, the efficient production of
goods and services and achieving the goals by using both human and
the non-human resources and technical and conceptual skills that can
be used to maximise the profits. The best long run approach to good
management is that of pursuing the joint interests of all stakeholders
in which a company should be seen as a coalition among various
resources including suppliers of equity, loans, labor, management
and technical expertise (Bhasa, 2004).
Effectiveness of management of a firm depends on controlling the
operations by using advanced technology and the competent
employees. In order to motivate the employees, they are trained first
and then given with the right tasks, duties and responsibilities. To

make the job more challenging and interesting, the management
rotates the jobs, which involves shifting the workers in a sequential
order and by allocating a wider variety of tasks (Boxall &
Steeneveld, 1999; Hatch & Dyer, 2004). The firm’s management can
increase maximum output by taking care of the attitudes, values and
beliefs of employees, which ultimately improve the value of a firm
(Yan, 2005).
3.2.

Board of Directors

The board safeguards the interest of the shareholders and
stakeholders by creating more value for them as argued by Bhagat
and Jefferis (2002) and Gompers, Ishii, and Metric (2003). The
value of a firm is improved when the board performs its fiduciary
duties, such as monitoring the activities of management and
selecting the staff for the firm (Anderson & Anthony, 1986;
Nikomborirak, 2001; Vance, 1983). The board should have authority
to protect shareholders, discipline poor performing managers and
employees and resolve conflicts between staff and shareholders
(Fama & Jensen, 1983). Zahra and Pearce (1989) have distinguished
two important roles of the board of directors. The first is to control
the operations of the firm and activities of the CEO. The second job
is to promote the organization by improving the image of the firm
and maintaining the relationship between stakeholders (including
employees) and firm’s management.
A range of stakeholders, including employees and regulatory
agencies, expect and encourage boards to have an increased
participation in strategy preparation, decision making and control. A
part of the strategic role of board of directors and managers is to
guarantee sustainable organizational development, creating and
maintaining the competitive advantage of the company by using
employees as a valuable resource (Jamali et al., 2008).
3.3.

Resource Based View (RBV)

The RBV aims at basic imitability of a firm‘s resources, which
means the resources must be unique and the rivals must find it hard
and/or expensive to imitate. Therefore, the RBV shifted the attention
from external market and industry issues to the internal resources
and an intra-organizational clarification as explanation for a firm‘s
competitive advantage (Lopez, 2005; Sun & Tse, 2009).
According to Clulow et al. (2003) the RBV focuses on internal
reasons for superior performance and competitive advantage. RBV
explains that the possession of key resources and capabilities and
their effective development provide a unique group of elements to
create and maintain a competitive advantage. They further added
that the resources need four characteristics namely value, rareness,
inimitability and non-substitutability in order to provide a
sustainable competitive advantage. Resources meeting these criteria
need to be invested in (attainable), upgraded (development) and
deployed (optimal utilization) in the firm to achieve higher returns.
Firm that possesses and exploits resources and capabilities such as
human capital that are both valuable and rare will attain a
competitive advantage. In addition, if these resources and
capabilities are also inimitable and non-substitutable then the
company will sustain this competitive advantage and enhance short
and long-term performance.
The magnitude of a firm‘s competitive advantage is a function of its
resources and capabilities. Firms with these resources and
capabilities of great value will likely attain sizable competitive
advantage. The firm must demonstrate the ability to alter these
resources and capabilities in such a way that the full potential is
realized (Hatch & Dyer, 2004; Newbert, 2007).
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Survival and success in a highly competitive, very dynamic business
environment combined with increasingly information-based,
knowledge-driven and service intensive economies requires speed,
flexibility and continuous renewal as essential capabilities. Skilled
and motivated people are central to create and maintain competitive
advantage and sustainable organizational development. Scarce
knowledge and expertise drives new product development and
relationships with clients. This study tries to link the corporate
governance to resources of the organization, specifically human
resource which are the employees of the firm and shows that how
important it is for the firm to retain the employees as a valuable
resource for consistence performance.
3.4.

A Valuable Resource

According to Clulow, Gertsman & Barry, (2003), firms need to
acknowledge, acquire, develop and retain the needed resources to
ensure a competitive advantage and consistently outperform their
rivals. In the context of RBV, employees are considered as a
valuable resource contributing significantly to organizational
effectiveness and thus viewed as a source of competitive advantage
(DeSaa-Perez & Garcia-Falcon, 2002; Hatch & Dyer, 2004).
In general, human resources are scarce in nature, especially those
with knowledge and expertise in related fields and cannot be
accumulated and stored for uses during need. On the other hand,
capital can be accumulated at any time during the project and can be
kept under reserve to be used when necessary. Thus human resource
should be managed in such a way that the firm do not lack expertise
workforce. Barlett and Ghoshal (2002) have documented that the
employees are the closest to the customers, products, competitors
and technology. Firms hire employees and train them so that they
can become expertise in the related fields. When firm acquires
human capital from its rivals, it gains some knowledge on the
competitors. On the other hand, when the employees leave a firm
that firm loses expert workforce, which might have negative impact
on the particular firm‘s competitive advantage. In the process of
learning within a particular firm, the human resources become more
firm-specific and less useful to rivals (Hatch & Dyer, 2004).
Khandekar and Sharma (2005) mentioned that the helpful
knowledge of the employees developed over a period is valuable to
the firm. In addition, applicable resources must fit the distinctive
business model of the company as resources valued in one market or
industry might not be equally valued in other sectors (Newbert,
2007; Sun & Tse, 2009). Competitive advantage gained through
firm‘s human capital may be sustained to achieve ongoing
superiority in knowledge creation and cost reduction across
numerous generations of products and over the life of a product.
Human resource has become a source for both modifiable and
implied knowledge. Organized knowledge can be expressed and thus
be taken by rivals.
The strategic vision and goals of the company to be efficient and
competitive, which leads to survival, can be achieved through
employee competencies. Employees can create and implement ideas,
plan tactics, recognize and organize other assets, create and maintain
the value for the shareholders (Anonymous, 2007; Bridges &
Harrison, 2003). Employee performance and human resource
development have a large impact on shareholder value (Fenwick &
Bierema, 2008). Satisfied employees can create value for the
shareholders by leading to more satisfied customers and enhance the
competitive advantage and sustainable organizational development.
Simmons (2008) suggested that though human capital are less
measurable and visible than financial capital and they form the heart
of company. Retention of employees is a mixture of the effort of

employers to retain desirable employees in the workforce that will
lead to mutual satisfaction for both employees and employers.
Frank, Finnegan, and Taylor (2004) argued that the employees seek
to fulfill their own needs and the employers seek to retain the
satisfactory employees whose abilities suit the needs of the
company.
It is clear from the literature that employees are the most important
resource of the firm which should be satisfied to increase firm
performance and to achieve sustainable organizational growth.
4.
4.1.

METHODOLOGY

Description of Participants

Following Vasquez (2014) and Naudé (2009), the data for this study
was gathered by conducting semi structured interviews from the 50
participants in the education sector of Malaysia. The sample
percentage of the participants is shown in the table 1. An examiner
purposively chooses persons as well as a place to explore or study
the main phenomenon (Creswell, 2007). Purposive random sampling
was used to gather and examine data from participants.
Table 1 Sample Percentage
Participant
Males
Females
Total
Academic staff
Academic support staff
Administrative support
staff
Accounting assistants
Office assistants
Total

No of
participants

Percentage of Total
Participants

32
18
50
33
5
7

64%
36%
100%
66%
10%
14%

4
6
50

8%
12%
100%

Three universities, University Technology Mara Malaysia (UiTM),
University Technology Malaysia (UTM) and International Islamic
University Malaysia (IIUM), were selected to conduct study. The
sample is shown in the table. Most of the respondents were the
academic staff because our focused was education sector. The
participants involved in the study should meet the following criteria:

Be a permanent employee of the university for last 8 years

Age more than 30 years

Willing to be interviewed
According to Neuman (2007) and Creswell (2007) the purpose of
qualitative research is to relate and interpret the meaning of the
information collected from personal views of participants, translated
in words or images to themes or factors. They further added that the
purpose of exploratory goal is to provide definitive direction for the
study based on formulated questions and room for creativity,
openness and flexibility to the participants to help the researchers in
investigating all types of information. NVIVO is used in the study
because it is an appropriate software to do the analysis of interviews
data and help the researchers put themes in an organized way
(Bergin, 2011). The word frequency query NVIVO is shown in the
Figure 1.
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5.

DATA COLLECTION PROCESS

5.2.

Participants, who matched the criteria mentioned above, were
initially contacted for participation. The willing members were given
an explanation of the research under examination and then given
convenient interviewing dates and meeting times. For convenience,
respondents were questioned at their workplace and then the
researcher went to meet with them. Respondents were assured that
their identities would be confidential and they have received an
explanation and the procedural protocol about the data collection.
The confirmation has created relaxation for the participants to
answer honestly. The creation of an friendly relationship with
respondents led to openness and more collaboration from both sides
(Clarke, 2006). During the collection procedure, notes were taken
and voice recorder was used to capture the interview discussions.
The examined data were brought back to the site and then presented
to participants to ensure that what they meant during interviews. The
interview questions were planned to connect with the primary
question and phenomenon under research. The interviews were
collected over a period of three months.
Biographical information like participant names, area of practice,
qualifications, background of selecting the education sector for their
career etc. was collected in section A, while in section B, the study
has focused on the key factors which help the employees to retained
in that particular university.
Description review emphases on interpreting events and
understanding intentions, beliefs, values, emotions and meanings
rather than explaining and predicting. Six major themes were
developed first on the basis of information collected through
interviews. The themes extracted, regarding retention factors are
discussed next.
5.1.

Friendly and Supportive Colleagues and Department head

First of all the respondents were asked about their department head
behavior like describe the behavior of the boss in the sense that, are
they cooperative, caring, approachable, willing and able to work
alongside? What kind of relationship do you have with the
colleagues? The answers we get from the respondents are:

I think they are supportive at times.

The teaching is different from some other profession in which I
think support of the colleagues and seniors is not as much
important. But it always sounds good when you have support
from your colleagues and seniors”.

Teaching is not about fighting it’s about your own
performance. We have had very less communication among us
but have positive environment among us.

I have work with other hard working staff who tries to support
one another. I found that the staff as a whole is very
encouraging and caring people.

I have built relationships with management and staff and share
trust and respect with them.

My colleagues at department level are motivating, friendly and
supportive.

Here the more experiences teachers and the staff are great at
teaching us.
Naudé (2009) have found the similar findings on the health sector in
Australia and South Africa whileVasquez (2014) have found these
findings on the hospitality sector in South Florida.

Effective Teamwork

Teamwork is one of the important factors for employees’ retention.
Here the respondents were asked about whether they want to do
work alone or as a team? In the groups how they feel whether the
teamwork is effective or not? If anyone has individual contributions
in the teamwork whether they valued and recognized it or not? The
answers I have got from the respondents are:

I am enjoying to do team jobs or working together, I really love
to do so, like auditing, teacher monitoring, election, student
activities in which are involved. But when you have so many
works to do at the same time then you got disturbed a bit.

I have found that the university values and recognizes
teamwork and the contribution by the different members.

All the staff members work as a team supports each other
according to their work load.

All we work as a team in the departments and the team spirit is
great.
The overall response from the participants showed that most of them
consider teamwork as an important factor for staying in the firm.
Employees have big aspirations and hopes for their own growth, and
teamwork is one of the factors that helps in the overall development
of employees skills, confidence, and variety of knowledge (Latukha,
2011).
5.3.

Job Satisfaction

Bhasa (2004) stated that job satisfaction and organizational
commitment are already adopted by some firms. This study also
found job satisfaction as one of the key motivational and retention
factor but here the employees are more concerned about the
workloads and stress they have from their jobs. The participants
were asked about the satisfaction level at their current job. If they
get an opportunity to work in another organization, whether they are
going to avail that or not? The answers of the respondents are:

I am feeling more stressed in my job because of my extra work
burden.

In my current position I don’t have flexibility to work the hours
to suit my personal circumstances.

I have some extra works to do other than teaching which puts
stress on my shoulders and disturbed me mentally.

I am flexible with respect to leave, and workplace.

We have variety of duties.” Motivating and challenging job we
have here not two days are the same.

I will be able to develop a variety of skills and become
confident in this area.
5.4.

Attractive Packages

Employees retention is highly influenced by the compensation
packages and bonus (Gupta & Shaw, 2014). Employee seeks reward
and recognition on a consistent basis (Kennedy & Daim, 2010).
When organizations are paying for the extra work load then it is
good, but when employees work is under paid they feel bad. The
respondents here responded in the way that they are not satisfied
with their level of salary compared to the work load. Sometimes
extra benefits to the workers such Subsidies in the form of child
care, study and work areas always motivate them to be a part of the
firm but the respondents rank these things the lowest. There answers
obtained on these subsidies are:

To me it’s not as much important

But some considered these as an important factor.
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Some other questions like “University subsidized social events, e.g.
Eid packages and anniversary parties, etc.” were also the part of
interviews.
5.5.

Overall Environments and Atmosphere

Developing a pleasant working atmosphere and caring for
employees is the key to employee retention (Karthi & Devi, 2012).
Good physical environment and area, personal and friendly
atmosphere, type (private or public) and size (small or big) of the
university also effects the employee retention. The general answer
we got is like; “we have all those facilities and we are satisfied with
them”.
5.6.

Standard and Quality of Teachers’ Care

As this study is conducted on the education sector, it is important to
include the specific factors related to education sector. This study
attempted to cover all factors like up-to-date computer labs and
library, online database, private office rooms, facilities in lecture
rooms, student focus, high ethics and values, excellent discipline and
control. This is one the most interesting factor which has been
ignored in most of the education sectors. This factor is also related to
the budget of those institutions.

Figure 1 : Word Frequency Query NVIVO
6.

CONCLUSION AND DISCUSSION

The finding suggests that there are both controllable and noncontrollable factors related to retention of the employees. Although
some of the retention factors are related to economic factors, other
factors are related to intangible aspects, such as respect, equality in
teams, opportunity to take up challenges and development. Improved
interpersonal relationships combined with effective management,
leadership and human resource practices are found to be effective
strategies in employee retention.
The role and the responsibilities of board of directors and the
managers are complex with diverse range of views. The finding is
expected to raise awareness among board members, directors and
managers regarding the importance retaining employees as a
resource to create and to maintain competitive advantage and
sustainable organizational development. Secondly, it will provide a
summary on how these insights can be used to develop strategies to

increase retention of employees within an effective corporate
governance and sustainable organizational development framework.
Within the holistic perspective of effective corporate governance and
the RBV of competitive advantage, it has been found that the
employee acts as a valuable resource to gain competitive advantage
for sustainable growth of the organization. Therefore, it is crucial to
retain these quality employees in the firm to increase performance.
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ABSTRACT
Supply chain management focused in coordinating the
activities in supply chain, stiving for optimum efficiency
along the chain. Open innovation on the other hand is a
paradigm on how to manage innovation. In contrary to
closed innovation, open innovation utilize the knowledge
from R&D outside of a firms boundary and leveraging it by
its internal R&D. Open innovation strive for effectiveness
and creation of new products or business opportunities.
These two concepts play significant role for a success of a
company, but can it be integrated together? This paper will
discuss about open innovation and supply chain
management and issues related to the integration of these
two.
Keywords— Open Innovation, Supply Chain Management,
Integration
1. INTRODUCTION
In recent years, open innovation has gained
significant attention from scholars as well as managers,
viewing it as a new paradigm of managing innovation.
Open innovation is popularly defined as the use of
purposive inflows and outflows of knowledge to accelerate
internal innovation and expand the market for external use
of innovation, respectively (Chesbrough, 2003a) [1].
It is in contrast of closed innovation, supposedly
its predecessor, where companies generate their own
innovation ideas, and then develop, build, market,
distribute, service, finance, and support them on their own
(Chesbrough, 2003a) [1].
By the adaption of open innovation, management
reviews not only their R&D function, but also their
marketing development, distribution, services and finance
on their own company, adding value inside their product or
services.
Scholars considered open innovation as one of the
key element of business success (Bigliardi and Dormio,
2008)[2] and is unavoidable for companies in order to
develop a competitive advantage and maintaining it
(Khazanchi et al, 2007)[3].
The term supply chain management was first
coined in 1982, but it has been practiced and of great

importance way long before that. Supply chain
management is derived from operation management,
logistics, procurement, and information technology; and it
strives for integration. APICS Dictionary defines supply
chain management as design, planning, execution, control,
and monitoring of supply chain activities with the objective
of creating net value, building a competitive infrastructure,
leveraging worldwide logistics, synchronizing supply with
demand and measuring performance globally.
Companies like Dell and HP are good example of
successful implementation of supply chain management
though utilization of information technology and business
networking, while P&G and Philips are example of
companies driven by open innovation.
It is evident that both open innovation and supply
chain management bring merits to companies implementing
them. Both adapt sources from outside of a firm’s boundary
and manipulate them to create values. Both are assumed to
bring success and sustainability of a firm upon
implementation.
Scholars have been looking into the relationship
between supply chain management and open innovation.
Groen and Linton (2010)[4] started a discussion, among the
contents, to discuss whether open innovation and supply
chain management is identical. Altman and Lee (2012)[5]
only pointed out the overlaps of supply chain management
and open innovation when analyzing the novelty of open
innovation itself. In response, Badawy (2012)[6] mentions
that they might be a commonality between the two, but they
are remarkably different. John Braun, Mark Guthrie, Emily
McCampbell, and Violetta Sit (2003)[7] covered the success
story of Chrysler utilizing innovation in their Supply Chain
Management to get out of their financial problem.
Collaboration innovation is one of the methods
integrating suppliers from the supply chain into the
innovation project or development. The integration of
supplier in collaborative innovation can yield some
significant benefit, which include achieving reduced cost at
product development, decreased risk of failure and reduced
time spend in product development (Handfield, et al. 1999)
[8].
Recent studies also suggested that a company in
order to develop successful innovation, regardless the
industries it belongs to, rely on the interaction with external
actors (Chesbrough, 2003b)[9] such as customers (Gruner
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and Homburg, 2000)[10] and Suppliers (Song and Di
Bendetto, 2008)[11].
This paper will investigate, based on published
papers, the relation between of Open Innovation and Supply
Chain Management, their difference and the possibility for
these to concept to complement each other.
2. SCM VS OPEN INNOVATION: GAP AND
COMMONALITY
As this paper’s main objective is to realize the
possibility to integrating open innovation and supply chain
management, it is important that the commonality and gap
between the two to be clearly identified.
Commonality is defined as sharing of features or
characteristics in common; manifestation of common
attributes (thefreedictionary.com, 2015). In this paper, it
refers to the common attributes that is shared between open
innovation and supply chain management. Analyzing the
commonality should help managers and scholars to
understand more about the two.
On the other hand gap is defined as a difference or
disparity, as in attitudes, perceptions, character, or
development (thefreedictionary.com, 2015). In this paper it
refers to attributes that are in difference between open
innovation and supply chain management. This gap is the
space to be filled in, in order to integrate, open innovation
and supply chain management.
2.1 Commonality
2.1.1 The goal
The goal of both open innovation and supply chain
management is common. Lambert, Cooper, and Pagh
(1998)[12]. definition of supply chain management is the
integration of key business processes from end user through
original suppliers that provide products, services, and
information that add value for customers and other
stakeholders. Value addition can be in the form of reduced
cost, increasing profit or revenue.
Open innovation adds value by adapting
knowledge
or
technologies
derived
by
others
creating new business opportunities and interesting product
to the market. From this perspective both indicates that
value addition is the goal of implementing this two concept.
At this point we can say that, both the goal of supply chain
management and open innovation are value development,
and they share it.
2.1.2 Crossing a firm’s boundaries
By involving activities like outsourcing and
contracting (supply chain management activities), firms can
utilize the source from a player within its chain, to get what
they need, efficiently. For example, in automotive industry,
where auto maker get their vendors who are likely has more
specific knowledge of their product, to produce functional
parts for the auto maker (radio, air Cond, power windows
for instance).

This concept is similar with the definition of open
innovation. In open innovation, a firm can go over its
boundary to search of new sources technologies,
knowledges or business opportunities. These over the
boundary sources will be utilized in creating new market, or
business or even an innovative product itself, by using the
firm’s internal innovative activities.
2.1.3 Interaction with firm outside the boundary
Supply chain management creates information
sharing with its supply chain members and this information
can be in the form of financial information, market trend
and also customer’s feedback and expectation.
On the other hand open innovation includes all
activities to acquire and maintain connections with external
sources of social capital, including individuals and
organizations. The open innovation literature has repeatedly
stressed the benefits of networking as a source of new
knowledge (outside in) and to commercialize internal
knowledge (inside out) (e.g. Chesbrough, Vanhaverbeke &
West, 2006[13] )

2.1.4 The role of higher management
Both supply chain management and open
innovation works with in a cross functional organization.
Thus there will be multi background people who reports to
different people of higher ranks, working together. Without
clear understanding and co-operation from higher
management of the different functional, both open
innovation and supply chain management may not be as
promised.

2.1.5 Supplier integration
Supply chain management and open innovation
both support supplier integration. Collaborating with
suppliers has generally been seen as highly positive for the
firm’s ability to innovate, partly because of the resources
and information the firm could extract from the supplier
(Ragatz et al., 2002) [8].
Wynstra & Weggeman (2001) [14]., states that
integrating suppliers leads to lower risk, as the risk is
shared between the two firms (supplier and buyer), the firm
can move faster into new markets, and also gaining new
resources.
2.2 The gap
2.2.1

The dimension
Open innovation was introduced as a paradigm or
a thinking way. Paradigm is defined as a framework
containing the basic assumptions, way of thinking, and
methodology that are commonly accepted by members of a
scientific society. It underlines the philosophy of managing
the innovation and technology as opposed to the previous
closed innovation. Open innovation can also be described
as a business model (Badawy, 2011 )[8].
On the other hand supply chain management is
more focused on its ‘supply chain’. Without a good
manageable supply chain a firm may face inefficiency
along its operation. Thus supply chain management
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concentrates on achieving the efficiency chain itself
(Badawy, 2011)[8].
From this sense, two concepts seem incomparable.
Both of the concepts are not set of activities to resolve
issues or problems. As per stated by Badawy (2011) )[8],
there is no overlap between open innovation and supply
chain management.
2.2.2 The boundary
There arguments of boundary of open innovation.
The definition of open innovation is too broad. Altman and
Lee (2012)[5] think that there is no agreement in what open
innovation is. He quoted some other scholars paper
indicating activities labelled of innovation.
On the other hand supply chain management is
clear. Supply chain management coordinates the chain.
Every element manageable inside the chain is within the
activity of supply chain management.
2.2.3 The time to market
Supply chain management strives to ensure first in
the market. To be the first in market offers advantages,
including to capturing the earlier market share, setting the
standard in the market for a particular technology. Supply
chain management has an important role to play in moving
goods more quickly to their destination.
For open innovation, to be in the market first is not
the priority. Open innovation focus on having the right
business model for the product/market before launching it
into the market. With correct business model, increase the
sustainability of a business.
3.2.4 The concept
Supply chain management was derived from the
discipline of logistic, operation management, procurement,
information technology, and striving for an integrated
approach (Wikipedia). Thus supply chain is efficiency
eccentric activity.
Open innovation concept is related to user
innovation, cumulative
innovation, know-how
trading, mass innovation and distributed innovation
(Wikipedia)
By knowing and understanding the commonality
of open innovation and supply chain management,
industries can works out to bridge the gap and strengthen
the commonality in order to integrate both supply chain
management and open innovation.
3. CHALLENGES
In chapter 2, the gaps between supply chain
management and open innovation were discussed. In this
chapter we will discuss the challenges to be addressed in
bridging or integrating the open innovation and supply
chain management itself.
One of the important challenge is the definition
that underscores both of open innovation and supply chain
management itself. Unlike supply chain management, open
innovation`s definition is unclear. Altman and Lee (2010)

[5] argue that there is no agreement of what an open
innovation is. Some company declares their activities are
sort of open innovation. Altman and Lee also provide
examples, cases that are defined as open innovation by
other scholars.
In industry, some manufacturers usually get their
suppliers to do designing works for them, especially for
parts which are not the core business for a manufacturer. By
doing this firms can focus on their core competency and
increase their internal performance. This is open
innovation. However in time, if the manufacturers tend to
stick to the same supplier, creating a virtual boundary
bonding the manufacturer and supplier in a group, their
activity already looks like a closed innovation. The
manufacturer and the supplier are working within the
virtual boundary that they created. Due to the issue of no
agreement as highlighted by Altman and Lee, this situation
need to be further discussed.
The second challenge in bridging the gap is trust.
In supply chain management, trust can be built by
negotiating the risk and profit sharing. Suppliers will be
penalized for delivery delay, likewise they will also receive
fair share of profit gained by their customer. This is a
normal trend practices.
However upon adapting open innovation, a
different level of trust is necessary. In open innovation,
both party will share and open up their highly invested
technology and knowledge. In this age of internet and
information technology, the speed of widespread and
dissemination of information is fast. There are risks for
leakage of knowledge, to a third party. Manufacturer and
supplier trust is necessary. Thus this issue is a challenge
and is necessary to be addressed carefully.
There will be information transfer activities when
open innovation is adapted in supply chain. These
information consists usually consist of important data.
Plugging in the source of any leakage of data is important
to ensure the effectiveness and the sustainability of a
business and firms.
One of the activity integrating open innovation and
supply chain management is involving suppliers during the
product development. This activity has the advantages of
seeing the possible problem of the developed products,
building up the quality of product and avoiding unnecessary
cost as early as the design stage.
The challenge in implementing this is to find the
exact supplier, the supplier that truly has the capability,
knowledge and resource to perform the collaboration. This
is the risk need to be considered by manufacturer. More
than often, after a supplier selection process, the appointed
supplier appear not to have sufficient technology or
knowledge required to develop the product, which will
further lead to additional cost and time to acquire the
technology and knowledge.
Other challenge is the mindset of the firms’
management itself. Supply chain management concentrate
on increasing efficiency along the supply chain. This can be
done thru cost reduction, deleting wastage and so on. On
the other hand, open innovation managers; strive for
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effectiveness, by utilizing the sources available including
from external.
In achieving effectiveness, open innovation
thinking way may lead to introduction of many new
supplier outside of the firm’s boundary that can offer their
new technology. These companies may unlikely be a part of
the supply chain. Increasing numbers of components in the
chain increases the complexity of the chain itself. This may
lead to in efficiency, thus managers from supply chain may
find this un-appealing. At this point there will be conflict
between open innovation managers and supply chain
management managers.
These two managers may think differently and it
makes it difficult to work together achieving open
innovation.
4. DISCUSSION
We understand the challenge of adopting open
innovating into supply chain management. There are issues
need to be addressed.
Open innovation and supply chain requires strong
role from higher management in setting direction and
implementation. Man power management and organization
mindset need to be reviewed for smooth integration
implementation and execution, switching to the open
innovation thinking way. Supply chain works in cross
functional organization. Advantages will be achieved, when
management is willing to take a broad approach to SCM —
tying together numerous functions across the entire
organization.
In a supply chain, suppliers are normally
responsible for supplying material (either in raw or in
finished product). Suppliers are unlikely to share their
knowledge and know-how to their customers to protect
their interest and business advantages. In adapting open
innovation, this needs to be changed. Information are
necessarily being transferred and shared over a firm’s
boundary. The information flow, according to scholars,
consists of technological, marketing, production, and
inventory information. For suppliers, the concern will be
the information that they shared with the manufacturers,
arrives on their competitor’s desk, which is also doing open
innovation with the manufacturer. This may also happens
vice versa where manufacturers technology or knowledge
ends up on the competitor’s desk.
In countering this, establishing secure connection
for information transfer are important, as well as clear
distinction of responsibility and liability between supplier
and manufacturer. These to ensure each party understands
their responsibility towards the sharing, handling and using
of transferred data.
Trust is important to build up relationship between
parties involving in open innovation and collaboration. It is
very significant as open innovation members will need to
deal with mount of important and confidential information.
As trust between members is developed, a good relationship
between members will be established.
This kind of relationship will be stronger in time,
and is quite difficult to be broken. We can refer to hard to

break Denso-Toyota relationship as an example. It is an
informal but close interlocking business relationship
between a manufacturer and its suppliers, cemented by
cross-shareholdings and personnel exchanges. Anderson
(2003)[15] summarized the significant role of Denso in
building Toyota’s success through starting from as early as
their history.
When this situation happens, if manufacturer
sticks to the same supplier for innovation activity or within
their ‘closed’ group, this relationship is basically moving
towards the closed innovation again. Information will move
within the closed group boundary only among the members.
So far the Toyota-Denso relationship has been
successful. However from the open innovation point of
view, Toyota is missing the opportunity to utilize
knowledge outside of the Toyota-Denso relationship
boundary and maximizing the advantages of open
innovation. This opinion is shared by Daihatsu Corporation
advisor Mr. Kousuke Shiramizu, who sought competition
for price and value by using market mechanisms instead of
relationship-based arrangements (Reuters, Jan 2015)[16].
Other than that, before participating in open
innovation or a collaboration activity with a certain firm,
supplier may look into the benefit of doing collaboration
with this firm. Collaboration in innovation includes new
development risks and investment. Supplier need to ensure
that by joining this collaboration, they will get they will
surely get the benefit.
The challenge for manufacturer is how to get
supplier to be interested in joining collaboration with them
rather than with the competitor. Other than securing the
trust and relationship issue, manufacturer should create a
more attractive business model which includes significant
role of suppliers. Will this action of adjusting company’s
value proposition in the business model do this? This has
not been discussed yet by scholars.
This review discuss about the challenge of
adapting open innovation in supply chain management only
in general perspective. However there is not yet any
universal working framework suggesting how integration of
open innovation and supply chain management can be done
successfully.
5. CONCLUSION
We’ve discussed the importance and significance
of supply chain management as well as open innovation in
securing a firm’s sustainability and success. Supply chain
management strives for value by activities like maximizing
efficiency and reducing cost throughout a supply chain. On
the other hand open innovation, a thinking way of
managing innovation of a firm by utilizing external sources,
leveraging it with internal knowledge and creating new
product or business. Open innovation strives for
effectiveness, making everybody do things that do best, and
utilize it.
The integration of open innovation and supply
chain management promised an effective innovation
management through efficient supply chain. Such
integration speed up product development, to launch with
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effective cost and quality, avoiding design related problems
as well as increasing productivity of a manufacturer.
In realizing the integration, the gaps that create the
difference of open innovation and supply chain
management are identified. Acknowledging the difference
will create more understanding on how to bridge between
these two concepts. Identifying the commonalities helps
scholars and managers to understand more about these two
concepts.
The challenge of integrating open innovation and
supply chain management are discussed based on
commonality and difference between the two. Difference in
definitions and creates confusion of the true meaning of
open innovation, but it creates no problem in integrating its
thinking way into the supply chain management.
Other challenge such as building up trust,
changing mindset, plugging information leakage must also
be look into in order to build up success integration.
Finally we discussed about the possibility of
innovation cycle in a firm, from closed to open, and then
finally back to close again. This, since there are no
agreement- what clearly defines open innovation is, cycle is
unavoidable but some firms used their own definition of
open innovation.
This paper’s discussion is however too broad and
general without focusing to any specific industry of market.
Thus further study focusing in certain market or industry
will be very helpful.
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ABSTRACT
The objective of this study is to investigate the flow around
the regenerator of the traveling-wave thermoacoustic
engine. The acoustic power generated through the
regenerator with the temperature gradient is examined. In
this study, as the first stage of the studies, the temperature
distribution around the regenerators approximated as two
parallel plates is investigated. Effects of the initial
temperature distribution obtained by the heat equation
around the regenerator are examined by comparing results
with or without the initial temperature distribution. The
flow simulation is conducted based on two-dimensional
compressible Navier-Stokes equations with the impedance
matching boundary condition to achieve particular
acoustic impedance field. The initial temperature field
around the regenerators is given from solution of twodimensional heat equation. In this study, it was confirmed
that gains of the acoustic power is not modulated with the
initial temperature distribution in the case of relatively
large displacement amplitude.
Keywords— Thermoacoustic engine, Traveling-wave,
Temperature distribution, CFD
1. INTRODUCTION
Wasted industrial thermal energy from automobiles,
factories and so on have become serious issues all over the
world. Recently, thermoacoustic engine that has possibility
to reuse the multiple heat resources is paid attention as a
next-generation energy converter. The engine has some
advantages, such as low-cost and maintenance-free because
the device has no moving parts [1, 2]. Moreover, the heat
flow can be converted to the acoustic power more
efficiently from the thermal energy than the thermoelectric
elements.
Among the various thermoacoustic devices, the travelingwave thermoacoustic engine can have higher efficiency
than other engines because this traveling-type engine is
based on thermodynamic cycle which can realize the
performance similar to the Carnot cycle [3]. The travelingwave thermoacoustic engine has been investigated by using
a looped tube type engine[4]. Acoustic traveling wave

propagating through the regenerator, which has the
stationary temperature gradient, is amplified and converted
to the acoustic power with high efficiency based on the
temperature ratio. On the other hand, the temperature
fluctuation caused by instability of the heat flow often
occurs, furthermore, nonlinear phenomena such as acoustic
streaming and shock waves also appear [5]. One of the
nonlinear behaviors of temperature field near the stack ends
was indicated both theoretically and experimentally by
Berson et al. [6]. This kind of nonlinear phenomena in the
thermoacoustic engine is quite significant since the
phenomenon can sometimes deteriorate the engine
performance.
This paper shows results of numerical simulation of a
traveling-wave thermoacoustic engine. Most of previous
numerical calculations are based on the liner theory as
described by N.Rott [7-8]. However, nonlinear
phenomenon has not been well understood since it cannot
be captured by the linear theory. Therefore, numerical
simulation and visualization are necessary for the detail
understanding. In this study, we focused on the influence of
the initial temperature distribution around the regenerator to
obtain the acoustic power based on the two-dimensional
flow simulation with compressible Navier-Stokes equations
[9] with impedance matching boundary condition [10].
2. NUMERICAL METHOD
2.1. Governing Equations
The governing equations are the two-dimensional
compressible Navier-Stokes equations [9] as shown in Eqs.
(1).
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Here, Q is conservative variables, E and F are inviscid
fluxes in x- and y-directions, Ev and Fv are viscous fluxes in
the x- and y-directions. The coefficient κ, Tx and Ty are heat
transfer coefficient and temperature gradient in x- and ydirections, respectively. The pressure p and the total energy
e are obtained by using the density ρ, the velocity u, v and
specific heat ratio γ are given by the following equation.

e 



p
1
  u 2  v2
 1 2



(2)
Fig.2. Simulation of the focusing area

The viscous stress tensor components and temperature
in the energy equation are given as
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Here, TH and TC are temperatures of the hot temperature
part and the cold temperature part. Iin and Iout show the
direction of the acoustic power.





(3)

Here, μ is viscosity coefficient and Cp is specific heat at
constant pressure.The inviscid fluxes are evaluated by a
hybrid scheme of 3rd order MUSCL-Roe and 2nd order
pseudo skew-symmetric scheme, and viscous fluxes are
estimated by 2nd order central difference scheme.
Discretization is conducted by the finite volume method
and mesh type is equally spaced Cartesian mesh. Time
integration scheme is the 3rd-order TVD Runge-Kutta
method. The object boundary is defined by the level-set
method and the ghost-cell method. The detailed numerical
methodologies are described in reference [10].
2.2. Boundary condition
For the calculation of all devices, large amount of
computational resource is required, so only limited area is
calculated in this study. Fig.1 shows a schematic view of a
general traveling-wave thermoacoustic engine.

The focused area is shown in Fig. 2. In the computational
domain, two parallel plates are set in order to examine the
features of nonlinear process. The boundary condition at
the left side works as an acoustic driver for inputting sound
waves, and the one at the right side works as a receiver to
realize desired acoustic impedance, respectively. The
boundary condition at the top and bottom is periodic
boundary condition. The boundary conditions of the two
parallel plates are set as a non-slip and isothermal wall.
2.3. Heat equation
Initial temperature distribution is given by the twodimensional heat equation. Here, κ is thermal conductance.
This equation is expressed as
2
2
T ( x, y, t )
  T ( x, y, t )  T ( x, y, t )  .

 k

t


y 2
x 2

(4)

The partial difference equation is discretized by using
second-order central difference scheme in space and Euler
explicit method in time as shows in Eqs.(5).
Tin, j1  Tin, j
t

 Tin1, j  2Tin, j  Ti n1, j Ti ,nj 1  2Tin, j  Tin, j 1 

 



x 2
y 2



(5)

Here, the Δy is equal to Δx, because the grid is the equallyspaced Cartesian meshes. Thus, the equation can be
expressed as follows.

Ti n, j1 Ti n, j  

t

 x 2

T

n
i 1, j

 Ti n, j 1  4Ti n, j  Ti n1, j  Ti ,nj 1



(6)

A converged solution obtained by Eq. (6) is used as an
initial temperature distribution for the flow simulation by
Eqs. (1)-(3).
3.NUMERICAL CONDITION
3.1. Computational domain
Fig.1. Schematic view of a general looped-tube
thermoaoustic engine

The computational domain for the thermoacoustic engine is
described in Fig.3. The length of the domain is measured
in millimeter (mm). The vertical and horizontal lengths of
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the computational domain are 2.7 and 65 mm, respectively.
The length of the plate is 5 mm, and there are two parallel
plates in the computational domain. The grid size Δx is
6.75×10-5[m]. Working fluid inside the tube is air with
atmospheric pressure. Initial viscous coefficient, density or
specific heat at constant pressure is obtained by the value
on standard atmosphere.

distributions around two parallel plates become a steady
state. These results show temperature distribution with the
heat diffusion. After 3000 steps, converged result as initial
state of the flow simulation is obtained.

500 steps
Fig.3. Length of computational domain
1000 steps

3.2. Conditions of the initial temperature distribution
Initial temperature distribution is determined using the heat
equation Eqs.(4). The temperature gradient on the plates is
set to be from 300 to 600 K with linear distribution. A time
step Δt is 1.20×10-8 sec, and the computational time is 0.12
msec. In this calculation, the boundary condition at the left
side and right side work as Neumann condition.

2000 steps

3.3. Conditions of flow simulation
The calculate conditions are summarized in Table 1. Three
cases of displacement amplitudes ζ are investigated. The
headings P* and U* are indicated amplitude of pressure
and velocity, and labels L and R mean left and right
boundaries, respectively.
Table1. Calculate conditions
Case1
ζ [mm]
1
PL[Pa]
270
UL [m/s]
0.312
PR[Pa]
270
UR[m/s]
0.625

1500 steps

3000 steps
Fig.4. Initial temperature distribution

4.2. Acoustic power
Case2
5
1350
1.56
1350
3.12

Case3
10
2700
312
2700
6.25

Time increment Δt is 2.84×10-3[s]. Frequency of input
sound wave is 100 [Hz] and calculation time is 14 cycles.
In addition, impedance matching boundary conditions are
applied to the left and right side of calculating area, and the
top and bottom side are set as the periodic boundary
condition. The data obtained through the last cycle was
used to get time-averaged result.
4. NUMERICAL RESULT
4.1. Initial temperature distribution
Firstly, initial temperature distributions calculated with the
heat equation (4) are displayed in Figure 4. Numerical
calculation was performed until the temperature

Firstly, Figures 5 to 7 show the axial distribution of
acoustic power obtained from the present flow simulation.
The schematic diagram of the work flow; Y axis is crosssectional- and time-averaged parameter, X axis is length of
computational domain. The unit of the work flow is W/m2.
Between the one-dot chain lines two parallel plates as the
regenerator are addressed. The numerical solutions with
and without initial temperature distribution are compared in
these graphs. The acoustic power, in the case of
displacement amplitude is 1mm, 5 mm and 10mm, exhibit
similar trends with the corresponding original solutions
without initial temperature distributions. The work flow

becomes low when larger amplitude displacement than the
length of the regenerators input to the engine. It is considered
that the dissipation of temperature field around the regenerator
is strong.

Figure 10 shows the gain of acoustic power. When the
displacement amplitude is 1mm, the gain becomes a little
high, but it is almost the same value.

－243－
–3–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

Fig.8. Gain of acoustic power

5. CONCLUSION

Fig.5. Work flow (ζ=1mm)

In this study, we discussed changes of the acoustic power
in case of given initial temperature distribution using the
heat equation. The acoustic power was solved with
impedance matching boundary condition to satisfy the
desired acoustic impedance field. The results of
calculations are verified in three different displacement
amplitude, 1mm, 5mm, and 10mm. Consequently, the
amplification of acoustic power through the regenerator
showed very little change. In addition, the gains of the
traveling-wave thermoacoustic engine are obtained. From
these results, initial temperature around the regenerator
determined by the heat equation has relatively a little effect
on the acoustic power.
The basic result of a traveling-wave thermoacoustic engine
is presented in this paper. The flow simulation will be set to
expand in three dimensions and further examination of
thermoacoustic engine will be carried out.
Fig.6. Work flow (ζ=5mm)
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ABSTRACT

Purpose of this study is production of lubricious TiB2-MoS2
composite films with high thermal stability for engine
sliding parts. The TiB2-MoS2 composite films were
deposited by DC magnetron sputtering with TiB2 and MoS2
targets. The composite film with Mo/Ti ratio of 0.5 had low
hardness of about 8 GPa. On the other hand, the friction
coefficient of the composite film was about 0.05 at R.T. In
addition, the friction coefficient of the composite film
became as low as about 0.01 at a higher temperature of
200 ˚C. Also, the composite film had high wear resistance
at R.T. and 200 ˚C. This is thought to be caused by high
temperature lubricating properties of B2O3 formed on the
composite film surface.

Figure 1 Schematic diagram of DC magnetron
sputtering apparatus

Keywords— TiB2, MoS2, DC magnetron sputtering,
composite film, friction coefficient

Table 1 Deposition conditions of
TiB2-MoS2 composite films

1. INTRODUCTION
The purpose of this study is to produce new lubricious films
with high thermal stability and high adhesive strength for
engine sliding parts. In the previous research, highly
lubricious TiN-MoS2 composite films were produced by DC
magnetron sputtering. The friction coefficients of the TiNMoS2 composite films with low MoS2 content (Mo/Ti ratio
of 0.3) were 0.1 at R.T. [1]. These were as low as those of
diamond-like carbon (DLC) films [2]. In addition, the TiNMoS2 composite films had the high hardness of 17 GPa and
low friction coefficients of 0.2 even at 200 ˚C [1]. However,
the TiN-MoS2 composite films had low adhesive strength
and low thermal stability [3]. Then, the base material of the
composite films was changed from TiN to TiB2. The TiB2
films have high hardness, high adhesive strength and good
thermal stability [4, 5]. In addition, boron containing films
are expected to have high temperature lubricating properties
which are derived from B2O3 formed by oxidation on the
film surface. The lubricating properties of the films will be
improved by forming and melting of B2O3 at 480 ˚C [6].
However, the friction coefficients of the TiB2 films are as
high as about 0.8 at R.T. [7]. Therefore, in the previous
work, MoS2 was added to the TiB2 film for improving the
frictional properties as well as in the preparation of the TiNMoS2 composite film. The TiB2-MoS2 composite films with
Mo/Ti ratio of over 0.5 had low friction coefficients of
coefficients of under 0.1 at R.T. [8]. lying to engine sliding

Target
Input power to target (W)
Flow rate of Ar gas (ccm)
Base pressure (Pa)
Substrate temperature (˚C)
Substrate

TiB2
200

MoS2
50
30
4×10-4
350
Si (100)

under 0.1 at R.T. [8].
In this study, we evaluated a frictional property of the TiB2MoS2 composite film at a higher temperature for applying
to engine sliding parts.
2. EXPERIMENTAL METHOD
2.1. Deposition of TiB2-MoS2 composite film
The TiB2-MoS2 composite film was deposited by DC
magnetron sputtering. Figure 1 shows the schematic
diagram of DC magnetron sputtering apparatus. Based on
the previous work [8], the deposition conditions of the
TiB2-MoS2 composite film were decided and were shown in
Table 1. The thickness of the composite film was about 1
m. The TiN-MoS2 composite film was also prepared with
referring the previous work [1] for comparison with the
frictional property of the TiB2-MoS2 composite film.
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The composition of the TiB2-MoS2 composite film was
analyzed by an electron probe micro analysis (EPMA). The
chemical bonding states of the composite film before and
after heating at 200 ˚C were analyzed by an X-ray
photoelectron spectroscopy (XPS). The crystallinity of the
composite film before and after heating at 200 ˚C was
evaluated by an X-ray diffraction analysis (XRD).
The hardness of the composite film was measured by nanoindentation. The friction coefficients of the composite film
were measured by a ball-on-disk tribometer at R.T. and 200
˚C, which was the highest test temperature in the tester, for
evaluating high temperature lubricating properties. After
measuring the friction coefficient, wear tracks on the
composite film and counterparts were observed by a
microscope and a laser displacement sensor.

Figure 5 shows a relationship between the friction
temperature. The friction coefficient of the composite film
Table 2㻌 Composition of TiB2-MoS2 composite film
Composition (at.%)
B
Mo
S

Ti
17

49

20

Hardness (GPa)

2.2. Evaluation of TiB2-MoS2 composite film

3. RESULTS
3.1. Composition of TiB2-MoS2 composite film

5

0.5

2.2

15
10
5

TiB2-MoS2

TiN-MoS2

Figure 2 Hardness of composite films

Friction coefficient

0.3

3.2. Hardness of TiB2-MoS2 composite film
Figure 2 shows the hardness of the composite films. The
hardness of the TiB2-MoS2 composite film was about 8 GPa.
That was lower than that of the TiN-MoS2 composite film
with the Mo/Ti ratio of 0.3 and the low frictional properties
evaluated in the previous work.
3.3. Friction coefficient of TiB2-MoS2 composite film

20

S/Mo
ratio

TiB2 films : 20 GPa

0

Table 2 shows the composition of the TiB2-MoS2 composite
film that was analyzed by EPMA. The Mo/Ti ratio of the
composite film was about 0.5. This value was same as that
of the TiB2-MoS2 composite film with the low frictional
property in the previous work [8]. The S/Mo ratio of the
composite film was about 2.2, which was higher than that of
MoS2 [9, 10]. The composite film had the low O content of
about 5 at.%.

9

O

Mo/Ti
ratio

Conditions: R.T. and dry
Sliding speed: 30 mm/s
Counter parts: AISI 52100 ball
Load: 2 N

0.2
TiN-MoS2 composite film

0.1
TiB2-MoS2 composite film

0

0

900

1800

Sliding time (s)

2700

3600

Figure 3 Friction coefficients of composite films at R.T.

0.3

Friction coefficient

The friction coefficients of the TiB2-MoS2 composite film
and the TiN-MoS2 composite film at R.T. were shown in
Fig.3. The TiB2-MoS2 composite film had the low friction
coefficient of about 0.05. This value of the TiB2-MoS2
composite film was lower than that of the TiN-MoS2
composite film. Even at the higher Mo/Ti ratios of over 0.5,
the friction coefficients of the TiN-MoS2 composite films
were about 0.1, that was the minimum friction coefficient in
the TiN-MoS2 composite films, in the previous study [10].
The cause of the low friction coefficient of the composite
film is thought that the film had the high S/Mo ratio of
above 2.
Figure 4 shows the friction coefficients of the composite
films at 200 ˚C. The friction coefficient of the TiN-MoS2
composite film increased to about 0.2 at 200 ˚C. On the
other hand, the friction coefficient of the TiB2-MoS2
composite film decreased to about 0.01 at 200 ˚C. This
value was lower than that of the MoS2 film [11].

Conditions: 200 ˚C and dry
Sliding speed: 30 mm/s
Counter parts: AISI 52100 ball
Load: 2 N

0.2
TiN-MoS2 composite film

0.1
TiB2-MoS2 composite film

0

0

900

1800

Sliding time (s)

2700

3600

Figure 4 Friction coefficients of composite films at 200 ˚C
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3.4. Wear resistance of TiB2-MoS2 composite film
Figure 6 shows wear tracks and cross-sectional profiles of
the wear tracks of the TiB2-MoS2 composite film and the
TiN-MoS2 composite film after the friction tests at R.T. The
apparent wear of the composite films were not observed
after the friction tests. The cause of the high wear resistance
of the composite films is thought that those had the low
friction coefficients.
The wear tracks and cross-sectional profiles of the wear
tracks of the composite films after the friction tests at 200
˚C were shown in Fig. 7. The TiN-MoS2 composite film
was worn at 200 ˚C. On the other hand, the TiB2-MoS2
composite film with the low hardness of 8 GPa had high

250

Counter parts: AISI 52100 ball
Sliding speed: 30 mm/s
Load: 2 N

Temperature

200

150
TiB2-MoS2
composite film

100
50

0

0

1

2

3

Sliding time (h)

0

0.50.mm

200 m

The XPS Mo3d spectra of the composite film was measured
before Ar sputtering because MoS2 was decomposed by the
sputtering and was shown in Fig.9. The Mo3d peak of the
composite film existed at 229.0 eV before heating. Mo of
the composite film is thought to bond to S [12]. The Mo3d
peak of the composite film had the Mo-O component at
about 232 eV after heating at 200 ˚C [12]. This indicates
the surface oxidation of the composite film.
The XPS Ti2p spectra of the composite film after Ar sputter
cleaning were shown in Fig.10. The Ti2p peak was
observed at about 455 eV before heating. Ti of the
composite film is thought to bond to B [12]. The Ti2p peak
of the composite film was observed at about 459 eV after
heating at 200 ˚C. Ti of the composite film was oxidize at
200 ˚C as well as Mo.
The XPS B1s spectra of the composite film were shown in
Fig.11. The B1s peak of the composite film was observed at
about 188 eV before heating. Therefore, B of the composite
film before heating is thought to exist in the Ti-B bonding
[12]. On the other hand, the B1s peak of the composite film
after heating at 200 ˚C shifted to about 192.9 eV. B of the
composite film is thought to bond to O [12].

1 m

Figure 5 Relationship between friction coefficient
of TiB2-MoS2 composite film and temperature

3.5. Chemical bonding state and crystallinity
of TiB2-MoS2 composite film

0.50.mm

TiB2-MoS2 composite film

200 m

TiB2-MoS2 composite film

1 m

0.50.mm

200 m

200 m

0.50.mm

1 m

0.1

Temperature (˚C)

Friction coefficient

0.2

wear resistance at high temperature because the friction
coefficient of the TiB2-MoS2 composite film at 200 ˚C
decreased to 0.01, that was the lowest value in this study.
The wear track on the counterparts (AISI 52100 ball) slid
against the composite films were shown in Fig.8. The
counterparts were worn during the friction tests at R.T. and
at 200 ˚C. Wear amount on the counterpart slid against the
TiN-MoS2 composite film at 200 ˚C was larger than that at
R.T. However, the wear amount on the counterpart slid
against the TiB2-MoS2 composite film at 200 ˚C was
almost equal to that at R.T. The high temperature
lubricating property of the TiB2-MoS2 composite film is
thought to be a reason for the small wear of the counterparts
at 200 ˚C.

1 m

Figure 5 shows a relationship between the friction
coefficient of the TiB2-MoS2 composite film and
temperature. The friction coefficient of the composite film
increased with decrease of the temperature. On the other
hand, the friction coefficient of the composite film
decreased to 0.01 with increasing the temperature up to 200
˚C. This is thought to be due to B2O3 formation on the
surface of the TiB2-MoS2 composite film at higher
temperature.

TiN-MoS2 composite film

TiN-MoS2 composite film

Figure 6 Wear tracks and cross-sectional profiles of wear
tracks of composite films at R.T.

Figure 7 Wear tracks and cross-sectional profiles of wear
tracks of composite films at 200 ˚C
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B-Ti

0.50.mm

Peak intensity (a.u.)

B-O

0.50.mm

at R.T.
at 200 ˚C
v.s. TiB2-MoS2 composite film

after heating
at 200 ˚C

before heating

202

198

TiB2 (100)

Peak intensity (a.u.)

Peak intensity (a.u.)

Figure 8 Wear tracks of counterparts (AISI 52100 ball)
slid against composite films

Mo

Mo-S
after heating
at 200 ˚C

230

228

Figure 9 XPS Mo3d spectrum of TiB2-MoS2 composite film

Ti-B

Peak intensity (a.u.)

after heating
at 200 ˚C
Ti-B

before heating

460

455

20

30

40

50

2θ (deg)

60

70

80

film. This may be caused by the lower crystallinity of TiB 2
than that of TiN, which was the base material of the TiNMoS2 composite film [1].
In the XRD spectra, MoS2 peaks were not also observed. In
addition, peaks originated from B2O3 were not observed
although the TiB2-MoS2 composite film was oxidized after
heating at 200 ˚C as describe above.
From these results, the lubricating property of the composite
film is thought to be derived from an amorphous boronoxide layer formed on the surface of the composite film at
high temperature.
4. CONCLUSIONS

before heating

465

TiB2 (111)

226

Binding energy (eV)

Ti-O

TiB2 (101)

Figure 12 XRD spectra of TiB2-MoS2 composite film

before heating

232

182

after heating
at 200 ˚C

10

234

186

Figure 11 XPS B1s spectra of TiB2-MoS2 composite films

at R.T.
at 200 ˚C
v.s. TiN-MoS2 composite film

Mo-O

190

Binding energy (eV)

0.50.mm

0.50.mm

194

450

Binding energy (eV)

Figure 10 XPS Ti2p spectra of TiB2-MoS2 composite film
The XRD spectra of TiB2-MoS2 composite film before and
after heating at 200 ˚C were shown in Fig.12. Peaks
originated from crystalline TiB 2 were not observed. As
describe above, the hardness of the TiB2-MoS2 composite
film was lower than that of the TiN-MoS2 composite film.

In this study, we evaluated the high temperature lubricating
property of the TiB2-MoS2 composite film deposited by DC
magnetron sputtering with the TiB2 and MoS2 targets was
shown below:
1) The TiB2-MoS2 composite film had Mo/Ti ratio of 0.5.
2) The hardness of the composite film obtained in this
study was 8 GPa.
3) The boron of the composite film was oxidized at 200
˚C.
4) The friction coefficient of the composite film was about
0.05 at R.T. Furthermore, the composite film had the
lowest friction coefficient of about 0.01at 200 ˚C.
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5) The composite film had high wear resistance both at
R.T. and 200 ˚C. Improving the frictional properties of
the composite film is important for reducing the wear
of the counterparts.
We will try to improve the hardness of the TiB2-MoS2
composite films by reducing the MoS2 content for applying
to engine sliding parts used in severer conditions.
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Abstract— UAV is an aircraft without pilot which can fly
autonomously. It can fly at a desired altitude, velocity and point
exactly by using GPS, attitude system and barometer in a vehicle.
It is also able to follow an arbitrary trajectory by designating waypoints. The UAV targeted in the current study is a solar-powered
UAV which is a joint research project between Tokai University
and King Abdulaziz University of Saudi Arabia. Study of solar
UAV started about 40 years ago. As the joint research effort
Sunfalcon 1 was developed. This report describes modelling of the
aircraft to be used for building a flight simulator. Then the model
obtained is tested for an altitude tracking control simulation.

the development of the simulation environment, we conduct
preliminary real flight experiments where the Sunfalcon 1 is
commanded to follow a series of waypoints which are allocated
along a circular trajectory. Through the experiments an
optimal choice of control parameters is identified.

Keywords—UAV, Simulation, ArduPilot, Mission Planner,
Datcom+ Pro, Flight test,

I. INTRODUCTION
According to WIKIPEDIA, UAV (Unmanned Aerial Vehicle)
is an aircraft without a human pilot aboard. There are two
types in UAV, autonomous aircraft and remotely piloted
aircraft. Preferred tasks for UAVs are missions that are too
"dull, dirty or dangerous for manned aircraft [1].

II. EXPERIMENTAL HARDWARE AND SOFTWARE
A. ArduPilot
The microcomputer mounted on the experimental aircraft is
ArduPilot which is commercially available through
3DRobotics Inc.[4]. ArduPilot is based on the Arduino opensource electronics prototyping platform [5], being equipped
with IMU (Inertial Measurement Unit), GPS, pitot tube,
pressure sensor, etc. It is a full autopilot capable for
autonomous stabilization, way-point based navigation and two
way telemetry. It also allows time stamped data logging.
There are a variety of source codes available for ArduPilot on
the Internet. User can pick up any working code sample and
modify it to his/her own needs. In the study, we employed an
existing source code for the stable flight of an aircraft.

Tokai University and King Abdulaziz University of Saudi
Arabia started a joint research project on development of a
solar-powered unmanned aircraft in 2012. Many students of
both universities have been involved in the project as a
project-based learning platform. The ultimate goal of the
project is to achieve a day-and-night flight using batteries
charged by solar power.
The first success of solar powered UAV goes back to 1974
when R. J. Boucher designed Sunrise I [2]. Because of the
recent, rapid increase of power generation efficiency, there has
been an ongoing research on solar airplane which is able to fly
continuously over 20km of altitude for 5 years [3].
This study is aimed at developing a flight simulation
environment of the solar airplane, based upon which a
navigation system will be built. The solar airplane is assumed
to be equipped with GPS, IMU, pressure sensor, altitude sensor,
etc. Typically these sensors allow UAVs to navigate along a
series of subgoals called waypoints which are placed along a
desired trajectory.
This report describes modelling of the aircraft “Sunfalcon 1”
shown in Fig. 1 which we built as a first prototype before
building a full-fledged solar airplane. Then the model obtained
is tested for an altitude tracking simulation. Also in parallel to

Fig.1 Outlook of Sunfalcon 1

B. Mission Planner
ArduPilot has many built-in parameters related to an aircraft.
Adjustment of those parameters enables users to set limits to
the pitch, bank, and yaw angles, or to control the aircraft body
movement under the autopilot mode. Mission Planner is a
ground control station for ArduPilot, loading the program into
the ArduPilot and setting up, configuring and tuning the
aircraft for optimum performance. Other features of the
Mission Planner are:
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TABLE I.



Allowing point-and-click waypoint entry on Google,




SPECIFICATIONS OF SUNFALCON 1
Body

Body length[m]

2.6

Downloading and analyzing mission logs,

Wing Span[m]

3.7

Interfacing with a PC flight simulator to create a
hardware-in-the-loop simulator,

Body height[m]

0.13

Configuration of Main Wing



Monitoring the vehicle’s status with telemetry while
in operation, and



Viewing and analyzing telemetry logs.

Cruising CL [-]

0.4

Aspect Ratio [-]

9.2

Main Wing Area [m2]

1.49

Mission

A sample display of Mission Planner is shown in Fig.2.

Cruising Speed [km/hour]

50

Cruising Altitude [m]

100

Payload [kg]

0.6

Endurance Time [hours]

10

Rate of Clime R/C [m/s]

2

Cruising Speed [km/hour]

50

Cruising Altitude [m]

100

Given Data
Efficiency of Motor and Propeller [-]

0.45

Cruising Power and Energy
Total Drag [N]

3.72

Required Thrust [N]

3.72

Required Total Energy[Wh]

803

Battery
Fig.2 Mission Planner

Number of 4cel Li-ion battery[-]

1

C. Sunfalcon1
The aircraft used for experiments was designed and
developed at the Department of Aeronautics and Astronautics
of Tokai University, called “Sunfalcon 1”. ArduPilot is
installed in Sunfalcon 1 and autonomous navigation missions
are planned and monitored by the aforementioned Mission
Planner. Take-off and landing are controlled manually for
sake of safety. Manual operation mode and automatic
operation mode can be switched back and forth by using a
toggle switch.
The main specifications of Sunfalcon 1 [6] are listed in
Table 1.

Total Battery Mass [kg]

0.73

Mass
Horizontal center of mass[m]

0.827

Vertical center of mass[m]

0.164

Airframe Mass [kg]

2.32

Total Mass [kg]

5.55

D. Datcom+ Pro
Modelling of Sunfalcon 1 is carried out by using Datcom+ Pro
made available from Holy Cow Inc. Datcom+ Pro is a userfriendly extension of Digital Datcom which was a computer
program originally developed in the 1960’s to 1970’s by the
United States Air Force for designing and analyzing an aircraft.
Visualization tools provided by Datcom+ Pro allow the user to
see his/her aircraft immediately, and coefficient data generated
is plotted on X-Y graphs for ease of interpretation.
Datcom+ Pro requires an input file containing a geometric
description of an aircraft, and outputs its corresponding
dimensionless stability derivatives according to the specified
flight conditions. The input file is mainly comprised of five
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elements, main aircraft body, main wing, horizontal tail,
vertical tail, and miscellaneous conditions such as a flying
environment.
Each element allows inputs of detailed values to define the
geometry of the element. For example, the main body allows
as many as 20 sections each of which is specified by width,
height and length of circumference with the assumption of an
axi-symmetrical shape for the body. All the values are referred
to a common coordinate frame whose origin is typically placed
at the nose of the main body. Flaps, elevators, and ailerons can
be defined individually while rudders are not supported [7].
Mathworks’ Aerospace Toolbox includes a function for
importing output files from Datcom+ Pro into MATLAB®
environment. This function lets the user collect aerodynamic
coefficients from static and dynamic analyses and transfer them
into MATLAB® as a cell array of structures. With a

1. LIM_ROLL_CD: the maximum commanded bank angle in
either direction (unit: centi-degrees). Default is 3000.
2. WP_RADIUS: the maximum distance from a waypoint that
when crossed indicates the waypoint may be complete
(unit: meters). Default is 40.
3. NAVL1_PERIOD: period in seconds of L1 tracking loop.
This parameter is the primary control for aggressiveness
of turns in auto mode. Default is 25.
The parameter setting employed in the experiment is listed
in Table.2. The altitude and throttle power are fixed at 100m
and 50%, respectively. The number of way-points used is six
and the circular trajectory connecting the way-points has a
radius of 300m.
TABLE II.

EXPERIMENTAL CONDITIONS
1st

combination of 3D Animation Toolbox, one can develop
his/her own flight simulator in MATLAB®.
III. EXPERIMENTAL PROCEDURES

LIM_ROLL_CD[cdegree]

1000

WP_RADIUS[m]

50

NAVL1_PERIOD[seconds]

30

2nd

A. Simulation
The aircraft model of Sunfalcon 1 is obtained by Datcom+ Pro.
The output produced by Datcom+ Pro is imported into
MATLAB®/Simulink environment by running “datcomimport”
function which creates a cell array of structures containing the
data from the Digital DATCOM output file. The model
imported is tested for an altitude tracking control by using a
PID controller.

LIM_ROLL_CD[cdegree]

1500

WP_RADIUS[m]

50

NAVL1_PERIOD[seconds]

30

3rd

Fig.3 shows the flow diagram of the main blocks used in
simulation in which the big box trimmed in green color
represents the model of Sunfalcon 1 generated by Datcom+ Pro.

LIM_ROLL_CD[cdegree]

2000

WP_RADIUS[m]

50

NAVL1_PERIOD[seconds]

30

4th
LIM_ROLL_CD[cdegree]

1000

WP_RADIUS[m]

90

NAVL1_PERIOD[seconds]

30

5th
LIM_ROLL_CD[cdegree]

1500

WP_RADIUS[m]

90

NAVL1_PERIOD[seconds]

30

6th

Fig.3 Simulation blocks in MATLAB /Simulink
®

LIM_ROLL_CD[cdegree]

B. Flight experiments
The flight experiments were conducted on the special runway
dedicated to the use for RC vehicles. The place is called
“Ojima Sky Port” which is located in about 120 km north of
Tokai University.
In this experiment, among many parameters defined in
ArduPilot, we decided to choose the following three
parameters which are closely related to a way-point navigation.

2000

WP_RADIUS[m]

90

NAVL1_PERIOD[seconds]

30

IV.

EXPERIMENTAL RESULTS

A. Result of Modeling and Simulation
The model of Sunfalcon 1 produced by Datcom+ Pro is shown
in Fig.4. The ailerons and the elevators are colored in blue and
in red, respectively. The rudder does not appear in the vertical
tail because a rudder is not implemented in Datcom+ Pro as
mentioned before.
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The model is applied to an altitude tracking control simulation
using PID control. We adjusted PID gains which were initially
obtained by the Ziegler-Nichols method. The results are shown
in Fig. 5 and Fig. 6. The red curve and blue curve in Fig.5
represent the target altitude and the vehicle response,
respectively. In Fig. 6, the top figure shows the altitude change
while the bottom figure shows the head angle.

figures are plotted in longitude/latitude pair instead of X/Y
coordinates.
According to the results, it is seen that the trajectories in auto
pilot mode for Fig. 7 ~ 9 show departures from the ideal circle
and the vehicle failed to pass through some of the way-points.
In Fig. 10 and 11, on the other hand, the trajectories in auto
pilot mode exhibited a better agreement with the circle, thus
giving a better tracking of the way-points. In particular, Fig. 11
was able to follow the way-points in their close proximity. As
a result, it is concluded that the best choice among the current
experiments is (LIM_ROLL_CD = 2000, WP_RADIUS = 90,
NAVL1_PERIOD = 30). Therefore this parameter setting will
be used for an autopilot flight in future.
Bank angle change in 6th auto flight was shown in Fig.12.
According to this graph, the aircraft was successfulyy able to
follow the way-points with a good margin within the value of
LIM_ROLL_CD all the time. From this observation, it can be
seen that 6th parameter setting is most suitable.．

Fig.4 Geometric model of Sunfalcon 1

Latitude [degree]

Altitude[m]

The actual airspeed under the auto-flight and the minimum
flight speed calculated based on the structure of airframe in 6th
flight are plotted in Fig.13. Also the ground speed, the power
consumption, and the throttle rate versus time are shown in
Fig. 14, Fig.15 and Fig.16, respectively. The orange straight
line represents a minimum flight speed. The step-formed gray
lines in Fig. 12-16 show a continuous switching of waypoints.

Time[s]
Fig.5 Target value (red) & actual altitude (blue)

Altitude[m]

Longitude [degree]

Latitude [degree]

Fig.7 Result of 2nd flight test

Time[s]
Fig.6 Altitude (top) and head angle (bottom)

B. Flight test
Among six attempts of the flight test, the first round failed in
data logging. Therefore the results of the second round through
sixth round are depicted in Fig.7 ~ Fig.11 in which the blue
curve represents the trajectory in manual pilot mode while the
brown curve the trajectory in auto pilot mode. Note that these
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Time [msec]

Latitude [degree]

Speed [m/s]

Longitude [degree]
Fig.9 Result of 4th flight test

Waypoint #

Fig.13 Airspeed (blue) versus time for 6th flight

Time [msec]
Fig.14 Auto flight ground speed (blue) & ideal speed (orange)

Waypoint #

Latitude [degree]

Power consumption [W]

Longitude [degree]
Fig.10 Result of 5th flight test

Time [msec]
Fig.15 Power consumption (blue) under auto-pilot

Waypoint #

Throttle rate [%]
Waypoint #

Bank angle [degree]

Longitude [degree]
Fig.11 Result of 6th flight test

Time [msec]
Fig.16 Throttle rate (blue) versus time

V. DISCUSSIONS
Time [msec]
Fig.12 Bank angle versus time for 6th flight

The model generated by Datcom+ Pro showed a good
agreement with Sunfalcon 1 although some limitations of the
software hampered the complete modelling of the aircraft. The
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simulation result in altitude tracking also exhibited a
reasonable performance while the control gains needed more
careful tuning. These results suggest that the combination of
®

Datcom+ Pro, MATLAB , and Simulink leads to an efficient
development of flight simulator. However, the simulation
environment at the current level is not sophisticated enough to
be applied to the real aircraft. One possible approach will be
to implement the guidance method employed by ArduPilot in
MATLAB® and Simulink environment．
Regarding the navigation experiments, setting WP_RADIUS
small increases the possibility of a missed way-point.
Generally speaking, a small WP_RADIUS should be used
with a large LIM_ROLL_CD and a small NAVL1_PERIOD,
which allows more aggressive maneuvers with an increasing
danger of stall. Also LIM_ROLL_CD in Fig.9 was so small
that the vehicle could not change the direction quickly enough
to reach the fifth way-point. As far as NAVL1_PERIOD is
concerned, we chose default value of 30 seconds. This value
should be carefully chosen according to the nature of a desired
trajectory.
In Fig.12 the bank angle exceeded LIM_ROLL_CD when
aiming at the first and fifth target way-point. This was
probably caused by the presence of tailwind. Comparing the
airspeed in Fig. 13 with the ground speed in Fig.14, about
8[m/s] of speed difference is observed. This observation is
also explained by the same tailwind. The bank angle became
larger due to the wind blowing against the aircraft wing.
Fig.13 also indicates that the actual airspeed (blue) is
maintained at a similar level to the ideal flight speed (orange).
This reveals that the current setting of the throttle rate at 50%
is a reasonable choice for Sunfalcon1. However, the airspeed
shows a sudden drop while aiming at the third way-point
despite the throttle rate being maintained constant. A similar
observation can be made for the power consumption in Fig.15
as well. A probable cause for this problem is a decrease in
motor rotations due to a drop in power sent from ArduPilot to
the motor caused by a voltage drop.
VI. CONCLUSIONS

MATLAB® environment and tested for the altitude tracking
control. It was confirmed that the result showed a reasonable
performance although the model as well as the controller
require further sophistication and tuning. In order for the
current simulator to be more practical, we plan to implement
the guidance method of ArduPilot so that the vehicle response
in the simulator is made similar to the actual one.
The flight tests for Sunfalcon 1 were conducted in order to
identify an optimal parameter setting.
As a result,
LIM_ROLL_CD: 2000, WP_RADIUS: 90, NAVL1_PERIOD:
30 yielded the best flight in auto pilot mode among the limited
number of test cases. However, more detailed parameter
tuning will be needed under varying flight conditions. Design
of the Sunfalcon 2 is currently in progress. In parallel to the
efforts to improve the current system for Sunfalcon 1, we plan
to start the modelling process for Sunfalcon 2.
As pointed out in the previous section, there is a risk of an
unexpected drop of airspeed caused by a voltage drop even if
the throttle rate is maintained constant. In addition, it is seen
that there is a danger of fall accident in case of a strong
tailwind especially when the plane speed becomes relatively
slow during a take-off or landing situation due to an
insufficient lift force. These issues need to be taken into
account when we try to develop a fully automated program
from a take-off to a landing in future.
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ABSTRACT
Air-conditioning system has been a basic feature in many
office buildings, especially in tropical climate where
buildings are exposed to solar radiation all year round.
However, air conditioning is a leading source of energy
consumption. Efficient energy consumption is highly
desirable for commercial, for-profit entities occupying
offices. A field study in two countries; Indonesia and
Singapore, has been conducted to investigate office
building occupants’ thermal comfort. In 2015,
questionnaire survey as well as physical parameter
measurements were collected from each country. Analysis
shows that occupants of air-conditioned building with
window-opening behaviour has higher comfort temperature,
compared to cooling mode only. The results of this study
could be used to better understand comfort temperature in
tropical countries.
Keywords— Thermal comfort, Office building, Tropical
climate, Air conditioning, Mixed mode
1. INTRODUCTION
Nearly half of the total electricity usage in buildings was
for the sake of providing a thermally comfortable air
condition, as reported from air-conditioning (AC) usage in
tropical countries [1],[2]. Energy consumption increases as
lower temperature setting are used. In some countries, this
has lead to “minimum temperature setting campaigns” such
as Japan’s Cool Biz, promoting minimum AC setting of
28°C for cooling [3], and the Malaysian government
promoting a minimum temperature of 24°C in its offices
[4]. However, building occupants’ comfort should be taken
into account concurrently with these energy saving
measures. This is also considered important in office
buildings since workers’ productivity would be at stake [5].
Meanwhile,
there
was
no
such
temperature
recommendation for energy-saving campaigns in Indonesia
and Singapore, two south-east Asian countries with tropical
climate.
Preceding research studies has been conducted on office
workers in other climatic conditions. A survey in 2006
concluded that 81% of workers in the UK find it difficult to
concentrate on their work, taking up to 25% longer time to
complete tasks if the ambient temperature is higher than the

norm, while 24°C is the maximum air temperature
recommended by the World Health Organisation for
workers’ comfort [6]. Thermal comfort is also the second
highest cause of worker dissatisfaction, with 50% of
workers dissatisfied with thermal environmental conditions
[7].
Meanwhile in tropical climate, there were some instances
when people actually feel cold inside of an air-conditioned
buildings, despite having a warm outdoor climate [8]. The
evidence of overcooled buildings issues were shown
through previous climate-chamber field studies in the hot
humid climate of Hongkong by Chan et al. [9], Mui [10],
Lai et al. [11], Lee et al. [12] and 12 years ago in Singapore
by Sekhar [13]. Overcooled office buildings is a serious
issue because of the resource consumption through energy
waste, HVAC operation and maintenance, as well as
environmental damage. Continuous feedback is needed to
ensure technology is used efficiently, meets society’s needs,
and does not cause harm.
Addressing the overcooling issue, the objectives of this
study were: 1) to investigate comfort temperature of office
buildings with mechanical air conditioning system in
Indonesia and Singapore; 2) to compare comfort
temperatures expressed in 4 thermal index: air temperature,
globe temperature, mean radiant temperature, and operative
temperature; and 3) to compare the comfort temperature
results with related available guidelines.
2. INVESTIGATION METHOD
2.1. Location and investigated buildings
Located within 5–10° latitude of the equator, Indonesia and
Singapore are classified as tropical rainforest climate, based
on Köppen–Geiger climate classification system [14]. The
climate is generally hot-humid with a year-round air
temperature of approximately above 18°C. Throughout the
year, both countries experience average precipitation of at
least 60 mm or 2.4 inches [14]. Tropical rainforest climate
has no natural seasons, because it is dominated by the
doldrums low-pressure system all year round. Climate in
Bandung is cooler than most of other Indonesian cities and
is classified as humid, due to its elevation. The average
temperature is 23.6°C throughout the year [15]. Meanwhile
in Singapore, the temperature hovers around a diurnal range
of a minimum of 23°C and a maximum of 32°C [16].
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(B1)

(B2)

(S1)

(S2)

Fig. 1 Office buildings facade in Bandung: B1 and B2 and
Singapore: S1 and S2

As seen in Fig. 1, there were four buildings included in this
study; two buildings in each country. In Indonesia, these
were an office in the urban area of Bandung (B1); and a
building inside of Institut Teknologi Bandung, Ganesha
Campus (B2). In Singapore there were Tong Building (S1);
and TSK Building (S2). All of the buildings provides air
conditioning for the occupants, although occupants’ access
to temperature control settings were different. B1 and S1
both use centralized AC system, while B2 and S2 use split
unit AC where the occupants have more control over
temperature settings and the flexibility to turn AC on or off.
More preliminary design parameters of each buildings are
listed in Table 1. This study covers both medium high-rise
buildings (B1 and S1) and low-rise buildings (B2 and S2).
Table 1 General information of investigated buildings
Items/ Buildings

B1

Ventilation
type

AC
Central

Total Storey
Orientation
Overhang roof

12F + 1B
N-W
n/a
Curtain
walls
+
ACP

Façade

B2
AC
split-unit
+ windows
2F + 1 B
S-N
available
Operable
glass
windows

S2

AC central

AC
split-unit

Curtain
walls

Table 2 Specification of the instruments
Instrument
Thermometer with data logger
(HOBO U12-13)
Anemometer
(Kanomax 6501-0G)
Infrared Thermometer (IR-300)

Resolution

Accuracy

0.05°C

±0.25 oC [0°C to 50°C]

0.01 m/s
0.1°C

± 0.0125 m/s [0.10 to
30.0 m/s]
±0.3°C [-55°C to 220°C]

2.3. Thermal comfort survey

S1

19F + 1 B
S-E
n/a

attached with an omnidirectional probe. Both equipment are
illustrated in Fig. 2.
Each equipments’ sensor was set up in a retort stand,
attached to a clamp, approximately 1.1 meters height above
floor level. The measurments include both movable and
static stands. The static stand would be
attached with anemometer and placed in
the middle of the measured room.
Meanwhile, the movable stand would
placed about 1 meter away from the
subject who is answering the
questionnaire survey. The stand would
be moved after approximately 20
minutes, after the subject finished filling
up questionnaire. Surface temperatures
Fig. 2 Retort
were measured from each cardinal
stands with thermo
directions inside of the room, using the
recorder and hot
IR-300
infrared
thermometer. wire anemometer
Specifications of each mentioned
instruments as listed on Table 2.

4
N-E
n/a
Curtain
walls +
ACP

AC: Air Conditioning, F: Floor, B: Basement, N: North, S: South, E: East, W: West,
ACP: Aluminium Composite Panels

2.2. Thermal measurements
Since thermal comfort affected by physical and personal
parameters, both were measured simultaneously in this
study. There was no interference or control over the thermal
environment, since this study aims to investigate occupant
response to typical conditions. Air temperature, globe
temperature, and relative humidity were measured were
measured every 10 seconds using HOBO thermo recorders.
The basic function of this instrument is to record air
temperature and relative humidity and also comes with two
external data channels. One of these channels attached to
TMC-HD1 external air temperature sensor tipped with a
40mm black sphere to measure globe temperature. Outdoor
temperature were also recorded using the same instrument,
equipped with solar-radiation shield, located outside of the
investigated building. Simultaneously, air velocity was
measured in 10 second intervals using hot wire anemometer

Personal parameters such as occupants’ metabolic rate,
clothing insulation value, and thermal perceptions were
surveyed through questionnaires. The questionnaire
collected information such as socio-demographics, thermal
sensation, acceptability, preference, overall comfort vote,
adaptive behavior, and clothing worn on that time. Thermal
Sensation Vote (TSV) in this study uses the ASHRAE-55
seven point scale [17], which was translated to local
language for each surveys in Indonesia, as shown in Table 3.
Another scale used in this study was the 4-point air
movement vote.
340 questionnaires were distributed to four groups of
occupants in four different buildings in Bandung and
Singapore, and 255 responses were collected. In Bandung,
there were 16 and 20 subjects from offices B1 and B2
repectively; while in Singapore there were respectively 8
and 6 respondents from offices S1 and S2. Basic infomation
such as age and gender were obtained from the
questionnaire. The combined male to female ratio across all
study locations is 52:48, which is quite balanced. 48% of
occupants were aged between 20-29 years old, 34%
between 30-39 years old, 12% between 40-49 years old,
and 6% are more than 50 years old.
All field measurements mentioned in this study were
conducted between January and March 2015. Physical
thermal environment parameters were measured during
three to five days in each location. At the measured days,
the questionnaires were distributed every morning (10:0011:00) and afternoon (14:00-15:00). All of the physical data
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Table 3 Scale and translation
Scale

Air movement vote

English

Indonesian

English

Indonesian

-3
-2

Cold
Cool

Sangat dingin
Dingin

Scale
1
2

No movement
Weak

Tidak ada
Lemah

-1
0

Slightly cool
Neutral

Agak dingin
Netral

3
4

Moderate
Strong

Sedang
Kencang

1

Slightly warm

Agak hangat

2
3

Warm
Hot

Hangat
Panas

2.3. Calculation of mean radiant and operative
temperature
Mean radiant temperature (Tmrt) and operative temperature
(Top) are derived from air temperature (Ta), globe
temperature (Tg), and air velocity (Va). Other than globe
thermometer method, there is also the integral radiaton
measurement method to obtain mean radiant temperature.
However a recent study by Thorsson et al. revealed that
there is only relatively small differences between both
methods, even in an outdoor setting [18]. This study
therefore uses the globe thermometer method and calculates
Tmrt using Equation (1) [19].
4

𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 = [(𝑇𝑇𝑔𝑔 + 273) +

1
4

1.1 × 108 𝑉𝑉𝑎𝑎0.6
(𝑇𝑇𝑔𝑔 − 𝑇𝑇𝑎𝑎 )] − 273
𝜀𝜀𝐷𝐷0.4

3.2. Evaluation of thermal environment
Thermal environment data in both outdoor and indoor space
of each buildings were compiled and analysed. Mean
outdoor temperatures ranged between 27.2 to 30.1°C in
Bandung, closely mirroring Singapore’s 27.0 to 30.3°C.
Indoor air temperature in office S1 Singapore which was
using centralized AC system showed an average minimum
temperature of 21.6°C, 3 degrees lower than the mean
indoor air temperature for all offices. The highest mean
indoor temperature recorded was 27.7°C in office B2,
Bandung, which used split-unit AC together with operable
windows. Globe temperature were recorded to be slightly
higher than air temperature had an average value of 25°C
(Table 4). Average air velocity in all offices were less than
0.20 m/s, as expected in indoor condition.
Table 4 Mean and standard deviation of objective and subjective
evaluation data
Country/
Building

𝜀𝜀 refers to emissivity of the globe, taken as 0.95 for a black
globe, and D diameter of the globe which is 0.04 meter.
Top is a combination of air temperature and mean radiant
temperature, a weighted average value of both to express
their joint effect. The weighting factors are radiative and
convective heat transfer coefficients at the occupant’s
clothed surface. At indoor condition when air speeds
around 0.10 m/s, Top is approximated with Equation (2) [20].
𝑇𝑇𝑜𝑜𝑜𝑜 = 0.5 (𝑇𝑇𝑎𝑎 + 𝑇𝑇𝑚𝑚𝑚𝑚𝑚𝑚 )

B1

B2

(1)
Singapore

Thermal sensation vote

assumed that the occupants use natural ventilation
simultaneously with air conditioning. From this realization
we decided to differentiate the four air-conditioned
buildings into Mixed-Mode (MM): office B2; and Cooling
(CL): office B1, S1, and S2.

Indonesia

from each instruments during these hours was taken as an
average value for each thermal index. Due to permission
issues, the duration and repetition quantity of subjective
questionnaire survey were different between each country.
The respondents in Singapore only gave their thermal votes
once in the first day of measurements, while Indonesian
respondents voted 6 to 10 times throughout the study.

3.1. The modes
During field measurement, the occupants in B2 opened
windows while using air conditioning. Initially this could
be seen as adaptive behavior in an air-conditioned building,
but it may also categorizes this building as using
“concurrent mixed mode” ventilation. According to CBE
definitions, concurrent mixed-mode is air-conditioning
system and operable windows operate in the same space
and at the same time [21]. Because B2 was recorded to
have opened windows during field measurement, it is

S2

All

Tout
(°C)

Ta
(°C)

Tg
(°C)

RH
(%)

Va
(m/s)

TSV

Icl
(clo)

n

91

91

91

91

91

91

91

Mean

27.6

25.5

25.8

47

0.14

-0.2

0.52

SD

1.0

0.4

0.4

3

0.03

1.2

0.13

n

150

150

150

150

150

150

150

Mean

28.7

26.5

27.1

54

0.17

-0.1

0.59

SD

1.6

1.3

1.3

4

0.03

1.3

0.15

n

32

32

32

32

32

8

32
0.75

Mean

29.1

22.2

22.2

62

0.03

-1.9

SD

1.1

0.5

0.5

1

0.03

1.0

0.44

n

24

24

24

24

24

6

24
0.83

Mean

28.4

24.5

24.6

69

0.07

-1.5

SD

0.9

0.5

0.6

2

0.03

0.8

0.38

n

297

297

297

297

297

255

297

Mean

28.5

24.8

25.0

59

0.11

-0.5

0.61

SD

1.1

1.8

2.0

8

0.06

0.8

0.12

Tout: Outdoor air temperature, Ta: Indoor air temperature, Tg: Globe
temperature, RH: Indoor relative humidity, Va: Air velocity, TSV: Thermal
sensation vote, Icl: Clothing insulation value, n: Number of sample, SD:
Standard deviation

(2)

3. RESULTS AND DISCUSSIONS

S1

Var

To investigate the relation between indoor air temperature
and the other 3 thermal index: globe temperature, mean
radiant temperature, and operative temperature; correlation
coefficients were calculated. They are all equal to one,
indicating all of them are significantly correlated (Table 5).
Unlike Tmrt and Top which were obtained from calculation,
Ta and Tg were directly measured with instruments. As
representative, Fig. 3 shows scatter-plot between Ta and Tg.
There is almost no difference between them, except the
linear regression line was slightly tilted because Tg usually
a bit higher than Ta. From regression analysis we obtained
the following equation to predict Tg by Ta:
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n: Number of sample, R2: Coefficient of determination,
S.E.: Standard Error of the regression coefficient, p:
Significant level of regression coefficient.
Table 5 Correlation coefficients of Ta and other thermal index
Mode
CL
(B1,S1,S2)
MM
(B2)

Items

Ta: Tg

Ta: Tmrt

Ta: Top

r
n
r
n

1.00
147
1.00
150

0.99
147
0.98
150

0.99
147
1.00
150

CL: Cooling, MM: Mixed-mode, Ta: Indoor air temperature, Tg: Globe temperature,
Tmrt: Mean radiant temperature, Top: Operative temperature, r: Correlation coefficient,
n: Number of sample. Note: all correlation coefficients are significant (p<0.001)

3.4. Comfort temperature
Neutral temperature refers to the air temperature, which on
average, a large sample of people would feel “just right” or
“neutral” [23]. In this study neutral temperature is referred
to as comfort temperature, because both require occupants’
neutral thermal comfort vote. As seen on Table 3, the range
of climatic parameters were quite narrow and it would be
unreliable to use the regression method with TSV results
[20]. Another way to calculate comfort temperature based
on actual votes is by using the Griffiths’ method [20], [24],
[25]:
𝑇𝑇𝑐𝑐 = 𝑇𝑇 +

Fig. 3 Relation between globe temperature and indoor air
temperature

3.3. Evaluation of thermal sensation
Individual votes of occupants thermal sensation were taken
as an average value from each buildings and categorized
into modes. Mean TSV from all buildings was -0.5, with
0.77 standard deviation (Table 4). According to ISO 77302005, this is classified as category B, where predicted mean
vote (PMV) is in between ±0.5 and percentage of
dissatisfied occupants is predicted to be less than 10% [22].
However by analyzing each building’s daily results
separately, most of the average votes are negative on the 7
point scale, indicating that respondents experience cool
thermal sensations overall. The lowest was -1.9 from office
S1 with mean clothing insulation value 0.75 clo and 0.12
clo standard deviation. The only positive average TSV
values were from first and third measurement sessions in
office B2 Bandung, 0.74 and 0.11 when average Ta were at
27.7°C and 27.1°C. TSV from each modes was correlated
to all thermal index, and the results on Table 6 shows that
correlation coefficient in CL mode were the same, 0.40 for
all indexes. Compared to CL, results from MM respondents
shows higher correlation coefficient between TSV and 4
thermal index, with only slight differences between each
index.
Table 6 Correlation coefficients of TSV and 4 thermal index
Mode
CL
(B1,S1,S2)
MM
(B2)

Items
r
n
r
n

TSV: Ti
0.40
105
0.53
150

TSV:Tg

TSV:Tmrt

TSV:Top

0.40
105
0.54
150

0.40
105
0.52
150

0.40
105
0.53
150

CL: Cooling, MM: Mixed-mode, Ta: Indoor air temperature, Tg: Globe
temperature, Tmrt: Mean radiant temperature, Top: Operative temperature, TSV:
Thermal sensation vote, r: Correlation coefficient, n: Number of sample.
Note: all correlation coefficients are significant (p<0.001)

(0 − 𝑇𝑇𝑆𝑆𝑉𝑉)
𝑎𝑎

(4)

Tc indicates comfort temperature (°C), expressed in four
thermal indices, by substituting the T which is temperature
(°C) with Ta, Tg, Tmrt, and Top; to obtain Tci, Tcg, Tcmrt, and
Tcop accordingly. a indicates Griffith’s constant, which is
the rate of thermal sensation change with room temperature.
In this case 0.5 is used as the constant, as applied by
Humphreys et al. at 7-point thermal sensation scale [25].
All individual votes and temperature data were substituted
into the equation to calculate individual comfort
temperatures. Average comfort air temperature (Tci) in
Bandung offices were 26°C in B1 and 26.8°C in B2; while
in Singapore it was 25.6°C in S1 and 26.7°C in S2
respectively. As seen on Fig. 4, there are negligible
differences between comfort temperatures by gender. Most
error bars of each index overlap each other except for Tcmrt
and Tci of male respondents.

Fig. 4 Average comfort temperatures by gender, with 95%
confidence interval

3.5. Comparison of comfort temperatures by modes
After obtaining comfort temperatures from all buildings,
the results from mixed mode where occupants operating the
windows were compared with cooling mode. Windowopening behaviour has affected occupants’ comfort
temperature, as shown on Table 7. Average comfort mean
radiant temperature in MM mode was 28.1°C, while in CL
mode it was 26.6°C. Standard deviation was 2.2°C and
2.3°C for both modes respectively. These results are
slightly higher than previous studies by de Dear et al.,
where comfort temperature was estimated at 24.2°C for airconditioned mode in Singapore [26]. Meanwhile it
corresponds with another study in Malaysia by Daghigh et
al. where comfort temperature was estimated 26.6–27.6°C
for air conditioned mode with window-opening
arrangements [27].
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temperature in this study was plotted based on mean
outdoor temperature during field measurement hours. Most
of this study’s datapoints fall within these limits, but those
indicating higher comfort temperates can be attributed to
regional differences, due to the CIBSE’s European
database.

Table 7 Average comfort temperatures in CL and MM
Mode
(Building)

Variable

n

Mean (°C)

SD (°C)

105
105
105
105

26.0

2.3

CL
(B1,S1,S2)

Tci
Tcg
Tcmrt
Tcop

26.3
26.6
26.3

2.3
2.3
2.3

MM
(B2)

Tci
Tcg
Tcmrt
Tcop

150
150
150
150

26.8
27.4
28.1
27.5

2.2
2.2
2.2
2.2

32

Comfort air temp.
Comfort globe temp.

Comfort temp. (°C)

30

CL: Cooling, MM: Mixed-mode, Tca: Comfort air temperature, Tcg: Comfort
globe temperature, Tcmrt: Comfort mean radiant temperature, Tcop: Comfort
operative temperature, n: Number of sample, SD: Standard deviation

28
26
24
22
20

Comfort Temp. Zone (CIBSE Guide)
26

27
28
29
Running mean outdoor temp. Trm (°C)

30

Fig. 6 Comparison of individual mean comfort temperatures with
CIBSE Guide

Fig. 5 Comparison of mean comfort temperature and mean air
movement votes by modes

Because the windows are opened, it is possible that the
occupants sensed higher air movement speed. This is in
spite of the instruments recording air velocities of lower
than 0.20 m/s, which could be due to the limited number of
instruments, being positioned in the centre of the room and
away from the windows at the perimeters. From Fig. 5, air
movement vote seems to have positive correlation with
comfort temperature in mixed-mode operation, but not as
significant in fully air-conditioned operation. Even though
in mixed mode (window-opening), there is no vote for “4.
Strong air movement”, but there are votes for “1. No air
movement” (refer to Table 3).
3.6. Comparison of comfort temperature with related
guideline and standard
So far there is no adaptive international standards to define
comfort temperature zones for heated or cooled modes,
since outdoor air inflitration is assumed to be minimized.
There is still a correlation found between indoor and
outdoor air temperature in buildings with HVAC systems
[28], [29]. Normally people adapt to their regional thermal
environments as well as their accomodations and working
places. An adaptive comfort temperature zone by CIBSE
guidelines for heated or cooled ventilation mode is used to
compare the results of this study, as shown in Equation (5)
[29].
𝑇𝑇𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 = 0.09 𝑇𝑇𝑟𝑟𝑟𝑟 + 22.6

(5)

Tcomf is comfort temperature (°C) and Trm is outdoor daily
running mean temperature (°C). Results from equation (5),
including ±2𝐾𝐾 upper and lower limits were plotted on Fig.
6. The comfort air temperature and comfort globe

There is no local standards about thermal comfort in office
buildings in Indonesia, while Singapore uses a standard
regulation SS 554:2009, which recommends indoor
operative temperature between 24 to 26°C, with an
acceptable limit of at least 8 hours [30]. In comparison
with the standard, comfort temperatures in S1 and S2 falls
within the acceptable limit stipulated for operative
temperature. However overcooling issues seems apparent at
these buildings, especially office S1 where the occupants
have fewer adaptive options. The mean indoor air
temperatures recorded to be the lowest compared to other
buildings, while the mean of clothing insulation values
were rather high in comparison to others. On side note, the
design of building façade might also affect its default
indoor condition. As listed on Table 1, all subject buildings
in this study use curtain walls on its façade, except for B2,
which uses operable glass windows and overhang roof, the
latter useful for sunshading in tropical climates. These
features possibly has made it possible for the B2 office to
be occasionally operated in free running mode.
4. CONCLUSIONS
A combined analysis of thermal comfort case study of airconditioned office buildings in Bandung and Singapore
leads to these findings:
 Air temperature, globe temperature, mean radiant
temperature, and operative temperature has no
significant difference in expressing comfort
temperature with Griffiths’ method. From this result
we concluded it is safe to use only one of these
indexes, because of the lack of difference between
them.
 By grouping the buildings into mixed mode (MM) and
cooling (CL), occupants of mixed mode has slightly
higher operative comfort temperature between 25.3 –
29.7°C; while in cooling mode, operative comfort
temperature was between 24.0 – 28.6°C. There is an
indication of overcooling case in fully air-conditioned
mode.
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 Compared to relevant guidelines by CIBSE, about half
of the mean individual comfort temperatures fell
above the upper limits. Since CIBSE guide was
developed based on European data, this means
comfort temperature might be affected by different
characteristics of tropical climates, despite of HVAC
system in the buildings.
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ABSTRACT
In machining operations, repositioning the cutting tool
requires airtime motion of the cutting tool. Minimizing the
airtime motion during pocket machining in mass
production is important for increasing the efficiencies of
the machining process. This paper presents an
optimization of airtime motion during contour parallel
offset machining by minimizing the tool retraction based
on Ant Colony Optimization (ACO). The optimization of
the tool retraction is modelled as an application of the
Travelling Salesman Problem (TSP). To evaluate the
performance of ACO, the result for the length of the nonproductive tool path is compared with that of conventional
computer-aided manufacturing (CAM) software. It can be
ascertained that the method by ACO produces
approximately 60% shorter non-productive tool path
length than the conventional method.
Keywords—Non-productive tool path length, Ant Colony
Optmization, pocket machining
1. INTRODUCTION
In today’s global competition in new product development,
pocket machining of complex shapes has received special
concentration from many researchers. Generally, the key
factor in determining the efficiency of pocket machining is
the ability to minimize the entire machining time [1],
which comprises productive and non-productive machining
time. The time when tools are actually cutting a workpiece
is defined as productive machining time; the remainder of
the time during tool movement is known as non-productive
time or airtime.
Studies of optimizing machining time have been
focused mostly related only how to minimize the
productive machining time rather than the non-productive

time [2]. For example, Ahmad et al. [3], Palanisamy et al.
[4], Li. et al. [5], Kumar & Garg [6], and Prakash [7]
proposed optimization of machining parameters in milling
process by minimizing the machining time using genetic
algorithms (GA). Parameters such as cutting speed, feed
rate, axial depth, and radial depth were optimized;
simultaneously, the surface roughness, cutting force, tool
life, and amplitude of vibration were considered to be
machining constraints. However, the disadvantage of using
the proposed GA method is the application can be applied
to only a single objective optimization.
On top of that, similar study by Wang et al. [8] proposed a
Genetic Algorithm Optimization for multi-objective
optimization for minimizing the machining time and
production cost by considering feed rate, cutting force,
power, and surface roughness as machining constraints.
Further studies by Rai et al. [9] proposed a GA-based
optimization of machining parameters for multi-objective
milling operation while respecting the following eight
machining operation constraints: spindle power, machine
feed-rate limits, tool-path curvature feed limits, cutter
speed and feed limits, tool bending strength, tool
deflection, and clamping loads; they did not consider the
surface roughness and material removal rate, though these
are important in machining process productivity.
In contrast, Yildiz [10], proposed a hybrid optimization
approach based on a differential evolution (DE) algorithm
and cuckoo search algorithm (CS) for minimizing the
production cost and machining time of the milling process.
The optimal parameters obtained from the optimization are
used in a computer numerical control (CNC) machine to
improve machining efficiency. It appears that maximizing
the total profit rate of milling operation can be achieved by
these algorithms, which produced better results than GA
and ACO. However, the profit rate obtained based on the
DE algorithm is slightly larger than that of CS.
In addition to machining parameters, the machining
strategies are very significant factors affecting machining
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time. Kim & Choi [11] and Azeem [12] proposed a
machining time model for different types of tool path
strategies: contour parallel offset and parallel zigzag. A
comparison of these strategies showed that contour parallel
strategies gave shorter tool path lengths than parallel
zigzag strategies. Additionally, study on rough machining
time for high speed milling have been evaluated by Hbaieb
et al. [13] based on machining time model. The model
consists of the time of movement at rapid rate, the time
required to change tools, the time for tool loading, and
auxiliary time. Although the cutting parameters used was
not optimal, the time modelling successfully calculated the
machining time in a straightforward way.
Non-productive time also influences the performance of
machining operations. In most cases, non-productive time
consumes 15 to 30% of total machining time[14,15].
Therefore, minimizing the non-productive time is
important to increase the effectiveness of the machining
process. Non-productive time can be minimized by
reducing the movement during cutting or tool retraction
while machining. Hence, Oysu & Bingul [15] proposed a
hybrid algorithm (hybrid-GASA) that combined both GA
and Simulated Annealing (SA). The result of the hybrid
algorithm improved the performance of SA with
information provided by the GA. Additionally, Gupta et al.
[2] minimized the tool retraction time in contour parallel
machining with a Hybrid Genetic Algorithm (HGA) that
was obtained by using a special heuristic method in the
final sequence.
This paper presents an Ant Colony Optimization based
method for minimizing the non-productive tool path and
focused on the influence of the parameters in ACO

determined by the following equation, which includes the
total of productive and non-productive.

(1)
where,
lp = length of productive time (mm)
lnp =length of non-productive time (mm)
n = spindle speed (rev/min)
N = number of flute
f= feed per tooth (mm/tooth)
In this paper, the non-productive tool path length and tool
retraction time is optimised by minimizing the distance
between each node on each contour as in the following
equation:

(2)

2. POCKET MACHINING
In general, there are two widely used methods for
generating the machining tool path for pocketing: the
contour parallel and the zigzag methods. Based on Kim &
Choi (2002)[11], the contour parallel method takes less
machining time because the cutting tool remains in touch
with the workpiece and therefore reduces idle time
(Dhanik & Xirouchakis 2010)[16]. However, for multipocket machining with a complex shape, this requires the
cutting tool to retract several times during rough
machining. Figure 1 shows a geometrical example in
which the geometry has more than one centre-offset
contour. Non-productive time elapses when the tool moves
from one centre offset to another. The key factor in
minimizing the non-productive motion is by optimizing of
the tool retraction length.
In the contour parallel method, a single entry and
retraction point for each segment of a contour is employed
as illustrated in Figure 2. These entry and retraction
points coincide with each other and are represented by
nodes, which are denoted by coordinates in the x and y
directions, respectively. Generally, the machining time is

Fig. 1: Centre offset of contour parallel machining
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Fig. 2: Tool retractions and entry node of each contour
3. ANT COLONY OPTIMIZATION
The original ACO method adapted a group of simulated
ant movements in determining the shortest path between
two places based on the pheromone level. Dorigo & Stützle
[17] applied the ACO method to the Travelling Salesman
Problem (TSP) in obtaining the distance a salesman travels
from one city to another. Initially, ants k are placed on n
cities; they move from city r to city s using an arbitrary
probability rule as follows:

trail and the distance to the next node, respectively. For
example, when α is zero, the next node selection will be
determined by the distance to the closest node. Similarly, if
β is 0, the ants will select the next node exclusively by the
pheromone trail left by other ants. The performance of
ACO and the relationships of parameters to tool retraction
can be determined by the probability rule in which each ant
is placed randomly at a node and required to move a next
node. Finally, a solution is achieved by each ant; it
produced a non-productive tool path length for contour
parallel machining.

Start
Locate ants randomly on each
node
Where:
Nrk
τ(r,s) (t)
α
η(r,s) (t)
β

= list of nodes that have not been visited by ant k
= intensity of trail on edge (r, s) at time t
= weight of the trail
= 1/drs is called the visibility
= weight of the visibility

Determine probability of ant
will move
Save the movement of ant

Therefore, the idea of ACO is used to solve optimization
problem in the contour parallel machining. The arbitrary
probability rule is adopted to resolve how the cutting tool
moves from one retraction to a following entry node. A
summary of the ACO process flowchart is shown as Figure
3.
At the first iteration, ants k are placed randomly on m
nodes. Each ant moved to the next node based on an
arbitrary probability rule. Iteration continued until all ants
completed the route, leaved pheromone trails on their
paths. Next, the minimum distance is determined and the
pheromone is updated with a global updating rule as in the
following equation.

No

Visit all point?
Yes
Save the tool path length
Determine shortest tool path
length and update pheromone

No

Maximum
iteration
Yes
Stop

Fig.3: Flow chart of Ant Colony optimization (ACO)

where,
ρ = evaporation rate
m = number of ants
∆τk = quantity of pheromone laid on edge k
Lk = length of the tour constructed by ant k

4. RESULTS AND DISCUSSIONS

In the ACO method, the selection of governing parameters
is an essential task. In this study, the governing parameters
that influenced our tool path length are the ants’
populations, weights of trails, and weights of the
visibilities.
The trail weight α and visibility weight β influence the
selection of the next city based on the ants’ pheromone

The workpiece used as an example in this paper
contains 130 retraction nodes, which are represented by x
and y coordinates as shown in Figure 4 and 5. The nonproductive tool path length computed in a MasterCAM
software simulation using contour parallel techniques was
2290 mm as shown in Figure 6. The non-productive tool
path length also known as rapid length in MasterCAM is
represented by the yellow color. However, that tool path
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might not be optimal because it was generated using
default software. Ant colony optimization was used to
minimise the cutting tool travel simulation was performed
18 times; it was initiated by examining the number of ants
followed by the effects of weights of visibility and trail.
Summaries of the results of tool path lengths are listed in
Table 1.

Table 1 Effects of using different number of ant, weight of
trail, and weight of visibility on non-productive tool path
length.

Fig. 4: Contour parallel machining tool path

Fig.5: 130 nodes in contour parallel machining
The effects of ACO parameters on cutting tool retraction
are shown in Figures 7-9. Based on the graph in Figure 7,
the shortest tool path length was found by ant 30. Stutzle et
al. [18] used a default of 10 ants to prevent using too small
a number while noting also that too large a number will
give not optimal results. Furthermore, increasing the
number of ants increases the simulation time because the
solution for each ant is computed individually.
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Figure 6 Simulation with conventional CAM
The effects of ACO parameters on cutting tool
retraction are shown in Figures 7-9. Based on the graph in
Figure 7, the shortest tool path length was found by ant 30.
Stutzle et al. [18] used a default of 10 ants to prevent using
too small a number while noting also that too large a
number will give not optimal results. Furthermore,
increasing the number of ants increases the simulation
time because the solution for each ant is computed
individually. As illustrated in Figure 7, increasing the
number of ants decreases the tool path length. It can be
observed that increasing the trail weight produces better
sequences of tool retraction. From Table 1, it can be
observed that increasing α from 0.5 to 3 decreased the tool
path length by 73%. The simulation results also show that
with 30 ants and β = 1, the shortest tool path length of 789
mm is obtained with α = 3. Similar results were obtained
for the effect of β; increasing β shortened the tool path
length approximately 7%. After 18 simulations, the
shortest tool path length obtained was 735 mm based on 30
ants with α =3 and β = 4. From Table 1, the optimal
parameters for the model of this study is m =30, α = 3 and
β = 4, which produce the shortest tool path length, 735 mm
as shown in Figure 10. Hence, using the ACO method can
shorten the non-productive tool path length by
approximately 60% compared with the MasterCAM
simulation result.

Figure 8 Effect of weight of trail

Figure 9 Effect of weight of visibility
5. CONCLUSION

Figure 7 Effect of number of ants

Ant colony optimization for minimizing the nonproductive time or airtime of contour parallel machining is
presented. By the optimization using ACO, the tool
retraction distances have been reduced 60% compared with
the non-productive motion determined by the conventional
method using CAD/CAM software. Increasing the number
of ants yields shorter non-productive tool path lengths but
requires more time to perform the simulations. ACO
provides optimal results when the weight of trail, α, and
weight of visibility, β, are 3 and 4, respectively. It is
concluded that the ACO method effectively reduces the
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tool retraction in contour parallel machining and that
suitable parameters, m, α and β affect its performance.
However, this method needs to be explored further, such as
combining it with other AI methods to improve the ACO
output.

Figure 10 Result of ACO
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ABSTRACT

1. INTRODUCTION

Paddy crop in Malaysia is significant for the country’s
rice supply. For improving the quality of paddy management
and fertilizer application, Malaysia Agriculture Research
and Development Institute (MARDI) uses Geographical
Information System (GIS) as a modern tool to simplify the
work of the engineers and farmers. A technology called
Variable Rate Application (VRA) is used to apply fertilizer to
paddy field in a non-uniform way. VRA is implemented due
to variability factors that exist within the paddy field such as
growth rate, soil condition, and greenness of the paddy
leaves. There are two methods of VRA which are Map-based
and Sensor-based. For Map-based VRA, engineers usually
use a digital map known as treatment map to determine the
variability of the fertilizers for the paddy canopy. This
practice allows the farmer to vary the rate of fertilizer across
the field according to the needs identified by the treatment
map. In normal practice, a treatment map is generated
manually thus consumes time caused by tedious calculation.
A team of software developers from CAIRO, UTM has
established an initial study of an automatic fertilizer
treatment map generation system to overcome these
problems using GIS combined with Green Area Index (GAI)
algorithm and several image processing techniques. The
process of generating a treatment map includes image pixel
extraction, image pre-processing, and image segmentation.
The automatic approach in generating a treatment map
results in less work and more convenient to engineers and
farmers for optimized fertilizer application.

Precision farming is a management practice that provides a
framework for farm managers to manage their farms in
systematic way [1], especially for extensive crop such as
paddy granary areas Malaysia. The precision farming
practice is made possible with suitable information
technologies, due to the growing usage of mechanization in
farms. The examples of precision farming technologies are
water and farm infrastructure management, soil nutrient
management, instrumentation and sensors system for data
collection and variable rate application, and many more [2].
One example of technologies that contribute to precision
farming is the development of Variable Rate Technology
(VRT) like seeders, sprayers, automatic dispenser, etc.

Keywords: Image Processing, Douglas-Peucker algorithm,
GIS, Agriculture, Variable-Rate Application.

Variable Rate Application (VRA) is one of precision farming
tools that is used to spread fertilizer in the paddy field. There
are 2 methods of VRA, Map-Based and Sensor-Based [3].
Map-Based VRA adjusts the fertilizer application rate based
on electronic map. Mohammad Zamani et.al [4] in his
research, has used GPS receiver to generate a digital map to
be used in herbicide application. The methodologies of
Zamani‘s research involved collecting GPS coordinates
using COMPASS software and soil samples from the field
then used Kriging interpolation method, to determine the soil
textures and values. While E. Forouzanmehr et.al [5], has
developed a map-based variable rate granular fertilizer
application control system. An image-based application rate
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measurement system (IBARMS) was developed by Back,
S.W [6] for a granular fertilizer applicator.
Green Area Index (GAI) model was developed by Abu et.al
[2] for determining the additional N fertilizer to be applied
to paddy farming. Variable-rate N management is a solution
for minimizing fertilizer input and maximizing yield.
In this paper, a study was carried out in order to generate a
digital map or fertilizer treatment map for the purpose of
variable rate application to paddy field. A fertilizer treatment
map is technically a file which type is shapefile. Shapefile
was introduced by a worldwide known GIS company, ESRI
that stores non-topological geometry and attribute
information for the spatial features in a dataset [7].
A paddy fertilizer treatment map represents area features or
polygon shapes. The output of the map should be a shapefile
that contains geographical data stored in an index file and a
dBASE file. The geographical data defines the location and
how much the amount of fertilizer should be applied. To
produce a fertilizer treatment map, the vectored paddy field
image is processed using a GIS tool to obtain a set of
reference maps called GAI map and SPAD map. These
reference maps are used to produce an N map using GAI
model calculation. GAI calculates the amount of fertilizer
needed for each area, based on size of field in Hectare (Ha),
how many times the fertilizer is applied for the year, and the
ratio of each fertilizer Nitrogen ,Potassium, and Kalium.

minimum fertilizer is used for maximum paddy
production, thus this system support green technology
effort.
3. OBJECTIVES
The objectives of developing the proposed system are as
follow:
i)
ii)

iii)

To study the requirements of fertilizer application
using digital treatment map.
To design a mechanism/system that can generate a
digital map to be incorporated with mechanical
fertilizer spreader, which specifically a VRT type of
spreader. The digital map must be able to be used with
handheld or mobile computer.
To use image processing techniques in implementing
the generation of treatment map.
4. PROPOSED SYSTEM DESIGN

Based on the requirements and case study by MARDI, a
proposed design is produced and can be visualized in Figure
1.

Figure 1: The process in generating a treatment map

Based on the proposed design, there are four (4) steps in
generating a digital treatment map.

2. NEED FOR A SYSTEM
Based on the study of calculating a fertilizer treatment map,
there are several processes that involved. Most of them are
done manually by human, including editing the image
manually to produce a satisfying result. Therefore, there is a
need to simplify all the calculations and integrate them in a
system that will do all the work. The following summarizes
the needs for this system:
i)

ii)

iii)

To integrate and simplify GAI Model calculations for
more accurate result in producing a digital fertilizer
treatment map.
To reduce the time needed for generating a treatment
map. This is due to the need of fast processing of
treatment map because paddy crop features may
change in time thus may result in inaccurate granary
values.
An automatic system for generating the treatment map
would minimize the use of fertilizer when used to
spray the field. This is due the reason of using the
accurate values to generate the treatment map which
manual calculation would not do. Therefore,

4.1. Pixel Extraction
SPAD and GAI maps from MARDI are called reference
maps. These maps are digital maps that have been generated
by MARDI using a GIS tool and figured in Figure 2.

SPAD
Map

GAI

Map

Figure 1: One split of paddy field is taken at one time. The aerial
vector image is processed to GAI map and SPAD map to be used
in GAI model calculation.

In order to process the reference maps, image pixels must be
extracted and stored in a set of data for generating an N map.
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N map is constructed by incorporating the set of pixels data
and GAI Model algorithm for further processing.

detected pixel for each blob is counted and calculated to
determine the value of fertilizer to be applied later on.

4.2. Image Pre-Processing
2

After the pixels of reference maps are extracted and N map
is generated, the N map undergoes a step of image preprocessing. The step is required for removing noise and
improving the features of the image.

1

3

4

5

4.3. Image Segmentation
Image segmentation is later used to increase the global
contrast of the image, to expose usable pixels to be extracted
and calculated. The purpose of image segmentation is to
determine and count image blobs or sections of the N map.
4.4. Generation of Polygons
After the blobs of N map are visible, the next process is to
determine the polygons. The polygons are important to
expose regions and enhance the quality of the treatment map.
The polygons then are simplified or in another word, the
polygon lines are reduced in order to avoid large size digital
map.
4.5. Treatment Map Generation
The last process is to produce the treatment map. The
treatment map file should be in small size to be able to be
used with a handheld device.

6

Figure 2: Blobs extraction from N map

5.3. Canny Edge Detection and Douglas-Peucker Line
Simplification Algorithms
After the image is segmented into regions, the next task is to
find the boundaries among the regions as contours or
polygons. The blob lines are enhanced by using Canny Edge
line detection algorithm as shown in Figure 4. During this
stage, polygons are clearly visible and show the shapes
according to pixel values. Edge points are then determined
and some pixel points are reduced by using Douglas-Peucker
line simplification algorithm. The polygon boundary lines
must be simplified or reduced to avoid large size output of
treatment map which cannot be used with a handheld device.
Figure 5 shows an example of output using Douglas-Peucker
algorithm.

5. METHODOLOGY
In this study, several image processing techniques are
incorporated using C# programming language and a few GIS
tools to generate a digital fertilizer treatment map.

2
1

5.1. Median Filtering
Filtering is required to remove noise of the N map. The
technique used is Median Filtering (7x7). Median Filtering
is used to improve the image for later processing such as
edge detection.
5.2. Iterative Blob Detection using Histogram
Adjustment and Noise Filtering
The algorithm used to process the image pixels is iterative
blob detection based on unique pixel values. Blobs are
extracted using histogram adjustment and noise filtering.
Histogram adjustment increases the global contrast of the
image, to expose usable data to be calculated. After that, each
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Figure 3: Line tracing for each blob using Canny Edge
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6. RESULT AND DISCUSSION

∑

The output of this study is a shapefile that contains treatment
map. To show that the map is correct and usable by MARDI,
it must be integrated and tested with FarmWorks Software.
The software integration enables the map to be used with
VRA machine to apply fertilizer on paddy field.
The main objective of this study which is to generate a
treatment map is accomplished although there are some
problems occured, which are;

Original line
New line
Eliminated points

Figure 4: How Douglas-Peucker line simplification algorithm
works

1) Result of map shows a big gap between blobs such
as shown in Figure 7, which should be reduced to
enhance the visual display of the image.
2) This approach is slow i.e. minimum of 15 minutes
computation time and produce inaccurate output
values because of iterative blob detection
techniques.
3) Due to noise or small region inside block,
sometimes double overlapping blocks are generated
as shown in Figure 8.

5.4. Dot Spatial software for Creation Of Treatment
Map In A Form Of Shapefile
Lastly, to create a shape file, an open source software library
called DotSpatial was used. The library provides functions to
incorporate spatial data, analysis, and mapping functionality
into the computer program. The library also displays map in
a Window based application and web application. Figure 6
shows the output image of a treatment map and attribute data
incorporated in a shapefile using DotSpatial.
Figure 6: Missing values between blobs

Figure 7: Overlapping blocks

Figure 5: Creation of a shape file using DotSpatial software
library
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ABSTRACT
In this study, direct numerical simulations of flow around a
sphere under the isothermal condition at the high Mach and
low Reynolds numbers flow, in order to investigate the flow
properties. The simulations were carried out on boundaryfitted-coordinate system with high-order schemes of
sufficient accuracy. The Reynolds number based on
freestream values and sphere diameter set to be 300, the
Mach number set to be between 0.3 and 2.0 and
temperature ratio based on the temperature of the sphere
surface and freestream set to be between 0.5 and 2.0. The
calculation results show the following topics, 1) in the case
of high temperature and low temperature, the vortex
shedding becomes weak and strong, respectively, 2) under
the high Mach and low Reynolds number condition,
accurate prediction of the drag coefficient using previous
drag model is difficult and 3) the Nusselt number of the
sphere is influenced by Mach number and temperature
ratio due to fluctuating of the temperature dependencies of
fluid properties of the ambient fluid. It is considered that
the phenomena are due to the fluctuation of the effective
Reynolds number.
Keywords— High Mach number, Low Reynolds number,
Drag coefficient, Nusselt number.
1. INTRODUCTION
The exhaust gas from a rocket engine generates a strong
acoustic wave. The acoustic waves cause vibration of the
payload in the fairing. Therefore, prediction and reduction
of the acoustic level at the lift-off is quite important.
Traditionally, acoustic level has been predicted by such as a
semi-empirical method proposed in NASA SP-8072 [1] or
subscale tests [2]. However, the exhaust gas from the solid
rocket motor includes the alumina particles and there are
water droplets introduced by water injection during the
launch of large liquid rocket. These particles attenuate
acoustic wave, but the mechanism is not well known, also
the particle effect is not simple scattering of sound [3, 4]

and the effect has not been considering in previous study
[5–7]. Therefore, reveal of particle influence is necessary in
order to more highly accurate prediction of the acoustic
level. The diameter of alumina particles released from solid
rocket motors are approximately 30-200 μm [8] and exhaust
gas is supersonic flow. Therefore, flow around the each
particle becomes high the Mach and low Reynolds number
flow. Hence, the drag model on high Mach and low
Reynolds number is necessary, in order to perform of
analysis of supersonic gas particle multiphase flow [9–11].
In this study, we investigated effect of the temperature
ratio on the flow properties around a sphere by compared
with previous study results of incompressible flow [12, 13]
and confirmed applicability of the previous drag and
Nusselt number models [14–20].
2. ANALYTICAL METHODS
2.1. Computational Grid
Figure 1 shows computational grid. In this study, the
calculations were carried out on boundary ̽ fitted ̽
coordinate system. The analysis region is 100 times that of
the sphere diameter. The dimensions of the computational
grid are  ×  ×  = 107 × 48 × 177 points, and the total
number of the grid point is 909,072 points. The boundary
condition at the sphere surface is non-slip and isothermal
condition. In addition, the boundaris of ξ and η direction are
periodic boundary. The diameter of analysis region is 100
times of the sphere diameter. The grid size of  direction is
spread by 1.03 times from the minimum grid size within
15D, and grid width is constant when the spread size has
become 0.2D. In the 15D or more regions, the grid size
increased by 1.2 times toward the outer boundary as a
buffer region to prevent reflection. The minimum grid size
is calculated by the following formula learned to previous
study [12].
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The minimum grid width is fixed to Reynolds number 300
width in all calculations. Also, temperature ratio of the
freestream and sphere surface gives as follows.
TR 

Tsurf
Tinf

(2)

Where, Tsurf is temperature of the sphere surface and Tinf is
temperature of the freestream. Analysis is performed by
assuming the alumina particle and water droplet as a rigid
sphere. The Reynolds number based on the sphere diameter
and freestream velocity set to be 300, the freestream Mach
number set to be between 0.3 and 2.0 and the temperature
ratio of the sphere surface and freestream set to be between
0.5 and 2.0. In this study, the case name is determined like
following in the case of the Reynolds number 300 and the
Mach number 0.3 with temperature ratio 0.5;
Re300M030TR050.

a. Close view
b. Far view
Figure 1, Computational grid (x-z plane).
2.2. Computational Method
The governing equation is the Navier–Stokes equation it
is nondimensionalized by spherical diameter, freestream
sound speed and density. The convection term is evaluated
by sixth-order adaptive central and upwind weighted
essentially non-oscillatory scheme (WENO-CU6-FP) [21]
method, viscous term is 6th-order central difference method,
and time integration is performed by 3th-oder total
variation diminishing Runge–Kutta method [22]. WENOCU6-FP is WENO method of satisfying the geometric
conservation law at general coordinate system proposed by
Nonomura et al. This scheme can be preserve the
freestream. In this study, central difference term of WENOCU6-FP is replaced by one of the splitting type [23], in
order to for more stably of calculation.

shows the case with steady axisymmetric flow, respectively.
"Unsteady periodic flow" is the case in which meannondimensional turbulent kinetic energy (TKE) greater than
0.1% and periodic variation of fluid force can be observed,
and "Steady non-axisymmetric flow" is the case in which
bias of the separation point can be observed.
Nondimensional TKE is the average of up to section of
2.5D from sphere surface on the downstream of x axis.
Figure 4 shows TKE on the x axis at Mach number 0.3 that
the nondimensionalized by the freestream kinetic energy. In
Figure 4, TKE decreases as the temperature ratio increases.
It is estimated that the viscous dissipation increases by
increase in the fluid temperature. Under supersonic flow,
TKE is almost zero at each temperature ratio. It is estimated
that the influence of increase of viscous dissipation by the
aerodynamic heating.
The lift coefficient vibrates in the case of subsonic flow
where the temperature ratio is low. The phenomenon is
occurring by release of the hairpin vortex. Figures 5 and 6
show the Strouhal number and the root-mean-square
amplitude of the lift coefficient, respectively. In Figure 5,
the Strouhal number decreases as the temperature ratio
increases. In addition, the mean-square amplitude also
decreases as the temperature ratio increases. For Figures 5
and 6, the Strouhal number and root-mean-square
amplitude are affected by the Mach number. It is estimated
that the difference is in the vortex shedding procedure.
Figure 7 shows the separation point by the angle from
the stagnation point of upstream side. This is explored by
probing the sign of the velocity gradient at the time and
azimuthal-direction average field. In Figure 7, the
separation point moves to the downstream side when the
temperature ratio increases. The phenomenon is occurring
by the decrease of the effective Reynolds number in the
neighborhood of the sphere. In addition, in the case of high
Mach number, the amount of change is large.

-0.6

CP

1.1

3. RESULTS AND DISCUSSION
3.1. Flow Regime
Figure 2 shows the pressure coefficient distribution of
the moment field. The left side is upstream in this Figure. In
the cases with temperature ratios of 0.5, 0.9, and, 1.1 have a
hairpin vortex structure in the wake. However, in the cases
with temperature ratios between 1.5 and 2.0, flow became
steady and the does not have a hairpin vortex or asymmetric
behavior. Those flow features were not observed under
supersonic flow conditions (Figures 2c and 2d). Figure 3
shows the flow regime of each case. The red plot shows the
case with unsteady periodic flow, the green plot shows the
case with steady non-axisymmetric flow, and the blue plot
－275－
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a. Re300M030TR050

b. Re300M030TR200

c. Re300M200TR050

d. Re300M200TR200

Figure 2, Pressure coefficient distribution.
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a. Re300M030TR050

b. Re300M030TR090

Figure 5, Strouhal number of the lift coefficient
(Re300).

c. Re300M030TR110

d. Re300M030TR200

Figure 3, Isosurface of second invariant value of a velocity
gradient tensor.

Figure 6, Root-mean-square amplitude of the lift
coefficient (Re300).

Figure 3, Type of flowfield.

Figure 7, Separation point position (Re300).

Figure 4, TKE distribution on the wake (Re300M030).

3.2. Drag Coefficient
Figures 8–10 show the drag coefficients. In Figure 8, the
drag coefficient increases along with the temperature ratio.
Such a trend is also roughly exhibited by the pressure and
the viscous drag coefficient (Figure 9, 10). However, the
pressure drag coefficient does not increase much at a
supersonic flow because the separation point greatly moves
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to the downstream side. On the other hand, the viscous drag
coefficient increases in the cases of Mach 0.3 and 2.0 with
the temperature ratio of 0.5. Figure 11 shows the mean
velocity gradient of the sphere’s surface that was calculated
by the normalized velocity of the first layer from the sphere
surface. It was normalized by the freestream value. In
Figure 11, when the temperature ratio increases, the
velocity gradient increases and the viscosity coefficient
decreases. In addition, at Mach number < 1.2, the effect of
the decrease in the viscosity coefficient is greater than that
of the increase in velocity gradient, but in the case of Mach
number 2.0, the effects of increase in the velocity gradient
is greater than that of decrease in viscosity coefficient.
Therefore, the viscosity drag coefficient increases at Mach
number 2.0 with a temperature ratio of 0.5. In contrast, at
Mach number 0.3, the movement of the separation point is
less than that in the other cases. Hence, the averaged
velocity gradient is greatly increased. Consequently, the
viscous drag coefficient increases at the temperature ratio
0.5.
The viscosity coefficient is governed by the sphere
temperature. Consequently, the viscosity drag coefficient
under high Mach number condition in the high temperature
ratio at supersonic flow is less than that under the low Mach
number condition because a deceleration of the fluid
velocity at the detached shock-wave clearly appears.
Conversely, there is the influence of aerodynamic heating
on the viscosity coefficient in the case of a low temperature
ratio.
Figure 12 and 13 show the comparisons of the previous
[14–16] and the present results. The results of the previous
study are the values predicted by the drag models
considering temperature ratio. Because of the comparisons,
we determine that the drag coefficient is influenced by the
temperature ratio, but the predicted values are hardly
changed, except for the Henderson model of the supersonic
flow. The prediction model is constructed by theoretical or
indirect experimental results because the drag force
measurement is difficult in the high Mach number and low
Reynolds number flow. Hence, at re-examination of the
drag model is necessary for at the low Reynolds number
and isothermal conditions.

Figure 8, Drag coefficient (Re300).

Figure 9, Pressure drag coefficient (Re300).

Figure 10, Viscous drag coefficient (Re300).

Figure 11, Mean velocity gradient on the sphere surface
(Re300).
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h

Figure 12, Comparison of the drag coefficient (Re300
with subsonic condition).

Figure 13, Comparison of the drag coefficient (Re300
with supersonic condition).

Q
ATsurf  Tinf 

(3)

where A, Q, Tsurf, and Tinf represent the area, heat, surface
temperature, and freestream temperature, respectively. The
heat is calculated by integrating the heat flux at each cell. In
formula (3), when the temperature difference is small, the
Nusselt number is strongly affected by the change in the
amount of heat. In addition, this effect becomes larger for
supersonic flows.
The Nusselt number is negative, in the case of
temperature ratio 1.1 under supersonic flow. In this cases,
the heat transfer direction determined by freestream and
sphere surface temperature is into the fluid. Conversely, the
direction determined by the fluid temperature near the
sphere and sphere’s surface temperature is into the object.
Hence, the Nusselt number also becomes negative as the
heat transfer coefficient becomes a negative value.
Therefore, it is necessary to consider the Mach number and
temperature ratio in the multiphase flow analysis involved
in aerodynamic heating. Traditional multiphase flow
models assume that the fluid is heated by the energy from
velocity differences of the particle and the fluid and that the
particles are then heated by heat transfer. In such models,
the heating of the fluid is considered to be the averaged one
in the cell. Due to this, temperature increase is estimated to
be small compared to the case of the micro view. Hence,
the heat transfer is considered to be larger than the
predicted value of the multiphase flow models. Those
matters were somehow predictable, but those are not
considering in the previous multiphase flow models, and
confirmed to be important in this study. Hence, in
supersonic multiphase flow analysis, consideration of the
aerodynamic heating is necessary on a sub-grid scale model.

3.3. Nusselt Number
Figures 14 and 15 show the variations of the Nusselt
number. Several Nusselt number models for the sphere
have been proposed, but few have been proposed for the
Mach number. In Figure 14, the values of the temperature
ratio show good agreement at approximately 1.0 for Mach
number 0.3, but the error increases as the temperature
difference increases; it is influence of the fluctuation of the
temperature dependencies of fluid properties as with
incompressible flow [13]. On the other hand, in the case of
high Mach number conditions, effect of the aerodynamic
heating due to compressibility becomes large. Therefore,
the heat transfer under a low temperature ratio is larger than
the incompressible flow case. Conversely, in the case of
high temperature ratio, heat transfer is less than in the case
of incompressible flow. Consequently, the Nusselt number
is affected by the Mach number under the compressible
flow. In addition, the Nusselt number is greatly changed in
the case of a temperature ratio close to 1.0 at Mach number
0.8. The heat transfer coefficient appears to follow
Newton's cooling law:
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Figure 14, Comparison of the Nusselt number
(Re300 with subsonic condition).
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Figure 15, Comparison of the Nusselt number
(Re300 with supersonic condition).
4. CONCLUSION
This study has clarified the effects of the temperature ratio
for the flow field, drag coefficient, and Nusselt number.
The flow field becomes stable in the subsonic regime the
case with a large temperature ratio. In addition, the drag
coefficient increases as the temperature ratio increases.
Moreover, the consideration of conversion to thermal
energy from momentum energy is necessary in the analysis
on supersonic multiphase flow. It is considered that these
phenomena are influence of fluctuation of the effective
Reynolds number and compressibility.
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ABSTRACT
The paper discuss about the standards of train braking
requirements, the method of gaining parameters based on
train model, and the application to control system, namely
ANFIS. The fuzzy control system is tested for braking
performance of the train.
1. INTRODUCTION
The train technology advances through time, from using
steam engine up to electromagnetic force. Despite latest
technology of using magnetic levitation (MAGLEV) to
hover the train, majority of short-distance and freight trains
still using wheels to move the body and supports the weight
itself. This is because MAGLEV-type trains are used in
high speed long-distance purpose. The braking system for
wheel and wheel-less train is different. Furthermore, shortdistance train usually has more stops, which needs more
accurate braking [1]. The focus is to improve the
deceleration system for wheel-type train, mainly for
multiple-unit passenger train.

Table 1: Region and Description
Description
Maximum entry speed
Entry point
Distance travelled during reaction time
Runaway acceleration
Propulsion removal
Dead time (coast)
Brake build-up
Minimum braking rate
Braking rate with safety factors
Vehicle overhang

Region
A
B
C
D
E
F
G
H
I
J

Some regions are absent for specific types of locomotives.
For passenger type train, region D, E, F and G are zeroed,
thus the ending point of region C and starting point of
region H and I are met. The braking rate for H and I are
combined, and since no coupling needed for passenger
train, region J is also absorbed, combining into overall
brake rate.
3. CALCULATIONS

2. BRAKING STANDARDS
The braking model, as shown in Figure 1, is general model
applicable to trains [2]. The model regions associated with
letters are explained in Table 1.

Using signal spacing specifications, with the modeled train
used will not exceed 80 km/h, the minimum stopping
distance at maximum speed is 500 m [3]. Using above
parameters, time taken to stop will be:
 v + v0 
r = r0 + 
t
 2 

 r − r0
t = 2
 v + v0

  500m − 0 
 = 2
 = 45s
−1
  0 + 80kmh 

For the train to stop with maximum time of 45 seconds,
deceleration of the train can be calculated.
r = r0 + v0 t +
a=
=

Figure 1: Braking Model
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－280－

at 2
,
2

2(r − r0 − v0 t )
t2

(

(

)

) = − 40 ms

2 500m − 80kmh −1 (45s )

(45s )

2

81

−2
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The deceleration rate is approximately -0.5m/s2, thus
permissible tolerance level is ±0.5m/s2. The deployments of
braking methods with corresponding conditions are
explained below.

a≥0
 NONE,

Braking Deployment =  FUZZY,−1 ≥ a > 0
ALERT,
a < −1

Using Newton’s Law of Motion, the equation to relate
stopping time and stopping distance can be gathered.
v = v 0 + at

s = v0 t +

at 2
2
(a)

By using the value of ideal deceleration rate of -40/81 m s-2
and lower limit of -1 m s-2, the relations are acquires.
40 − 2
40t
16t
ms , v 0 =
ms −1 =
kmh −1
For a = −
81
81
9
For t =

9v 0
5v 2
s, s = 0 m
16
64

For a = −1 ms − 2 , v0 = t ms −1 =

For t =

36t
kmh −1
10

10v 0
25v 02
s, s =
m
36
648

In conclusion, for ideal deceleration:
9
Stopping Time = Entry Speed
16
5
(Entry Speed )2
Stopping Distance =
64
Meanwhile for lower limit of deceleration:
10
Stopping Time =
Entry Speed
36
25
Stopping Distance =
(Entry Speed )2
648

(b)
Figure 2 : Graph of Relationship Between (a) Stopping
Time and Entry Speed, and (b)Stopping Distance and Entry
Speed
Using the equations for ideal deceleration rate, the 3dimensional graph that relates the three terms can also be
formed as in Figure 3:

The results are as shown in Figure 2.

Figure 3: Graph of Relationship Between Initial Speed,
Stopping Distance and Stopping Time

–2–
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Equating stopping time in terms of stopping distance using
ideal deceleration limit yields:

ANFIS requires the fuzzy to be in Sugeno, to reduce
calculations and achieve faster results. Mamdani has fuzzy
outputs, while Sugeno has constant outputs, making the
latter appropriate to perform such tasks,

 9   64 
9 r
t =    r =   s
 16   5 
 2 5
Inserting the equations above inside equations of motions
yields:
2

 9  r 

a  
 2  5 
 9  r 

 m
+
r = v0   
 2  5 
2


Rearranging the equation:
a=

40
 20  1
− v0  
ms −2
81
 9  5r

Substituting the values of entry speed up to 80 km h-1
distance up to 500 m yields the surface graph correlating
deceleration rate with entry speed and entry distance in
Figure 4. The acceptable range is between 0 and -1 m s-2.

In this case, the inputs, which are entry speed and entry
distance have five membership functions each. This leads to
25 outputs which corresponds to 25 rules. The inputs are
automatically assigned evenly throughout the value range,
and as iterations occur the value of membership functions
in inputs and outputs are adjusted to lower the error
calculated.
Table 2 shows the input value of Gaussian membership
function, while Table 3 shows the output value of
membersip function. The output, while Table 4 shows rule,
relating entry speed and entry distance to the deceleration
rate.
Table 2: Membership Function Input Values
Input
Value
in1mf1
[4.72 1.9]
in1mf2
[3.86 8.058]
in1mf3
[5.198 11.76]
in1mf4
[29.28 54.37]
in1mf5
[29.16 66.33]
in2mf1
[61.45 -125.6]
in2mf2
[73.97 21.96]
in2mf3
[97.32 174.4]
in2mf4
[85.67 350.2]
in2mf5
[66.82 503.7]

Figure 4: Deceleration Rate Surface Graphs

4. FUZZY LOGIC AND ANFIS IMPLEMENTATIONS
The fuzzy logic used two input membership functions,
namely speed of the train and distance from signal pole.
The output is the deceleration level of the train. Both of the
inputs are set to use Gaussian function. The output is the
deceleration rate. The deceleration rates affect the motor
speed, thus it is feedback to the input. The distance is
obtained externally. The simplified block diagram
configuration is shown in Figure 5.

Figure 5: Block Diagram with Fuzzy Controller
The ANFIS method of simplifying the search of parameters
adheres the specified requirements of input-output relations.
By using ANFIS, each of the membership functions for
each inputs are paired using AND relations and the output
corresponds to the multiplied results, which is the number
of rules.

–3–
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Table 3: Membership Function Output Values
Output
Value
out1mf1
-171.1
out1mf2
54.75
out1mf3
-156
out1mf4
7.659
out1mf5
-0.000002624
out1mf6
-25.52
out1mf7
-0.5378
out1mf8
9.903
out1mf9
80.2
out1mf10
9.903
out1mf11
-13.44
out1mf12
-0.2246
out1mf13
0.06521
out1mf14
0.4963
out1mf15
0.3319
out1mf16
55.46
out1mf17
3.558
out1mf18
2.128
out1mf19
1.65
out1mf20
1.496
out1mf21
-133.2
out1mf22
-7.056
out1mf23
-3.52
out1mf24
-2.35
out1mf25
-1.969
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The ANFIS simulation is set to 10000 epochs and as a
result, the error is decreased from 0.008 to 0.00669346 as
shown in Figure 7.

Table 4: Relations Between Entry Speed, Entry Distance
and Deceleration
Entry Speed
Entry Distance
Deceleration
in1mf1
in2mf1
out1mf1
in1mf1
in2mf2
out1mf2
in1mf1
in2mf3
out1mf3
in1mf1
in2mf4
out1mf4
in1mf1
in2mf5
out1mf5
in1mf2
in2mf1
out1mf6
in1mf2
in2mf2
out1mf7
in1mf2
in2mf3
out1mf8
in1mf2
in2mf4
out1mf9
in1mf2
in2mf5
out1mf10
in1mf3
in2mf1
out1mf11
in1mf3
in2mf2
out1mf12
in1mf3
in2mf3
out1mf13
in1mf3
in2mf4
out1mf14
in1mf3
in2mf5
out1mf15
in1mf4
in2mf1
out1mf16
in1mf4
in2mf2
out1mf17
in1mf4
in2mf3
out1mf18
in1mf4
in2mf4
out1mf19
in1mf4
in2mf5
out1mf20
in1mf5
in2mf1
out1mf21
in1mf5
in2mf2
out1mf22
in1mf5
in2mf3
out1mf23
in1mf5
in2mf4
out1mf24
in1mf5
in2mf5
out1mf25

Figure 7: ANFIS Simulation
The inputs are also changed accordingly, adjusting to be the
appropriate value to achieve such results. The results of
input adjustment are shown in Figure 8 and Figure 9.

The rules are further explained using the graphic of
membership functions inputs and output as in Figure 6.

Figure 8: Entry Speed Input Membership Function

Figure 9: Entry Distance Input Membership Function
3D surface of corresponding inputs with outputs are also
available to clarify, as shown in Figure 10.

Figure 6: Rule of ANFIS
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Figure 10: Surface View of Input-Output Relationships
Testing the validity using block diagram with no
disturbance as shown in Figure 11.

(b)
Figure 12: (a) Time Taken to Reach Stop and (b)
Deceleration Rate with Entry Speed 80 km/h and Entry
Distance 500 m
Figure 13 meanwhile shows the results for entry distance
500 m and entry speed 40 km h-1.
Figure 11: Block Diagram for ANFIS Fuzzy Testing
The results of testing is as shown in Figure 12, with case of
entry distance 500 m and entry speed 80 km h-1.

(a)

(a)
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(b)
Figure 13: (a) Time Taken to Reach Stop and (b)
Deceleration Rate with Entry Speed 40 km/h and Entry
Distance 500 m
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SVA CHECKER GENERATOR FOR FPGA-BASED VERIFICATION PLATFORM
Nurita Mohamad, Chia Yee Ooi, Jwing Teh

ABSTRACT
This paper discusses development of FPGA-based
verification platform which consists of SystemVerilog
assertion (SVA) checker generator to extract verification
signals needed in design under verification (DUV) and
assertion collection modules that store assertion results
besides synthesizing SVA into Verilog code. Assertion
checker produce single bit 1 which indicate an assertion
fails while assertion collection modules must be simple and
fast enough to collect the assertion results from assertion
checker. In our work, collection module is implemented as
arbiter and memory blocks. Case studies have been
conducted on 8-bit counter and 8-bit FIFO with 10
assertions and 8 design bugs. Comparison has been done
with assertion checker derived from MBAC approach in
terms of checker's size. The comparision has showed that
the checker size can be reduced further for 17.39%.
Keywords— SVA, ABV, Assertion, Verification, Memory
1. INTRODUCTION
Electronic system level (ESL) design methodology has
been used in the past two decades to design an embedded
system from higher abstraction level. When design
complexity grows, verification becomes more challenging.
Today, verification requires more than 70% of development
effort in design cycle [1] . To perform verification more
efficiently, many verification methodologies have been
developed and introduced because relying on directed test
alone is not sufficient. Universal Verification Methodology
(UVM), an emerging verification standard derived mainly
from its predecessor called Open Verification Methodolgy
(OVM), provides library of verification modules to be used
in SystemVerilog or e [1]. For standardization, UVM
unifies all different verification methodologies and yet
interoperability is possible. Under UVM environment,
SystemVerilog Assertion (SVA) language can be used to
implement assertion-based verification (ABV). ABV is
widely gaining acceptance in industry [2] because it has
been proved that simulation-based verification time can be
reduced for as much as 50% [3], [4]. It directly feedbacks
the correctness of a design property or behaviour specified
and this improves the observability of verification as can be
seen in the successful identification of many corner case
bugs. Moreover, ABV under UVM environment allows
reusability of coding framework [5].

The ever-incerasing complexity of VLSI design demands
for a large number of complex assertions to be simulated
for verification which need longer simulation time.
Therefore, implementing assertions using hardware such as
FPGA become a solution to alleviate issue of long
simulation time [3], [6]–[10].
2. PREVIOUS WORK
To obtain assertion checker in hardware description
language (HDL), assertion compiler that synthesizes
assertion construct written in hardware verification
language (HVL) such as SVA or PSL [11]–[13] is required.
FoCs [3] is a tool developed by IBM to automatically
generate checkers for design properties by synthesizing
property specification in RTCL into a finite state machine
in VHDL. Checkers, together with design under verification
(DUV) are simulated for verification purpose. Thus, FoCs
does not process assertions written in any standard
verification language.
Authors in [11], [14] have developed a checker generation
called MBAC which deals with a complete set of PSL
properties. MBAC can automatically generates hardware
assertion checkers in VHDL from the given assertions to be
used for hardware emulation. In MBAC checker generation
process, a PSL property is written in temporal logic
equation. Boolean logic part is first transformed into edges
in an automata whereas temporal part is transformed into
states in the automata. Each state is then mapped to a flipflop whereas each edge is mapped to a combinational logic
when synthesizing the automata into checker circuit. One
drawback is that a property that consist of n repetition
counts or repetition range of n will be synthesized into a
circuit with at least n flip-flop. However, this could be
further optimized by using counter as count of n could be
realized by counter consisting of log ! 𝑛𝑛 flip-flops.
Besides PSL, SVA is also a widely used verification
language. Different from PSL, SVA is part of
SystemVerilog language and can be written directly into
SystemVerilog designs and testbenches [15]. SVA can be
embedded directly into hardware or/and into the testbench.
This allows faster indentification of design bugs. SVA
inherits the expression language of SystemVerilog,
including its data types, expression syntax and semantics.
Intuitively, it seems that translating SVA to synthesizable
Verilog codes is easier since the languages are similar.
Hardware-Accelarated Verification Environment (HAVEN)
tool [6], [16], [17] was proposed to exploits the inherent
parallelism of hardware to accelerate functional verification
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using FPGA. The framework is as shown in Figure 1. The
research showed that acceleration for at least two-time can
be archieved. But there is no detailed implemention on
monitor and scoreboard in FPGA. Most of authors [7], [12],
[18] did not mention how they store the assertions result.
Reference in [19] monitored assertions in emulation by
routing assertion signals to the unused pins. It used scanchain techniques to identify the state of the circuit along
with its assertions when failure is detected. Thus, the result
may be shift out batch by batch or one by one after the
completion of the verification process. This prohibit any
action to be taken to fix the design bug in advanced.
Instead, abort-on-failure concept in [20] allows the
verification to be interrupted after the first bug is detected.
In this work, we proposed a FPGA-based verification
platform equipped with SVA checker generator to
synthesize assertions of the given DUV into HDL to be
downloaded into FPGA together with DUV. Besides,
assertion checker in hardware, we design an assertion
collection module that function to store assertion result in
FPGA.

The assertion result is an output produced by assertion
checker. Signal bit 1 is given if the assertion checker
recognizes unwanted design behaviour from the DUV. A
wire is dedicated to each assertion statement, so the result
signal indicates also which assertion statement is asserted.
Assertion collection module receives this signal as a request
to keep this assertion result into the memory that composes
the main part of assertion collection module. The output
from this module can be used by the verification engineer
for further analysis.
3.1. SystemVerilog
Algorithm

Assertion

Signal

Extraction

SVA is a part of systemverilog language which can be
written together with DUV through binding. To synthesize
SVA, we first design a SVA signal extraction algorithm as
described in Figure 3 to identify port types (input or output)
and nets (or wire) involved in the assertion statement.
1.

2.
3.
4.

For each modules inside DUV include assertions
modules do:
a. scan every module hierarchy.
b. extract module name from submodules to
top level module.
For each instance of the extracted modules do:
a. Identify and store every ports and its
direction and data type.
For every instance modules do:
a. sorted every pins and net type.
Dump every extracted signals above.
Figure 3 : SVA Signal Extraction Algorithm.

Figure 1 : The architecture of the accelerated version of HAVEN
[6].

3. PROPOSED VERIFICATION PLATFORM

First, our algorithm will parse a DUV to generate a list of
inputs, outputs and nets according to hierarchy of the
circuits that consists of multiple modules using Verilog-Perl
[21]. For example, given a simple input module with
hierarchical design:
Input module :
`include "fifo2.sv"
`include "pLib_fifo1.sv"
module top_fifo (
output logic [7:0] dout,
output logic
full, empty,
input logic
write,read, clk, rst_n,
...
);

Figure 2 : Proposed Verification Platform.

As shown in Figure 2, our verification platform consist of
DUV, assertion checker, assertion collection module and
SVA checker generator. Assertion checker is the assertion
written in Verilog which is a synthesizable hardware
assertion collection module functions to store assertion
result. SVA checker generator is a scripting that:
i.
Reads the assertion statement given in SVA.
ii.
Extracts input and output signals to be used
between DUV and assertion checkers.
iii.
Translates assertion statements into syntehsizable
RTL coding.

fifo2 xfifo_dut ( //instantiation of fifo2
.dout(dout),
.full(full),
...
);
pLib_fifo1 xpLib_fifo1 (//instantiation of
.dout(dout),
//pLib_fifo1
.din(din),
.cnt(cnt),
...
);
endmodule
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Output of extraction:
List of signals extracted:
top_fifo/dout
top_fifo/full
top_fifo/empty
top_fifo/write
top_fifo/read
top_fifo/clk
top_fifo/rst_n
...
top_fifo/xfifo_dut/dout
top_fifo/xfifo_dut/full
...
top_fifo/xpLib_fifo1/dout
top_fifo/xpLib_fifo1/din
top_fifo/xpLib_fifo1/cnt
...

The list of extracted signals will be used to identify signals
involved in the assertions. This part will be completed in
near future.
3.2. SVA Checker Generator
This preliminary work focuses on four SVA operators only,
which are $stable(), $past(), and implication. The following
text describes the operator's definition and the
corresponding synthesizable verilog code:
i. $stable(A):
It returns true if the previous expression value is
similar with current expression value.
always @ (posedge clk) old_A <= A;
assign stable_A = (A == old_A )? 1'b1 :
1'b0;

ii. $past(A):
It returns the expression value from the number cycle
ago.
always @ (posedge clk) past_A <=
temp_A;
assign temp_A = A ? A :1'b0;

iii. Implication:
The expression at the left hand side (LHS) is called
the antecedent while the right hand side (RHS)
expression is the consequent. The property is defined
to be true if every evaluation of the antecedent is
false.
• Overlap implication operator (A|->B)
If LHS occurs, RHS must occur at this cycle,
else true.
yy <= |A && |!B;
• Non-overlap implication operator (A|=>B)
If LHS occurs, RHS must occur at next cycle,
else true.
always @ (posedge clk) begin
A <= load;
yy <= |A && | !B;

3.3. Assertion Collection Module
Our approach collects assertion results directly from
assertion checker through arbiter and store them in a
memory. Concept of arbitration is used to design the
memory interface in the collection module because the

occurance of assertions is unpredicted and there maybe
multiple assertions occur at one time [22], [23]. The arbiter
decides which assertion result has the highest priority and
issues a grant signal accordingly. Thus, in memory
interface design, the assertion result that receive a grant
signal in a current cycle need to be stored in the memory.
Memory block keep each assertion at different row to the
memory. Fairness is the key property of an arbiter used in
the memory interface design. It only serves one request at a
time until its transaction is done. Our approach is using
oblivious arbiter with blocking logic to serve assertion
result and block the same assertion request.
Figure 4 illustrates the proposed oblivious arbiter
architecture of memory interface module. Its consist of
blocking logic circuit block and grant logic circuit block.
The function of each port direction are :
a. request : Represent input for the memory interface
design which is assertion results.
b. grant : Represent output from the arbitration
which is assertion results.
c. carryin and tmpcout : Acknowledge the arbiter to
consider next request to be granted.
d. block : Acknowledge the arbiter to hold the circuit
so that the current grant logic circuit will not be
served anymore (blocking the request).
Oblivious Arbiter

block [N]

grant

Blocking
Logic
Circuit
Block

block [N]
request[N]
carryin

Grant
Logic
Circuit
Block

tmpcout
grant

Figure 4 : Proposed oblivious arbiter architecture of memory
interface module.

The blocking logic circuit is designed to block the request
which has already been served from the next cycle onward.
In other words, the assertion result is served once only to be
kept to the memory after it happens. When no request in the
current cycle, there will be no grant served. If there are
many requests to the arbiter, they will be served
accordingly based on the priority set and block signal. Only
one request is granted in one cycle. Input block logic set to
be low to have the request granted. The first carryin in the
circuit is set to high as an initial starting value.
Collection module also consists of other components as
shown in Figure 5. The illustrated design is expected to
receive 1000 assertion results. Counter is used to count the
number of assertion results and to generate memory address
or the storage of assertion results. Encoder functions to
encode output grant of 1000 line to 10 line which is 10 bits
assertion location or Data_in for the assertion results.
Data_out can be an output interface to the another output
peripheral of FPGA. Or gate functions to acknowledge the
counter after an assertion results is received. Moreover, the
additional signal from user, Din_user can interrupt the
memory to read out the Data_out when it needed. Different
from [20] , our approach allows interruption or termination
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of the verification process anytime subject to user's
decision. For instance, user may wish to abort the
verification after detection of critical bug.

Figure 5: Proposed general architecture for assertion
collection modules.

4. EXPERIMENTAL RESULTS
4.1. Case Study: MBAC vs Proposed Tool Up-Down
Counter
Using example counter provided by [11] as DUV, the
MBAC checker generator and the proposed SVA checker
generator are compared. There are four SVA assertions
namely ASR_1, ASR_2, ASR_3 and ASR_4 to verify the
DUV. The result was compared in term of assertion
checker's size. Table 1 shows a comparison between the
size of logic utilizations (ALMs), total register (FF) and
total numbers of pins (Pins) used by each assertion checker.
ASR_1 to checks if no counting and no loading happens to
the counter the count value should not change; ASR_2
verify that an input data can be loaded to the counter;
ASR_3 asserts if roll-over occurs in the counter; and
ASR_4 asserts when no activity in the counter. The first

column in Table 1 describes the SVA coding for these
assertion. The second column shows the synthesizable
verilog coding generated by MBAC tool. s[N]s is the next
state signal whereas signal s[N]sq is the present shows
signals of the automata and ASR_[N] is the assertion
signal or assertion result. The third column shows the
synthesizable verilog coding generated by SVA assertion
checker. The assertion output is donated by ASR_[N].
According to the Table 2, ALMs for ASR_1 and ASR_3 in
our proposed method are more higher because the proposed
coding is using conditional operator "?" which synthesize to
a multiplexer with an extra one logic. Contrary in ASR_4,
the proposed coding implement repetition count of 10 using
4-bit binary counter which has 4 flip-flop only. It is a better
design for the repetition syntax compared to MBAC tool. It
is proved that counter consisting of log ! 𝑛𝑛 flip-flop can
optimize the ALMs by 30%. Moreover, using proposed
assertion checker for up-down counter can reduce logic
utilization and a number of total registers in the design is
improved by 6.7% and 16.1% , respectively based on result
of Table 1. The same tool is applied on single fifo design.
Table 2: Area Utilization Between MBAC and Proposed Assertion
Checker Generation for Up-Down Counter.
Assertions file
ASR_1
ASR_2
ASR_3
ASR_4
Up-down counter

MBAC tool
ALMs

FF

Pins

4
4
4
6
15

10
10
10
10
31

13
20
12
5
24

Proposed assertion
checker generation
ALMs

FF

Pins

5
4
5
4
14

10
10
10
4
26

13
20
12
5
24

Table 1 : Different of SVA Command, MBAC Command and Proposed Assertion Command.

SVA command
ASR_1

assert property (@(posedge
clk)
(!en_ud && !en_load) |=>
stable(cnt));

ASR_2
assert property (@(posedge
clk)
(en_load) |-> ##1 (cnt ==
$past(load)));

Tool Comparison: Assertion Checkers
MBAC command

Proposed command

always @(posedge clk) s1<=cnt;
assign s2 = s1 == cnt;
always @(posedge clk) if
(`MBACRPS reset)
s3sq<=3'h4; else
s3sq<=s3s;
assign s3s={1'b1,((! en_ud) &&
(! en_load)), (s3sq[1] &&
!(s2))};
always @(posedge clk) if
(`MBACRPS reset) ASR_1<=0; else
ASR_1 <= (s3s[0]);

always @ (posedge clk)
old_A <= cnt;
assign B = (cnt === old_A
)? 1'b1 : 1'b0;
always @ (posedge clk)
begin
A <= !en_ud && !en_load;
yy <= |A && | !B;
end
assign ASR_1 = !reset &&
yy;

always @(posedge clk) s4<=load;
always @(posedge clk) if
(`MBACRPS reset) s5sq<=3'h4;
else s5sq<=s5s;
assign s5s={1'b1,
en_load,(s5sq[1] && !((cnt ==
s4)))};
always @(posedge clk) if
(`MBACRPS reset) ASR_2<=0; else
ASR_2 <= (s5s[0]);

assign temp_load = load ?
load :1'b0;
always @ (posedge clk)
past_B <= temp_load;
assign B = (cnt ==
past_B);
always @ (posedge clk)
begin
A <= en_load;
yy <= |A && |!B; end
assign ASR_2 = yy &&
!reset;
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ASR_3
assert property (@(posedge
clk) (!en_load) |-> ##1
(!(cnt == ~$past(cnt) &&
cnt[width-1]==cnt[0])));

ASR_4
assert property (@(posedge
clk) not (!en_load &&
!en_ud)[ *10]);

always @(posedge clk) s6<=cnt;
always @(posedge clk) if
(`MBACRPS reset) s7sq<=3'h4;
else s7sq<=s7s;
assign
s7s={1'b1,!(en_load),(s7sq[1] &&
((cnt == (~s6)) && (cnt[width-1]
== cnt[0])))};
always @(posedge clk) if
(`MBACRPS reset) ASR_3<=0; else
ASR_3 <= (s7s[0]);

always @ (posedge clk)
begin
A <= !en_load;
yy <= |A && |!B; end
always @ (posedge clk)
past_B <= cnt;
assign B = ((cnt == past_B
)&& (cnt[7] == cnt[0]));
assign ASR_3 = yy &&
!reset;

always @(posedge clk) if
(‘MBACRPS reset) s8sq<=11’h400;
else s8sq<=s8s;
assign s8s={1’b1, ((! en_load)
&& (! en_ud)),
(s8sq[9] && ((! en_load) && (!
en_ud))),
(s8sq[8] && ((! en_load) && (!
en_ud))),
...
(s8sq[1] && ((! en_load) && (!
en_ud)))};
always @(posedge clk) if
(‘MBACRPS reset) ASR_4<=0; else
ASR_4 <= (s8s[0]);

assign A = !en_load &&
!en_ud;
always@ (posedge clk)
if (reset) counter <=0;
else if (A)
counter <= counter +1;
assign ASR_4 = (counter >
10 && A ) ? 1'b1 : 1'b0;

4.2 Case Study: Single FIFO design with 10 assertion
and 8-Bugs.
The FIFO design has 16 locations of the memory with 8-bit
each slot. It has one of reset and clock domain. The design
is verified with 10 assertions. The test event for the
assertion is shown as in Table 3.
No.
#1
#2
#3
#4
#5
#6
#7
#8
#9
#10

Table 3: List of Assertions in the Single FIFO.
List of Assertions
To monitor when FIFO is reset and empty flag should be
rise, then full flag, wptr, rptr and cnt should be clear.
To monitor when the FIFO should be full.
To monitor when the FIFO should be empty.
To monitor when FIFO is full and write occurs then the
FIFO should still be full.
To monitor if the FIFO is full and write occurs while the
wptr should not change.
To monitor when FIFO is empty and read occurs then the
FIFO should still in empty condition.
To monitor if FIFO empty and read occurs then rptr should
not change.
To monitor the count number should not be a negative
value.
To monitor if read and write occur at the same time, the
FIFO should not be full or empty.
To monitor when FIFO is finish counting, FIFO should not
write.

8 fifo with different design bugs are created to test the
effectiveness of the assertions. Below is an example of
assertion no #4. The SVA construct is translated to
synthesizable verilog where y is assertion output :
SVA construct:
property full_write_qptr_no_change;
@(posedge clk) disable iff (!rst_n)

(full && write && !read |->
##1$stable(qptr));
endproperty
ERROR_FIFO_FULL_WRITE_CAUSED_WPTR_TO_CHANGE:
assert property (
full_write_qptr_no_change);
Synthesizable verilog:
...
always @ (posedge clk)
old_A <= qptr;
assign B= ( qptr === old_A ) ? 1'b1 : 1'b0;
assign B = stable_A;
always @ (posedge clk) begin
A <= full && write && !read;
yy <= |A && |!B;
end
assign y = rst_n && yy;

Again, MBAC and SVA checker generators are used to
generate the assertion hardware and area utilization are
compared using Quartus II with targeted Arria V FPGA
device. 36% of ALMs improvement has been archieved
compared to MBAC. Besides, the FIFO as DUV with 10
assertions design is improved by 17.39% and total register
is 23 FF less than MBAC. In overall, the proposed tool
achieved an improvement in terms of area utilization and
checker's size.
Table 4 : Area Utilization Between MBAC and Proposed
Assertion Checker for Single FIFO.
MBAC tool
Proposed tool
File
ALMs FF
Pins
ALMs FF Pins
10 assertion
19
40
44
12
19
44
FIFO with
46
83
45
38
60
45
10assertions
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4.3 Assertion Collection Module.

[8]

Our assertion collection module is analyzed and
synthesized using Quartus II software for the case of 1000,
4000, 5000, 6000, and 7000 assertions, separately. Table 5
shows the area utilization of different input request for
assertion collection module using oblivious arbiter. We
observed that our assertion collection module can be
expanded to serve 6000 assertions if we constrained the
FPGA area to be used for assertion collection module to
10%.

Area Utilization
ALMs

FF

Pins

Time

2,464 (1%)
12,496 (7%)
15,228 (8%)
18,177 (10%)
21,320 (11%)

2,013
8,024
10,026
12,026
14,026

33
39
42
42
42

00:05:21
00:17:43
00:25:21
00:28:48
00:43:03

[14]
[15]
[16]

In conclusion, we presented an approach to develop a SVA
checker generator which optimize the area utilization and
reduced the total register in FPGA in some assertions. Thus,
it reduce the checker's size. We also proposed assertion
collection module that can used as assertion storage.
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THE EFFECTIVENESS OF NATURAL COAGULANTS IN WATER TREATMENT
Muhamad Ezral Ghazali, Megat Johari Megat Mohd Noor, Masa Goto, Komathy Selva Raj

ABSTRACT
Conventional drinking water treatments are often
inapplicable in developing countries, due to their high
costs, lack of unfitting infrastructures or availability of
chemicals. This research was carried out to confirm the
effectiveness of diatomite as coagulant in comparison with
Moringa oleifera and aluminium sulphate. The percentage
of turbidity removal was evaluated by using jar test with 1,
5, and 10 mg/L of diatomite, M. oleifera or aluminium
sulphate as coagulant. The turbidity of synthetic turbid
water was fixed at 50 NTU (low turbidity), 100 NTU
(medium turbidity) and 250 NTU (high turbidity).
Diatomite appears to be effective in treating high turbidity
water with turbidity reduction of 96.7% at 10 mg/L.
Keywords— Coagulation, Diatomite, Jar-test, Moringa
oleifera, Water treatment.
1. INTRODUCTION
Effective water treatment is essential to meet everincreasing demand of clean water worldwide and declining
availability of clean water resources. Statistically, about 1.2
billion of people are suffering from shortage of safe
drinking water worldwide today. This could be due to the
rapid urbanization and industrialization that discharge more
contaminants to the environment, thus, elevating the cost of
water treatment process. Despite various types of water
treatments available, a need for a cost-effective, safe,
specific and efﬁcacious water treatment has driven the
interest of scientists into treating water using natural
coagulants. Among the possible candidates of natural
coagulants, diatomite was selected as a potentially effective
natural coagulant in this study. The development of water
treatment using coagulants has been continuously
conducted, and some of the classic inorganic chemical
coagulants such as Alum (aluminium sulfate) and PAC
(polyaluminium chloride) have been found to have side
effects such as inducing Alzheimer’s disease [1].
1.1. Moringa oleifera
Several studies focusing on natural coagulants
have been carried out and various natural coagulants were
produced or extracted from microorganism, animals or
plants [2,3,4]. Some of the natural organic coagulants that
attract attention from the researchers due to their capability

of purifying water are copra (Cocus nucifera), common
bean (Phaseolus vulgaris), nirmali seed and maize and
Moringa oleifera seed [5,6,7,8]. Moringa oleifera (M.
oleifera), a tropical plant, belongs to the family
Moringaceae that is a single genus family of shrubs. It is a
deciduous or ever-green, and fast-growing tree that usually
grows up to 10 to 12 m in height. This plant, which is
widely available in Malaysia, contains an active
coagulating compound which is responsible for the
coagulation phenomenon. Several studies have been done
on the performance of M. oleifera seeds as an alternative
coagulant or coagulant aid. It has been reported that a
protein extracted from M. oleifera seed is effective in water
purification, eliminating 99% suspended solids without
fluctuating the pH of the water [9,10]. Researchers reported
that M. oleifera at 0.4 mg/L had increased the turbidity
removal of the water by up to 96.23% [11]. M. oleifera
extracts appear effective in treating high-turbidity water
with turbidity reduction of more than 95% [12]. The active
coagulating agents are dimeric cationic proteins with
molecular mass of 12–14kDa and isoelectric point (pI)
between 10 and 11, and its main coagulation mechanism is
adsorption and charge neutralization [13]. Replacing
chemical coagulant with natural coagulant may be
beneficial since they can be environmentally friendly and
economically feasible [14].
1.2. Diatomite
Diatomite, also known as kieselguhr or
diatomaceous earth, is a non-metallic material formed by
deposition of fossilized fragmentary remains of diatoms in
nature such as seas and lakes [15,16,17]. The fragmentary
remains influence the shapes and sizes of the diatomite
particles. It is mainly composed of amorphous silica and
small constituents of other materials such as carbonates and
organic matter [18,19,20]. The major factor that contributes
to its high adsorption capacity in water treatment is the
unique integration of both physical and chemical properties
such as high porosity of about 80-90% voids, chemical
inertness, low thermal conductivity and combination of
small pore sizes and large specific surface area [1,21,22]. In
addition to that, the variety of potential diatomite products
and applications signify its importance in water purification
such as filtering media and adsorbents, decontamination of
sewage water and decolorization of textile dyes in textile
industries in many countries [23]. In Malaysia, diatomite is
available in west coast of peninsular, Ipoh and in east of
Malaysia, Sabah.
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This study aims to investigate the effectiveness of
diatomite as natural coagulant in comparison with the well
studied natural coagulant, M. oleifera, and conventional
coagulant, aluminium sulphate. In addition, this study also
aims to determine the characterization of diatomite.
2. MATERIALS AND METHODS
2.1. Characterization of Diatomite
Sample specimen of diatomite used in the study
was obtained from China. The diatomite in the powder
form was observed under the microscope (BH-2, Olympus,
Japan) and microscopic images were captured using digital
camera (CoolPix P330, Nikon, Japan) for characterization.
The diatomite was stored in a plastic container and placed
in the desiccator until the subsequent measures and
experiments.
2.2. Preparation of Moringa oleifera
Matured and dry pods of M. oleifera were obtained
from Selangor and Kuala Lumpur, Malaysia. The winged
seeds were dried in oven for 24hr at 50°C. Winged shelled
M. oleifera seed was removed manually, and crushed into
fine powder by using household blender (B-516, Butterfly,
Malaysia) [24]. The powdered M. oleifera seed was stored
in a plastic container and placed in the desiccator until the
subsequent measures and experiments
a)

b)

2.4. Preparation of Synthetic Turbid Water
To create the stock turbidity solution, 10 gm of
kaolin clay was mixed vigorously with 1 litre of deionised
water for 30 minutes. The solution then allowed to settle
overnight before the supernatant was extracted using a
syringe. This extracted liquid is the stock turbidity solution,
which was used to prepare the series of synthetic turbidity
samples by diluting it with deionised water. In this study,
different levels of turbidity were used which ranging from
50 NTU (low turbidity), 100 NTU (medium turbidity) and
250 NTU (high turbidity). The synthetic turbid water does
not represent the real surface water, but it is a stable
suspension suitable to study the optimum dosage for
treating turbidity water as well as the coagulation
mechanism involved.
2.5. Jar-test
Coagulation efficiency was evaluated by using Jar
tester. A conventional jar test apparatus (PB 900, Phipps
and Bird, USA) was used to perform these coagulationflocculation experiments. Synthetic turbid water was
measured to 500 mL and placed in each of the jars. The
speed of rapid mixing was set at 80 rpm for the duration of
five minute while the speed of slow mixing at 50 rpm for
the duration of five minutes. To determine the turbidity of
initial water sample, the sample was taken at the depth of
1cm from water surface by using pipette and measured
using Turbidimeter (2100Q, Hach, USA) [24].
3. RESULT
3.1. Characterization of Diatomite

0

20mm

0

20mm

Figure 1. a) Winged shelled M. oleifera. b) M. oleifera
seeds.
2.3. M. oleifera Oil Removal

100µm

The oil in M. oleifera seed powder was extracted
by electro thermal soxhlet (Favorit, Malaysia) using nhexane as the solvent. Approximately 69.22 gm of M.
oleifera seed powder was precisely weighed and then
placed in the thimbles of the electro thermal soxhlet
extraction chamber. n-Hexane with volume of 1 litre was
added in the round-bottom flask of the soxhlet, then
evaporated through three cycles for 30 minutes each [12].
The M. oleifera cake residue was used in this research; the
oil percentage was 30% w/w.

Figure 2. Microscopic view of diatomite at ×20
magnification.
Diatomite frustules are made up of silica found in
the water forming an outer layer and categorized under two
different types, namely centric (discoid) and pennate
(elongated to filiform) [25]. Fig. 2. shows a microscopic
image of diatomite at ×20 magnification. The image
conforms various types and shapes of diatomite particles
present in the sample used in this study.

－293－
–2–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

Table 1. Percentage of Turbidity Removal.
Coagulants
Diatomite

Moringa
oleifera
Aluminium
sulfate

Dosage
(mg/L)
1
5
10
1
5
10
1
5
10

Percentage of turbidity
reduction (High turbidity :
250 NTU) %
2.4
90.6
96.7
2.0
0.0
1.0
94.3
96.0
94.0

Percentage of turbidity
reduction (Medium
turbidity : 100 NTU) %
0.0
84.9
-0.6
-0.9
-0.6
53.3
-0.5
81.8
76.6

Figure 3. Percentage of turbidity removal
at different concentration of Diatomite.

Percentage of turbidity
reduction (Low turbidity :
50 NTU) %
- 1.6
-1.8
-5.6
-6.0
-11.6
27.2
76.4
72.4
67.2

Figure 4. Percentage of turbidity removal
at different concentration of M. oleifera.

Figure 5. Percentage of turbidity removal at
different concentration of aluminium sulphate.

3.2. Turbidity Removal
Table 1 details the percentage of turbidity removal
for different level of turbid water ranging from low to high
turbidity. Aluminium sulphate work the best at low
turbidity. At 100 NTU, 5 mg/L diatomite achieved 84.9%
of turbidity removal and 81.8% for aluminium sulphate at
the same dosage. 10 mg/L of M. oleifera only eliminated
53.3% of turbidity at 100 NTU. Diatomite appears to be

effective in treating high turbidity water with turbidity
reduction of 96.7% at 10 mg/L and 90.6% at 5 mg/L.
4. DISCUSSION
To date, developing countries account for high
percentage of annual running cost of water treatment
companies with the use of chemicals to treat water. The
drastic elevation of chemical price is due to the
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overwhelming demand for these chemicals in other
industrial applications that could not be managed by local
manufacturing companies. Leading to importation of these
chemicals under fluctuating currency exchange rates. In
addition to that, adverse health effects due to presence of
remaining chemicals in the treated water must be
considered. Alternatively, natural coagulants are naturally
available, low cost, environmentally friendly, multifunction
behaviours such as flocculating, chelating and adsorption
effects that have been applied in various ways like filter aid,
insulating material and catalyst support.
Under the current circumstances, M. oleifera may
not be suitable as coagulant in water treatment due to their
low availability for large-scale treatment. Although protein
engineering might be the answer for this problem, the
elevated cost might be the limiting factor for the application
in water treatment industry. Nevertheless, complex
components of M. oleifera have also upraised concerns on
its potential toxicity [26,27]. The toxicity of aqueous M.
oleifera extraction had been pointed out as early as in
1990’s [28.29] and both acute and chronic impacts have
been reported [30]. M. oleifera performed better in
naturally sourced water, than in synthetic turbid water, but
required a higher dose level. This suggest that diatomite are
naturally available coagulant that only required low dosage
to treat high turbidity level water.
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ABSTRACT

Protein supplement usually for sports enthusiasts, elderly
people, as well as general health is a multi-million dollar
industry. In Malaysia, all of the protein supplement in
health food stores is imported from United States and New
Zealand. Naturally, most of the current commercial
proteins supplements are either produced from whey,
cornmeal, oatmeal or soymeal. The protein supplements
are usually blended from proteins of different sources. The
halal status of proteins produced from dairy products such
as whey is questionable since whey is a by-product of
cheese. The source of rennetting agent (usually from
animals) used in whey production can be non-halal. Rice
bran forms 10% of the total rice produce. In Malaysia, rice
bran is not valued and is mainly used as animal feed.
Research has indicated that protein extracts from rice bran
is of superior quality with a wide range of amino acids
present in it. The rice bran extract comprising mainly
proteins, the soluble fibers, vitamins and other valuable
nutraceuticals is a potential source for protein supplement.
Protein supplements derived from rice bran was proven to
have substantial health benefits in preventing various
diseases such as cardiovascular and other chronic
conditions. This research focuses on optimizing subcritical
water extraction (HCW) conditions for rice bran extraction
and analyzing rice bran extract samples and to study the
quality of rice bran extracts. The experiments were
performed in a 1.0 liter stainless steel reactor at
temperature 180◦C at different time from 5 to 25min. The
liquid extract was analyzed for total soluble protein
content. The highest extract was contains the maximum
amount of total soluble protein content of 13.49g/100g Rice
bran. It is expected that the HCW rice bran extracts has the
potential to be developed into high quality protein
supplement comparable to imported proteins derived from
other sources. Other extraction using ethanol gave highest
protein content of 18.0 g/100grice bran. Even though
ethanol gave the highest protein yield, the used of solvent is
not favorable in food industry.
Keywords—Rice bran, Hot compressed water extract,
Protein extract

1. INTRODUCTION
Proteins are nitrogen-containing substances that are formed
by amino acids. They serve as the major structural
component of mussel and other tissues in the body. In
addition, they are used to produce hormones, enzymes and
hemoglobin. Proteins also can be used as energy, however
they are not the primary choice as an energy sources [1].
Biological properties of amino acids are determines largely
by the kind of amino acids presents, the order in which they
are linked together and thereby the spatial relationship of
one amino acid to another (2). There have been 20 amino
acids identified that are needed for human growth and
metabolism. Twelve of these amino acids are termed
nonessential, meaning that they can be synthesized by our
body and do not need to be consumed in the diet. The
remaining amino acids cannot be synthesize in the body and
are described as essential meaning that they need to be
consumed in food intake. The absence of any of these
amino acids will compromised the ability of tissues to grow,
be repaired or be maintained. Cereal grains are grasses
which member of the monocot families Poaceae or
Gramineae that cultivated for the edible component of their
fruits seeds, endosperm, germ and bran. Cereal grain are
grow in great quantities and provides more food energy
worldwide than any other type of crop. In natural form, they
are rich source of vitamins, minerals, carbohydrates, fats,
oils and proteins (3).
Cereal proteins are known to have a low content of certain
essential amino acids particularly lysine. Lysine and
threonine have been identifying as the first and second
limiting amino acids respectively in wheat, barley, rice and
triticale. Cereals are the major source of dietary protein for
a large population. The intake of rice protein exceeds other
cereal protein, such as wheat protein and maize protein.
Moreover, rice protein is hypoallergenic and rich in lysine.
Thus, rice protein is widely used in infant food and the
formulation of restricted recipe for children with food
allergies (4)
1.1. Wheat
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The latest forecast for global wheat production in 2012
stands at 655.43 million tones. Which European Union
known as the largest wheat production that contributes
130.8 million tons from overall worlds wheat production.
As the second world’s highest wheat production is
Mainland China with total production 119.0 million tones
on 2012. In history, the first cultivation of wheat occurred
about 10 000 years ago, as part of the Neolithic Revolution
from hunting and gathering of food to settled agriculture
(5). The important production of wheat in most area in the
worlds is bread, with 60% of total flour production in U.K.
Typically, a minimum grain protein content is required for
bread making is 13% (6). However, protein quality is also
important for bread making and in particular, the ability of
the gluten to form dough with appropriate viscoelastic
properties. Classically, gluten protein can be divided into
two fractions with monomeric glaidins providing viscous
flow and the and extensibility to the dough and the
polymeric glutenins determining the elasticity.
1.2. Soy
Protein from soy is mostly used as vegetable protein source.
Soybean are from legume family and consider to be as
valuable as wheat, rice and barley as nutritional staple.
Soybean was reported to be equivalent to animal protein
(7). Based upon multitude studies examining the health
benefit of soy proteins the American Heart Association
issued a statement that recommended soy protein foods in a
diet low in saturated fats and cholesterol to promote heart
health (8). The advantages of soy bean protein are to
provides a good balance in amino acids composition, since
all the essential amino acids are contained, other than that it
contains physiology beneficial component which are shown
to lower the cholesterol and reduce the risk of
hyperlipidemia and cardiovascular diseases furthermore,
soy beans also has excellent processing ability such as
gelling emulsifying ability and water-oil holding capacity.
1.3. Rice
Rice (Oryza sativa) bran recognized as staple food for
Malaysian. The rice bran produce during rice milling
process derived during the polishing process of brown rice.
The bran normally used for ingredient in animal food, oil
extraction or agricultural waste. The rice bran extract
comprising mainly proteins, the soluble fibers, vitamins and
other valuable nutraceuticals is a potential source for
protein supplement. Protein supplements derived from rice
bran was proven to have substantial health benefits in
preventing various diseases such as cardiovascular and
other chronic conditions.[9]
A novel technique of protein extraction from rice using high
temperature and water as solvent has been introduced
recently. The protein solubility in water and radicalscavenging activity were increased at high temperature,
however total protein content was decreased. The quality of
protein hydrolysate improved with increasing temperature
[9]

1.3.1. Benefit of rice bran
Studies on the extraction of rice bran already started in early
1970s. Various method have been developed for the
extraction of nutraceutical from rice bran in order to
decrease the solvent consumption, increase the quality of
extract and to increase the extraction yield. However, after
almost 4 decades commercial scale production and
application of rice bran protein has not been realized (10).
Furthermore rice bran were known as rich sources of
phytochemical that may been working both synergically in
parallel with each other to promote health and fight disease
(11). Rice bran is much richer in phytonutrients and
antioxidants than other grains such as corn, wheat or oat
bran (12). Variation has been detected in the amount and
the type of phytochemical in rice bran which respect to
species of rice, growing condition, bran separation and
kernel thickness (13). Rice bran fraction of various cultivars
has been reveal that both and out layer kernel contain
phenol with anticancer properties (14). According to
Oshoma and Ikenebomeh, 2005[15], Rice bran has also
been used as a substrate in the production of biomass, and
enzymes such as protease (16), cellulase (17) and amylase
(18), as well as secondary metabolites such as griseofulvin
(19). Oliviera et al. 2011[20] reported changes in the lipid
and phospholipid composition of rice bran after solid state
fermentation. The consumption of dietary fiber that present
in cereals have shown to reduce the risk of coronary heart
disease mortality by reducing blood pressure, lowering
blood cholesterol level and improve insulin sensitivity (21).
1.4. Barley
Barley is the world's fourth most important cereal crop after
wheat, rice and maize [22]. Apart from having a nutrient
value comparable to wheat, it is unique among cereals
containing high concentrations of mixed linked
(1→3),(1→4)β-D glucan (β-Glucan) which are known to
have cholesterol lowering effect(23). At present, a small
volume of barley is used as human food ecaused of the
increased comsumption of wheat and rice in developed and
developing countries.Its desirable to developed low βglucan barley cultivars for feeding to poultry and high βglucan for use in human foods (24).
Supercritical water can be defined as water between 100◦C
and 300◦C , is an effective solvent for both non-polar and
polar. The versatility of Subcritical water as solvent is
related to the tunable polarity of water, which is directly
dependent upon the temperature. As the temperature of
water is increased, the polarity of water decreased. As the
result, the solubility of non-polar organics increases and the
solubility of polar organics decreased (25). Generally, hot
compressed water has been extensively utilized in various
fields of green technology(26-29) Hot compressed water is
in the supercritical state exhibit exciting physical and
chemical properties, which can be varied continuously from
gas to liquid behavior. Utilization of hot compressed water
and particularly subcritical water method has been reported
recently to eliminate or to reduce time consuming, give
higher extraction yields and used green technology (30).
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Correspondingly, the solvent properties can change from
non-polar behavior as present.

sensitive to low concentration of protein than the buiret
method. To determine the mg total soluble protein from the
standard curve

2. MATERIAL AND METHODS

3. RESULT AND DISCUSSION

2.1. Material
In this research, Malaysian rice bran from the Malaysian
type of rice (oryza sativa) was used as a raw material for
experimental study of the effect of the temperature and
time. The material was collected from Bernas rice milling
factory in TanjungKarang, Kuala Selangor, SelangorDarul
Ehsan. The rice bran was collected freshly from the factory
direct from rice bran waste pipeline. Rice bran sample was
label and store in cool storage box to controlled the
temperature and sealed until arrive in laboratory. The
ground sample has to keep in freezer at controlled
temperature at -20°C until used. The preparation of sample
for subcritical water extract was prepared in analytical
laboratory.

With respect to the observation, figure 1 presented the total
soluble protein in g/100g of rice bran after treatment with
hot compressed water extract at 180◦C for up to 25 minutes.

2.2. Methods
The static batch experiment was carried out in CLEAR
laboratory using the subcritical water extract facility consist
of two vessel which known as extraction vessel and cooling
vessel. The ratio of sample to water is 1:5. A total of 35g of
rice bran sample and 700ml distilled water were added to
extraction vessel. The vessel was capped tightly and heated.
The treatment time was counter after heating up the reactor
vessel to the desire temperature at selective temperature and
held for selective time at each temperature. The pressure
estimated in the vessel are static at 30bar consistent with
steam table. After a certain extraction time, the sample was
transferred to cooling vessel where the vessel already soak
inside the cooling water bath at temperature 5°C. The
extractant was cooled immediately in the cooling vessel. To
evaluate the effect of temperature and time, the experiment
was perform duplicate for each condition.
After the hot compresed water treatment, the extractant
were transfer out to 50ml centrifuge tube. Each tube were
centrifuge at 6500rpm at 10 minutes, and then the
supernatant (aqueous solution) were transfer to test tube for
further analysis.
2.3. Analysis
The total soluble protein content was determined using
Lowry Method. This method combines the buiret reagent
with another reagent which the Folin-Ciocalteau phenol
regent. Distilled water was used for standards and 50-500ml
Bovine Serum Albumin (BSA) was used for the preparation
of the standard curve and the value was expressed as mg
protein/ g rice bran which was used for the calibration
curve. Each rice bran extracts sample was diluted serially
before analysis. The absorbance at 750nm was used to
measure protein content in the rice bran extract and the
protein standards. The highest peak at 750nm can be used to
determine low protein concentration. This method is more

Figure1: Total soluble protein of the extracted protein in hot
compressed water extract at 180◦C for the indicated time.
The Initial concentration of total soluble protein in g/100g
rice bran.
The figure shown the amount of total soluble protein
content depends on the extraction time. The amount of total
soluble protein increase with increasing of time. An incising
of protein solubility can result from hydrolysis of disulfide
or peptide bond during the high extraction temperature (9).
The protein in the rice bran that normally has low solubility
in water became more water soluble at high temperature
(31).The highest total soluble protein were obtained after
treatment at 20 minutes time. When the total soluble protein
were compared to the amount of total soluble protein at 5
minutes times, it is clear that protein can be totally extract
by hot compressed water extractor
Generally the hydrogen bonding of water becomes weak
and less persistent as the temperature increased and the
pressures is decreased (32) which corresponded to the
decreased in the static dielectric constant leads to an
increased solubility of organic non-polar compounds into
the water under these SW conditions. Moreover, as the ion
product (Kw) increases, H+ ion-based reactions, such as
hydrolysis, are favored and take place[33], leading to the
breakdown of the protein peptide bonds and the
polysaccharide polymer chains and so the accumulation of
smaller proteins and amino acids, sugars and other
decomposition products, such as formic acid and acetic acid
(34).
On contrary, at 25 minute the total soluble protein slightly
decrease due to the solubility of the rice bran protein in
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water that generally low due to strong aggregation through a
hydrophobic interaction and extensive association with the
cell wall (31).
In early observation, the color of rice bran extract that
obtain from HCW change from white cream to yellow and
then to brown and finally to black color as the increasing
time from 5 to 25 minutes. The exposure of rice bran to
high temperature would lead the formation of
caramelization
browning
reaction
product.
The
caramelization product of carbohydrates, proteincarbohydrates conjugates via the Maillard browning
reaction and product from browning reaction such as
melanoidins and heterocyclic compounds (35). The activity
increased when protein was heated in the presence of
reducing sugars.

[19]
[20]
[21]
[22]
[23]
[24]
[25]

4.CONCLUSION

[28]

This work presented a method for extracting significant
levels of protein and its low cost by-product using hot
compressed water extract as process medium. Rice bran
extract obtain from hot compressed water extract has a
potential to be develop into green technology product for
industrial protein supplement

[26]

[27]

[29]
[30]
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ABSTRACT
Filter aids is used in air filtration system to fulfil the needs
to expand the life span of filter media in fabric filtration
system. It has been applied in various ways and precoat
filter aids is one of the methods. In this study, the effect of a
filter aids performance known as PrekotAC on pressure
drop and particle penetration in a filtration system with
varying filtration velocity of 1 to 3 m/min was evaluated.
The PrekotAC is a combination of PrekotTM and activated
carbon mixed in different weight compositions. Result
showed that the pressure drop across the fabric media
decreases with the addition of PrekotTM in the PrekotAC
admixture due to its wide range of non-uniform particle
size distribution that gives higher porosity of filter cake
during filtration process. The study also showed that the
total particle penetration through the fabric media was
proportionally related to addition of PrekotTM in the
PrekotAC admixture under a constant material loading.
The study suggests that the addition of PrekotTM in the
formulation of filter aids significantly affect both pressure
drop and particle penetration of the fabric filter media.
Keywords— Filter aids, Precoating material, Fabric
filtration, Pressure drop, Penetration
1. INTRODUCTION
Fabric filtration has been used as an air pollution control
system because of its excellent separation efficiencies even
for ultrafine dust particles. [1]. In addition, filtration
possesses several advantages such as ease of installation
and operation. Flue gas cleaning agents such as activated
carbon and lime are normally used along with fabric
filtration for air emission control especially in waste
incineration processes. However, the life span of the fabric
filter is usually shorten and influenced by the variations of
the flue gas as well as the operating conditions of the
process. This deteriorates its filtration performance with
time and simultaneously increasing the maintenance cost
having to replace it within a short period of time.

To minimize the problem, the use of so ‘pre-coat’ agent or
filtration aids to coat a layer of inert material onto the fabric
as a barrier of protection is proposed. PrekotAC is a newly
developed filtration aids consisting of a combination of precoating material (i.e PrekotTM) and activated carbon. Filter
aids has been applied in the air filtration system in order to
increase the collection efficiency during the filtration
process. Filter aids consisting of a group of inert materials
used to coat the fabric as a ‘barrier’ for protection as well
as to allow a uniform air flow passing through the filter
cake [2].
The filter cake that deposited on the surface of the
filter media acts as a new filter media that helps to increase
the filtration efficiency. However, during cake filtration
process, some particles do not participate in the formation
of the filter cake. The particles either penetrating through
the filter media or clog and block the pores of the filter
media. Therefore, understanding the parameters effecting
the filtration efficiency is important in determining the
characteristics of the filter aids where high performance
filtration requires low particle penetration without
excessive pressure drop builds up across the filter media [3].
This paper presents on the effect of using filtration
aids PrekotAC on the particle penetration and pressure drop
across a fabric media with material loadings of 0.2 and 0.6
mg/mm² tested under various filtration velocites from 1 to 3
m/min. A detailed results of the study is presented in this
paper.

2. MATERIALS AND METHODS
2.1 Activated Carbon and PreKot™
A powder form coconut based activated carbon
and PreKotTM was used in this study. Table 1 summarized
the specifications of the material used in the formulation.
Filtration aids was formulated by mixing the adsorbent
activated carbon with the pre-coating material PreKot™ in
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a few proportion of Prekot™ from 10 to 20% by weight.
Both activated carbon and PreKot™ were dried in an oven
at 105°C for 24 hours before mixing.

Table 1. Specifications of activated carbon and PreKotTM
used in the formulation.
Activated carbon
Form and colour:
powder, black
Origin: coal based
pH: 9-11
Ash content: 8% max
Surface area: 850
(m²/g)
Bulk density: 440
(kg/m³)

PreKot™
Form
and
colour:
powder, snowy white
Fusion point: 13001400°C
Softening point: 9001100°C
Thermal
conductivity:
Less
than
0.0500
(kcal/mh °C at 0°C
Bulk
density:
119
(kg/m³)

<1
= better filtration efficiency, less particle
penetration
compared to fabric filter alone
>1
= poor filtration efficiency, higher penetration
compared to fabric filter alone
2.3 Pilot Plant Fabric Filter
The pilot plant filtration system is built with 16
bag type filters (200mmD,700mmL), consists of a dust
feeder, hopper pulse jet cleaning system and a induced fan
as shown in Figure 1. The pilot plant was operated based on
the conditions as list in Table 2.

Stack

Note : PreKot™ is a proprietary of AMR Environmental Sdn. Bhd

2.2 Efficiencies of PrekotAC materials as filter aids
material
The particle count penetration was monitored
using GRIMM Aerosol Portable Laser Aerosol
Spectrometer (GRIMM, Model 1.109).In order to study the
performance of the newly developed PrekotAC, the ratio of
the number of penetrated particles with respect to the blank
filter under various air flow rates and material loadings was
calculated. The ratio was calculated based on Equation 1.1
as listed below.
Ratio penetrated particles (Rpp) = Tf / Ti …Equation 1.1
Where;
Rpp
=
the ratio of the number of penetrated
particles
=
total number of penetrated particles for
Ti
ambient air particles
=
total number of penetrated particles after
Tf
filter aids was added
The performance of each of the formulated
material in term of its total penetration was evaluated based
on the Equation 1.1. If the calculated Rpp is less than 1.0
(or <1.0), it shows that filter aids help to improve the
collection efficiency compared to the performance of PTFE
fabric filter alone. However, if the Rpp is greater than 1.0
(or >1.0), it shows that with the introduction of filter aids,
the total particle penetration is higher compared to the
collection efficiency of PTFE fabric filter alone. Hence, it
can be summarize that;
1
= equal ratio of the number of penetrated ambient
particles compared to the
addition of filter aids,

Fabric Filter
Figure 1: Pilot plant fabric filtration system.

Table 2: Operating variables and conditions of the study
Description
Range
Unit
Dust loading
0.2-0.6
Kg/ m²
Total Filtration 0.2859
m²
Area
inch of H2O
Upper pressure 0-4
drop limit
ΔPmax
Filtration
1-3
m/min
velocity, u

3. RESULT AND DISCUSSION
3.1 Pressure Drop
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Figure 2 presents the pressure drop across the fabric media
against the filtration velocity which showed a consistent
trend with the admixture of filter aids of having lower
pressure drop compared to activated carbon alone. As
expected, filter aids such as activated carbon which consists
of fine particle size distribution lead to a bigger pressure
drop across its filter cake as it has broader compressed
region compared to a filter aids that has a coarser particle
size distribution. It is observed that the addition of
PreKot™ in the admixture resulted in a lower pressure drop
across the fabric due to increase in the porosity of the filter
cake during the filtration process. This is due to porous and
fluffy structure of PreKot™ which allows easy passage of
air flow across the medium with lower pressure drop. Since
pressure drop is one of the most important criteria of a gas
cleaning equipment in terms of its operating cost, it appears
that a considerably amount of savings could be achieved
with the use of filter aids capable of extending the life span
of fabric filter in service. Hajar et al., [2] stated that the
particulate size distribution plays a substantial role in
decreasing the pressure drop with the addition of PreKot™
in the admixture. The latter has a wider range of nonuniform particle size distribution compared to activated
carbon that contributes to this effect.

process [5]. Hence, a well balance particle size distribution
in a given filter aids will minimize this effect.

3.2 Particle Penetration
3.2.1 Effect of filtration velocities on the efficiencies of
PrekotAC as filter aids material
Figure 3 presents the ratio particle penetration through a
fabric media with the introduction of filtration aids
materials under different filtration velocities from 1 to 3
m/min. Ratio particle penetration (Rpp) is define as number
of penetrated particle before divided by the number of
particle penetrated after the addition of the filtration aids
across the fabric media. Rpp <1.0 indicates that less
number of particle penetrated through the fabric media. As
expected the Rpp increases with filtration velocity
illustrating that more particles are able to penetrate through
the media under high filtration velocity. PreKot™ has the
lowest number of particles penetrated through the fabric
media in all cases while activated carbon presents the
highest.
Again, the characteristics of the material in terms
of its particle size distribution is the reason for the finding.
Activated carbon has more than 80% of particles <75 µm
compared to PreKot™ only 20% of it is particles ≤75 µm.
Thus, it is expected that activated carbon which
predominantly consists of fine particles has higher number
of penetrated particles compared to PreKot™. However for
admixture, PrekotAC 10:90 has the lowest while PrekotAC
20:80 retains the highest total penetrated particles under a
constant material loading.

Figure 2: Pressure drop under different filtration velocity at
constant loading of 0.2 mg/mm2.
Other study also reported that filter aids are
applied in air filtration system which can reduce the
pressure drop across the filter cake as well increase the
filtration efficiency [4]. The filter cake that consists of fine
particles will form a compacted filter cake of low
permeability which makes it difficult for the detachment of
filter cake during cleaning process. However, filter cake
that form from a filter aids which has coarser particle size
can be easily removed from the filter media as compared to
filter aids that has finer particles because it have sufficient
inertia to break free from the filter media during a cleaning

Figure 3: Particle penetration under different filtration
velocity at constant loading of 0.2 mg/mm2.
It was found that, the high porosity and multi
cellular shape of the Prekot™ leads to higher particle
penetration since fine particles can easily passing through
the material under high filtration velocity. Hence, it was
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observed that the higher the ratio of Prekot™ contained in
the PrekotAC is, the bigger the total penetration becomes.
As discuss earlier, the penetration is influenced by the
filtration velocity used during the filtration process. The
number of particles penetrating through the fabric media
increases when the filtration velocity increases from 1 to
3m/min. A higher filtration velocity leads to a bigger
driving force causing more particles to pass through the
open pores of the fabric media as observed in the study.
Similarly, Simon et al. [6] found that particle penetration at
a lower filtration velocity is less compared to the particle
penetration at higher filtration velocity which force fine
particles to easily permeate deep into the pores of the filter
media and influence the total number of penetration.

It was observed that, higher material loading will
increase the dust cake thickness that accumulated on the
surface of the filter media as cake thickness is closely
related to the number of particles. The higher the material
loading is, the thicker the filter cake thickness becomes.
This can be explained by the fact that at higher dust loading
means more of the dust particles arrive at one pore
simultaneously, forming a thicker dust cake layer on the
filter surface instead of seeping through inside the pore.
Therefore, higher material loading will increase the cake
thickness resulting in lower penetration compared to lower
material loading.

3.2.2 Effect of material loading on the efficiencies of
PrekotAC as filter aids material
Besides filtration velocities, material loading is another
parameter that could influenced the collection efficiency of
a filter aids during filtration process since total penetration
is strongly dependent on the material loading of a material.
Figures 4 illustrate the effect of material loading on
penetration for all filter aids material was tested under
different material loadings of 0.2 and 0.6 mg/mm² with
filtration velocities from 1 to 3 m/min. Material loading is
proportional to filter cake thickness. Cake thickness
increases with the particle size as well as the net number of
particles deposited. Thus, the higher the material loading is,
the thicker the filter cake becomes.
As shown in Figures 4, the ratio of the number of
penetrated particles decreases as material loading increases.
As the material loading increases from 0.2 to 0.6 mg/mm²,
the penetrating rate reduces with activated carbon has the
highest while PreKot™ retains the lowest in all cases. For
PrekotAC filter aids, PrekotAC 20:80 has the highest while
PrekotAC 10:90 registered the lowest total number of
penetrated particles even at the highest material loading of
0.6 mg/mm². The addition of PreKot™ to activated carbon
gave a better collection efficiency compared to the
performance of activated carbon alone where PreKot™
helps to block the fine particles from penetrating through
the filter media.
The total penetration of each material is following the
trend that was reported by previous study which is higher
material loading leads to a lower total particle penetration
due to its thicker cake thickness that avoid and block
particles from penetrating through the filter media. In
addition, at higher material loading, more dust layer forms
on the surface of the filter medium rather that permeate
deep into the medium pores thus reducing the number of
particles that penetrating through the filter media. Park et al.
[7] stated that at higher material loading, the particles might
be deposited in more packed pattern compared to lower
material loading because of the increased coincidence event
of particle

Figure 4: Penetration under different material loading of
0.2 and 0.6 mg/mm2
.
A similar finding was also reported by Lee et al. [8] that at
higher material loading, more dust layer forms on the
surface of the filter medium rather that permeate deep into
the medium pores with filtration time. The enhancement of
filter cake thickness caused the number of particles that
penetrating through the filter media to reduce. In
comparison to higher material loading, at lower material
loading, more particles penetrated through the filter media
at the initial stage of the filtration process until dust
particles begins to accumulate inside the medium pores as
filtration process proceeds. Thus, the total penetration at
higher material loading is lower compared to lower material
loading.
4. CONCLUSSION
The effect of a newly formulated filter aids material on
pressure drop and penetration under various filtration
velocities had been investigated and reported in this paper.
The existence of PreKot™ in the filter aids admixture helps
to form more porous filter cake thus reducing the pressure
drop even under high air filtration velocity by reducing the
compressibility of the cake. Results also showed that raw
material activated carbon has the highest while PreKot™
has the least number of particles that able to penetrate
through a filter media in all cases.
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In term of PrekotAC admixtures, PrekotAC 10:90
has the smallest while PrekotAC 20:80 register the biggest
total penetration in all cases. It has been found that, as the
ratio of PreKot™ in the PrekotAC admixtures increases,
the number of fine particles increases. PrekotAC
admixtures perform a better filtration efficiency compare to
activated carbon alone because of the effect of diverse in
different particle size distributions of non-uniform particle
size fractions for the PrekotAC admixtures.
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ABSTRACT
The Sub-cooling System is one of energy saving system for
air-cooled packaged air conditioners (PAC). In this system,
through the additional heat exchanger supplied cooling
water, it is able to put the external cold heat into the
refrigeration cycle of PAC. On the cooling operation of
PAC, this system has effective performance in more warm
area where the cooling load factors are high and the period
of cooling time is long. Therefore, we paid attention to
Southeast Asia area as a potential market of this system. In
Thailand, we tested three types of PACs for business use
these are so common. And we verified the performance of
Sub-cooling System in this area. As a result, we confirmed
that the effect of improving COP is 12～22% by using the
Sub-cool System. Furthermore, it was clarified that the
outdoor temperature affects the improving COP and
existing PACs have the larger potential of improving COP
than the newly PAC applying the Sub-cooling System.
Keywords— Air-cooled packaged air conditioner, Subcooling, Improving COP, Cooling water, Thailand
1. INTRODUCTION

WR：
COP：
h：
p：
OA：
CT：
CW：

Rated power consumption
[kW]
Coefficient of Performance on PAC
[－]
Specific enthalpy of refrigerant
[kJ/kg]
Pressure of refrigerant
[kPa]
Outdoor temperature
[C]
Condasation temperature of refrigarent
[C]
Cooling water temperature
[C]

2. SUB-COOLING SYSTEM
Figure 1 shows the schematic overview of the Sub-cooling
System, which is able to put the external cold heat into the
refrigeration cycle, reduces the electricity or increases the
cooling capacity of PAC [1] ～[5]. We have introduced this
Sub-cooling System into variable refrigerant flow PACs
(PAC for computers, water chillers, etc.) in Japan since
2006. As shown in this figure, the Sub-cooling System
cools the liquid refrigerant by the cooling water from
cooling towers at the additional heat exchanger between
refrigerant and water (the Sub-cooling Unit (SCU)). The
Sub-cooling at liquid refrigerant piping has a possibility of
liquid refrigerant return to the compressor. This may
possibly happens when the compressor with the variable
speed drive (VSD) type is driving slowly and the cooling

In Thailand, the air-cooled packaged air conditioners have
been widely introduced in factories and commercial
buildings. Air conditioning systems are operated almost all
year round, because the mean temperature of outdoor air is
higher at 27 ～ 31C. And, the electricity in this area is
costly. Therefore, it is important to improve the efficiency
of air conditioning systems.
The almost air-cooled packaged air conditioners (PAC) for
commercial use are cooling operation only and split type in
Thailand. The liquid refrigerant piping between the indoor
unit and the outdoor unit is 5～15 degrees higher than the
temperature of outdoor air (OA).

Cooling
tower

Cooling water
piping
Sub-cooling unit
(SCU)

Gas refrigerant
piping

Pump

Indoor
unit

Noumenclature
Q： Cooling capacity
QR： Rated cooling capacity
W： Power consumption

Liquid refrigerant
piping

[kW]
[kW]
[kW]

Outdoor unit

outdoor

Indoor
unit

indoor

Figure 1. Schematic overview of Sub-cooling System
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water temperature is low.
However, almost compressors of the PACs in Thailand are
the constant speed type because of their low price, and the
cooling water from cooling towers is always warmer than
evaporation temperature, therefore the risk of liquid
refrigerant return to compressors is very low.
3. METHOD OF FIELD TESTS
The Sub-cooling systems at three kinds of Site (Site A,
SiteB, SateC as shown in Figure 2) were tested to verify its
performance.
Table 1 and Figure 3 show the equipment for the field tests.
All PAC have been introduced for commercial use, aircooled, cooling only and split type. The kind of refrigerant
was the R22. We measured the cooling capacity and the
power consumption of the PAC, and examined the
correlation between those data and the OA temperature.
Figure 4 shows the schematic diagram of field tests. The
field tests equipment are composed of the outdoor unit, the
indoor unit, the cooling tower ,the SCU, and the pump, as
shown the figure. The cooling capacity was calculated by
the refrigerant enthalpy difference between the liquid and
gas refrigerant in the piping. The flow rate of refrigerant
was measured by the Coriolis-type mass flow meters.
The data were recorded every minute. Among them, we
chose those under the following condition to get steady
data and remove the influence of rain.
1) The compressor of the PAC has been operating
successively more than 3min.
2) The operation mode changed more than 30min ago.
3) The outdoor air humidity is less than 90%.

4. RESULT OF FIELD TESTS
4.1. Refrigeration cycle behavior
Figure 5 shows the p-h diagram [4] of PAC-1, PAC-2, and
PAC-3 on the normal/sub-cooling operations under OA
temperature of 30C and 22C. On the p-h diagram, the
point a and the point a’ indicate the state points of
refrigerant at the outlet of outdoor unit (= the inlet of SCU).
The point b’ indicates that at the outlet of SCU.

a)

Site A

Myanmar
Laos

Site
SiteA B

DAIWASEIKO
BANGKOK
LAT KRABANG

Site
SiteBC

b) Site B

PIOLAX
RAYONG
EASTERN SEABOARD

BANGKOK
Cambodia

Andaman Sea

Site C
Site
A

DRYLUBE
CHONBURI
AMATA NAKORN

South China Sea

c) Site C
Figure 2. Site of Field Tests
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Table 1 Equipments for Field Tests
Site
No.
Manufacturer

A
PAC-1
Carrier

B
PAC-2
Trane

C
PAC-3
York

Type of Outdoor Unit

Two Fans on the Side

Two Fans on the Top

One Fan on the Top

Ceiling Suspended
Revealed
17.6
5.66
Scroll 4.96kW×1
Constant Speed

Floor Mounted
Direct Air Supply
32.3
9.56
Scroll 7.5kW×1
Constant Speed
Self-operated
Expansion Valve

Floor Mounted
Direct Air Supply
35.2
9.68
Scroll 9.0kW×1
Constant Speed
Self-operated
Expansion Valve

Newly installed.

Installed about
15 years ago.
Existing facilities.

Installed about
10 years ago
at the other sight.
Re-installed.

Brazing Plate
1.4
5
1

Brazing Plate
2.8
10 ~ 12
3～5

Brazing Plate
2.8
25 ～ 65
1

2013.Dec 3
~ 2014.Jan 20

2013.Dec 4
~ 2014.Jan 22

2013.Dec 14
~ 2014.Jan 13

Amata Nakorn
Industrial Estate,
Chonburi, Thailand

Lat Krabang
Industrial Estate,
Bangkok, Thailand

Eastern Seaboard
Industrial Estate,
Rayong, Thailand

Type of Indoor Unit

PAC

Cooling Capacity*
Power Consumption*
Compressor
( Outdoor Unit )
Part of Expansion
( Indoor Unit )

kW
kW

Capillary Tube

Age of the Machine

SCU
Cooling
Water

Type
Heating Surface Area
The Flow Rate
ON/OFF Interval

m2
L/min
day

Period of the Field Test
Site

Place

*Outdoor air:35CDB/24CWB, Indoor air:27CDB/19CWB

temperature

Pressure

flow rate

electricity

Figure 4. Schematic Diagram of Field Tests

The PAC-1 is a new machine whose quantity of refrigerant
is charged at the normal value. The PAC-2 is used and
over- charged one. The PAC-3 is used and under-charged
one.
The refrigeration cycle behavior on the normal/sub-cooling
operations of PAC-1, PAC-2, and PAC-3 are explained as
the following.
4.1.1. Case of PAC-1

As shown in Figure 5 (a), the condensation temperature
(CT) of refrigerant on the normal operation was 8~14
degrees higher than the OA temperature. And, the
refrigerant at the outlet of outdoor unit (a) was 9~10
degrees sub-cooled.
On the other hand, on the sub-cooling operation, the CT
dropped by 4~7 degrees and the degrees of sub-cooling
dropped to the almost zero (a’) from the normal operation.
As a result, the temperature of refrigerant at outlet of SCU
(b’) dropped by 7~11 degrees. The reason why the CT
–3–
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dropped by the sub-cooling was that when the liquid
refrigerant temperature dropped and its density raised, the
ratio of gas refrigerant to the liquid refrigerant decreased.
The temperature of cooling water (WT) by the cooling
tower was 0~5 degrees lower than the OA temperature and
the temperature difference between the OA and the WT was
increased with the OA temperature raised. It was confirmed
that the difference of refrigerant enthalpy between a and b’
(h) was expanded with the weather was warm (the OA

temperature was raised to 30C from 22C in the figure).
4.1.2. Case of PAC-2
As shown in Figure 5 (b), the CT was 17~21degrees
higher than the OA temperature on the normal operation.
And, the refrigerant at the outlet of outdoor unit (a) was
7~10 degrees sub-cooled. The temperature difference
between the CT and the OA was expanded than the PAC-1,
because the fins of PAC-2’s condenser have been damaged
and its thermal efficiency has been spoiled.
On the other hand, on the sub-cooling operation, it was
confirmed that theh was 1.8~2.2 times larger then the
PAC-1. The h was not so much affected by the OA
temperature because the CT was less affected by it.
4.1.3. Case of PAC-3

(a) PAC-1

As shown in Figure 5 (c), The CT was 11~12 degrees
higher than the OA temperature on the normal operation.
The state of refrigerant at the outlet of outdoor unit (a)
was almost saturated liquid.
On the other hand, on sub-cooling operation the CT
dropped by 8~11 degrees, and the ratio of gas refrigerant at
the outlet of outdoor unit (a’) was increased to the 30~40%.
The refrigerant at the outlet of SCU (b’) was 1~3 degrees
sub-cooled. It was confirmed that the h was 1.5~1.6
times larger than the PAC-1 and it was expanded with the
weather was warm like the PAC-1.
4.2.Effect of sub-cooling

(b) PAC-2

Figure 6 shows the correlation between the OA
temperature and the input (the power consumption), the
output (the cooling capacity), and the coefficient of
performance (COP) of PAC-1 on the normal/sub-cooling
operations. Those data are divided by their rated value (cf.
Footnote of Table 1). In Figure 6, the data of sub-cooling
operation are symbolized by the temperature of cooling
water (CW).
As shown in Figure 6 (a) and (b), on the sub-cooling
operation the input was 11~12% less and the output is
4~6% more than that in normal operation. Both of the input
and the output increased with the cooling water temperature
raised. The warmer cooling water makes the higher CT. It
results in the increase of pressure difference at the
inlet/outlet of the compressor and the increase of heat
radiation at the outdoor unit.
As shown in Figure 6 (c), it was confirmed that the Subcooling improved the COP by 12 ～ 22% when OA
temperature was higher than 20C. This effect increased as
the weather was warm but it was not so influenced by the
cooling water temperature.
4.3. Effect on old PACs

Figure 7 shows the correlation between the OA
temperature and the COP of old PAC (PAC-2 and PAC-3)
on the normal/sub-cooling operations.
Figure 5. p-h diagram of the Refrigeration Cycle
As shown in the figure, it was confirmed that the Subcooling improved the COP of PAC-2 by 25~29%, which
–4–
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We introduced the Sub-cooling System into the air-cooled
and split type PAC with the constant speed compressors
whose refrigerant is R22 in Thailand.
As a results, it was possible to confirm the following.
1) The effect of improving COP was 12～22%.
2) The improving COP was increased as the weather is
warm.
3) The improving COP was increased more on old PAC
than on new one.
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5. CONCLUSION
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ABSTRACT
Twenty five actinomycetes isolates were isolated from five
different sampling sites at Cameron Highland. The sampling
site was chosen based on the previous research done on fate
and distribution of organochlorine pesticides found in
Cameron Highland. The screening medium used was sulphur
free medium which utilized sulphur source from endosulfan.
The ability of endosulfan degradation by isolated
actinomycetes in degrading of endosulfan was carried out by
inoculation of pure actinomycetes isolates in the non-sulphur
broth and analyzed by using gas chromatography coupled
with electron capture detector (GC-ECD). GC-ECD is
specific and sensitive in detection of organochlorine
molecules.
Keywords— Actinomycetes, Degradation, Endosulfan,
Persistent
1.

INTRODUCTION

In agricultural practices, increase in agricultural productivity
requires intensive cultivation, irrigation, use of fertilizers and
most important is use of synthetic chemicals to protect the
crops from agricultural pests. However, the usage of
synthetic chemicals such as organochlorine pesticides pose
threat to the environment [1].
Endosulfan(6,7,8,9,10,10 -Hexachloro-1,5,5a,6,9,9ahexahydro- 6,9-methano-2,4,3-benzodioxathiepine-3-oxide)
is a broad spectrum chlorinated cyclodiene insecticide that
has been widely used on agricultural crops. The nature of
endosulfan is persistence in nature and it is categorized as
US priority pollutant [2]. It is used to protect crops such as
cotton, tea, paddy, vegetables and fruits and cereal grains.
Widespread residual contamination in the environment
resulted from extensive and excessive use of endosulfan. The
application of endosulfan towards the crops does not reach
the target organisms. Therefore, the endosulfan residues
have been detected in the atmosphere, soils, sediments,
surface, rain waters and foods due to the extensive use in
agriculture. The persistency of endosulfan makes it remain
in the soil and water for about 3-6 months. In the late 1990s,
the use of most persistent organic pollutants organochlorine
compounds was prohibited in Malaysia. The Pesticides
Board has terminated the registration for endosulfan on 15th
August 2005 in accordance to the global ban agreed in the

Stockholm Convention of Persistent Organic Pollutants.
However, a number of research carried out in Malaysia
demonstrated that endosulfan are still found in high
concentration in the environment. There have been a report
on that the endosulfan concentration found in water and
sediment of Camron Highland was 47.80-260ng/L [3].
Incineration and landfill are existing technologies used in
detoxifying of pesticides. Large scale implementation of
these technologies is not carried out due to high cost and
environmental pollution problem. A more feasible approach
will be the utilization the microorganisms to detoxify
pesticides [4]. However, the natural metabolic diversity of
autochthonous microbes is insufficient to protect the
biosphere from anthropogenic pollution and cause the
accumulation of highly toxic and persistent compounds in
the environment. This is because microorganisms have not
evolved metabolic pathways for the new compounds.
Besides, the degradative pathways of xenobiotic compounds
are not well elucidated since the compounds are transformed
incompletely or inefficiently.
Therefore, an effective approach in biodegradation of
pesticides need to be embarked to address the environmental
pollution
caused
by
pesticides.
Gram-positive
microorganisms such as actinomycetes, predominant
microorganisms found in soil habitat can become the
promising bioremediation tool. The diverse metabolic
diversity and unique enzymatic capabilities of actinomycetes
has gained interest in biodegradation of endosulfan.
However, currently little information are available on
biodegradation, transformation of endosulfan using Grampositive bacteria especially actinomycetes. Although there
are research carried out to study the tolerance of
Streptomyces on organochlorine pesticides including
endosulfan, however the metabolic pathway and molecular
basics in biodegradation and biotransformation of
endosulfan are less studied [5].
Therefore, intensive research needs to be carried out to
isolate indigenous microorganisms that can detoxify
endosulfan present and determine the microorganism that
have the best degrading ability of endosulfan, analyzing the
metabolites produced during the biodegradation pathway
and understand the molecular basics for the biodegradation.
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2.

MATERIALS AND METHODS

2.1
Reagents and Standards
Technical grade endosulfan (mixture of alpha and beta
endosulfan), individual isomer of alpha and beta endosulfan
and its metabolites (endosulfan sulphate, endosulfan lactone
and endosulfan diol) were purchased from Fluka (USA). All
the reagents used were analytical grade [6].
2.1.1 Preparation of Standard Endosulfan Solution
An endosulfan stock solution was prepared by dissolving in
analytical grade acetone with the initial concentration
(10mg/L). The endosulfan stock solution was diluted to
desired concentration by using analytical grade acetone [6].
2.2
Microbial Strain
Rhodococcus jostii, RHA1 was previously isolated from
hexachlorocyclohexane-contaminated soil.
Collection of Soil Samples
Soil samples was collected from the agricultural field that
has the history of endosulfan contamination by using soil
sampling tools and transported to laboratory and store at
-4 °C until further analysis.
2.3

2.3.1
Pretreatment of Soil Samples
Physical method of pre-treatment of soil samples is by airdrying the soil samples at room temperature overnight.
Then, the air-dried soil samples are preheated to 55°C for
one hour in the hot air oven and then stored at room
temperature [7].
2.4

Direct Isolation of Actinomycetes by using McBeth
Scales Starch Mineral Agar
5g of pre-treated soil samples were suspended in 50mL of
sterile distilled water and homogenized for 20mins in a
shaker. Serial dilution of the homogenized soil samples
suspension was prepared by 10 fold dilution until dilution
factor 10-3. 0.1ml of inocula from dilution 10 -3, 10-2 and 10-1
was plated on McBeth Starch Mineral Agar supplemented
with cycloheximide (20µg/mL) and nalidixic acid (30µg/mL)
spread by using a Hockey stick spreader. The inoculated
plates were incubated at room temperatures for 5 to 7 days
[8].
2.5

Prelimiary Selection of Actinomycetes Isolates
based on Colony Morphology
Actinomycetes colonies were selected based on the colony
morphology which is the presence of the branching,
vegetative filaments and the formation of the leathery
colonies that adhered to the agar plates. Subculture was
used to obtain the pure isolates. Actinomycetes colonies
selected based on colony morphology were transferred to
the selective agar and streaked it on the selective agar to
obtain pure isolates [9].

2.6
Preliminary Screening of Endosulfan Degrading
Actinomycetes Isolates
Preliminary qualitative screening was carried out in nonsulphur agar medium (KH2PO4, 0.225g/L; K2HPO4,
0.225g/L; NH4Cl, 0.225g/L; MgCl2·6H20, 0.845g/L; CaCO3,
0.005g/L;FeCl·4H2O,0.0005g/L;glucose,1g/L)supplemented
with 100µg/ml of endosulfan. 100µg/mL of endosulfan
dissolved in acetone was added into the autoclaved nonsulphur agar medium by membrane-filtered technique. Pure
actinomycetes isolates was streaked onto the non-sulphur
agar supplemented with endosulfan dissolved in acetone
(100µg/mL). The growth of the actinomycetes was observed
after incubated for 7 days at 28 °C. Negative control used in
the preliminary qualitative screening test was non-sulphur
medium without addition of endosulfan whereas background
control used was non-sulphur medium with acetone [10].
Quantitative Screening of Ability of Isolated
Actinomycetes and Rhodococcus jostii, RHA1 to
degrade endosulfan in broth culture
Endosulfan dissolved in acetone (100µg/mL) was aseptically
added into the sterile Erlenmeyer flask and the left inside the
laminar flow to evaporate off acetone to avoid the
interference of acetone affect the result of experiment. The
pure actinomycetes isolates were innoculated into the nonsulphur broth culture containing endosulfan and incubated
for 10 days on orbital shaker at 30°C and 160rpm.
Uninoculated flask served as negative control in the
experiment
2.7

2.8

Extraction of residual endosulfan and endosulfan
intermediate metabolites
After 10 days of incubation, the whole broth culture was
harvested and centrifuged at 10000 rpm to separate the
pellets and supernatants. The cell free culture broth was
acidified with 1N hydrochloric acid and extracted with nhexane: acetone (80:20) by liquid-liquid partition. The
extraction solvents and supernatants was shaken vigorously
for 10 minutes in a standard separation funnel with Teflon
stopper. The extraction was carried out for twice. Finally, the
extracted samples was dehydrated by passing through
anhydrous sodium sulphate and stored at -4°C for further
analysis [11].
2.9
Analytical Technique
The extracted samples were analysed using Gas
Chromatography using Electron Capture Detector. Agilent
gas chromatography 7820A equipped with Ni63 ECD
electron capture detector was used to analyse the pesticides.
A 2µl samples was injected through autosampler into Agilent
Technologies GC 7820A equipped with HP-5 capillary
column (30m×320µm×0.25µm). Nitrogen was used as the
carrier gas and the gas inlet pressure was 80psi
corresponding to the flow rate of 2ml·min-1. The temperature
for injector and detector were 250 °C and 300°C,
respectively. The temperature column was programmed
from 130°C (hold 1 min) to 200°C to 232°C at 1°C min-1 [11].
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3.2

3.0 RESULTS AND DISCUSSIONS
3.1

Isolation of Actinomycetes

Preliminary Qualitative Screening of Isolated
Actinomycetes and Rhodococcus jostii, RHA1
in Degrading Endosulfan

A total of 25 actinomycetes were isolated from the
agricultural soil samples in Cameron Highland
Table 1: Distribution of Actinomycetes Isolates Acording
Sampling Site
Sampling Site
Actinomycetes Isolates
Tea plantation Site 1 Soil A7, A17, A18, A19, A20
Sample
Tea plantation Site 2 Soil A1, A2, A3, A4, A5, A6,
Sample
A9,A10, A11, A13, A24,
A25
Water Catchment Soil
A8, A12, A14, A15, A16,
Sample
A21, A22

Figure 2: Preliminary Qualitative Screening Test Result of
Isolated Actinomycetes and Rhodococcus jostii, RHA1 in
Degrading Endosulfan- Negative control, Background
control, Screening media (from left to right)
In this preliminary qualitative screening test, endosulfan was
utilized as the sole source of sulphur. The screening test
result showed that all actinomycetes isolates were able to
grow and tolerate with the endosulfan (100µg/mL)
supplemented on the sulphur free screening media. The
screening test result is not valid since the all actinomycetes
isolates also showed growth on non-sulphur medium without
addition of endosulfan (negative control and background
control) as depicted in Figure 2.
Therefore, quantitative screening test in non-sulphur broth
was carried out.
3.3

Figure 1: Isolation plates by using dilution-plating method
after physical heat pre-treatment and addition of antifungal
cycloheximide
Physical method of pre-treatment of soil samples was used
before selective isolation of actinomycetes was carried out to
reduce the number of non-spore forming bacteria. Dilution
plating method with Mc-Beth Starch Mineral selective agar
supplemented with cycloheximide and nalidixic acid showed
the actinomycetes well developed on the agar media and
reduce of fungal and Gram-negative bacteria contaminants.

Quantitative Screening Result of Ability of
Isolated Actinomycetes and Rhodococcus jostii,
RHA1 to Degrade endosulfan in Non-Sulphur
Broth Culture

Figure 3 depicts the GC-ECD chromatogram of technical
grade endosulfan (alpha and beta endosulfan). The
prominent peak in GC-ECD chromatogram which showed
the retention time 9.783 minutes and 11.716 minutes
represent by beta-endosulfan and alpha endosulfan
respectively.

Figure 3: GC-ECD chromatogram of technical grade
Endosulfan
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Figure 4: Quantitative Screening Test Result of Ability of Isolated Actinomycetes ( Isolate A1-Isolate A13) in Degrading
Technical Grade Endosulfan

Figure 5: Quantitative Screening Test Result of Isolated Actinomycetes (Isolate A14-RHA1) in Degrading Technical
Grade Endosulfan
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Based on the quantitative screening test result, all
actinomycetes isolates and Rhodococcus jostii, RHA1 able
to tolerate the endosulfan (100µg/mL) contained in nonsulphur broth and showed growth in the non-sulphur broth.
good ability in degradation of endosulfan however they can
grow and tolerate to the endosulfan presence in non-sulphur
broth.
Based on Figure 4 and Figure 5, from the analysis result of
GC-ECD showed that the alpha and beta endosulfan
presence in relative abundance of 34.14% and 39.30%
respectively compared to negative control without
innoculation in relative abundance of 30.556% and 25.472%.
Therefore, preliminary deduction that can be made is all the
isolated actinomycetes does not showed good ability in
degradation of endosulfan however they can grow and
tolerate to the endosulfan presence in non-sulphur broth.
However, some actinomycetes isolates such as A14, A15,
A23 and A24 which depicted the new peak based on GCECD chromatogram which showed retention time 6.285,
9.283 and 13.235. The apperance of the new peak in the GCECD chromatogram by isolated actinomycete might showed
the actinomycete isolates resistance ability towards the
endosulfan presence in non-sulphur broth through
detoxification mechanism. The actinomycetes isolates might
have the ability to transform the endosulfan into others
metabolites since the actinomycetes possess unique and
unique enzyme activity.
Based on the analysis from GC-ECD chromatogram, the
Rhodococcus jostii, RHA1 showed the ability in degrading
the one of the isomer of endosulfan with the relative
abundance of residual technical grade of endosulfan of
26.146% with the respective to retention time of 9.826
minutes. Moreover, depiction of new peak with the retention
time of 13.237 by Rhodococcus jostii, RHA1 ability of
RHA1 in transformation of one isomer of endosulfan into
intermediate metabolites.
Rhodococcus jostii, RHA1, a well known polychlorinated
biphenyl degrader also showed the ability in degrading the
endosulfan [12]. The large genome size of Rhodococcus
jostii of 9.7Mb, RHA1 can provide a redunduncy of catabolic
pathways based on gene homologues [13]. Rhodococi jostii,
RHA1 typically harbour the large linear and circular
plasmids which can accomadate a large number of catabolic
genes. Besides, Rhodococcus jostii, RHA1 that have the
ability to produce the surfactant to overcome the
hydrophobicity of endosulfan [14].
Hence, in future planning of research project Rhodococcus
jostii, RHA1 was chosen to study the time course
degradation and ongoing further confirmative work was
carried out to determine the formation of the intermediate by
using GC-MS analysis. Morever, molecular basics such as

transcriptomic analysis in studying of the endosulfan
degrading gene by RHA1 will be published in the next paper.
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ABSTRACT

This paper discusses and compares the classifier
performance between support vector machine and k-nearest
neighbor in classifying chicken's excrement images in order
to detect any sign of early disease for chicken in chicken
poultry. The analysis using datasets contains chicken's
excrement images which the features is only extracted using
the combination of Gabor filter and Grey level occurrence
matrix (GLCM) approaches without any background
removal from the images. Three different conditions of
chicken health status based on chicken's excrement images
are distinguished: sick chicken, normal chicken and stressed
chicken. Based on the experiment conducted, the results
show that the support vector machine classifier had
outperformed the k-nearest neighbor classifier due to the
flexibility and the robustness of the SVM kernel.
Keywords— support vector machine, k-nearest neighbor,
Gabor filter, grey level occurrence matrix, classification,
chicken excrement’s images
1.

INTRODUCTION

Poultry meat industry in Malaysia, especially chickens,
has been the primary sources of daily protein as compared
to other meat industry such as cows and pigs. Besides of its
comparative price amongst the others, chicken meats have
served more than 60% of the Muslim population in
Malaysia. According to the recent statistic produced by the
USDA, the chicken meat consumption in Malaysia is the
highest in the world. It increased from 1.4 MMT in 2013 to
1.43 MMT in 2014. Thus, to meet strong demand for
chicken meat, Malaysia has to import it from others country
especially China, which has been the largest exporter of
chicken meat in Asia region. For Malaysia to become trusted
main producer of the halal chicken meat industry in the
world, it should start with a better and proper chicken’s
poultry management system. The significant issues that
reside while monitoring and controlling the chicken’s farm
are the bird’s disease such as avian influenza.
In this field, observation is highly consequential to
discover diseases at an early stage because when the disease
is in one of the last stages, the chicken is possibly not

treatable anymore [1]. Some of the signs are sudden death,
diarrhea, decreased egg production, sneezing, nasal
discharge, coughing, gasping for air, lack of energy and
appetite, swelling of tissues around eyes and neck, Purple
discoloration of the wattles, combs and legs and depression,
muscular tremors, drooping wings, twisting of head and
neck, incoordination and complete paralysis. The chicken
disease can also be recognized by its dropping. This form of
sick chicken is characterized by the shape of the chicken’s
dropping, the colors and the density. Therefore, there is a
need of having a systematic way to identify a sign of disease
and at the same time alerting the farm producers so that an
action can be taken to prevent it. Furthermore, early
detection of disease and chicken health can facilitate the
control of bird’s diseases through proper management
approaches such as vector control through vaccination
applications, disease-specific approach; and improved
productivity.
Previous work carried out by [2] mainly focusing on
detecting chicken that died but not on any signage of disease
detected. One of the ways to improve the system is by
having a classification based on chicken’s excrement images
that indicate either the chicken is in sick condition or in a
healthy mode. What seems to be lacking, however, is a
comparison of texture features especially in chicken’s
dropping, which having the nearly same background and
foreground color between support vector machine and knearest neighbor. Besides, the texture features classification
by SVM and kNN have performed from a slightly different
viewpoint, in which the training data have not undergone the
subtraction of background and foreground process that may
affect the results of performance.

–1–

－316－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

2.

PRELIMINARIES
 = ∑


2.1 Feature Extraction Method
2.1.1

Gabor Filter

Gabor filter is one of the methods of measuring and
analyzing texture images. It is obtained by modulating a
sinusoid with Gaussian which the output will respond to
some frequency but restricted in a localized part of the signal
[3]. The formula below depicts the impulse response 2-D for

Gabor filter [4] since the 2-D Gaussian has ratio aspect of 


and the complex exponential has spatial frequency F and
orientation .
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Basically, the orientation  by coordinate rotation given
by the following formula.
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number of scales and L represent total number of
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2.1.2

Grey Level Occurrence Matrix
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K-nearest neighbors (kNN) is the most common
approach for classification. It deploys very simple algorithm
in which it's classified a new cases based on a similarity
measure. It is an instance type based on classification and
also known as lazy learning. It is computed based on
majority votes of the nearest neighbors of each point, and
every query point has an assigned value calculated from its
nearest neighbors. This uniform weight is also known as k.
The value of k must be always positive and by default it is
set to 1 in which the dataset is allocated to its nearest
neighborhood. There are three types of similarity distance
measure used inside the k-nearest neighbors such as
Euclidean, Manhattan and Minkowski. The choice of the
distance plays a major role in evaluating the performance of
k-nearest neighbors’ classification. Figure 1 depicts a simple
explanation on how the k-nearest neighbors work. Let set
the value for k=3. It means that it will search for three
nearest distance points from the query point’s c1 for Class
A and three nearest distance points from query point c2 for
Class B. The distance is calculated based on Euclidean
formula in [8] (as cited in [9]. The variable xi represents an
input sample and n is the total number of features. The k
values represent the number of neighbours, and it used to
classify the new test vector.

(3)

 = ∑
  log 

∑
/

( )( )

2.2 K-Nearest Neighbors

Grey level occurrence matrix (GLCM) is one of the
methods to extracting textures features in a statistical way.
It is a matrix where the number of rows and columns is
equivalent to the number of grey levels [6]. As it being
defined as the frequencies of grey-level values that occurs in
an image thus some of the brief computation of texture
feature extraction summarized by [7] is shown below.
 = ∑
  ()

∑


Class B
Class A

(5)
(6)
Figure 1: k-NN classification example
(7)
(8)
(9)
(10)

The kNN algorithm is easy to implement and yet gives a
good performance [10]. It is also very effective on a large
training data and robust to noisy data [11]. K-nearest
neighbor works well with the environment which the
object’s variables is independent and have different
attributes for different subsets [12]. This algorithm had
successfully solved complex issue due to its low
computational
complexity
and
simpler
in
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implementation[13]. Nevertheless, the performance if its
classification accuracy depends on the choice of k [14][15].

3.

EXPERIMENT METHODS AND RESULT

3.1 Framework
2.3 Support Vector Machine
Image acquisition
Support vector machine (SVM) is a very effective
method in serving pattern recognition general purposes [16].
It able to handle a simple, linear and classification task to a
very complex classification and nonlinear problems [17].
The key concept in understanding support vector machine is
trying to make a separate hyperplane and trying to maximize
the distance between two classes which is defined by the
closest points. It maps the original data points from the input
space to a high-dimensional space. Thus, the classification
problem becomes simpler [17]. Figure 2 depicts the basic
core understanding of support vector machine. As we can
see, the support vectors are the elements of the training set
that falls on the boundary of (w.x)+b=1 and (w.x)+b=-1

Image Preprocessing
Feature Extraction
Gabor Filter

Grey Level Cooccurrence Matrix
(GLCM)

Classifier
k-Nearest Neigbour
(kNN)

P0

w

Support Vector
Machine (SVM)

Classification Result

P1
Sick

Stressed

Healthy

Figure 3. A conceptual framework of chicken’s excrement
images classification
Figure 2: Support vector machine classification
example

3.1

Although SVM designed for linearly separate classification,
the algorithm can be extended to a multiclass problem by
combining the binary classification method. One-againstone, one-against-all, directed acyclic graph SVM, error
correcting output code are the top multiclass algorithm SVM
used in various research fields.

Image Acquisition
To acquire the original images, we used a digital
camera with the resolution was set to 4000 x 3000 pixels.
The distance of the camera has been set to be at least 90
degrees off the camera. All the photos were decoded in
JPEG standard format.
3.2

Experiment Result

3.2.1

Feature Extraction
The experiments have been tested on a 4GB RAM,
Intel Core i7 CPU 1.6 GHz using Matlab 2012b release. To
demonstrate the accuracy performance of the chicken’s
excrement images classification between kNN and SVM,
we gathered 88 images of chicken’s excrement that falls
under three categories which is sick, healthy and stressed
chicken. All 88 images is used for training data. We
allocated another 30 images to be used in the testing phase.
Figure 4 shows the example of chicken’s excrement images
having Gabor filter applied on it.
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Table 3. SVM confusion matrix for sick, healthy and
stressed chicken prediction problem with values.

Original
image

Gabor filter
with  = 90°

Gabor
filters
image
Figure 4. Image convolution process that generates Gabor
images.

These images from Gabor filter is then used by GLCM
method for feature extraction. In this experiment, 22 features
were extracted from a single Gabor image.
3.2.1

Actual Stressed
Actual Sick
Actual Healthy

Predicted
Stressed

Predicted Sick

True Positive
(10)
False Positive
(5
False Positive
(5)

False Negative
(0)
True Negative
(1)
False Negative
(0)

Predicted
Healthy
False
(0)
False
(4)
True
(5)

Negative
Negative
Negative

Measuring the performance of the classifier plays an
important aspect in this study. Table 4 shows the most
measures used in the formulas as being summarized by [19]
that derived from the confusion matrix stated in Table 3.

Feature Classification
Table 4. Performance measures

The feature classification in SVM requires the
dataset to be divided into two set of data, one set of data is
used as a training set and another one as a test set. Each row
of data contains its feature label. To implement the SVM
approach, LibSVM 3.20 was used to fit this experiment
purposes. The toolbox was developed by Chang and Lin
(2011) which solves the quadratic programming problem by
using a sequential minimal optimization-type algorithm
[18]. We used 80% of the total number of feature vectors as
our training sample while the remaining 20% as a test
sample. All the data must be converted into LibSVM format
before the classification take place. The radial basis kernel
function was used with parameter C is set to 1 for all the
cases. We also set the orientation for Gabor filtering to 90
degrees respectively. Table 1 depicts the classification
features for both SVM and kNN classifier.
Table 1. Class to be classified
Labe
l
1
2
3

3.2.2

Description
Sick Chicken
Stressed Chicken
Healthy Chicken

3.2.3

TP/ (TP+FP)
TP/(TP+FN)
TN/(TN+FP)
2(Precision.Recall)/ (Precision + Recall)
(TP+TN)/ (TP+TN+FP+FN)

kNN Classification’s Result

As for the classification using the kNN algorithm,
we used Matlab built-in function for kNN to classify the
extraction features. Thus, to obtain the accuracy
performance of kNN algorithm, a formula is given as
follows:


 =  ∗ 100

(14)

Table 5. kNN Classification results with different k values.
k

Accuracy

1
5
10

43.3%
40.0%
33.0%

SVM Classification’s Result

Table 2. SVM Classification results with
data

Radial

Precision
Recall
Specificity
F-Measure
Accuracy

Formula

Where a is, the number of the correctly classified instance
and b is the number of instances respectively. The results of
the kNN analysis were then compared to the actual
classification of the extracted feature to obtain overall
accuracy.

As shown in Table 2, we used an RBF kernel of
type radial and set its value to 20 as it is the best fit value as
compared other RBF values and yields up to 53% of the
accuracy performance. The confusion matrix together with
the misclassification values had been tabled out in Table 3.

Kernel
type

Measures

Orientat
ion

Accuracy

90

53.3%

Table 6. kNN confusion matrix for sick, healthy and
stressed chicken prediction problem with values.

σ = 20 with test

#Iteratio
n

#SV

77

40

Actual Stressed

#SV with
tolerance

Actual Sick

13

Actual Healthy
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Predicted
Stressed

Predicted Sick

True Positive
(7)
False Positive
(0)
False Positive
(3)

False Negative
(3)
True Negative
(2)
False Negative
(5)

Predicted
Healthy
False
(5)
False
(1)
True
(4)

Negative
Negative
Negative
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3.2.4

[6]

SVM-kNN comparison result

Comparison of the success rate between SVM and kNN as
being summarized in Table 7.

[7]

Table 7. Comparison of SVM and kNN classification
performance

[8]

SVM
kNN

Number of
Test Samples

Number of
misclassified sample

30
30

14
17

Success Rate

53%
43%

[9]
[10]

4.

CONCLUSION
[11]

The ability to classify the chicken’s excrement images
based on Gabor and GLCM texture feature extraction
method and SVM classifier to detect any signage of chicken
disease could lead to the development of autonomous vision
guided tools for chicken farming industries. In this paper,
we compared the accuracy performance of support vector
machine and k-nearest neighbor classifier and verified its
ability to classify sick, stressed and healthy chicken. For our
experiments, a total of 88 sample images with 22 features
for each image extracted using both Gabor and GLCM
method and as input to our classifier as a training data set. A
total of 30 different images with 22 features each was used
as our test sample. Analysis of the results reveals that SVM
achieve 10% more accurate than kNN over a set of 30 test
images. To enable a further increase in the classification
rate, our future task will involve the pre-processing activities
for the images in term of doing a segmentation process of
the images before it being extracted.
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ABSTRACT

Abstract -This study deals with an outdoor navigation method
for a wheeled mobile robot. The mobile robot is equipped with
a couple of laser range sensors and a gyro sensor. We
conducted experiments such as obstacle avoidance, waypoint
navigation, and detection of stairs where the robot motions
were verified by means of odometry readings. The ultimate
goal of this study is to employ GPS for global position
estimation and laser range sensors for local position estimation,
and to combine the two methods for complimentary use so
that a robust, autonomous navigation for a long distance
travel can be made possible.
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2. MOBILE ROBOT SYSTEM
2.1. Wheeled mobile robot
We use a Pioneer3 AT, manufactured by MobileRobots Inc.,
USA. This robot has high reliability and easy customization
and is a four-wheel drive which is suitable for outdoor
environment. The main specifications and its appearance
are shown in Table.1 and Fig.1, respectively.
Table.1 Specifications of the experimental setup

Size(L×W×H)
Weight
Max Speed
Continuous duty
time

Obstacle

1. INTRODUCTION
Robots once considered as a substituting labor for factory
workers have been expanding their opportunities to
contribute in wider areas such as medicine, welfare, office,
entertainment, disaster relief and so on. Many of these
applications often request the robots to interact with
humans or to act within a close proximity of humans. There
are several abilities the robots need to possess in order to
achieve safe and smooth operations. One of them is an
autonomous navigation capability by which a robot can
reach a given goal without a human intervention. In doing
so, there are two key issues the robot needs to solve. The
first one is a self-localization in which the robot needs to
identify where one-self is in the environment. The second
is a collision avoidance in which the robot needs to be able
to carry out a collision-free maneuver in the presence of
stationary or moving objects.
This study deals with an outdoor autonomous navigation
of a mobile platform which is equipped with GPS, gyro and
laser ranging sensors (LRS). Assuming that the global
positional information of the robot is captured by GPS,
LRS and gyro are utilized to estimate its local position.
Obstacle avoidance and other temporary actions which are
local in nature will take place based on the estimated local
information.

550×610×1300[mm]
30 [kg]
4 [km/h]
appr. 2 [h]

LRF

LRF

Pioneer3AT
Fig.1 Experimental platform

2.2. Gyro sensor
Gyro sensor is an internal sensor which provides an
accurate measurement on angular velocities. Therefore, it is
necessary to integrate in order to get angle information. We
use a MEMS-based gyro sensor manufactured by
Sumitomo Precision Co. Ltd., Japan (Fig.2). It has a
pre-installed function such as a drift cancellation. The main
specifications are listed as follows.
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Detection angular velocity：±300°/sec
Detection angle：±999°
Weight：50g
Dimensions (L×W×H)：52mm×45mm×20mm

Fig.4 System model

Fig.2 Gyro sensor

2.3. Laser range sensor
We use a laser range sensor (UTM-30LX) for obstacle
avoidance, manufactured by Hokuyo Co. Ltd, Japan (Fig.3).
This sensor can accurately measure a distance to an
obstacle. The main specifications are listed as follows.






Viewing angle：270°
Angular resolution：0.25°
Response time：13～53ms
Maximum measurement distance：30m
Dimensions (L×W×H)：60×60×87[mm]

Fig.5 Control diagram for the mobile robot

4. NAVIGATION AND MOTION PLANNING

Fig.3 Laser range sensor

3. SYSTEM CONTROLLER
It is well-known that the type of wheeled mobile robot
used in this study is a non-holonomic system. A control
method used is a so-called “look-ahead control” based on
input-output feedback linearization technique. With this
method, the output equation is chosen as XY coordinates of
a reference point Pr in Fig.4 and the reference point Pr is
commanded to move along a desired trajectory. Then the
robot will start to move such that it is chasing the motion of
Pr. Fig.5 shows a system controller where is a decoupling
matrix. Note that  in Fig.4 is the heading angle.

4.1. Way point navigation
A waypoint navigation is a method in which an entire
trajectory is divided into a series of waypoints and the robot
is commanded so as to follow the waypoints one after
another until it reaches the final waypoint which is the goal.
Note, however, that in our look-ahead control the robot
does not explicitly follow the waypoints but the reference
point Pr does (Fig.6). Therefore, the robot does not
necessarily pass through the waypoints and planning of
waypoints requires some kind of caution so that the
resulting motion of the robot is acceptable. Switching
from a current waypoint to the next occurs when the robot
gets close enough to the current waypoint, 30cm in radius
for instance.

Trace of robot

Robot

Waypoint2

Waypoint1
Reference point
Fig.6 Way point navigation
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4.2. Obstacle avoidance
Once the robot starts, it is moving toward the first
way-point.
When an obstacle is detected within a
fan-shaped region of a 90 degree’s opening and 1 meter
radius, a repulsive force is given to the reference point in an
opposite direction relative to the obstacle detected as shown
in Fig.7. Since the robot is commanded to chase after the
reference point, the robot will eventually move away from
the obstacle. When multiple obstacles come into the region
at the same time, the robot carries out an avoidance
maneuver with respect to the closest obstacle.

Obstacle
Reference point

Search region

Robot

5. EXPERIMENTAL RESULTS
5.1. Obstacle avoidance using LRF
Experiments for obstacle avoidance were conducted
indoors on campus. Three different scenarios were tested．
① Two obstacles (plastic trash cans) are placed in
front where the one is placed near side while the
other on the far side. The robot is expected to
meander between the obstacles (Fig.9).
② Two obstacles are placed in parallel on far side
with a wide gap between them. Another set of
obstacles are placed in parallel on near side
with a small gap between them (Fig.10).
③ Two obstacles are placed in parallel on far side
with no gap between them. Another set of
obstacles are placed in parallel on near side
with a wide gap between them (Fig.11)

Fig.7 Concept of obstacle detection and avoidance

4.3. Detection of stairs
An ordinary wheeled mobile robot has a difficulty of
dealing with a large step or stairs. Also a robot may not
be able to detect the presence of descending stairs because
LRS usually scans the environment to detect obstacles by
sweeping horizontally, which maximizes a sweeping range.
Also a robot has a good chance to be encountered with a
slope, ascending or descending. Before taking its action,
the robot needs to be able to judge whether the slope is
manageable or not. Our proposed method is to measure
three different distances in a direction of 45, 50 and 64
degrees measured from the vertical line. Two triangles,
the one formed by 45 and 50 degrees and the other by 45
and 64 degrees, are considered, where angles α and β are
defined as shown in Fig.8. If α and β are very similar to
each other, the robot decides to proceed, which means that
the slope is manageable. If α and β are not similar or the
angle γ as defined in Fig.8 is either greater than 20 degree
or less than -20 degree, then the robot is commanded to
back up．

Fig.9 Experimental environment (Case I)

LRF
Fig.10 Experimental environment (Case II)
45°
1m

50°
64°

α
β
γ

Fig.8 Detection of stairs or slopes

Fig.11 Experimental environment (Case III)

LRS measurements and odometry readings are superposed
in a single figure by using OpenCV where the green and red
－323－
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plots represent LRS measurement and the robot’s trajectory,
respectively.

5.2. Detection of stairs
In order to check the efficacy of the proposed method
described in 4.3, ascending stairs (case A) and descending
stairs (case B) shown in Fig.15 are chosen for experiments.
The robot is commanded to approach the stairs directly in
front (X direction in the robot coordinate frame). Fig. 16
and Fig. 17 plot time sequences of the odometry readings in
X direction which are more or less the same as the robot’s
travel distance. Also the time variations of the two angles, α
and β, for Case A and Case B are plotted in Fig.18 and Fig.19,
respectively.

Fig.12 Experimental result (Case I)

Xcoordinate [mm]

(a) Case A
(b) Case B
Fig.15 Experimental environment for stair detection

Fig.13 Experimental result (Case II)
Time [sec]

Xcoordinate [mm]

Fig.16 Robot’s forward motion (Case A)

Time [sec]
Fig.17 Robot’s forward motion (Case B)

Fig.14 Experimental result (Case III)

These results indicate that the robot with LRS can
successfully maneuver among obstacles by finding an
appropriate path.
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According to Fig.16, the robot detects the ascending stairs
at 9 seconds and carries out a back-up motion, continuing
back and forth motions thereafter. Similarly the robot
successfully detects the presence of the descending stairs as
shown in Fig. 17 in which the stairs are detected at 5
seconds. Those back-up motions are triggered when the
angles defined in Fig.8 exceed or fall below the threshold
values. In case of descending stairs, the back-up motion can
also be initiated by a disagreement of the two angles α and
β. These experimental results show that the robot is able
to detect stairs successfully.
6. CONCLUSION
In this study, two laser range sensors were deployed on a
wheeled mobile platform for the purpose of obstacle
avoidance and stair detection where one laser range sensor
carries out a horizontal scan while the other does a vertical
scan. The sensor for a horizontal scan is used not only for
obstacle avoidance but also for a map building of the
environment which is utilized for self-localization. We plan
to combine this method with GPS and a gyro sensor in
order to realize an autonomous travel in a long and wide
range. As far as obstacle avoidance is concerned, this
paper only dealt with stationary obstacles. Therefore more
experiments will be needed for unforeseen or moving
obstacles. As for the stair detection, the robot was able to
detect both ascending and descending stairs given.
However, more different situations need to be tested to
verify the validity of the proposed approach.
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EXPERIMENTAL MODAL ANALYSIS OF VEHICLE EXHAUST SYSTEM TO
DETERMINE HANGER LOCATION USING ROOT MEAN SQUARE VALUE
Oo Kyaw Nyein, Aminudin Abu, Aung Lwin Moe, Asnizah Sahekhaini

ABSTRACT
Vibration of exhaust system due to the engine operation
and the condition of the road surface which is transferable
to the body through the hanger affects the noise, vibration
and harshness performance of the vehicle, and the life time
of the hangers. In order to solve this problem of the
automobile exhaust system, experimental modal analysis
was carried out by utilizing a sample exhaust system of
passenger car as a research object within the frequency
range of interest. LMS Test.Lab was used to perform modal
analysis. This study estimated the dynamic characteristics
of the exhaust system such as natural frequencies and mode
shapes. Using frequency response function at every
measuring point, root mean square value (RMS) of
vibrating energy was calculated to select hanger location of
exhaust system where the RMS value is comparatively
small. Experimental modal analysis is an efficient tool to
study and estimate the dynamic properties of the exhaust
system, and calculating RMS value is also an easy method
to find hanger location of the exhaust system utilizing
frequency response function.
Keywords— Hanger Location, Experimental Modal
Analysis, Root Mean Square (RMS) Value, Exhaust System,
Frequency Response Function
1.

INTRODUCTION

Exhaust system is suspended from the car body by
hangers. It is mainly composed of exhaust manifold,
exhaust pipe, flexible joint and muffler. The objectives of
automobile exhaust system is used to prevent exhaust gas
from entering the passenger compartment, to carry and
reduce releasing toxic gases into the environment and to
silence noise that is occurred by the high pressure exhaust
gas. It has an interface between the engine, vehicle body
and environment. Due to the excitation of engine operation
and the road surface condition, the vibration of exhaust
system occurs and transferred to the car body through the
hangers. This behavior affects the noise, vibration and
harshness performance of the vehicle, and the life time of
the hangers with fatigue. In order to solve this problem, the
sensitivity locations of hangers are important, and depend
on the dynamic characteristics of the exhaust system and
the excitation frequency range, especially engine idle
frequency [1]. Previously, many works with respect to the

modal analysis of vehicle exhaust system have been
studied. Recently, Wang Wenzhu et al. arranged hanger
location layout of automotive exhaust system using
ADDOFD method by numerical and experimental modal
analysis. Their constrain modal analysis also depicts the
natural frequencies of exhaust system is out of the engine’s
excitation frequency range [2]. He Hai et al. performed
modal testing and estimated the dynamic properties of the
exhaust system. Based on the results, they suggested that
the overall stiffness should be enhanced and the research on
the location of hangs is their further study [3]. Heiner
Storck et al. studied experimental modal analysis of exhaust
structures providing three boundary conditions [4]. Chetan
D. Gaonkar determined location of mounting clamps
identifying nodal and anti-nodal points in mode shapes of
exhaust system by modal analysis [5]. The finite element
method based simulation technique to determine hanger
position of exhaust system using average driving DOF
displacement (ADDOFD) method was presented by
Noorazizi et al [6, 7]. John George et al. carried out modal
transient dynamic analysis with vibration data from road
load data acquisition (RLDA) which influence the dynamic
behavior of exhaust system. Their study shows that
attention should be given to exhaust system frequencies
below 15 Hz although design engineer focus on the engine
idle frequency range (typically 20-40 Hz) to avoid any
potential NVH problems [8].
In this study, experimental Modal Analysis was
conducted by utilizing LMS Test.Lab testing software
within the frequency range (0Hz – 50Hz). The natural
frequencies and mode shapes of the exhaust system were
generated. Although ADDOFD method was used in the
most of the researches, in this paper, root mean square
(RMS) value of vibration energy was calculated based on
frequency response function at every point. Calculating
RMS value can easily and quickly identify where the
vibrating energy is small to select hanger location. The
main objective of selecting hanger location is to reduce the
vibration of the exhaust system for long life use of exhaust
hangers and to avoid the noise, vibration and harshness
(NVH) issue of the automobile due to the exhaust system.
In this paper, hanger locations where RMS value is
relatively small were selected by utilizing a sample exhaust
system of passenger car as a research object. This study can
contribute to the design development and verifying the
performance of an automobile exhaust system and can be
broadened for the other exhaust system designs.
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2. EXPERIMENTAL MODAL ANALYSIS

1

Modal analysis is vital to compute the dynamic
characteristics of the exhaust system. Experimental modal
analysis is a technique to obtain modal parameters of the
structure such as natural frequency, damping and mode
shape identifying the measured input force and response by
exciting a force to the structure.

11

z

2.1. Testing Object
The testing object that is used in this study is shown in
Figure-1. The components of this exhaust system are
flexible bellow, catalyst converter and exhaust pipe.

17

37

Exciting point
y

x

43

Representation of measuring point

Figure-2. Wireframe of Exciting Point and Measuring
Points
LMS
SCADAS
Mobile

Catalytic Converter

Analyser
Power Amplifier

Flexible Bellow
Muffler

Shaker

Figure-1. Sample of Testing Object
2.2. Experimental Setup
The experimental setup was performed by the
following aspects.
(1) The interested boundary condition of the exhaust system
was free-free condition. Very small diameter of fishing cord
was used to simulate free-free model of the exhaust system.
This cord has very small stiffness and much lower
frequency than the lowest frequency of the exhaust system.
Five hanging points were chose to be balance including two
points that are at front edge and rear edge. The effect of
these suspension cords can be negligible.
(2) The excitation point was selected based on the
following considerations. The shaker should be placed at
the point where the excitation signal can be transmitted the
whole exhaust system easily. This point should have high
stiffness to make sure the shaker support is resonance free.
Since the exhaust system is too long, a point at the middle
of the exhaust system was chose as a reference point to get
enough signal and response level from all measurement
points. A three millimeter diameter and seven centimeter
long of stinger rod that should be rigid in the axial direction
and flexible in the lateral direction was used in this
experiment to decouple the shaker from the testing object
and transmit force to the testing object. In order to measure
and transmit force to the structure, a force transducer was
used at the top of the stinger.
(3) The measuring point should be taken along the profile
of the exhaust system to specify modal properties. A total

Figure-3. Photo of Testing Setup
of 43 measuring points was selected to simulate the
exhaust system profile. The wireframe of exciting point and
measuring points are shown in Figure-2. Tri-axial
accelerometer that is used in this testing can measure
vibration acceleration in X, Y and Z directions of every
measuring point but we must ensure that the directions of
the accelerometer were the same as the previous measuring
point when roving the accelerometer from measuring point
to point.
(4) Spectral testing program that is suitable for shaker
testing in LMS Test.Lab software was used to obtain more
precise vibration properties. Although there are different
types of signal such as sine, burst sine, random and burst
random with shaker excitation, random signal was selected
as an excitation signal to approximate nonlinear properties
of the exhaust system into linear properties, and another
reason is that the excitation signal from the engine vibration
and vibration due to the road surface condition which is
transmitting through the wheel, suspension system, chassis
and hangers to the exhaust system cannot be sinusoidal. In
addition, 10 times linear amplitude average method was
used to reduce random error and also Hanning window was
utilized to avoid the leakage of random signal.
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(5) Since the testing object is from passenger car, the
frequency range of interest is based on the engine
specification of the car which has 20Hz-30Hz of idle
frequency. In order to cover engine idle frequency and
some vibration frequencies due to the road surface
condition, frequency range (0Hz-50Hz) was selected to
conduct modal analysis of the exhaust system.
The photo of experimental setup is shown in Figure -3.

(a) First order mode shape

2.3. Data Processing
Some initial setup such as channel setup, scope and test
setup were completed in the spectral testing software of
LMS Test.Lab acquisition system. Then, the measured data
were processed in the modal data selection and time MDOF
worksheets. The modal parameters were identified from the
sum frequency response function of all measuring points.
The identified natural frequencies and damping are shown
in Table-1, and the first five order mode shapes are depicted
in Figure-4. Among five numbers of modes, modal orders
one to two are bending modes and the rest are complex
mode shape. These show that the higher natural frequency,
the more complex mode shape occurs and then the
displacement distribution of each mode is different
meaning that vibration energy at each node is different.

(b) Second order mode shape

(c) Third order mode shape

Table-1. Natural Frequencies of Exhaust System
Modal order
1
2
3
4
5

Natural frequency, Hz
6.975
15.26
20.802
27.533
49.139

Damping, %
4.76
4.51
3.81
3.71
0.98

(d) Fourth order mode shape

3. DETERMINATION OF HANGER LOCATIONS
3.1. Root Mean Square (RMS) Theory
A square root of the mean value of square quantity f(t)
at a proper average time T is termed the root mean square
value for a signal f(t).This value is described by equation
(1).

1
 s  lim
T 0 T

T
2
T

2



Figure-4. First Five Mode Shapes of Exhaust System
2

f (t )dt

(1)

When   0 in time domain;

The information related with characteristics of random
variables in a time domain is provided by auto-correlation
function Rf. The similar information in a frequency domain
is given by the power density function Sf.
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(e) Fifth order mode shape
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The root mean square value at the time domain is
equivalent to the area under the frequency response curve in
the frequency domain [9]. So hanger locations of the
exhaust system can be selected by the lowest RMS value.
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3.2. Calculating RMS Value
0.11

1.00

FRF Ex:40:-Z/Ex:14:+Z

Amplitude

F

g/N
Amplitude

Vibration energy distribution is crucial for determining
hanger location of the exhaust system. Based on frequency
response function, the different energy distribution at
different measuring points of exhaust system can be
generated. For an instant, the response at measuring point
40 of the exhaust system is shown in Figure-5 describing
acceleration translational magnitude with respect to the
frequency. The area under the curve represents the vibrating
energy of the given measuring point.
Based on the results, the average excited load response
at the different points is identified utilizing RMS value that
is the transmitted energy to the body. The RMS value is
very simple and easy to observe the average transmitted
energy at various measuring points. The highest RMS
values give the highest energy.
However, the high energy arise disadvantage for the
hanger’s locations of the exhaust system because the energy
can be transmitted via the hangers to the vehicle body and it
may then arise noise, vibration and harshness problem of
the vehicle. Therefore, the small RMS value should be
selected for the hanger position. The level of RMS value at
the different points is depicted in Figure-6.

0.00

0.00
0.00

Hz

50.00

Figure-5. Response of Exhaust System
0.12
0.1

3.3. Selecting New Hanger Location
Originally, there are three hanger locations; the first
one is at point 10 which is near the flexible bellow, the
second is at 1.5 cm away from point 37 which is between
measuring point 37and 38, and the third is at 8.5 cm away
from measuring point 40 between point 40 and 41 or at the
rear part of the muffler. The some original positions are at
high vibrating energy that transfers more energy to the
body. Therefore, changing the hanger locations is required
to reduce the vibration of exhaust system and the body.
Based on the RMS level of vibrating energy, the
measuring point 11 should be selected as a first new hanger
location because its RMS level is small compare to the
surrounding measuring points. The measuring points 16 and
17 have the same RMS value of vibrating energy. These
two points are neighbouring points. So, we could not
choose both points. On the other hand, the location of
measuring point 16 is on the catalytic converter and that of
point 17 is on the exhaust pipe near the catalytic converter.
Since the exhaust hanger should not be fitted on the
catalytic converter, the measuring point 17 was selected as
a second new hanger location. The measuring point 23 has
lower RMS value of energy but it should not be selected as
a hanger location because this point is near to the second
new hanger location. The rest point which has lower RMS
value of vibrating energy is the measuring point 40. This
point is located at the front of the muffler. We select this
measuring point as a third new hanger location of the
exhaust system.
To sum up, the new selected hanger locations are at
measuring point 11, 17 and 40. These are the lowest RMS
value which is recommended as the best hanger locations of
the sample exhaust system. The original and new hanger
locations of the exhaust system are shown in Figure-7.

0.08
0.06
0.04
0.02
0

1 3 5 7 9 1113151719212325272931333537394143

Figure-6. Level of RMS Value at Different Points

(a) Original hanger locations

(b) New hanger locations
Figure-7. Hanger Locations of Exhaust System
4. CONCLUSION
In this paper, experimental modal analysis was
performed to determine the suitable hanger locations of the
sample exhaust system using root mean square (RMS)
value. The spectral testing software of LMS Test.Lab was
used to generate the modal properties of the sample exhaust
system. The first five natural frequencies and the relative
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mode shapes have been generated within the frequency
range of interest. Three new hanger locations were selected
at the smaller RMS value not only to reduce the vibration
of the exhaust system but also to increase durability of the
hangers. As a result, the suitable hanger locations of the
exhaust system can be investigated easily to reduce the
transmitted vibration energy from the exhaust system to the
vehicle body that arise the noise, vibration and harshness
issue while estimating the dynamic properties of the
exhaust system for the development process of the
automobile. This technique can be applied as a tool to study
and estimate dynamic characteristics of the exhaust system,
and to find suitable hanger location of exhaust system
easily and quickly.

5. FUTURE WORK
The result of this experimental modal analysis will be
validated with the results of numerical simulation by
utilizing MSC Patran / Nastran software.
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1.1. Laser – Electrostatic Acceleration Thruster

ABSTRACT
A fundamental study of a laser-electrostatic hybrid
propulsion system with alternating electric field applied to
an acceleration electrode was conducted, in which laserinduced plasmas were induced through laser beam
irradiation onto a solid target and accelerated by electrical
means instead of direct acceleration using only laser beam.
In the laser-induced plasma generated from a solid target
irradiated with a nanosecond laser pulses exceeding an
ablation fluence, it was shown that electrons, primarily
absorbing the laser energy, were emitted earlier and faster
from the target and then ions follow. In this study, to
accelerate the temporally shifted particles, an alternating
electric field accelerator, rather than a static field
accelerator, was developed, which can firstly accelerate
electrons with a negative electric field pulse and then
secondly accelerate ions with another positive electric field
pulse. Characterization of the generation of alternating
short pulse voltages typically of 1µs duration between two
electrodes was conducted. The acceleration characteristics
of electrons and ions using alternating fields were
evaluated by a Faraday cup.
Keywords— Laser ablation plasma, Laser propulsion,
Electric double layer

Schematics of laser-electric hybrid acceleration systems are
illustrated in Fig.1. The basic idea of this systems is that
laser-ablation plasmas, induced through laser irradiation on a
solid target, are additionally accelerated by electrical means.
Since any solid material can be used for the propellant in
these cases, no tanks, no valves, or piping systems are
required for the propulsion system. Therefore, the system
employing this technique can be very simple and compact.
As the laser-ablation plasma has the directed initial velocity,
which is further accelerated by electrical means, significantly
high specific impulses can be expected.
A preliminary investigation on a laser-electrostatic hybrid
acceleration thruster is being conducted, in which a laserablation plasma is accelerated by an electrostatic field. A
focused laser pulse is irradiated on to a solid target, or
propellant. Then, a laser-induced plasma, or laser-ablation,
occurs at an irradiating spot of the propellant surface. In the
laser-ablation process, first of all, electrons are emitted from
the surface, and, then, ions are accelerated through
ambipolar diffusion. In this study, those ions are further
accelerated with an additional acceleration electrode. Since
the laser-induced plasma having the directed initial velocity
is further accelerated by an electrostatic field, high specificimpulse can be expected.

1. INTRODUCTION
Small-sized onboard laser plasma thrusters are under
significant development with rapid evolutions of compact
but high power laser systems1.2.3. One of the advantages of
such laser thrusters is the use of solid-state materials for the
propellant. Since any solid material can be used for the
propellant, tanks, valves, or piping systems, which are
necessary for thrusters with liquid or gaseous propellant, are
not required for the laser propulsion system. Therefore, the
laser thruster system can be very simple and compact. Also,
significant controllability of thrust is possible by changing
the input laser power4.5.6. In order to further improve the
thrust performances and system simplicities of conventional
laser propulsion systems, a preliminary study on a laserelectric hybrid propulsion system was conducted.
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1.2. Laser Abration Plasma

2.1. Accelerator Electrodes

Generation of a laser ablation plasma induced through an
interaction of an intense focused pulsed laser and a solid
target is a short-duration event. Plasma temperature and
density dramatically change with time and in space. Figure 2
shows a typical output signal measured by a Faraday cup
(FC) fixed at 100 mm from a Cu target, showing temporal
changes of electron current (negative signals, or below zero
ampere) and ion current (positive signals, or over zero
ampere) measured in a laser ablation plasma. This figure
shows that negative signals of electrons, primarily absorbing
the laser energy inside and outside of the target, are reaching
to FC earlier than positive signals of ions, since electrons are
emitted earlier than ions from the target surface.
Then, ions follow foregoing electrons. Namely, a wavefront
of a laser ablation plasma consists of two layers of electrons
and ions, or a double layer7. From the figure, a difference of
arrival times of electrons and ion can be assumed as a gap
between negative and positive peaks, which is about 10µs.

A schematic illustration of a laser-electrostatic hybrid
thruster is shown in Fig.4. The hybrid thruster consists of a
Cu target (propellant), an acceleration electrode, and a laser
oscillator. The propellant target and accelerator electrode
are connected to a switching circuit. This circuit provides
alternating voltages (positive and negative voltages)
between the target and the acceleration electrode. The Cu
target was mounted on an X-Y stage to refresh irradiating
spots of the target surface. For the laser oscillator, an
Nd:YAG laser (wavelength: 1064nm, pulse energy:
340mJ/pulse, peak power: 0.17GW, pulse width: 5ns,
repetition rate: 10Hz ) was used. Laser ablation plasmas or
ions were accelerated by the acceleration electrode made of
a 0.3 mm-thick Cu plate with a hole of 10 mm in diameter.
To evaluate the effects of the electrostatic field, effects of
arbitrary delays and durations for the application of applied
voltages to the target and acceleration electrode on ion
emission characteristics were investigated.

Figure 3. Experimental setup.

Figure 2. Temporal changes of electron and ion
currents measured in a laser ablation plasma
current.
2. EXPERIMENTAL APPARATUS
Temporal evolutions of the plasma current were measured
by a Faraday Cup, as shown in Fig.3. The Faraday Cup
consists of three electrostatic grid and one collector grid. It
was placed at 100 mm away from the thruster (target plate
position) along the centerline. Temporal changes of the
plasma currents were acquired by an oscilloscope (Tektronix,
spectral width 300 MHz, maximum sampling rate 2.5GS/s).
Since the transient probe data were highly reproducible, it
was possible to obtain the current-voltage. The plasma
current was estimated from the time of signal arrival to the
Faraday cup. Pulse generator (DG-535) was used to
transmit a signal to the IGBT and the Nd:YAG laser. It
synchronize the switching circuit with the Nd:YAG laser.
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2.2 Switching Circuit

3. RESULT AND DISCUSSION

To induce alternating pulse voltages to the electrodes, we
have developed a switching circuit, shown in Fig.5. In this
figure, V1 and V2 are bipolar power sources. V1 provides a
negative pulse voltage. On the other hands, V2 provides a
steady positive bias voltage. By combing these negative
pulse voltage and steady positive bias, alternating voltages
to the electrodes can be generated. In this circuit, IGBT and
capacitor (1µF) were used to generate a pulsed voltage
wave. This pulsed voltage wave was transmitted to a
secondary circuit through transformer (1:1) and applied to
the electrodes. A typical output signal of alternating pulse
voltages applied to the electrodes synchronized with a laser
pulse is shown in Fig.6. The voltages and durations can be
controlled to optimize acceleration conditions.

Temporal changes of plasma (electron and ion) current were
observed by Faraday cup measurement. The pulse voltage
applied to electrodes were delayed from 0 µs to 28 µs
relative to a laser pulse. The temporal changes of plasma
current were plotted in Figs.8 to 15.
Figures 8 and 9 show current waveforms with constant
acceleration voltages applied to electrodes. Figure 8 shows
the current with a steady acceleration voltage of +50V. A
negative current was mainly observed, and most of the
positive sides are very low. Figure 9 shows the current with
a steady acceleration voltage of -50V. Conversely, in the
case of -50V, a positive current waveform was observed,
and most of the negative sides were very low.
Figures 10 to 15 show current waveforms with pulsed
acceleration voltages applied to acceleration electrodes at
different delays from laser pulse irradiation.
It can be seen that the positive current increases with the
increase o
positive current is observed at a delay of 12 µs, and the peak
value is higher than that obtained in the steady bias case
current decreases with increasing delay.

Figure 6. Pulse voltage applied to accelerator grid
This figure shows an example of alternating pulse
voltages applied to electrodes. Pulse width is 5µs. V1
provides pulse voltage (-100V) and V2 provides
constant bias (+50V).
Figure 7. Schematic of the pulse voltage being delayed
from 0µs to 28µs relative to a laser pulse.
Pulse voltage applied to accelerator grid

Figure 5. Configuration of switching circuit
This switching circuit can generate a short pulse voltage, in
which pulse width is less than 10µs. V2 provides positive
voltages to electrodes. On the other hands, V1 provides
negative pulse voltages.
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Figure 8. Temporal changes of plasma
current (constant bias +50V).

Figure 11. Temporal changes of plasma
current at 4µs.

Figure 9. Temporal changes of plasma
current (constant bias -50V).

Figure 12. Temporal changes of plasma
current at 8µs.

Figure 13. Temporal changes of plasma
current at 12µs.

Figure 10. Temporal changes of plasma
current at 0µs.
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4. CONCLUSION
A preliminary investigation of an alternating electric field
accelerater for a laser-electrostatic hybrid thruster was
conducted, in which a laser ablation plasma was accelerated
by an alternating electrostatic field. A newly developed pulse
generating circuit successfully generated alternating pulse
voltages between electrodes. In order to find the optimum
timing of the alternating pulse voltages, the temporal
changes of ion and electron currents were evaluated by a
Faraday cup. It was shown that the positive current
increased with the increase of the delays of the pulse voltage
of less than 12 s. The maximum positive current was
observed at a delay of 12 µs, and the peak value was higher
than that obtained in the steady bias case. After the delay of
12 s, the positive current decreased with increasing delay.
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MODELLING OF SMART CONTROLLER FOR THE MALAYSIAN CAR SUSPENSION
SYSTEM
Mohamad Amiruddin Ismail, Pauziah Muhamad, Aminudin Abu

ABSTRACT
This paper discusses the application of PID controller
with Magneto-rheological (MR) for Malaysian car
suspension. Previous studies on the usage of the MR
fluids could enhance the performance and improved the
vibration in systems such as buildings and vehicles.
Therefore, Malaysian car suspension system is proposed
and investigated here by using PID controller. It is
designed to bring comfort and safety to both rider and
passenger also to improve the handling ability to the
vehicle. The effectiveness between the MR quarter car
suspension and the passive system is demonstrated by
computer simulation and experimental testing. It is found
that MR suspension with PID controller system could
eliminate external disturbance which obtain much better
ride quality and handling performance to the Malaysian
car suspension system.
Keywords- Magneto Rheological; Malaysian car
suspension; Simulink;
1.

INTRODUCTION

Suspension systems have been in use since before the
invention of internal combustion engine. The first
suspension systems consisted primarily of springs, as the
leaf springs found on horse-drawn carts, or as a system
employed whereby a cabin was suspended between two
posts. With the advent of automobile industry suspension
systems became increasingly important, but also
increasingly complex. This was necessary, as the
evolution of other automotive technologies especially
those related to speed and performance called for the
suspension to evolve as well [1]. Magneto-rheological
(MR) fluids is known in the year 1940s developed by
Jacob Rainbow [2] as its behavior is related to the
micron-sized particles (typically iron) that will cause the
formation of particle chains when appropriate field is
applied (magnetic or electric). The strength of these
chains provides an increased resistance to flow the form
of controllable yield stress. This yield stress phenomenon
is to be utilized to build highly-controllable semi-active
devise in dampers [3]. In the early nineteen, Swedish firm

started to utilize the Magneto-rheological (MR)
suspension at the race track with Wayne Rainey in the
500 class. The principal of magneto rheological damper
system is similar to standard shock. The only difference is
that it has a piston on the end of shaft inside an outer that
filled with MR fluid [4]. MR fluid dampers exhibit highly
nonlinear behavior, which makes it difficult to control.
MR fluid can rapidly modify their flow characteristic in
response to magnetic field. Furthermore, the model
gained popularity and is has been applied to wide variety
of engineering problems. BMW became the pioneer for
motorcycle suspension invention, where in 2005; BMW
ESA electronic suspension had been manufactured for
sale. It was actually a simple system that changed the
hydraulic setting automatically, either in comfort, normal
or sport modes all by hitting a button on the dash. It
seems that the idea of using computers to make
adjustment to the suspension instead of the spanner is not
far-fetched as it might have imagined [6]. Therefore, there
are various different methods that product is already on
the market or will be seeing in the future. The most
intriguing method of new damping technology is the
magneto rheological damper. The principal of magneto
rheological damper system is similar to standard shock.
The only difference is that it has a piston on the end of
shaft inside an outer that filled with MR fluid [8]. MR
suspension system is an advanced system that can
improve the vibration in the vehicle system, for Super
sport bike and bicycle [9]. Other famously controllable
dampers such as electro-rheological (ER) fluids [9] have
been built. ER fluids generally consist of semi-conducting
particles suspended in dielectrics oil, where MR fluids is
use magnetisable particles suspended in a nonmagnetisable carrier liquid. In both cases the flow
mechanism is the same: excitation of the fluid by the
appropriate field (electric or magnetic, respectively)
causes polarisation and subsequent alignment of the
particles suspended within the liquid [10]. The resulting
chain structure is held in place by the applied field, and
hence resists fluid flow. The resulting behaviour is
analogous to the class of fluids known as Bingham
plastics-non-Newtonian fluids capable of developing a
yield stress. For smart fluids, this yield stress is exceeded,
the behaviour of the smart fluid deviates from that of a
Bingham plastic [11]. This is attributable to a breakdown
of the chains of particles under the force of the fluid flow,
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and results in a shear-stress/shear-rate characteristic that
is highly non-linear. When used in a damping device, the
result is a damper whose force/velocity characteristic is
non-linear, but can changed by way of the applied electric
or magnetic field [12]. The popularity of MR dampers
have become eager in the industries and commercialized
by some companies [13].
The first paper dealing with active suspensions dates
back to the 1950s [14]. One of the first reviews of the
state of the art of controlled suspensions was carried out
by [10]. Another one was produced in 1983 by Goodall
and Kortüm[11] who surveyed the active suspension
technology. A few years later Sharp and Crolla [12] and
Crolla and Aboul Nour produced comparative reviews of
advantages and drawbacks of various types of
suspensions. Due to these benefits the simulation based
study on MR Malaysian car suspension system is
proposed and investigated using PID controller.
In this paper, a new control algorithm for road profile
response
control
of
automotive
structuremagnetorheological (MR) system is proposed. The
control algorithm is developed through the integration of
the proportional-integral-derivative (PID) and semi-active
inversion algorithm. Smart damper system are described
in section 2, including results, in section 3. Conclusions
are discussed in section 4.

Figure- 1. The 2DOF quarter car system under base
excitation Diagram
Using Newton’s second law of motion, the equation of
motion for this system become:
𝑚𝑚𝑢𝑢 𝑥𝑥𝑥 2 = 𝑘𝑘𝑡𝑡 (𝑥𝑥1 − 𝑥𝑥2 ) − 𝑘𝑘𝑠𝑠 (𝑥𝑥2 − 𝑥𝑥1 ) − 𝑐𝑐(𝑥𝑥𝑥 2 − 𝑥𝑥𝑥1 ) (1)

𝑚𝑚𝑠𝑠 𝑥𝑥𝑥 1 = 𝑘𝑘𝑠𝑠 (𝑥𝑥2 − 𝑥𝑥1 ) − 𝑐𝑐𝑐𝑐𝑐𝑐 2 − 𝑥𝑥𝑥 1 )

(2)

𝑚𝑚𝑢𝑢 𝑥𝑥𝑥 2 + 𝑘𝑘𝑡𝑡 𝑥𝑥2 + 𝑘𝑘𝑠𝑠 𝑥𝑥2 − 𝑘𝑘𝑠𝑠 𝑥𝑥1 + 𝑐𝑐𝑐𝑐𝑐 2 − 𝑐𝑐𝑐𝑐𝑐1 = 𝑘𝑘𝑡𝑡 𝑥𝑥1

(3)

Rearranging this system into output and input components
gives:

𝑚𝑚𝑠𝑠 𝑥𝑥𝑥 1 = 𝑘𝑘𝑠𝑠 𝑥𝑥2 + 𝑘𝑘𝑠𝑠 𝑥𝑥1 − 𝑐𝑐𝑐𝑐𝑐 2 + 𝑐𝑐𝑐𝑐𝑐 1 = 0

(4)

Table 1. Parameter of Malaysian Car Suspension

2. A NUMERICAL MODEL FOR THE QUARTER
CAR SUSPENSION SYSTEM.

Value

Units

Description

250

kg

35

kg

𝑘𝑘𝑠𝑠

17600

𝑐𝑐

100

N.
𝑠𝑠. 𝑚𝑚−1
N.s.
𝑚𝑚−1
N.
𝑚𝑚−1

Mass of the
body
Mass of the
tire
Spring
coefficient
Tire
coefficient
Damping
coefficient

𝑚𝑚𝑢𝑢

In present study, Malaysian car parameter is selected,
to validate the current MR suspension system. Table 1
shows the simulation parameters used to produce the
response data for MR and passive suspension systems.
Table1 shows the simulation parameter used to produce
the response data for both systems. The front suspension
is the main focused as it contributed much to the
influence of the handling, comfort and safety to
passenger.
The simulation model for quarter car suspension system
is the two degree of freedom (2DOF) model as shown in
Fig. 1. It consists of sprung and unsprung mass and a base
excitation. The sprung mass represents the inertia
supported by the suspension, including the driver and
passenger. The unsprung mass is representative of the
wheel and proportion of suspension linkage. The simple
model is accurate enough for suspension analysis
illustrated in [5] .The advantages of the 2-DOF model are
that although it is relatively simple to analyses, it allow a
good approximation of the motion of both the chassis and
the wheel of a vehicle, and hence possesses great
potential in future development of the vehicle analysis.

Vehicle
Parameter
𝑚𝑚𝑠𝑠

𝑘𝑘𝑡𝑡

.

15000

2.1 Quarter Car Model for MR Suspension System
with PID Controller.
Proportional–integral–derivative (PID) controllers are
used in a wide range of applications. These controllers are
frequently designed in the frequency domain, and on the
hypothesis of linearity. Therefore in this paper the PID
controller is adapted with the MR suspension with the
Malaysian car suspension. The result is gain from the
simulation model as shown in the figure 2 and figure
3.The equation of PID controller is shown in the equation
5. Figure 8 shows the facilities of the MR suspension
experiment testing which only equipped with the MR
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damper without PID controller. From the testing the result
shows in the Figure 6, 7 and 8.

the Magneto rheological controller is adjusted from the
current range from 0A until 0.6A.
Figure 4 shows the important data, typical force versus
velocity of RD-8041-1 Lord Corporation damper which is
used in this experiment. From the graph the Magneto
rheological damper will go to the maximum force of
1500N at 0.9A and minimum force at -1900N at velocity
0.2 m/sec. While from the table the spring coefficient is
17600 N𝑠𝑠𝑠 𝑠𝑠−1 . Figure 8 shows the Experiment facility
used for the experiment.

Figure-2. The Simulink Diagram for PID controller
adapted with MR quarter car suspension system.
𝑡𝑡

𝑢𝑢(𝑡𝑡) = 𝑀𝑀𝑀𝑀(𝑡𝑡) = 𝐾𝐾𝑝𝑝 𝑒𝑒(𝑡𝑡) + 𝐾𝐾𝑖𝑖 ∫ 𝑒𝑒(𝜏𝜏)𝑑𝑑𝑑𝑑 + 𝐾𝐾𝑑𝑑
0

𝑑𝑑
𝑒𝑒(𝑡𝑡)(5)
𝑑𝑑𝑑𝑑

Figure 3 shows the overall system incorporating the
application of PID controller to the quarter car model
suspension system. This mathematical model approach
for the quarter car suspension system is developed using
the Matlab Simulink application.

Figure 8; Experiment Facility

Figure 3, The Simulink Diagram for MR quarter
suspension system using PID controller.
2.2 Experiment Setup
The experiment setup was performed by the following
steps.
(1) The quarter car rig is checked for the safety limit of
every of each sensor. The pressure of the actuator is the
increased to 3 Psi with the water pump is activated. The
limit of unsprung and sprung mass sensor is important to
ensure it has no error.
(2) The required load is installed to top of the rig. In this
experiment the load is 250kg. The servo controller is lift
up manual using servo controller until 20mm. In order to
measure the displacement of the sprung mass, the sensor
at TD3 will be set up according to the 20mm limit.
(3) The Shimadzu 4830 software is active to connect the
actuator controller to the Computer. In this experiment,

Figure 4, Typical Force vs Velocity of MR Damper
3. RESULT
A series of simulation and experiment were performed
using the Simulink and Quarter car rig. In this paper, the
primary parameters for OEM and MR suspension system
is taken form the Malaysian car model. The parameter are
been given in Table 1. All of the Simulink diagrams are
used to apply the sinusoidal excitation with different
frequencies to get the Frequency Response Function
(FRFs) of the system. This can be done by averaging the
steady state response where systemaitc and clear solution

－338－
–3–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

can bo obtained [19]. In this paper a road profile (input
signal) tested as shown in the figure 5 is the step signals.

Figure 7; Sprung Mass excited with simple sine wave
input 3mm, 4Hz, 250 kg experiment result.
Figure 5; Road Profile Input
3.1 Comparison between MR Suspension System PID
Controller and Passive System.
The purpose of this section is to compare the
performance of MR damper, PID controller with the
OEM damper. This result is gain from the Simulink and
Matlab simulation. Road profile input is from the figure 5
road profile. The characteristics of the PID controller
have been tuned and are better than those of the passive
system. The current input tested here is 0.1A for MR
damper 1 and 0.6A for MR damper 2 as shown in the
figure 6. The best result for this simulation is PID
controller 2 and PID controller 3 with PID tuned to
P=0.15, I=0.1 and D=0. The better performance of the
PID controller makes it one of the most popular
controllers for the MR damper application.

Lastly in the figure 8 shows the force and displacement
relationship in the MR damper. The MR is in the off state
condition which is the current is 0A. But the data input is
changed by three conditions 3mm displacement and 4Hz
frequency, second is 4mm displacement with 3 Hz
frequency and lastly 6mm displacement with 3 Hz
frequency. From the figure it can be concluded the
behavior of three results is similar.

Figure 8; Force and Displacement relationship of MR
damper
4. CONCLUSION

Figure 6; Sprung Mass Simulation Result
3.2 Comparison Between Current Levels in The MR
Suspension System.
Next section is the experiment results comparison in
the MR suspension system. The PID controller is not
included in the system, because the experiment rig had
only the MR damper. Figure 7 is the displacement of the
sprung mass MR damper form the different current input
which is 0.1A, 0.3A and 0.6A. From the figure illustrates
that by increasing the current value from 0.1A, to 0.6A
the damper is becomes stiffer and the displacement is
increasing up to 5 mm. In this experiment the profile
input is 4Hz, 3mm displacement and 150kg load.

From the experimental and simulation results obtained, it
is found those MR dampers that apply the model PID
controller can help reduce and control vibration in the
suspension. However, these are differences by which each
model is known to have different characteristics.
Nevertheless, the outcome from this use of technology is
seen better and more efficient compared with
conventional suspension system. Although the PID
controller is not included in the experiment in shows that
result is better when it is running in the simulation. The
designed model is run for several input current ranging
from 0.1A to 0.9A, which the current increasing from
0.1A until 0.9A it will change the fluid from soft to
stiffer. The results shows that when the current is less
than 0.2A it will make the damper too soft, and when the
current is more than 0.6A it will change the damper into
hard setting thus making it uncomfortable.

－339－
–4–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

5. FUTURE WORK
The experimental suspension rig system will installed
with the PID controller in the future. The next process is
to find the result of both simulation and experiment using
PID controller.
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UNDERSTANDING CULTURAL INFLUENCES ON CORPORATE GOVERNANCE
PRACTICES : REVISITING HOFSTEDE’S THEORY
Habiba Ihlasuddini, Mohamad Ali Tareq
2. CORPORATE GOVERNANCE : DEFINITION AND
CONCEPT

ABSTRACT
Following the raising issues on corporate governance, it is
important to investigate the factors determining a good corporate
governance system. Authors have found culture to be one of the
most influencing elements,. This paper reviews the Hofstede’s
cultural dimensions which was adopted into accounting values by
Gray. It is found that there is no clear concept on how to measure
cultural influence in accounting practices, especially in corporate
governance. Further investigation is needed to find the proper
variables for the research in culture and accounting.
Keywords— Culture,
Hofstede, Gray

Accounting,

Corporate

Governance,

1. INTRODUCTION
The concerns on corporate governance (CG) started to raise after
the Asian financial crisis in 1997 (Oman et al., 2003). Countries
with weak CG worse economic prospects result in more
expropriation by managers and thus a larger fall in asset prices
(Johnson, et al., 2000). Walker & Fox (2002) argued that CG
mechanism inside most of the Asian firms is going through
improvement after the crisis.
Good implementation of CG will result in financial achievement
by the company and will affect investors in making investment
decision (Shank et al., 2013). Investors choose firms with better
CG as long term investment, and this will increase the demand for
the firms share and as a result the value of the firm will be
increased (Christensen, Kent, & Stewart, 2010; Yu, 2011). For the
efficient market, Holm & Schøler (2010) suggested that
information asymmetric can be reduced by implementing good
CG.
The implementation of governance is different from country to
country, and emerging countries have failed to adopt the western
model of governance (Allen, 2005; Matoussi, 2008; Mulili &
Wong, 2011; Rafiee, 2012). Rafiee (2012) argued that poor
practices of CG in emerging economies make it crucial to develop
an appropriate model for these countries. While the European
A good corporate governance is influenced by many factors, such
as the country’s law and economics (Pacces, 2012). The
environmental factors can also determine the performance of CG
(Noravesh, Dilami, & Bazaz, 2007). In the micro level, it is
interesting to investigate how the citizens with various races as
well as religion interact to each other as one nation to support the
economy. This review paper is to examine the validity and use of
Hofstede and Gray theories in accounting studies. Also, it
describes the need of deeper research towards cultural measures in
acounting, particularly corporate governance. Additionally, the
paper would show the research gap in this field of knowledge.
The remaining of this paper is organized as follows. Section 2
gives a definition and concept of corporate governance, section 3
provides the concept of national culture by Hofstede, section 4
explains the influence of culture on corporate governance
practices which is divided into two parts : Gray’s theory on culture
and accounting and its implementation on the past research.

Oman et al.(2003) defined Corporate governance (CG) as a
country’s private and public institutions, both formal and
informal, which together govern the relationship between the
people who manage corporations (“corporate insiders”) and all
others who invest resources in corporations in the country.
Meanwhile, Abdul, et al., (2015) interpreted CG in a more specific
way by saying that “Corporate governance is a regulatory activity
that is enforced through different internal and external agencies to
resolve the agency conflicts and protect the stakeholder interests
of organisations. Corporate governance ensures that firms are run
in a responsible and accountable manner that enhances the overall
performance.”
It has been widely believed that CG plays a pivotal role in the
company. Markets need to have a robust framework of corporate
governance rules and regulations that provides investors with
confidence in the system and entrepreneurs with the incentives to
develop their businesses (OECD, 2012). Becht, Bolton, & Röell
(2003) as well as Park & Kim (2008) argued that the CG has
become very important issue because of several reasons :
a. A world trend of firm’s privatization in the past two
decades
b. A reform of pension fund as well as emerging wave of
private savings
c. The take over wave in 1980s
d. Asian financial crisis in 1997-1998
e. Many scandals happening in the United States which
resulted to corporate failures
Berglöf & Claessens (2006) presented that enforcement gives a
great influence towards good CG practices. Further, it takes both
private and public enforcement to make a good CG. In other
words, all parties in the society are involved in promoting CG.
Ultimately, this also be influenced by the society’s beliefs,
customs, tradition, as well as culture.
3. CULTURE : HOFSTEDE’S THEORY ON NATIONAL
CULTURE
In accordance with Chan & Cheung (2008), it is crucial to
understand the culture of each country, as it is the way people
resolve their problems. Understanding a culture helps an
individual to interpret and direct his actions. Based on Li &
Harrison (2008), some scholars agreed that in the culture of a
nation, they share the same belief on organizational model. There
are various theories and studies conducted on culture. According
to (Evans & Comm, 2013), arguments on cultural theory can be
categorized into qualitative and quantitative. They termed this as
“an intellectual war of opinions and methods”. One dominant
framework is proposed by Hofstede (2001).
Hofstede (2001) defined culture as “collective programming of the
mind; it manifests itself not only in values, but in more superficial
ways : in symbols, heroes, and rituals”. The concept of dimensions
of culture is introduced through an inquiry into the philosophical
opposition between the specific and the general (Hofstede, 2001).
In his book, Hofstede (2001) stated that there are five national
culture differences which are based on society’s problem. After
proposing his idea of four cultural dimensions in 1980, Hofstede
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has revised the theory into five dimensions. These are the five
dimensions on which many authors have based their research on.
The five dimensions are :

Power Distance : refers to the resolutions for human
inequality issues
The general norm in a society with high Power Distance
Index (PDI) is that only few of society’s member should be
independent while the rest should be dependent. It believes
on the enforcement of legitimate power. Hierarchy is
considered to be an important element of this society. What is
more, the power holders get society’s privileges. On the other
hand, low PDI society accentuate freedom as well as
independence. They reject the idea of hierarchy, which they
believe it is an inequality of roles and thus should be
minimized. The national elites hold on unauthoritarian
values.

Uncertainty Avoidance : refers to the way society deals with
apprehension
Hofstede (2001) explained that this is not the same as risk
avoidance. Uncertainty avoidance leads to remove
ambiguous situation. A society with high Uncertainty
Avoidance Index (UAI) tries to make life more predictable.
Countries with low UAI tend to have less sense of urgency.
They also tend to have less anxiety, less loyalty towards their
company, less resistance to changes and prefer individual
decisions with authoritative management. While high UAI
countries posses high anxiety, high loyalty towards the
company, and more resistance to changes.

Individualism (IDV) versus collectivism : refers to a person’s
integration with his society
This explains the relationship between individual and
collectivity that prevails in a given society. In a society with
high Individualism, everyone is expected to take care of own
matters. However, in a low Individualism society the people
are integrated into strong, cohesive in-groups, which will
keep their loyalty throughout a lifetime. In his research,
Hofstede derived the IDV index from the questions on “work
goals” and questions of “How important is it to you…”. The
index, then is based on the factors
called
“individual/collective” as it describes the opposite
characteristics between goal stressing. IDV is positively
correlated with employees’ answer on the importance of
having personal or family life, while it is negatively
correlated with the answers on the importance of training..

Masculinity versus femininity : refers to division of emotional
roles between men and women
This describes the gender dominant role in the society.
Masculinity can be seen in a society where there is a clear
distinct between gender roles. However in a feminine society,
there is an overlapping of roles between gender.
The Masculinity Index (MAS) is comprised of several factors
grouped under social/ego factor scores. Hofstede (2001)
stated that Manager and Cooperation factors are significantly
vital for women, while men’s ego is significantly higher on
Earnings and Advancement. In other words, there is a
contradiction between the interpersonal relations goals and
ego-directed goals.

Long term versus short term orientation : refers to people’s
focus on their effort, whether for the present or future
Long Term Orientation (LTO) is described as the fostering of
virtues oriented towards future rewards, in particular,
perseverance and drift (Hofstede, 2001). In the other hand,
short term orientation focuses more on the past and present.
They value traditions as well as social obligations. LTO is the
last dimension added by Hofstede, as the result of a

collaboration research with Michael Bond (Hofstede &
Bond, 1984). They were doing a survey on which the
questions are consequential of the Chinese Confucian values
(Chinese value survey). This dimension incorporates some
chinese values as follows:
a. Long-term orientation : persistence, ordering
relationship by status and observing this order,
thrift, having a sense of shame.
b. Short-term orientation : personal steadiness and
stability, protecting your “face”, respect for
tradition, reciprocation of greeting.
The variables used to measure the aforementioned dimensions are
as follows:
Table 1 Variables used to derive the Hofstede’s culture dimension
index

–2–

－342－

Power Distance Index
(PDI)
Non-managerial
employees’ perception
whether they are afraid
to dissent with the
managers

Uncertainty Avoidance
Index (UAI)
Rule orientation:
employees’ consent on
the company’s rules that
should not be broken,
even when the company
gets the most benefit.

Subordinates’ perception
if their managers are
likely to make decision
in an autocratic or
persuasive/paternalistic
way.

Employment’s stability:
employees’ intention to
stay working in the
company, within the
range of 2 to 5 years.

Subordinates’ preference
for a consultative boss or
persuasive one.

Stress: How often the
workers feel tense at
work?

Individualis
m (IDV) vs
Collectivism
Personal
time,
freedom,
challenge, use
of skills,
physical
condition,
training

Masculinity
(MAS) vs
Femininity
Manager,
cooperation,
desirable
area,
employment
security,
challenge,
advancemen
recognition,
earnings

Long-Term
(LTO) vs ShortTerm
Orientation
Long-Term :
persistence,
ordering
relationship by
status and
observing this
order, thrift,
having a sense of
shame
Short-Term :
personal
steadiness and
stability,
protecting your
“face”, respect for
tradition,
reciprocation of
greeting.
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Despite the worldwide adaptation, critics toward Hofstede’s
framework have also been expressed by other researchers. Authors
have compared the concept with Schwartz’s work (Evans &
Comm, 2013; Rafiee, 2012). Rafiee (2012) was convinced that the
framework is more comprehensive and has been validated
empirically. Schwartz’s cultural framework is derived from three
basics issues in the society: relationship among individuals and
group, responsibility behavior to maintain social structure and
management of social and natural work (Rafiee, 2012).
Furthermore, Rafiee (2012) stated that both Hofstede and
Schwartz do show similarities in their explanations. The two
theories have common characteristics, however some aspects were
not specifically clarified by Hofstede, in which later were polished
by Schwartz. It is said that Hofstede’s theory has failed to explain
values in its PDI variable, such as social justice and social power.
Breuer & Salzmann (2009) described Schwartz’s approach as the
most recent theory-driven framework, which operationalizes
cultural dimensions through value measures that have proven
cross-culturally equivalent meanings.
Using the aforemetioned variables, Hofstede (2001) has done his
research towards 50 countries in the world. The five dimensions
were proven to give impacts on people’s working life, family, and
even the nations’ growth. The theory has gained the interest of
scholars in the last two decades to use as their research
framework, or do a deeper study as well as empirical tests toward
the concept (Evans & Comm, 2013; Rafiee, 2012). Additionally, it
has been used widely in many research field, including accounting
and corporate governance.
4. CORPORATE GOVERNANCE AND CULTURE
In accordance with Li & Harrison (2008), governance structure in
a country is also influenced by culture and social characteristics.
Hoi Yan Cheung & Chan (2007) admitted that it is crucial to
understand cultural differences between nations to solve the
problem , interact with each other and run their own distinct
business. This also affects the quality of corporate governance as
well as negotiation among business (Chan & Cheung, 2008;
Rafiee, 2012). Smith (1999) has argued that relationship is said to
be a great approach of business, and found that cultural and
sociology issues are highly involved in the Chinese business
transaction as both are inseparable.
Studies on culture and corporate governance have attracted
various scholars. Licht, Goldschmidt, & Schwartz (2007)
discovered several elements of culture towards governance : the
rule of law, the level of anti-corruption, and democratic
accountability. Another study by Licht (2001) stated that cultural
values do contribute to the organizational policies, as Eelke de
Jong (2006) suggested culture as the determinant of ownership
structure, corporate control and protection of minority
shareholders. In a cross-cultural study by Breuer & Salzmann
(2009), there is a significant relationship between culture and take
over activity in which a country with high individualism will have
more take over as the people are more confident.
In order to understand how far nation cultures can influence
corporate governance, one must know the right variables to
measure it. There is discrepancy among researchers in deciding
the proper measures on culture and accounting branches of
knowledge, particularly corporate governance (Evans & Comm,
2013). Hofstede theory is still dominating the research on culture
and accounting although different authors came up with
amendments as well as other theories (Evans & Comm, 2013;
Rafiee, 2012). Li & Harrison (2008) argued that if culture can

describe a board’s structure, the Hofstede variables should be
connected with this. Additionally, scholars believed Hofstede’s
theory has been highly validated, even though there are arguments
on the theory itself (Chan & Cheung, 2008; R. M. Haniffa &
Cooke, 2005; Li & Harrison, 2008).
4.1. Gray’s Theory on Cultural Influences in Accounting
Gray (1983) has proposed a new theory based on Hofstede
variables for accounting and cultural studies. Gray (1983) argued
that there should be a match between cultural areas and
accounting patterns system internationally. It is also important to
identify which culture dimensions can be converted into
accounting measures as the culture has an impact on accounting
practices. The accounting values derived from Hofstede’s theory
are as follows :

Professionalism versus statutory control
It is believed that accountants must keep their professional
judgement independent. According to Gray (1983), this
variable can be linked with individualism and uncertainty
avoidance dimensions. Professionality is more accepted in a
society with high IDV and low UAI. Further, low PDI also
boost professionalism.

Uniformity versus flexibility
Gray (1983) insisted the important role of uniformity,
consistency or comparability in accounting practices. Similar
to the previous variable, this element of accounting is closely
linked to uncertainty avoidance as well as individualism.
However, uniformity is mostly seen in a high UAI yet low
IDV society. Additionally, high PDI society leads to
uniformity.

Conservatism versus optimism
According to Gray (1983), conservatism or prudence in asset
measurement and the reporting of profit is considered as the
essential principle in accounting. Conservatism is higly
related to uncertainty avoidance dimension. A strong UAI
society would prefer to have a more conservative and
consistant measure of profits. On the other hand,
conservatism is not supported by individualism value of
society. That means, a conservative society would likely to
posses low IDV.

Secrecy versus transparency
Secrecy refers to disclosure. The level of disclosure varies
across countries based on their respective transparency level
(Gray, 1983).
Gray (1983) proposed four hypotheses based on the variables
affecting the accounting practices. The hypotheses are as follows:

The higher a country ranks in terms of individualism and the
lower it ranks in terms of uncertainty avoidance and power
distance then the more likely it is to rank highly in terms of
professionalism.

The higher a country ranks in terms of uncertainty avoidance
and power distance and the lower it ranks in terms of
individualism then the more likely it is to rank highly in
terms of uniformity.

The higher a country ranks in terms of uncertainty avoidance
and the lower it ranks in terms of individualism and
masculinity then the more likely it is to rank highly in terms
of conservatism.

The higher a country ranks in terms of uncertainty avoidance
and power distance and the lower it ranks in terms of
individualism and masculinity then the more likely it is to
rank highly in terms of secrecy.
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The following figure shows the influence of Hofstede’s
dimensions in four accounting principles proposed by Gray.
Uncertainty avoidance appears to give the most significant
impacts, while masculinity turns to have small influence on
acounting.

Figure 1 Relationship between Hofstede’s dimensions and Gray’s
accounting values
Although Gray has adopted Hoftede’s throy in accounting,
empirical tests of the adoptation remained unaccounted for by
Gray. Rather, it was left to be explored by the next authors (D.
Borker, 2013).
4.2. Studies on Corporate Governance and Culture
There lacks theories measuring the effects of culture on
accounting. Many studies are found using framework formulated
by either (Hofstede, 2001) or (Gray, 1983). When narrowing the
field into corporate governance studies, it can be seen that authors
have their own opinions in adopting Hofstede’s theory into their
respective studies. Chan & Cheung (2008) suggested that good
corporate governance will be easier to realize through negotiation
with less gap between powerful and common people. This
indicates that low PDI countries will have better corporate
governance practice than countries with high PDI.
Rafiee (2012) also suggested that individualism index (IDV) has
some influence in making investment decision. People from
countries with high IDV is less likely to be influenced by the
surroundings in making investment decision. These kind of people
will demand for transparency, more information disclosure and
good financial performance. Hence, good governance is highly
achieved. Conversely, in a low IDV country the people would be
highly dependant on the traditional authorities, roles and social
duties (Rafiee, 2012).
Uncertainty Avoidance Index (UAI) will determine the
effectiveness of corporate governance (Rafiee, 2012). A society
with low UAI is open for changes yet less tolerant about
uncertainty. In high UAI society, there is a strong tendency to be
more conservative and adhere the existing regulations and changes
are less likely to happen (Rafiee, 2012). Therefore, low UAI
society inclines to have good corporate governance. The last
variable in Hofstede’s theory is Masculinity (MAS) where low of
MAS rate will lead to better corporate governance (Rafiee, 2012).
This is due to the social welfare that is being concerned more on
the low MAS nations.

Li & Harrison (2008) and Eelke de Jong (2006) utilized Hofstede
theory to desribe the board composition and structure. While
Roszaini M. Haniffa & Cooke (2002) studied its impact towards
Malaysian firms’ disclosure. Culture was found to be significant
factor in the extent of voluntary disclosure. Chan & Cheung
(2008) investigated the corporate governance practices under the
perspective of Hofstede’s cultural dimensions. A significant
relationship between CG practices and culture was found in the
business organizations of 43 countries.
Further examination of Hostede and Gray’s theory has been
continuously carrying out by various scholars. In Indonesia, only
three Hofstede’s cultural dimensions are validated (Sudarwan &
Fogarty, 1996). These are PDI, UAI, and IDV. Other variables
tested were found to be insignificant towards Gray’s accounting
dimensions (professionalism, uniformity, conservatism, secrecy).
In addition, several hypotheses proposed by Gray are empirically
rejected.
Gray’s variables were tested by Noravesh, et al., (2007) in Iran.
While some of the variables are validated well, the results showed
that some other variables are not applicable for Iranian’s case.
Uncertainty avoidance was found to be negatively correlated with
coservatism, secrecy, and uniformity. Noravesh et al.,(2007)
depicted there should be other environmental determinants of
accounting practices around the world.
Heidhues & Patel (2011) claimed that Gray’s theory is derived
within the perspective of Anglo-American model. Further, the
dimensions lack validity since it merely relied on Hofstede’s
sample subjects which creates the tendency to reject other
different accounting systems. Consequently, it gave an excuse to
other authors to skip the empirical analysis for other possible
dimensions of culture while the framework itself is actually too
simplistic. Heidhues & Patel (2011) briefly explained that Gray’s
dimensions failed to capture distinguish characteristics shown by
Germany as the result of cultural, economic, social and legal
environment.
Borker (2013) postulated that four cultural measures from Gray
are deemed to fit the IFRS standards. It is argued by Borker that
professionalism, flexibility, optimism, and transparency should be
the ideal profile to develop an optimal accounting system around
the world. Borker was pessimistic on the success of the company
whose accounting profile dissemblance with the ideal one.
However, empirical tests are yet to be done on the adaptability of
IFRS codes on the emerging countries as IFRS was composed
within the benchmark of Anglo-American accounting culture (
Borker, 2013; Carmona & Trombetta, 2008).
Borker (2012, 2012) has tested effects of the implementation of
IFRS in Brazil, Russia, India, China (BRIC) countries as well as
in Central and East European countries. It is found that BRIC
countries have similar profiles of accounting system, yet corporate
cultures failed to represent the ideal characteristics proposed by
Borker for IFRS. It is harder for Germany and Scandinavian
countries to adopt IFRS standards as there are more cultural
constraints in applying IFRS to their society. Neither profiles in
any country are consistant with IFRS value profile (D. R. Borker,
2012b).
6. CONCLUSION AND AREA OF RESEARCH
6.1. Conclusion
Even though Gray (1983) has proposed a new cultural variables
for accounting, the cultural measures on conducting CG research
are still inconclusive. In addition of failure tests nor investigation
done by many scholars, the disputes are still going on how many
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dimensions needed in gauging the culture of a society and thus the
impacts of culture towards corporate governance is still vague. In
the emerging market, this is very crucial due to the fact that these
nations differ with the advance countries in both culture and
readiness to develop their corporates.
6.2. The Way Forward
Some literature gaps can be summarized as follows :

There is a little, if not zero, study on culture and
corporations code of conducts across countries. whether
there is a cultural influence towards a nation’s corporate
codes of conduct, or if the codes would create a culture
is still blurry.

There should be more of research in this field conducted
in Asian and Middle East regions.

As some authors have proven Gray’s failure, it is
necessary for future scholars to investigate other social
dimensions as the factors of accounting practices. For
instance, many Asian countries strongly hold on religion
values. It is interesting to discover the impact of divine
values on accounting.

It can be said that IFRS values significantly match the
Gray’s theory (D. Borker, 2013). However there has not
many studies conducted on the implementation of IFRS
in the emerging countries. It is interesting to examine
this paticular issue to discover how the Gray’s
accounting values really fit to accounting practices
across the continent.
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ABSTRACT
In the recent years, the study on creative effort has
suggested influence of leadership as one of the most crucial
factors in encouraging creativity and innovation among
knowledge workers. Extant literature discussed leadership
and leadership for creative effort from the North
American’s reductionist and individualistic perspective.
While little has been researched on Japanese leadership for
creative effort, the same way of concept interpretation has
been applied to Japanese management by North American
theorists. This paper revisits some practices in Japanese
management by discussing it epistemologically and
comparing it to the contemporary understanding. It seems
that Japanese management has been largely misinterpreted
and that it may affect the conceptualization of leadership
for creative effort from the Japanese perspective.
Keywords— leadership, creative
management, creativity, innovation

effort,

Japanese

1. INTRODUCTION
The shift to knowledge economy has allowed easier access
to global market, resulting in more demanding customers,
shorter product lifecycle and increasing complexity of
technology[1]. To stay competitive, creativity and
innovation has become central to organizations. The focus
now has been on stocks of knowledge; human,
organizational and intellectual, and also on activities; R&D
efforts, investments in technology and human capital
development, and organizational reforms[2].
With this complexity, management is also undergoing a
significant change. Organizations now need to manage their
resources in the best, possible way so that creativity and
innovation can be unleashed to produce desirable output.
The effort to produce a novel and useful output is termed as
“creative effort” and leadership has been identified as one
of the key drivers for creative effort.
2. LEADING CREATIVE EFFORT
Extant literature has classified three components in creative
effort; creative work, creative people and creative climate.
Leaders of creative effort need to be able to manage these
three components effectively to ensure creative output is
achieved.

2.1. Creative Work
Creative work comprises of complex tasks because the
problems are ill-defined, ambiguous, and in the current
demanding environment has the need to fulfill various
constraints such as lead time and financial resources.
Massive interaction among individuals involved in creative
work is crucial, including intra-team, inter-team and team
members with leaders and among leaders of creative work.
Additionally, interaction with the top management is also
imperative to secure resources and ensure the sustainability
of the project.
2.2. Creative People
Novel ideas are resourced by creative people; making them
the most valuable asset in creative effort. Psychological
studies on creative people however suggested that they
have unique, contrasting characteristics; they are smart yet
naïve, playful yet disciplined, energetic yet often resting
and divergent yet convergent in thinking[3]. Because they
believe in their knowledge and ideas, they love challenges,
possess high self-confidence, hold high professional ego
and portray dominance and autonomy in what they do [4].
2.3. Creative Climate
Complex tasks, limited resources, unique individuals and
demanding market expectation will only lead to a failure in
creative ventures without a climate that supports
innovation. In creative effort, workers need to keep up with
two major routines; managing day-to-day tasks and
working on their creative projects such as designing and
experimenting. Effective leaders should protect the team
members from unnecessary distraction so that they can
concentrate more on their creative work and to make them
feel safe in expressing their ideas [5][6].
These components set leaders of creative effort in a
complicated position. Not only the leaders have to deal with
complex tasks, unique behaviour of creative people and
strive to provide a supportive climate, they also need to
play various roles concurrently. It is a common practice that
a project team leader is also a member of another team
because of their expertise is needed in another project in
which they are not leading. Leaders of creative effort are
also the gatekeepers between top management and their
teams. They need to “sell” their projects to secure resources
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and protect their team to ensure sustainability by shielding
them from doing unnecessary administrative duties to
protect their time and focus on their creative tasks[5].
Leaders are expected to be able to do sense-making
activities to get his team working together[7].
3. THE STEREOTYPING OF WESTERN
THEORISTS ON JAPANESE MANAGEMENT
In the 1950s and 1960s Japan was regarded as an
economically retarded country, and the Japanese practices
of management were considered as the cause of the
“Japanese” inefficiency. The “Japaneseness” was looked
down upon in business. Conversely, when Japan enjoyed
economic supremacy in contrast to the slump of the US
economy in the 1980s, scholars have presented the Japanese
management model as a more successful alternative to the
declining American model[8]. Again, after the 1980s when
the Japanese lost its economic power to the US and raising
nations like China, its Japanese management practices are
again blamed for being rigid and not innovative. Even
Japanese companies operating overseas are criticized for
not being able to be adaptive of the local culture and not
being inclusive to workers at their overseas subsidiaries; as
a result of the insider-outsider (uchi-soto) practice in their
management style[9]. Throughout, the stereotyping of
Japanese management as rigid and inefficient remains till
now.
There are at least two aspects to the difficulty of
overcoming such the stereotyping. The first aspect is the
cultural biasness in leadership research. Leadership theories
are mainly originated from western-oriented studies,
predominantly American [10]. Similarly are the research on
leadership for creative effort [11]. Having been developed
based on individualistic perspective, leadership theories
have always been focusing on the leader as a “hero” by
which the leader’s traits, behaviour and context were put in
sight. Only after 70 years of research since it started in the
1900s has the research landed on the premise that relational
construct is also a determinant of effective leadership (i.e
Leader-Member Exchange Theory, LMX)[12]. The same
concept was evidently applied in leadership for creative
effort researches; it started with conceptualizing creativity
as a “lone” effort until the influence of others (i.e team,
leaders) was conceived later [13]. Individualistic culture
was the axiom for leadership research back then. While
recent studies have indicated culture as a predictor of
leadership behaviour [14] and that it is crucial to be
sensitive to cultural bias [15][10], the epistemology of
leadership which originated from North American
perspective is still dominant and any deviation from it is
subject to criticism[8].
The second aspect is the reductionist view of NA theorists.
The tendency of performing dimension reduction especially
in analyzing rich, socio-culturally influenced concepts of
Japanese management will cause a dimensionally reduced
interpretation, although it is internally consistent [16].
North American epistemology is based on substance,
identity, boundary and distinctiveness while in the Japanese
epistemology the identity is the relations, not the individual

in isolation. The North American theorists believe in the
existence of objective truth and discard the differences
because it is “due to errors”. As such, the discarded
dimension reduces the richness in interpretation. On the
contrary, the objective truth is less significant for the
Japanese because they believe the differences in views
provide important information that enriches each person’s
understanding[16]. Perhaps this is why it is difficult for
North American theorists to explain why Japanese
organizations, while being too rigid and therefore less
creative (as being stereotyped), still keep on producing
creative and sought-for products and services.
5. COMMON PRACTICES IN JAPANESE
ORGANIZATIONS AND THE DIFFERENCES IN
INTERPRETATION
Japanese management is unique in the sense of the variety
of practices that are different from There are some common
practices in Japanese organizations that have been
epistemologically misinterpreted by the North American
theorists. Japanese decision-making style, job rotation,
conformity and groupism are some of the practices that are
5.1 Decision-making style
In making decisions, Japanese are well-known for their
orientation of seeking for consensus. North American
theorists believe that Japanese achieve consensus through a
unanimous decision. That is why they take a long time to
come to a conclusion. However, the centrality of the
decision-making process in Japanese organizations is to
identify those who will not be benefited by the decision and
register at the back of the decision-makers’ minds on how
to compensate the inconvenience later. The time taken is to
scrutinize everything before coming to a conclusion; partly
to minimize the work to compensate the inconvenienced
parties afterwards and partly to ensure that there will be no
turning back after the decision is made. This is crucial in
creative work as too often direction change and
modifications can stifle the smoothness of the projects at
hand and possible incur higher costs.
5.2. Job rotation
Job rotation is a management technique that assigns
trainees to various structures and departments over a certain
period of time. According to North American theorists, job
rotation is meant to prepare human spare parts as the
workers are able to do different kinds of job after
completing a job rotation exercise. It is also used to reduce
exposure to risk factors for work-related injuries and to
reduce work related injuries[17]. However, from the
Japanese perspective, the purpose of conducting job
rotation exercise is to develop the ability to think “in one
another’s head”. By taking up different positions at
different departments, the worker will experience what it
takes to perform an unfamiliar task, deal with new people
under various circumstances. A design engineer who is
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assigned at the production line will be able to relate how the
quality of his job can affect the consequent operations.
Likewise, he will be able to understand the problems faced
by workers at the production flow and later incorporate it in
his improvement ideas.
5.3. Conformity
Other concepts such pre-meeting discussion (uchiawase)
and report-touch base-discuss (hou-ren-sou) (the back and
forth way of working based on the idea that work is
something collaborative done by supervisor and
subordinate as a team), are performed to achieve
conformity. However, the meaning of conformity is
contrasting between the North American and Japanese
theorists. North American theorists view conformity as an
act of rigidity and inability to change, as permanence is
basic and normal in North American epistemology[16]. On
the other hand, Japanese perceive conformity as
“flexibility”; the ability to perceive a situation sharply, has
a unique sense of adaptability, and has a quick orientation
and reaction to cope with various situations[18]. By
conducting pre-meetings, for example, everybody will have
a shared vision before pursuing for the next agenda. What
needs to be done to achieve the shared vision is flexible and
depends on situation they are facing. In lieu of pursuing
creative endeavour, conformity clarifies the shared vision
yet gives freedom to creativity on how to achieve it.
5.4. Groupism
Another concept that is often associated with Japanese
organizations is ‘groupism’. North American theorists
interpret groupism in Japanese organizations as the
willingness of someone to self-sacrifice for the sake of the
group, for example by working long hours, spending money
sending out gifts and going for a drink with the group after
work. However, Japanese theorists view this behavior as a
way for an individual to make use of the group to his/her
own advantage, and the group members can use one
another for mutual benefit in positive-sum relations [16].
The sempai-kohai (senior-junior) system that works
organically in Japanese organizations provides a basic
foundation for this groupism concept. While the common
perception is it is the seniors who will take advantage of the
new employees, especially fresh graduates, in reality the
latter also make use of their seniors to gain as much knowhow and know-who by asking questions and asking for
help. This is because in Japanese organizations it is
common for a new employee to be given a task or position
that is unfamiliar to him. By asking questions and
requesting the seniors to link with other people who are
able to help them, these new employees can complete their
task successfully. During the process, both parties- the
senior and the junior will be able to understand “what is in
the other person’s heads” thus giving them hints on how to
respond to situations that are related to the other person in
the future [19].

Groupism also builds collective resilience among the
workers. Collective resilience is a term used in mass
emergencies and disaster, by which people who share “the
same fate” provide mutual support, co-ordinated activities
and other features of resilience that enable people to cope
psychologically with stressed conditions[20]. A group that
is working on the same project carries the same social
identity as the “creator”, having the same “fate” of solving
various problems along the way to achieve a common goal.
The act of spending time at work together and having
drinks after work provide the sense of togetherness that
supports the members of the group mentally and
emotionally.
6. SELF-HETEROGENIZATION AND ITS
EFFECT ON LEADERSHIP FOR CREATIVE
EFFORT
The concepts discussed above are only some of the many
concepts and practices in Japanese organizations. The
outcome of these “implicit trainings” is selfheterogenization; the ability to see and understand the same
situation from different points of view [16]. Because they
feel mentally and emotionally connected to others in the
group, they can work with others without rigid division of
labour and with flexible unwritten adaptability to changing
situation. Consequently, this instills the willingness to take
responsibility for the success or failure of the entire group
[18].
While North American theorists may discard the
differences in views because their norm is seeking an
objective truth, Japanese self-heterogenization allows a
person to appreciate the differences of contrasting views as
it enables him to see a dimension invisible to both views
[16]. It provides rich information in understanding a
particular matter of consideration and sense of
convertibility and adaptability whenever the situation needs
it. Through self-heterogenization, Japanese workers will
almost automatically respond to changing situation without
having to be given detailed instruction by the manager [18].
Self-heterogenization is particularly crucial in Japanese
organizations because their innovation model is built upon
a “capability relay” system[21]. Japanese organizations
achieve its innovative capacity by accumulating capability,
retaining core capabilities internally and inherit its value
proposition through mid and long term period. This means
that a long, harmonious relationship has to be maintained in
Japanese organization to ensure creative endeavours
produce desired results.
The ability of leaders to self-heterogenize will allow the
leaders to understand the situation of the team members and
the top management (and vice-versa). This will encourage
leaders to be more flexible in their direct interactions with
the followers, take action accordingly and always be aware
of their responsibility. The concept of genba leadership
which involves leaders to go to the actual place (genba)
first when a problem arises and not trying to make
diagnosis on the phone, is possible when the leaders are
able to self-heterogenize themselves. Together with the
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team, the leader will check the relevant object, take
temporary countermeasures on the spot to resolve problem
while finding the root cause. Finally, the leader will instruct
for standardization to avoid recurrence of the incident [22].
The leader carries the responsibility till the problem is
totally solved.
From another perspective, self-heterogenization also creates
a boundary-less network between leaders, members and all
stakeholders of the project. Especially automotive and
consumer electronics based Japanese organizations, they
are being portrayed through the vast external networking
and informal leadership within the organization [23].
Teams are reported to be quite self-organizing and
autonomous, and carries frequent interaction between
divisions and across corporate borders which in turn
promotes development for optimal speed [24]. Contrary to
the North American perspective which believes leaders
should be the boundary spanner, the ‘permeable boundary’
within a Japanese organization encourages quality team
work and relations with the stakeholders.
Self-heterogenization will also affect leaders and members
on a creative endeavor to be sensitive to customers’ needs;
internal and external. Japanese design is known for being
detail yet subtle, user-friendly and of high quality. They
work for perfection as the output will reflect themselves as
those who have executed the job [25]. Lean production
system, for instance, is more likely to be successful in
Japan than in countries outside Japan, partly because the
self-heterogenization works better in Japanese culture than
in other cultures.
7. CONCLUSION
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For a long time, Japanese management style has been seen
as inhibiting creativity and innovation[9]. Although many
perceive that Japanese technology has been lacking in the
recent years compared to the United States, Korea and
China, researchers have yet to find answers as to why
Japanese organizations keep on producing impressive
products and services despite its rigidity in management.
Meanwhile, crucial practices such as lean production
system and quality management system are still difficult to
imitate in a foreign culture due to its complexity and
subtlety. There are still a lot to explore in the Japanese
management theory jungle.
One area to explore in understanding Japanese management
is the epistemological meaning of its practices and how it
relates to leadership behaviour that can motivate creativity
and innovation among workers. An organization should
identify which leadership behaviour that is most effective in
nurturing creativity and innovation based on the culture it is
practicing. Likewise, a leader working in an unfamiliar
culture should make an effort to understand the meanings of
the organizational culture he is in. Otherwise, he might not
be getting what he is seeing.
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ABSTRACT
The waves of change and rapid development of high tech
products force industries and firms to seek new ways to
compete and survive. Just as a cyclone of emerging new
products seem to influx the market, new strategic business
planning are discussed in many research area.
Knowledge of this important domain of high technology
marketing strategy remains limited and relatively small
amount of literature, most of which is found in a few
general marketing textbooks, addresses this specific topic.
This paper therefore aims to develop a strategic integrated
marketing framework that is workable in the convergence
for high tech product, services, information and
experiences. It focuses on renewable energy business
perspective ocean thermal energy conversion (OTEC) that
converts the heat trapped in the surface of the ocean at
temperate regions and converts it into energy at a
designated temperature. This paper adopts qualitative
approach in its efforts to explore a new body of knowledge
in strategic high tech marketing mix focusing on the themes
derived from marketing environmental forces and framing
an innovative solutions for the sustainability of emerging
high tech business milieu in Malaysia.
Keywords— emerging technology, high tech marketing,
OTEC
1. INTRODUCTION
1.1 Background of the study
Technology new waves has begun to develop rapidly in this
millennium. The waves of change and towering
development of high tech products force industries and
firms to seek new ways to compete and survive. Just as a
cyclone of emerging new products seems to influx the
market, new strategic business planning are discussed in
many research area.
Interesting and promising new
technologies are widely discussed academically and within
industries, vigorously written in printed and non-printed
issues and publications over the years.
Along with the instrumental perspective (which is often
categorized into the classic marketing instruments of
product, price, promotion, and place, "4 p's", McCarthy

today also sees the inclusion of an institutional perspective
placing the marketing particularities and characteristics
found in different industries at the forefront [1]. This paper
studies how to bridge emerging technology and high tech
marketing for renewable energy industry.
Regis McKenna, a well-known consultant and author in the
areas of technology and marketing, states that hi-tech
industries are characterized by complex products, large
numbers of entrepreneurial competitors [2]. customer
confusion and rapid changes. McKenna and William
Davidow are the pioneers in the area of high tech marketing
and made names for themselves in Silicon Valley, USA.
McKenna addresses the aspects of communication, while
Davidow takes a more comprehensive look at the topic of
high tech marketing[3].
Emerging high technology (EHT) may not be entirely the
latest technology innovations. This is one of the main
misconceptions about EHT. Technology can still be
considered emerging in one context even though it has been
considered established in another [4]. The context here is
related to place, domain, or application of the EHT.
This paper aims to define and conceptualize the
characteristics of EHT. To limit the scope, this paper will
consider EHT within the marketing of renewable energy
business:OTEC, conversions of the heat trapped in the
surface of the ocean at temperate regions and transforms it
into energy at a designated temperature[5].
This paper is organized as follows: definitions on emerging
high technology, the characteristics of high tech marketing
characteristics and discussion, conclusions, as well as
recommendations for future research.
1.2 Statement of Problem
Marketing has been practiced since ancient times and
developed over decades. Yet, it is only during the 20th
century that marketing ideas evolved into an academic
discipline in its own right [6]. Most concepts, issues and
problems of marketing thoughts have fused into one of
several schools or approaches to understanding
marketing[7]. Early in the discipline’s history, the study of
functions, commodities, and institutions emerged as
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complementary modes of thinking about subject matter and
became known collectively as the ‘traditional approaches’
to studying marketing. About mid-century, there was a
‘paradigm shift’ in marketing thought outshining the
traditional approaches as a number of newer schools
developed: marketing management, marketing systems,
consumer behavior, macro marketing, exchange, and
marketing history [8].



1.3.2 The Objectives:

There is a need to provide an up-to-date synthesis of
empirical literature on marketing and innovation and
understands its process as strategic marketing planning for
EHT particularly in renewable energy industry[9]
However, in this study it is paramount to specifically clarify
and specify high technology. Mohr et.al argues that there
are two reasons why it is important; due to the impact of
technologies on economy, attempts are made to classify
economic production and incomes; due to impact of
technology on the environment standard marketing
strategies are being modified and adapted, therefore, it is
necessary to know the product to focus on[10].
There are not many literatures in marketing issues for
emerging high tech industry. The researchers in 1980s
discovered that the challenge to marketing management if
high tech results from the needs to work cooperatively at
least to some degree with the research and development
(R&D). Enkel at al discovered that it is less reached yet
increasingly important phenomenon [11]. Leslie in her
research found that one potential reason for the inconsistent
results within the literature is that some studies focus on
either product or process innovations, while others do not
make the distinction and instead lump the two types [12].
On innovation, scholars have pointed out that past research
in this technological marketing arena has largely been
inconclusive, inconsistent, and lacking explanatory power.
In marketing, Meldrum have also mentioned that many still
do not provide a simple framework of key marketing
management issues to be addressed by high-tech marketing
professionals, or paradigms which will assist them in
modelling their marketing activities and over recent
studies[13].
The research is expected to answer questions and provide
reasons responsible for undertaking the particular research
especially for marketing OTEC.

To develop a marketing framework that is
workable in convergence for high tech product,
services, information and experiences from a
renewable energy business perspective: ocean
thermal energy conversion (OTEC)

•

to explore and understand high tech development

•

to evaluate high-technology marketing models
influencing high-tech product development

and finally,
to develop and propose a comprehensive and
integrated marketing framework for high-technology
1.4 Research Questions
The research questions will address the followings;
•
•
•
•
•
•
•
•

What are the characteristics and particularities of high
technology?
What are the emerging high technologies (EHT) in
OTEC industry?
Is OTEC an emerging technology?
What are the barriers faced in marketing EHT within
the global OTEC industry?
When is the best stage for marketing OTEC as the new
emerging technology?
Would a heuristic process during the new market
entrant stage be able to penetrate a new OTEC
market?
What are the existing marketing strategies and models
used for OTEC spins off product in Netherlands,
Japan and Korea?
Were the media propaganda and PR strategy used in
reaching the OTEC stakeholders in Netherlands, Japan
and Korea?
2. DEFINITION

The characteristics of high tech marketing need to be
defined accordingly and linked to the underpinning research
area.
2.1 Emerging technology

No significant work has been done on the subject in
Malaysian high tech renewable energy industry. Therefore,
the need to carry out this research will answer the given
scale of the forecasted problem facing the marketing issues
in the OTEC industry in Malaysia.

Emerging technologies (ET) have been frequently termed
by researches to mark latest innovations. Yet, one of the
main challenges when investigating ET is the fact that the
term is in many cases not well defined and is often
misunderstood [14].

1.3 Objectives of the study

2.2 Marketing

1.3.1 The study aims:
 To conceptualize High Tech Marketing

Then 2008, the American Marketing Association (AMA)
adopted the following as its new official definition of
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marketing “Marketing is the activity, set of institutions, and
processes for creating, communicating, delivering, and
exchanging offerings that have value for customers, clients,
partners, and society at large.” [15] The Chartered Institute
of Marketing in 2007outlines marketing as the management
process responsible for identifying, anticipating and
satisfying customer requirements profitably [16].
It’s all about giving maximum values to the customers and
satisfying them. Kotler delineates marketing as the process
by which companies create value for customers and build
strong customer relationships in order to capture value from
customers in return [17]. Marketing is defined as the right
message to educate and influence the right consumers,
finding the right methods and processes at the right time to
convince them why they should choose your product and
services over your competitors.
2.3 Ocean Thermal Energy Conversion
Ocean thermal energy conversion (OTEC) that converts the
heat trapped in the surface of the ocean at temperate regions
and converts it into energy at a designated temperature [18].
3. LIMITATIONS OF THE STUDY
OTEC is an emerging technology in Malaysia, there is very
little literature regarding the effective planning and
management of this technology. The area focussed is
primarily on the market entrants and awareness promotional
stage.
The scope of the study will only be focused on the
framework with regard to the followings:
•

The terms, definitions and classifications of high
tech marketing orientation. It will be used
throughout the research to represent the concept of
industrialisation, although the term industrial
marketing have been used elsewhere .
4.0 SIGNIFICANCE OF STUDY

researcher should be involved in: preliminary
considerations at the commencement of the assignment, the
steps to be engaged in and finally the flow in getting the
findings [20]. This case study research involves the written
report of a sheath within a real-life, contemporary context
or setting [21] The first preliminary data-gathering activity
were gathered from an OTEC focus group workshop
through semi-structured interviews, observations, document
analysis, and secondly from the OTEC international
symposium held from the 1st to 2nd of September 2015.
The preliminary findings from the focus group gathered
interviews via recent OTEC workshop in Malaysia, some
common characteristics that all high-technology industries
shared. Most notably, market uncertainty, technological
uncertainty, and competitive volatility were addressed
similar as what have been studied by Mohr et al as
discussed previously.
Also to note, the preliminary findings have contributed on
the themes that is deemed necessary for future completion
of this study.
6. DISCUSSIONS
This study cover the areas that can answer the research
questions imposed and suggest an integrated high tech
marketing framework that is feasible and doable.
Doubtfully, the notion of high tech marketing
characteristics have not been thoroughly discussed in any
academic work nor industry in Malaysia.
High tech marketing can generally be understood as having
its overall strategic and operative decisions and resulting
marketing activities directed towards high tech markets [23].
6.1 The emergence of high tech marketing, the term and
its characteristics
The question in this study are regarding what "high tech" is,
and which characteristics it has, particularly when it comes
to marketing.
6.2 Market Uncertainty

Malaysia may capitalize on its suitability to develop this
new industry, hence creating significant value to the local
economy and society. The secondary data gathered from
OTEC experts assisted the research since 2014. According
to a short interview with Professor Luis Vega recently,
there is a significant need to synthesize high tech marketing
models and planning strategies on stakeholder’s awareness
for this new emerging technology[19].
5. RESEARCH METHODOLOGY
This study has applied the qualitative research design.
Quoting Creswell there were three factors that the

Market uncertainty refers to ambiguity about the type and
extent of customer needs that can be satisfied by a
particular technology as posited by Moriarty & Kosnik [24].
Market uncertainty arises first and foremost, from
consumer fear, uncertainty, and doubt about what needs or
problems the new technology will address, as well as how
well it will meet those needs. Anxiety about these factors
means that customers may delay adopting new innovations,
require high degree of education and information about the
new innovation, and need post-purchase reassurance and
reinforcement to assuage any lingering doubt. Second,
customer needs may change rapidly, and in an
unpredictable fashion, in high-tech environments. Third,
customer anxiety is perpetuated by the lack of a clear
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standard for new innovations in a market. Fourth, due in
large part to the prior three factors, uncertainty exists
among both consumers and manufacturers over how fast
the innovation will spread. Finally, Mohr et al in 2005
stated that uncertainty over how fast the innovation will
spread contributes to an inability for manufacturers to
estimate the size of the market [25]
6.3 Technological Uncertainty
Moriarty & Kosnik posit that technological uncertainty is
“not knowing” whether the technology – or the company
providing it – can deliver on its promise to meet specific
needs (26). Mohr, Sengupta and Slater continue by defining
which factors give rise to technological uncertainty[27].
The first comes from questions about whether the new
innovation will function as promised. The second source of
technological uncertainty relates to the timetable for
availability of the new product. Third technological
uncertainty arises from concerns about the supplier of new
technology. Fourth, the very real concern over
unanticipated consequences or side effects also creates
technological uncertainty. Finally, in high-tech markets,
technological uncertainty exists because one is never
certain just how long the new technology will be viable –
before an even newer development makes it obsolete. As a
new technology in introduced, its performance capacity
improves slowly and then, because of heavy R&D efforts,
improves tremendously, before reaching its performance
limits.
6.4 Competitive Volatility
A third characteristic that underlies high-tech markets is
competitive volatility. Competitive volatility refers to
changes in the competitive landscape: which firms are
one’s competitors, their product offerings, the tools they
use to compete.
6.5 High tech product development concept
Zemlickiene suggests that in order to formulate high tech
product development concept, it is necessary to provide the
definitions of high-tech products. He concluded that high
tech products are complex, advanced, requiring specific
technical know-how, which is technologically discontinued
and have many personnel with huge investment in research
and development. He posit
According to Mohr et al yet again the kind of marketing
strategy depends on the type of innovation. He posits that
the product’s chances to succeed greatly increase if
marketing strategies, tools and types of innovations are
appropriately composed.

6.6 Conceptual Framework
It is envisaged that the study undertaken will create an
integrated marketing formulation model, depicting the
strategic relations between the business/ market
opportunities, product/ service, experience and information
provided, and technology needed to support the industries
derived from OTEC. McCarthy posits high technology
marketing should be different but the classic marketing
instrument of product, price, promotion, place (marketing
mix) still remains as core. Integrating marketing theories
like marketing mix, product life cycle, and situational
behavior theory blend an imperious strategy for OTEC’s
emerging technology.
The product life-cycle theory is an economic theory that
was developed by Raymond Vernon [28].

Figure 1
The product life cycle has 4 very clearly defined stages,
each with its own characteristics that mean different things
for business that are trying to manage the life cycle of their
particular products.
Introduction Stage – This stage of the cycle could be the
most expensive for a company launching a new product.
Growth Stage – The growth stage is typically
characterized by a strong growth in sales and profits, and
because the company can start to benefit from economies of
scale in production, the profit margins, as well as the
overall amount of profit, will increase
Maturity Stage – During the maturity stage, the product is
established and the aim for the manufacturer is now to
maintain the market share they have built up.
Decline Stage – Eventually, the market for a product will
start to shrink, and this is what’s known as the decline stage.
Models of product market entry have long discussed over
the years but arguably, for this research, the focus would
only be focused during the introduction stage.

Here, the strategies for marketing high tech for OTEC are
conceptualized.
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Table: Conceptual Framework

1881, OTEC has been described as an effective and
renewable energy source. [31]

MARKETING OTEC:
INTRODUCTORY STAGE
PRODUCTS

Professor A Bakar deliberated that OTEC is harnessed
through the heat from the Sun stored in the oceans and the
adjacent deep seas wherever there is a significance
temperature differential over 20 degrees Celsius.
Geographically OTEC is best placed at temperature region.
In Malaysia, the Sabah Trough has been identified as the
best place for OTEC to commence. Introducing OTEC
technology to the public in Malaysia and the world at large
needs a strategic approach. According to Professor Vega
also,

SERVICES

HIGH-TECH MARKETING
PUBLIC

INDUSTRY

Sustainability
Figure 2
One important finding from the review of the OTEC
literatures and discussion with OTEC experts and firms
recently were that the proper format for dealing with the
basic questions in this study was in the context of the
``environment ± strategy ± performance'' link [29].
This study aims at proposing a strategic integrated
marketing framework that links the environment,
sustainability and performance in OTEC business t from the
market entrant stage.
6.6 Energy from the Ocean
The goals for UTM-OTEC to develop strategic model are
following the notion put up by Professor Dato Abu Bakar
Jaafar, a renowned researcher in energy at his on research
on market penetration and commercialization [30].
Table: Commercialization, Development and Research
(CDR) versus the traditional RDC model.

Figure 3
Besides getting the commercialization buy-ins from
government agencies and private sectors, the heuristic
marketing strategy is to create awareness to the mass where
everyone is forced to ‘digest’ what OTEC is and share this
latest frontier for the sake of national interest and for the
progress of the world.
Ocean Thermal Energy Conversion (OTEC) is a process
that employs the natural temperature difference between the
surface and the depths of the ocean. First introduced in

“The vertical temperature distribution in the open ocean can
be represented as two layers separated by an interface. The
upper layer is warmed by the sun and mixed to depths of
about 100 m by wave motion.
The bottom layer consists of colder water formed at high
latitudes. The interface or thermocline is sometimes marked
by an abrupt change in temperature but more often the
change is gradual. This implies that there are two reservoirs
providing the heat source and the heat sink required for a
heat engine. A practical application is found in a system
designed to transform the thermal energy into electricity.
This is referred to as OTEC for Ocean Thermal Energy
Conversion”
A distinct feature of OTEC should be shared to most the
OTEC
stakeholders.
Professor James
E.
Grunig in University of Maryland, College Park, defines
situational theory of publics can be identified and classified
in the context to which they are aware of the problem and
the extent to which they do something about the problem.
This theory explains when people communicate and when
communications aimed at people are most likely to be
effective.
Leveraging on the media channel was one of the
approaches used as an integrated marketing process to get
the public buy-ins. Product image (reputation) has grown
in importance since the 1985 study. Thus, the need for a
conventional channel to reach the mass is still applicable in
this internet era. It is a fast problem solving agenda to
penetrate a new market and do it heuristically. The concept
was originally introduced by Nobel laureate Herbert A.
Simon where the primary object of research was problem
solving. It is also an approach to learning, or discovery that
employs a practical methodology not guaranteed to be
optimal or perfect, but sufficient for the immediate goals.
That is, to get the OTEC notion across globe. The public
needs to be educated and teased on OTEC. The byproducts such as the conversion of electricity and deep seawater usage are two notions that can easily be penetrated.
OTEC offers one of the most benign power production
technology. Extensive discussions with OTEC counterparts
from Japan, Korea and the Netherlands during the OTEC
symposium held in Kuala Lumpur were the platforms of
opportunity to further understand how OTEC penetrated the

－356－
–5–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

market. Professor Ikegami of Saga University and Dr
Hyeon Ju Kim of Korea Research Institute of Ship and
Ocean and Ocean Engineering (KRISO) and Ms Anne
Sophie of DCNS Netherlands had managed to share their
initial marketing efforts and barriers faced during the early
market entrant stage.

[15] www.ama.com
[16] www.cim.com
[17]P. Kotler and K. L. Keller, Marketing Management. 2012.
[18] A Bakar Jaafar Harnessing Ocean Energy from Temperature
Differentials of the Water Depth off the Sabah Trough, Malaysia
MIMA Bulletin 19(1):24-26. 2012
rd
[19]Professor L Vega. Interview. 3 OTEC international

Symposium 1st to 2nd of September 2015

7. CONCLUSION
Emerging technology, high tech marketing and its
particularities
are
characterized
by
uncertainty,
Technological uncertainty, and competitive volatility.
Persuasions and media propaganda on OTEC are needed
further discussed to proceed in this research.
An integrated new body of knowledge in strategic high tech
marketing mix focusing on the themes derived from
marketing environmental forces and framing an innovative
solutions for the sustainability of emerging high tech
business milieu in Malaysia is proposed. Studies by the
OTEC researchers on the by-products of OTEC: electricity
production and deep sea water are identified to attract
industry players to participate[32]. Target market
determination and segmentation are major elements of
strategic high tech marketing 1994. Hence, for further
studies, arguably the integration of the high tech marketing
mix in promotional activities are paramount during the
market entrant stage of OTEC spins-off products especially
the electricity and deep sea water.
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ABSTRACT
This paper aims to discuss the relationship between leadership style and organizational
performance in the construction industry. In Malaysia, the construction industry is known to be
one of the industries that contribute significantly towards her economic growth. The construction
industry is described as a fragmented and complex product system as construction projects
implementation requires involvement of varying combination of large and small organizations
across the supply chain spectrum. The performance of Malaysia’s construction industry is
reported to be at underachieving and efforts for its improvement have inspired this study
initiative. Appropriate leadership styles adopted by managers are capable in bringing industry
players to work together as a team, reducing the adversarial relationships among them for
greater performance. The purpose of this study is to unveil the extent of influence of two
leadership styles namely transformational leadership and transactional leadership styles on the
performance of construction organizations. The instrument in measuring organizational
performance specific to the construction industry was developed by adapting measures
introduced by several scholars in these fields. Contractors and consulting companies were the
sampling frame of this study representing the construction industry in Malaysia. The population
lists were developed from the lists provided by CIDB, BEM, BOA and BQSM. The samples were
selected based on a stratified sampling method to gauge representation of the different groups in
the population. Regression analysis was performed in this quantitative study to assess
relationships amongst variables. The results revealed that principally two significant leadership
styles in determining the organizational performance. While transactional leadership is positively
significantly in influencing project performance, transformational leadership is significant in
determining business performance.
Keywords: Leadership Style, Construction Industry, Organizational Performance.
Paper type: Research Paper
1.0

INTRODUCTION

Malaysia’s construction industry has seen a continuous growth since the last decade. The industry
registered a growth of 5.8 percent in 2009, and subsequently 8.7 percent in 2010 and at 11.2 percent in
2013. When translated these percentages into projects awarded, around 26,300 projects were awarded
valued at RM380 billion. In addition, Malaysia’s construction industry has established about 64,000
contractors and employs 800,000 workforces that include the professionals, supervisors, skilled and
unskilled workers (CIDB, 2013).
Since the 1990s, the construction industry has undergone a series of ups and downs. In the period
of 1989 to 1997, the construction sector registered a commendable growth of 14.3 percent as compared to
the country’s economic growth of 9.2 percent (EPU, 2006). The boom was caused by the implementation
of several large-scale projects such as the Kuala Lumpur International Airport, Petronas Twin Towers,
Sepang International Circuit and the development of Putrajaya and Cyberjaya which today stand as the
country’s famous iconic buildings. After this boom period, from 1998 to 2006, the number of
construction projects escalated down tremendously as most of the large-scale projects have been
completed and the industry was further hurt by the Asian Financial Crisis. During this time, the
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construction sector grew marginally by only 0.7 percent. The construction of new infrastructure projects
between the year 2007 to 2011 resulted in an average growth rate of 5.9 percent. The Government’s
stimulus package implemented during 2008 and 2009 also played an important role in reviving the
construction industry and subsequently the economy as a whole.
The contribution of the construction sector to the GDP has also seen rate fluctuation since 1990s,
varying from a high of 4.8 percent in 1997 to a low of 3 percent in 2011 (EPU, 2013). Although the
contributions to the GDP is relatively small, construction industry is extensively linked with many other
parts of the economy, in particular with related industries such as those for basic metal products and
electrical machinery. The linkages are quite strong and in most circumstances exceed the value added by
the construction industry itself (Chan and Sundaraj, 2009).
Although it has been emphasized the significant impact of the construction industry on the
economy, the performance of construction industry in Malaysia is considered by several scholars as
underachieving. A study conducted by Abdul Rahman, Berawi, Berwai, Mohamed, Othman, and Yahya
(2006) found that construction projects experienced 49.5 percent delays in completion date. Furthermore,
according to Othman, Torrance and Hamid (2006) the average completion time of public road projects
between 1999 and 2003 exceeds 37 percent from the original. These figures are much higher compared to
the average of 23.3 percent for construction projects in UK (Bordoli and Baldwin, 1998). It is also
reported by Ibrahim et al. (2009) that major construction projects in Malaysia exhibit poor performance in
the form of structural defects which includes projects like Middle Ring Road 2 and Kuala Lumpur
International Airport. In 2009, a major part of the roof construction of the RM270 million Sultan Mizan
Zainal Abidin Stadium in Kuala Terengganu collapsed only about a year after the stadium was officially
completed. The major cause for the incident was identified to be the design fault and inappropriate use of
construction materials. It also stated in the investigation report that one of the causes is due to the
incompetence of the project management team in managing a project of such magnitude and complexity
(The Star, 2011).
In a different study by Abdul Rahman et. Al (2006) found that Malaysia’s construction industry
was experiencing high project cost escalation. The main cause for this was identified due to the
construction material wastage contributed by “poor workmanship, setting out error, order not meeting
specifications, excessive use of materials, material not meeting requirements, breakage in handling
materials, improper storage, and misdemeanor”. This is further supported by the Construction Industry
Development Board (CIDB) master plan for occupational safety and health (CIDB Master Plan OSHA,
2004) that highlights Malaysia’s construction industry is facing problems such as low quality, delays, low
productivity, shortage of manpower, poor image and economic volatility.
In a different note, the industry is described as fragmented in nature of which it requires bringing
together several entities in a project team for the implementation of a construction project. Such a team
demands effective cooperation, communication and a clear set of team goals. It is argued by Larasati and
Tsunemi (2009) that the contributing factors to the poor performance of the industry were weakness in
leadership among project managers and conflicts among project players. Furthermore, the fragmentation
of the industry constantly creates adversarial relationship among project team members. Poor
communication induces conflicts among project members which further leads to poor performance. A
project manager that adopts an appropriate leadership style is capable in leading this group of people in a
project team in achieving project goals.
Taking into accounts the facts and findings of the importance of the construction industry in
Malaysia and its current underachieving performance, this research study looked into the aspect of
improving the industry in order for it to have greater impact on the country’s economic achievement. The
identified aspect leadership style which has a direct relationship with the fragmented characteristics of the
industry is further explored.
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2.0

LITERATURE REVIEW

Leadership Styles
The implementation of a construction project establishes a project team that consolidates
members from various organizations with different sets of skills, academic backgrounds and experiences.
This setup is short term in nature and disbands when the project finishes. The project team demands for a
leadership style adopted by managers that have the capability in effectively lead the team or organization
for better performance. Nevertheless, leadership behavior is culturally determined and different from
culture to culture (Lok and Crawford, 2004). According to Hofstede (1991) national culture is significant
on the impact of leadership on subordinates’ performance, which reflects variation from country to
country. Hence, justify the needs for a study of the leadership style in the construction industry
environment particularly in Malaysia’s context.
In the field of leadership study, scholars have identified several leadership styles that have great
influence on organizations. They listed out transformational leadership and transactional leadership as the
styles of leadership that have the capability in influencing their followers and the climate of their
organizations (Keegan and Den Hartog, 2004; Ismail, 2005; Garcia Morales, 2008; and Aragon-Correa et
al., 2007). The concept of transformational leadership has gained wide interests among researchers
particularly due to its unique motivating and charismatic approach as compared to other leadership styles.
In spite of that, the traditional transactional leadership style that emphasizes on exchanges between
leaders and followers (Keegan and Den Hartog, 2004) that reinforces appropriate behaviors of
subordinates and correct failures when they occur; remain relevant in many organizations. In fact,
according to Liu, Liu and Zeng (2011), transactional leadership is more common than transformational
leadership in many organizations.
Transactional Leadership Style
Transactional leaders focus on the basis of the ‘exchange transaction’ between leader and
subordinates by offering rewards (or threatens punishments) for the performance of desired behaviors and
the completion of certain tasks. Bass (1985) describes transactional leadership style based on two
dimensions; contingent reward and management by exception.
The contingent reward dimension according to Bass (1985) generates compliance as subordinates
perform assignments as demanded by the leader and organization in order to avoid punishment and
receive reward in the form of satisfactory performance, pay increases, praise and recognitions, better
work assignment etc. Leaders, who adopt this approach, establish definitive expectations to be fulfilled by
subordinates while maintaining consistent rules, procedures, and norms. This induces better performance
as people perform their best when the chain of command is definite and clear (Keegan and Den Hartog,
2004). In addition, such leaders emphasize on existing values and routines and focusing on increasing
efficiency in current practices. Furthermore, according to Liu et al. (2011), consistent honoring of
transactional agreements builds trust, dependability, and perceptions of consistency with leaders by
followers.
Management by exception dimension reflects on the way transactional leaders act when
expectations are not fulfilled. This dimension is categorized into two; active and passive. Active
management by exception refers to leaders that actively monitor the work of their subordinates, watch for
deviations from rules and standards and initiate the appropriate changes to the subordinate's work to make
corrections throughout the process (Bass, 1985). This style of leadership requires attentive monitoring of
subordinates and focuses more on maintaining stability and meeting expectations rather than enhancing
performance. In contrast, passive management by exception describes leaders who intervened only when
standards are not met or when performance is not as per expectations (Bass and Avolio, 1994). Such
leaders wait for problems to occur before taking action.
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Transformational Leadership Style
Bass (1985) defines transformational leadership into four dimensions; individualized
consideration, intellectual stimulation, idealized influence and inspirational motivation. Individualized
consideration represents “leaders who provide customized socio-emotional support to followers, while
developing and empowering them” (Antonakis and House, 2002). These types of leaders treat each
members of the organization as unique individuals based on their needs and capabilities. They act as a
coach or mentor by focusing on the individual's need for achievement and growth. Fulfilling employees’
needs and concerns establishes satisfaction among them which leads to a productive working
environment.
The intellectual stimulation dimension refers to the behavior by leaders that promote employees’
intelligence, knowledge and learning so that they can be innovative in their problem-solving and
solutions. Such leaders encourage employees to think “out of the box”, treating old problems in new
ways even if they have to challenge their own values, tradition and beliefs (Hater & Bass, 1988). This
dimension intellectually stimulates followers to learn new concepts, techniques and procedures to
empower themselves in individuals. Such leaders promote intelligence and rationality in employees in
implementing job assignment and problem-solving. Intellectual stimulation in a leader encourages
employees to seek different perspectives in suggesting new and efficient ways in completing assignments
and re-thinking of ideas for effective problem-solving solutions (Nguyen and Mohamed, 2011).
Idealized influence dimension is the displays of charismatic characteristics among leaders that
generate pride, faith and respect that leaders encourage their workers to have in them, their leaders and
their organizations. In its most basic form, idealized influence means becoming a role model. Such
leaders are perceived as best at what they do and ideal to which employees or followers aspire. Such
charismatic leaders encourage followers’ to feel trust, admiration, loyalty, and respect toward them and
are motivated to perform extra-role behaviors (Bass, 1985). They encourage subordinates to put in extra
effort and to go beyond what they (subordinates) expected before (Burns, 1978) which consequently
enhance productivity.
Inspirational motivation refers to leaders’ behaviors that motivate members of the organization to
attain their goals. Antonakis and House (2002) describe this dimension as “leaders who inspire and
motivate followers to reach ambitious goals that may have previously seemed unreachable, by raising
followers’ expectations, and communicating confidence that followers can achieve ambitious goals, thus
creating a self-fulfilling prophecy”. They develop followers’ commitment to a shared organizational
vision and inspire them to work harder and smarter to achieve this vision. Such leaders induce followers
to go beyond self-interest for the good of the whole group thus creating an atmosphere of teamwork.
Leadership Style in Construction Industry
Effective leadership is vital for every construction company and leadership styles and its practice
constitutes important variables having essential role on the success of project management (Atwater and
Spangler, 2004). Appropriate leadership approach can shape subordinates’ performance in a desirable
way and facilitate construction projects to go smoothly. Limsila and Ogunlana (2008) assert that people
normally respond well only to appropriate styles of leadership. The right leadership style should be able
to “push” subordinates to complete assignments timely and correctly while at the same time, bringing out
the best in them.
The unique fragmented characteristics of the construction industry have distinguished it from the
other industries. A construction project leader leads a team that consists of members from various
organizations grouped into a project team as compared to a manufacturing industry where a project leader
is responsible in leading a team that usually consists of members within his/her own organization. Hence,
a leadership style that has been endorsed by scholars fit in one industry may not be necessarily effective
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in the construction industry. This can be further explained by the study conducted by Tabassi and Bakar
(2011) that suggest that problems experienced by many construction projects in Iran often contributed by
the factor of project managers or leaders. One of the main causes is the insufficient competencies and the
traits that projects leaders possess may not fit the nature of their work. Tabassi and Bakar (2011) further
suggest that the characteristics of the construction industry which requires teaming up of different
organizations for a complete implementation of a construction project has made project administration
more complex which demands more highly skilled and experienced leaders. Nguyen et al. (2004) describe
that the “construction work by nature is a daily operation where unpredictable problems occur regularly”
which demands for creativity among project leaders in problem solving. Effective problem solving in
construction allows conflicts among project participant will be handled in a more proficient manner which
in turn influences the overall performance of the construction project.
A further in-depth understanding specific to the construction industry will offer a notable
contribution to the leadership study due to the unique fragmented characteristics of the industry and its
distinct project leader-member relationship that may provide a different perspective in terms of the
significance of leadership style on performance. Furthermore, leadership behavior is argued by many
scholars as culturally determined and different from culture to culture (Lok and Crawford, 2004). Hence
studies on leadership style in construction industry in Malaysia’s environment will statistically contribute
to the body of knowledge in the leadership research field.
3.0

RESEARCH METHOD

The theoretical framework of this research was developed based on the literature reviews of past
researches discussed in the earlier part of this paper. The proposed framework (Figure 1) illustrates the
logical relationship between the independent and dependent variables. The dependent variable organizational performance is described by two dimensions – project performance and business
performance. In this research, leadership style is the independent variable and its impact to the
organizational performance which is represented by eight dimensions that represents two leadership
characteristics namely transformational leadership and transactional leadership styles is examined.
Leadership Style
• Transformational Leadership Style
• Transactional Leadership Style

Organizational Performance
• Project Performance
• Business Performance

Figure 1: Research Framework
A set of questionnaire survey was developed to elicit the responses of the respondents of this
research. The data collection was conducted in the traditional personally administered approach whereby
respondents are given a hard copy form of questionnaire and monitored face to face during the survey
sessions. The sample organizations were selected from the population list based on the multi-staged
stratified samplings of contractors and consultants provided by Construction Industry Development Board
(CIDB), Board of Engineers Malaysia (BEM), Board of Architects (BOA) and Board of Quantity
Surveyors (BQSM). A total of 378 responses were received.
In this study, organizational performance is the dependent variable. It consists of two dimensions
that are (1) project performance and (2) business performance. Project performance dimension
measurements are adapted from the work by Chan and Chan (2004), and Almahmoud et al. (2011). The
questions were adapted from the study by Pinto et al. (2009) which include the environment and safety
elements which bring to a total of ten items. The questions reflect elements of (1) Quality (2) Timeliness
(3) Cost (4) Scope (5) Safety and Health (6) Environment (7) Participant’s Satisfaction (8) User/client’s
Satisfaction (9) Value (10) Overall Success.
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Business performance on the other hand reflect elements of (1) Profit growth (2) Turnover growth
(3) Market share (4) New clients and (5) Repeat business (6) Level of customer satisfaction (7) Overall
reputation. The elements will be compared and rated against the organization’s competitors over the last
three years. These measurement constructs is adapted from the study by Panuwatwanich et al. (2008) and
Gunday et al. (2011).
The instruments for leadership style is adopted from the Multifactor Leadership Questionnaire
(MLQ 5X) by Bass and Avollio (2004), that has been widely used by many scholars in the leadership
research arena in operationalizing the leadership construct. The original instrument consists of eight
dimensions; five of which represent the transformational leadership style and three represents
transactional leadership style which consists of a total 32 questions. The 8 dimensions are (1) Idealized
Influence Attributes (2) Idealized Influence Behavior (3) Inspirational Motivation (4) Intellectual
Stimulation (5) Individualized Consideration (6) Contingent Reward (7) Active Management by
Exception (8) Passive Management by Exception
4.0

ANALYSIS AND FINDINGS

Regression analyses were performed to analyze the relationships between two or more variables
with dependent variable (multiple regressions), in this case, the relationships between leadership styles
and organizational performance. Analyses on the relationship of leadership style and organizational
performance were separately conducted based on the eight defined dimensions of leadership styles and
two dimensions of organizational performance. The r2 value and the Beta coefficient as well as its
significance were analyzed and examined on all of the dimensions relationships as indicated in Table 1.
Table 1: Leadership Styles and Organizational Performance
r2

Variable
(Constant)
Idealized Influence Attributes
Idealized Influence Behavior
Inspirational Motivation
Intellectual Stimulation
Individualized Consideration
Contingent Reward
Active Management by Exception
Passive Management by Exception

Project Performance
0.196
Std. Error
Sig. F
Durbinof the
Change
Watson
Estimate
0.91812
0.000
1.834
Std.
B
Sig.
Error
0.000
0.313
0.991
0.178
0.055
0.001
0.050
0.051
0.325
0.054
0.058
0.358
0.005
0.065
0.940
0.006
0.059
0.919
0.159
0.069
0.023
0.142
0.058
0.014
0.159
0.069
0.151

Business Performance
0.115
Std. Error
Sig. F
Durbinof the
Change
Watson
Estimate
0.95534
0.000
1.802
Std.
B
Sig.
Error
-0.022
0.052
0.675
0.107
0.057
0.060
-0.009
0.053
0.866
0.143
0.061
0.020
0.193
0.067
0.004
-0.005
0.062
0.941
-0.024
0.072
0.734
-0.059
0.060
0.331
-0.172
0.058
0.003

The coefficients of the dimensions of transformational leadership which are idealized influence
behavior and individualized consideration are statistically insignificant in explaining the relationships
with organizational performance. While idealized influence attributes is significant in influencing project
performance, inspirational motivation and intellectual stimulation dimensions are only significant in
predicting business performance. Nonetheless, two of the dimensions of the transactional leadership style
namely contingent reward and active management by exception are statistically significant only in
influencing project performance, but not business performance. In contrast, passive management by
exception is indicated to have a significant negative influence on business performance.
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Leadership Styles and Organizational Performance
Leaders determine the attainment of the organization goals through the management of the people
in their organization by practicing effective leadership style. The significance of leadership styles in
prevailing organizational performance is validated by the findings of this research.
Out of the total eight dimensions of leadership style that represents transformational leadership
and transactional leadership, three dimensions are identified significant in influencing project
performance namely (1) idealized influence attributes (2) contingent reward and (3) active management
by exception. Three dimensions are indicated to have significant influence in determining business
performance namely (1) inspirational motivation (2) intellectual stimulation and (3) passive management
by exception. While idealized influence attributes, inspirational motivation and intellectual stimulation
are the dimensions of transformational leadership; contingent reward, active management by exception
and passive management by exception are the dimensions of transactional leadership. Two dimensions of
the transformational leadership style - idealized influence behavior and individualized consideration are
found insignificant in influencing both project and business performance.
In general, the outcome of this study shows that the dimensions of both transformational and
transactional leadership style have significant impact in determining organizational performance in
construction organization. The fact that human beings are complex entities “to generate uniform
solutions, that apply to all, irrespective of culture, geography, age, sex, religion, and personality factors,
is a very difficult job, if not impossible” (Prabhakar, 2012), demands for flexibility on the leadership style
adopted by leaders. Therefore, the outcome of this research ultimately reveals the significance of both
transformational leadership and transactional leadership styles influencing in organizational performance
in construction industry in Malaysia.
Moreover, the outcome of this study shows that the leadership styles that are significant in
influencing project performance differ from the styles that significantly influence business performance.
This is supported by Slevin and Pinto (2004) who highlight, it is inaccurate to assume that once a leader
identified as possessing a certain style, it is no longer necessary to alter that style for different
circumstances or situations. This view can be applied to the finding of this study as members of a
construction project team and a construction organization consist of different sets of personnel. While an
organization consists of their own personnel, a project team comprises of different members from various
organizations (consultants, contractors, clients and suppliers). Hence, explain why two sets of leadership
styles are indicated to have significant influences on project performance and business performance.
Idealized Influence Attributes on Project Performance
The outcome of this study supports the significance of idealized influence attributes dimension in
predicting project performance. Leaders with idealized influence attributes are described as those who
possess charismatic personalities and are perceived as role models. Such leaders display the leadership
qualities that encourage followers’ to feel trust, admiration, loyalty, and respect toward them and are
motivated to perform extra-role behaviors. Role models provide mockup characteristics for followers to
imitate that allow for such leaders to demonstrate the qualities in managing project that lead to improved
project performance. Efforts and strategies for superior performance can be easily implemented.
Prabhakar (2012) supports the significance of idealized influence attributes on project
performance who highlights project manager with such characteristics is seen to be a strong, positive role
model by the project team and exercising little managerial authority in the effort of achieving project
objectives. In certain extent, the leader even manages to drive project members to put in extra effort and
to go beyond the expectations (Slevin and Pinto, 2004). Consequently, the aim for greater project
performance can be achieved through this leadership approach which vindicates the outcome of this
study.
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Contingent Reward on Project Performance
It is revealed in this study that transactional leaders with contingent reward characteristics have a
significant impact on influencing project performance. The outcome of this study can be associated with
the approach of this type of leadership which is based on a bargaining exchange system in which the
leaders instill clear chain of commands to the subordinates and their compliance in fulfilling the tasks
assigned is rewarded in the form of recognition and compensation. These characteristics of a leader
support one of the project management knowledge areas (PMI, 2009) that demands for project members
to have full understanding of the project scope. Such leaders ensure project members to have clear
definition the project objectives and goals in order for the exchange system between the leader and
subordinates to effectively execute. Hence, the established project environment suits a contingent reward
leader to effectively lead the team to achieve project success.
Active Management by Exception on Project Performance
It is revealed in this study that active management by exception characteristics among leaders in
construction industry have significant positive influence on project performance. Leaders who practice
active management by exception style focus on monitoring errors and deviations from the standards and
norms. Such leaders were reiterated by scholars to favor stability. This type of leader specifies the
standards for compliance, as well as what constitutes ineffective performance. They closely monitors for
mistakes and errors and then taking corrective action as quickly as needed.
The characteristics of this type of leadership can be associated with the nature of the construction
industry as described by Nguyen et al. (2004) that “construction work is a daily operation where
unpredictable problems occur regularly” which requires leaders have to frequently involve in dealing with
problems, demands for active management by exception leadership style. Such leaders constantly monitor
problems and issues arise and execute the appropriate corrections throughout the process. As a result,
through experience, they gain wide knowledge in effectively identifying project errors and problems as
well as executing the appropriate solutions that leads to achieving project performance.
Inspirational Motivation on Business Performance
This study revealed the positive influence of inspirational motivation dimension of
transformational leadership on business performance. This leadership characteristic is defined as leaders
who inspire and motivate organization members to attain their goals or even beyond. Such leaders set
higher expectations and greater confidence on their subordinates in achieving ambitious target. It is
apparent that such leaders will bring their organization to greater distinctive goal triumphs that set them
apart from other ordinary organizations.
This type of leaders is capable in inspiring and motivating their subordinates to aim for greater
targets that have previously seemed unreachable. As a result, members of the organization become highly
committed, work harder and smarter that ultimately brings the organization to superior performance.
Hence explains the outcome of this study and is supported by Barling et al. (1996) and Antonakis and
House (2002).
Intellectual Stimulation on Business Performance
Intellectual stimulation dimension among leaders is described as the characteristics of leaders that
promote their subordinates to go against the norms and explore new concepts, techniques and procedures.
They encourage members of their organization to view every problem at different angles and to seek new
and efficient ways in problem solving (Hatter and Bass, 1998). The characteristics of intellectual
stimulation that encourage members of an organization to think ‘out of the box’ and stimulate their
intelligent to explore new ideas allows for such organization to find effective ways in gaining greater
growth, profit and market share which reflects on the business performance. These characteristics justify
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the outcome of this study that reveals the significance of intellectual stimulation in influencing business
performance and is supported by several scholars such as Crawford et al. (2005), Nguyen and Mohamed
(2011) and Tabassi and Bakar (2011).
Passive Management by Exception on Business Performance
In contrast to the other leadership dimensions that promote proactive actions by leaders, passive
management by exception dimension describes the characteristics of leaders who intervened only when
standards are not met or when performance is not as per expectations (Bass and Avolio, 1994). This
research shows that such characteristics of leadership have negatively impact on business performance.
Leaders that practice this type leadership characteristic spends more time on corrective actions of
which they wait for incompliance of standards and problems to occur before actions to be taken. In such
consequences, problem solving requires more investments of resources. For example, in a construction
project, allowing for incompliance in material specifications or fault in the method of installation to occur
exposes the construction to a total demolition and demands for reconstruction. This corrective action
demands allocation of additional time, cost and manpower that eats up profit margins and usually
introduces negative perceptions and reputation of the organization, ultimately reflect negatively on the
organization’s business performance. Thus, explains the ineffectiveness of passive management by
exception and it is supported by several scholars like Lok and Crawford (2004), Bazier (2005) and
Limsila and Ogunlana (2008).
5.0

CONCLUSION

By drawing attention to the aspects of leadership style and uncovering the mechanisms for
enhancing organizational performance, this study sheds additional light on the implications of fostering
the appropriate leadership styles within the construction industry context. This study highlights the
importance of managers in this industry to opt for the appropriate leadership style as it is critical in
determining both project and business performance. Furthermore, this research provides a contribution to
the leadership research arena as the findings suggest that both transformational and transactional
leadership styles have specific influences on certain aspects of organizational performance. Several
leadership dimensions have been recognized to have influential effect on organizational performance.
This study provides guidelines for managers in construction organization to adopt the effective leadership
characteristics in managing members in their organization or project teams for greater performance.
Project performance can be significantly improved if its project managers are encouraged, trained and
developed with the relevant leadership skills. Hence, harnessing the appropriate leadership characteristics
among managers shall be one of the main organizational strategies for success.
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ABSTRACT
In recent years, the design of mechatronics products
consisting of mechanical and electrical circuits and
software becomes popular in the world, High functionality
of the mechatronics products is progressing rapidly.
However, difficulty of software required in the
mechatronics product design is increases and the design of
the friction type cannot cope with the advancement of the
function. Therefore I suggest physical model unification
simulation for the purpose of the decision aiding in this
study because enough inspection in the upper reaches of
the design is necessary. As a result, I was able to express
physical model, a request and the transition of state that I
was not able to express visually so far. I can distinguish a
condition to be required by using a victory list visually.
From the above-mentioned result, it is confirmed that
SysML, Modelica based physical model unification
simulation are effective and can consider it when it may be
said that it is the technique that can support decision
making by enough examination in the design upper reaches.
Keywords— requirement analysis, problem frame, state
machine, SysML, Analogy.
1. INTRODUCTION
In recent years, functions for artifacts by the market
expansion due to population growth and progress of
science technology, have advanced and complexation. In
particular, such as motor vehicles, airplanes and electrical
equipment and supply with the increasing demand in the
field of mechatronics products consisting of mechanical
and electric circuits and software, it is complex and
realization of advanced functionality is required in the
design of mechatronics products. Moreover in the area of
the mechatronics product, the difficulty of the software
required is increased, failure of function has occurred.
Expansion and advancement of the area of the
mechatronics product is happening, as shown in Figure 1.
Also, future is expected advancement of more rapid
function, it is necessary to quickly solve the problem. The
design of the mechatronics product of the present,
"approximation-development" is mainly used. However,
this approximation-development, there is rework occurs

downstream of the design, In these approximationdevelopment-dependent traditional development methods,
it is being greeted limit in the mechatronics product
development complex and advanced modern. Always it is
necessary to develop a method to replace in the near future.
It includes the sharing of information development staff
between missing as a cause of rework in the design
downstream occurs, it has not been well established system
for transmitting information between the designers in
various fields it becomes a problem. Furthermore, the
design changes to make changes makeshift, since the effect
of the changes on other factors is unclear, and may cause
the create new bugs.
Therefore, in this paper, after clarifying the defined state
machine requirement diagrams, and simulate draw physical
model, we propose a physical model integrated simulation
and applied to the design of the laundry robot. Also
required to apply this technique in detail, steps, concept,
theory, methodology interpretation organize, and aims to
verify whether the can the copper to help create the design
of the new composite product. Especially on clarify the
state machine, where what can analogy of any action,
certainly or analogy can be done, and in order to verify that
the support copper can use in computer, laundry robot and
the floating-type wind power generation of design It also
applied to.
In this paper, as the target of the mechatronics product
consists of hardware and software, to create a model that
represents the detailed design information. To perform a
decision support when design by simulating this model
based. As an existing research in mechatronics product
design, "requirement model," "problem frame", "Modelica",
"SysML", and the like "Petri net".
2. METHOD OF DESIGN SUPPORT IN THE
MECHATRONICS PRODUCT DEVELOPMENT
In this study was carried out elaboration of the requirement
by the requirement model and the analogy of state and
events such as for each request by the problem frames, We
propose a method of performing decision support, such as
analogy operation in the development design stages by
performing a physical model integrated simulation. The
modeling method shown in Figure 2, it will be sequentially
described take the laundry robot as an example.
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integrating the state machine diagram, to prevent the
recognition of the relationship between each state.

c2

Teaching
data

ID=1110 Arm is operate according
to the teachings data

Property
a1:[Event 1,Event 2]
b1:[State 1,State 2]
c1:[Parameter 11, Parameter12]
c2:[Parameter 21, Parameter22]

ID=1100
The operation according
to the teaching data

Function
ID=1000
Operation method

Parametricdiagram

Sequencediagram

State1

Detector

Sensor
system
The
operation
accordingto
theteaching
data

Arm

c1

Duringdistance
datareception

Rainfall data
reception

Traveling
device

Laundry
robot

Theoperation
accordingto
theteaching
data

Traveling
device
Arm

Control
system

Requirement
ID=1400 The transmission of
the teaching data

During
senseof
rain

Blockdefinitiondiagram

Problemframe

ID=1200
Calculation of behavior

ID=1300
The transmission of the
teaching data

State4

Trigger 1

Trigger 1

State2

State2

2.1. Representation of structural by the block definition
diagram

ID=1231 Determination of detection and
planned attitude of the current attitude

ID=1230 To create a new teaching
data from the current attitude

ID=1232 Creating a teaching data

ID=2111 Decision of the system operation start

ID=2000
Performance and
quality conditions

Electronic
circuit

Angular
velocitysensor

Traveling
device

Detector

Control
network

ID=2400
Arm operating
condition
ID=2500
Operation end
condition

Rainsensor

Actuator
system

Brake

Colorsensor

Ultrasonic
sensor

䞉Receive the abnormal
data of the traveling
device
䞉Dose decision of the
traveling device stop
䞉Receive the abnormal
data of the arm
䞉Dose decision of the arm
stop

Arm

Principal
gear

䞉If there is an abnormality
in the traveling device can
be stopped
䞉If there is an abnormality
in the arm can be stopped

ID=2412 Transmission of distance data
ID=2413 Decision of the arm start

ID=2510 Starting to move back
when it detected the turn-around
point

ID=2511 Detection of the turning point of the laundry pole

ID=2520 Operation end when it
detects the initial position

ID=2521 Detection of the initial position of the laundry pole

ID=2512 Decision of the start of back

ID=2522 Decision of operation end

requirement

by

䞉Send the abnormal
data to the control
system

Traveling device
(Acceleration
sensor)

Lower
requirement

䞉It detects the abnormality
of the traveling device,
and transmits the
abnormal data
䞉It detects the abnormality
of the arm, and transmits
the abnormal data

Abnormal
data

Condition
data

Stopping
condition

Requirement involved in
the design domain

䞉Arm stop decision
䞉Traveling device stop
decision

(a) Requirement development problem frame

Figure 3 Brock definitions diagram of Laundry Robot

the

ID=2410 Arm operation start
when it detects the laundry

Arm
(Angular velocity
sensor)

Control system

(b) Traveling device, Arm device

2.2. Representation of
Requirement Diagram

ID=2311 Sensing the rain in the rain sensor
ID=2411 Detection of laundry in the ultrasonic sensor

Domain
description

Event

Mechanical
system

Drivemotor

ID=2213 2223 Abnormal data transmission

ID=2310Sensing of rainfall
ID=2320 Rainfall data
transmission

2.3. Elaboration by the problem frame

Constraint

Actuator
control

ID=2221 Decision of the traveling device stop
ID=2222 Detection of the traveling device abnormality

Figure4 Requirement diagram of Laundry Robot

Arm

Actuator
system

ID=2220 The running stop by the
traveling device abnormality

(b) Requirement diagram of quality

Laundry
robot
Traveling
device

ID=2211 Decision of the arm stop
ID=2212 Detection of abnormal arm

ID=2210 Stop by the arm
abnormality

ID=2513 2523 Color data transmission

(a) Control system, Sensor

Detector

ID=2110 Operation start when it
sense the rain

Arm

Sensor
system

Acceleration
sensor

ID=2200
Stopping condition
ID=2300
Sensing of rain

Laundry
robot
Control
system

ID=2100
Operation start
condition

Quality

Describe the elements that make up the target system. What
constitutes expressing the configuration of aligned particle
size by stepwise layered. Block definition diagram of a
laundry robot as shown in Figure 3, the control system is
composed of control processor, electric circuit and control
network, the detector is constituted by a sensor system etc.
And it represents how laundry robot is composed of any
structure.

Tire

ID=1212 1222 Data transmission of the
current attitude

ID=1220 Arm to send the current
attitude data to the control system

(a) Requirement diagram of function

Figure 2 Modelling method

Control
system

ID=1211 1221 Measurement of the
current attitude

ID=1310 Control system to
transmit the teaching data

State3

Control
processingunit

ID=1120Traveling device is operate
according to the teaching data
ID=1210 Traveling device to send
the current attitude data to the
control system

the

State
Action

b1[During the abnormality
of the traveling device
detection
During abnormal data
transmission ]

a1[Abnormal data reception
of the traveling device
Decision of the traveling
device stop]

All necessary behavior for the mechatronics product
development are described, to create a hierarchical
structure of requirements. There are also cases where
another requirement is considered to meet the requirements
that are in requirement diagram being created, it is desirable
to add flexibly in such a situation.
When creating a requirement diagram, consider separately
the requirement to "function" and "quality" products, as
shown in Figure 4. The "function" is described, such
operations the product is carried out, a requirement for
operating as a product is established. The "quality" is to
describe the requirements for convenient and whether the

a2[Abnormal data reception of
the arm
Decision of the arm stop]

Control system
Attitude-Parameters
c1[Traveling speed [m/s]
Arm angle [ 㼻]]

Traveling device
(Acceleration
sensor)

b2[During the abnormality
of the arm detection
During abnormal data
transmission ]

Arm
(Angular velocity
sensor)
Abnormal
data
Condition
data

Stopping
condition

Branch condition
d1[Abnormal data > 0
It can be stopped]

(a) Morpheme problem frame
Figure5 Problem frame of Laundry Robot (ID2200)

For all requirements that were elaboration the requirement
diagram it creates a problem frame. Here to explain the
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problem frame stop condition of ID2200 of Figure 4 as an
example. To requirement deployment problem frame, as
shown in Figure 5- (a) to expand from the requirement and
wrote the interface, such as requirement, domain
description, events and constraints. Then we analogize
attributes and branch condition by morphological problem
frame shown in Figure 5- (b).
2.4. Clarification of the state machine by state machine
diagram
Based on the analogized state and event with problem
frames, it describes the state machine. And mechanically
place the analogized state and events by problem frame, it
is a complementary and analogized the state and action by
the hand of man that not enough, to create a state machine
diagram. Then by combining the requirements of the high
order, as an indicator that expresses the flow of the entire
system, and to integrate the state machine diagram as
shown in Fig. 6- (a). The integrated state transition diagram
is modified as shown in Figure 6- (b) a state machine
diagram by such as additional leakage of state and actions
that cannot be assumed in the requirement stage or to
remove what had been analogy by mistake.

and the arm of the during the stop determination of ID2200,
it was added to the start node because suddenly occur.
Also a state machine diagram is modified respectively in
the domain and the control system is divided as shown in
Figure 7, and ready to be transmitted two of the state
machine of the entire system and state machine of one’s
own professional easily to both the domain side of the
designers and control system side of the designers. Further
performs a state machine simulation using Petri nets to
them. Using interlocking red triangle, as shown in Figure 8,
as logical combination of an inconsistent state found in the
state transition simulation does not occur.

(a) Domain

(b) Control system

Figure 7 Integration state machine diagram of Laundry Robot,
which diagram that divided into two

Figure 6 Integration state machine diagram of Laundry Robot

A portion surrounded by a red dotted line is a modified
point In ID2100, 2400, 2500, because there was a transition
of state without going through the common state from the
control system to a domain, it added the detection
instruction sending and attitude measurement instruction
sending of laundry as a new action and the detection of the
instruction during the reception of the laundry as a state and
the attitude measurement instruction during the reception.
Also the abnormality detection device, which is considered
to be one which suddenly occurring rather than those
resulting from the transition from the previous state, If
there is besides abnormal, it is considered to be proceeds to
the next operation unconditionally, remove the four actions
and the state of abnormal data reception of the traveling
device and the arm, abnormal data during transmission of
the traveling device and the arm, further traveling device
and the arm of the stop determination and traveling device

Figure 8 Integration state machine diagram of Laundry Robot
that was modified by Petri-net

2.5. Functional design that based on the Modelica
language
Modelica language as a base to carry out a representation of
the function of development products. Elements that are not
defined in the Modelica to define yourself. Structure
without having to worry about, is expressed only in a
discrete information. Because laundry robot is constituted
by the traveling device and the arm portion is roughly
divided into and expressed using a physical model as
shown in Figure 9.

–3–
－370－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

taking into account this thing, to carry out re-simulated
design laundry robot Type2.
Table 2 Score sheet
Condition

(a) Traveling device

1-Initial condition
2-Motor torque
increase
3-Increase the
gear ratio

(b) Arm part

Figure 9 Physical model of the Laundry Robot

Operating
time(s)


Electrical power
consumption(Wh)




ۑ





ۑ



Cost(Yen)
ۑ

2.6. Simulation function implemented by the parametric
diagram

2.8. Design changes ࣭ The design of the laundry robot
Type2

Create a parametric diagram based on a functional design
that created the Modelica language as a base to perform the
simulation. Input value and output areas, such as
constraints has been defined. The calculation method to
determine the torque from the motor current, to obtain the
moving distance from the gear ratio, the angular speed and
tire size. It controls the electric power applied to the motor
and controls the torque. seek the acceleration torque from
the motor torque, friction torque and load torque. Also to
derive the arm tip position from the trigonometric function
of the arm mounting angle, to determine the position of the
laundry. In the parametric diagram, performed a simulation
described below. Collected at the arm one by one ten
laundry hung at regular intervals in the laundry pole, if
detect the end of the rod, to drop off laundry to return to the
initial position of the robot.

Type1 of laundry robot arm is running when detecting the
laundry, I had collected one by one laundry. However, the
collected Remarks laundry in Type2 aside, to collectively
were collected and the design to shorten the operating time.
First, the Requirement Diagram, the requirement of ID2410
and ID2510 from Type1was changed to the when it detects
a turning point arm running start and reverse start after the
operation of the arm is completed. With the change in the
Requirement Diagram, problem frame, and the state
machine diagram is changed as shown in Figure 10. It
should be noted that portions indicated by the red frame is a
change of Type2.

Table 1 Simulation results
Condition
1-Initial condition
2-Motor torque
increase
3-Increase the gear
ratio

206

Electrical power
consumption(Wh
)
0.494

140

0.326

Operating
time(s)

352

0.375

ID=2111 Decision of the system operation start

ID=2100
Operation start
condition

Quality
ID=2000
Performance and
quality conditions

ID=2200
Stopping condition
ID=2300
Sensing of rain
ID=2400
Arm operating
condition

Cost(Yen)

ID=2500
Operation end
condition

19000

First, initial conditions underlying that performs a
simulation is set to condition 1, and was subjected to
condition 2 that the torque has changed to a large motor for
generating and condition 3 that increasing the gear ratio. A
result, it became as shown in Table 1.

ID=2211 Decision of the arm stop
ID=2212 Detection of abnormal arm

ID=2210 Stop by the arm
abnormality

ID=2221 Decision of the traveling device stop

ID=2220 The running stop by the
traveling device abnormality

ID=2222 Detection of the traveling device abnormality
ID=2213 2223 Abnormal data transmission

ID=2310Sensing of rainfall

ID=2311 Sensing the rain in the rain sensor

ID=2320 Rainfall data
transmission

ID=2411 Detection of the turning point of the laundry pole

ID=2410 Arm operation start
when it detects the turning point
ID=2510 Starting to move back
when operation of the arm
finished
ID=2520 Operation end when it
detects the initial position

24000
21000

ID=2110 Operation start when it
sense the rain

ID=2412 Transmission of color data of the turning point
ID=2413 Decision of the arm start
ID=2511 Detection of the operation of the arm
ID=2512 Decision of the start of back
ID=2521 Detection of the initial position of the laundry pole
ID=2522 Decision of operation end
ID=2513 2523 Color data transmission

Figure 10 Requirement diagram of quality of Laundry Robot
Type2

Similar to Type1, and performs functional design and
implement the simulation function by parametric diagram.
Condition 1, 2, 3 of Type1 each does simulation as a
condition 4, 5, 6. As a result, it became as shown in Table 3.

2.7. Evaluation of simulation results

Table 3 Simulation results of Laundry Robot Type2

The simulated, and performs decision support of whether
the designer at design time in view of validity
verification(V&V) of the product what you want to
emphasize by creating a score sheet. Setting the conditions
of use and cost with simulated the conditions.
I have created a score sheet as shown in Table 2 with the
use conditions and the cost of within running time is 100
seconds, the power consumption is less than 1400W and
the cost less than 20,000 yen. As a result in any conditions
operating time it did not meet the conditions of use. On

Condition
4-Initial condition
5-Motor torque
increase
6-Increase the gear
ratio

Operating
time(s)
70

Electrical power
consumption(Wh)
0.474

42

0.390

24000

124

0.409

21000

Cost(Yen)
19000

It is assessed using a score sheet as well Type2 From the
above results. As can be seen from Table 4, it was possible
to shorten the operating time condition 4 and condition 5 by
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changing the requirement. Also, although the better of

specialized field there is more than one, it is considered to

conditions 5 is when attention is paid only in operating time,

be very effective. Also, because they create a physical

it is better considering the cost condition 4. Thus, when

model, changes to the simulation is facilitated even if there

determining the comprehensively design conditions from

is a change requirements.

several some conditions, by using the score sheet,

Here, the analogy made in each stage of the Requirement

performance comparison is facilitated by keeping with a

Diagram and problem frame and a state machine diagram, it

rough guide to the comparison conditions.

was found that requires four analogies roughly.
(1) Requirements elaboration analogy .

Table 4 Score sheet of Laundry Robot Type2
Condition
4-Initial condition
5-Motor torque
increase
6-Increase the gear
ratio

Operating
time(s)
ۑ

Electrical power
consumption(Wh)
ۑ

ۑ

(2) Human complement analogy .
(3) Analogy of state machine based on common conditions.
(4) Analogy logical inconsistency .

ۑ





The representation of the deployment of the requirements







and the state machine to the interpretation of the

Cost(Yen)

requirements differently for each designer in creating

3. DISCUSSION OF METHOD APPLICATION
RESULT
In this paper, we propose as a physical model integrated
simulation a method of performing decision support, such
as analogy of operation in the development stage of a new
mechatronics products, it was applied a physical model
integrated simulation in laundry robot as a subject. In
particular, showed how and apply what can be a better
assistance for the representation of the requirement by the
requirements diagram of physical model integrated
simulation, elaborated by the problem frame and the
clarification of the state machine by state machine diagram.
As a result, effectiveness in terms of eight of the following
was confirmed.
(1) Take leaked decrease in such state and actions to be
considered in that analogy of state and action is
facilitated by the problem frame.
(2) Grasp the entire system state machine by integrating
the state machine diagram of the domain and a control
system.
(3) Visualization of functional design by creating a
physical model that is based on Modelica language.
(4) Details of the simulation of granularity the designer
wishes.
(5) Changing the requirement using the design validity
verification by the score sheet.
(6) At the time of requirements changes, ease of grasp of
the analogy of change such as the state, action and
constraints.
(7) Dependent on the designer's ability by expansion of the
problem frame maintaining functional independence,
decreasing the difference in design.
(8) Creating the exact state machine diagram by the
interaction check of human and computer.
Considering the above effectiveness, overall, if you need to

problem frames, but unintentional state and actions of other

be modified, it confirmed that where what should I fix any

in the implementation stage, it is necessary that.

stage is simple, and in terms of prevention of occurrence of
problems in other areas due to modification of the bug in
the current mechatronics product with different designers

designers had occurred at the stage of creating the
requirement diagram this problem can be reduced by
conscious that requirement on different interpretations may
not appear. In addition, it becomes what problem frame
maintaining functional independence by requirements to be
analogy and deployment become clearer, in the design of
mechatronics products across multiple areas to be built,
such as can be understood in any field of engineering .
Further, by repeating the verification by humans and
computers than once regarding the state machine diagram,
to prevent spots and leakage, it is possible to find the
theoretical inconsistency.
In addition, there is a problem in that below.
(a) Undergo physical model created an impact on the
amount of knowledge of the designer.
(b) Modified requirements and not possible to record
changes in each element accordingly.
(c) The amount of the combination of states determined by
using the Petri net becomes enormous.
About the physical modelling, this is one side that can be
any number of elaboration by the knowledge of the
designer, made the wrong interpretation of the original if
the poor knowledge of the designer. Model of creation is
performed there is a concern that would affect the
parameters and constraints of parametric simulation.
Therefore, the designer to understand by examining in
detail the phenomenon that you want to own representation
Next, the points cannot be changes recorded, this study
assumes

the

mechatronics

product

development,

a

prerequisite design straddling between each area. Therefore,
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as in the laundry robot of this paper, when you change the
requirements in the middle, also leads to rework occurs if
there are still history, such as what to acts where extends
the change, leading to increased risk at the time of design.
Thus, it is necessary to means to describe the history of
changes.
Finally becomes the amount state is large indicating the
reachability tree created by the Petri net, it is difficult to
continue to verify all of the states one by one in the hand of
man. Therefore, by entering the algorithm of the
combination of states is known that there is no problem
before a simulation is required technique to comprehensive
validate only the combination of states is not clear.
4. CONCLUSION
In this paper, we worked on issues such as the occurrence
of problems during the information transmission and design
changes between each region of the design of mechatronics
products made from the machine and the electrical circuit
and software. The reason, failure or occurrence in the
downstream of the design by the information transmission
shortage between each area, removal may be mentioned is
that not easy. In addition, it is being leach a limit due to the
high functionality and complexity of the mechatronics
product in the current state of the design method
"approximation-development".
In this paper, we propose a "physical model integrated
simulation" as a method to consider sufficiently the
requirements of the design in the upstream. At the time of
the physical model integrated simulation specification
change, that whether the effect on which part comes out is
clear, can be changed easily content by partnering a
physical model, to support the decision-making of product
development in the simulation that is physical model based
on It is. For that method, I performed in a flow that
elaboration of requirements by creating a requirements
diagram from the request document, analogy such
conditions and actions using the problem frame from the
elaboration requirements, visualization of the state by the
state machine diagram, design function by a physical model,
numerical simulation according to parametric diagram,
visual comparison, using a score sheet of the simulation
results. Requirements diagram and state machine diagram
and parametric diagram used here is mainly created based
on SysML that modeling language based on UML2 that
were used to create for software engineering. In addition,
make the creation of a physical model of the Modelica is an
object-oriented language for physical model simulation as a
base, at the time of creation of the state machine diagram
was performed analogy assistance by computer using a
Petri net.
By the proposed physical model integrated simulation, it
becomes possible to provide support for mechatronics
product design decisions in the upstream design stage.

Although mentioned in the previous chapter, requirement
can be that fixes the time of the requirement change easily
grasp in which elaboration, modification of the physical
model it was possible to easily perform. As for the issues
that affect a later stage by differences in the designers of
understanding of when you create a problem frame and the
state machine diagram from the requirement diagram,
certain of the resolution was obtained by the assistance
proposed by the computer of the guidelines of the design
approach. However, if the difference in quality of the
product comes out is assumed due to a difference of
understanding of the designer in terms of functional design
according to elaboration and a physical model of the
requirements diagram. Furthermore, a method for finding
the missing and leakage by comprehensive verification by
computer, final judgment because performed by a human
being, if the number of verification is becomes a large there
is a possibility that the human miss occurs. Further
described in the previous section, is the interpretation of the
requirements differently for each designer in creating
problem frame, a problem that other designers are
unintended, state or action occurs, Although said to be able
to reduce the problem in being aware of that, whether
interpretation of the different requirements at the stage of
the creating requirement diagram appear, unify
representation of requirements is needed for that. Moreover,
it could not be sufficiently be carried out to verify that what
effect the stage of the manufacturing design and layout
design and structural design, but because corrected portion
selected in the upstream design stage becomes easy, it is
expected to lead to improved quality of the downstream
design.
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EXPERIMENTAL VARIFICATION OF MIRROR-LIKE SURFACE FINISH
FOR MOULD STEEL USING DEVELOPED LAPPING SYSTEM
Ahmad Aizuddin Abd Aziz, Aung Lwin Moe, Muhammad Faiz Wahab,
Asri Mohamad Yusof, Nurul Farah Rosli

ABSTRACT
Lapping is one of the highest precision machining
processes which have the capability to produce excellent
surface qualities with higher geometrical form. Surface
roughness (Rz) is one of the most important factors for
evaluating product quality of mould surface . Hence, this
study aims to verify of mirror-like surface finish for mould
steel using developed lapping system. Lapping tool consists
of a lapping head, a spring, ball bearing and holder install
at the CNC milling machine. Lapping pressure is supplied
by compression of spring. Beside that, lapping slurry is
mixtures of 0.5 % PEO18 (PolyethyleneOxide), 4%
diamond grain concentration and water. This slurry was
supplied between a work piece and lapping head. Lapping
speed and the lapping time was investigated for high
quality and productivity experimentally. From the results,
the mirror-like surface is possible with developed lapping
system.
Keywords— Lapping, Surface Roughness, Mould, CNC
Milling, Mirror-like surface.
1. INTRODUCTION
Recently in the process of making mould and die, cemented
carbide materials are widely used. The mirror like surface
finish is needed for making mold and get high quality finish
of product. Due to easiness interm of manufacturing
process, SKD1 steel is a suitable material for making mould
and it is specified because of the unique combination of
properties, it is advance hardening, strength and toughness,
easy to form into various shapes, a good conductor of heat,
and is generally resistant to corrosion.
To achieve a desirable surface quality value, the part must
be machined more than once. Therefore, the desired surface
finish is usually specified, and appropriate processes are
selected to attain the required quality [1]. Thus there are
several computer controlled being introduced for improving
the process this is caused by typical optic machining
consumes longer time cycle and labor intensive [2].Most of
the other metal processing can be done using CNC control
machines, hand lapping can only be done by skillful
workers taking very long time. This will effect on the
productivity as well as product quality depending on the
skill of workers. Therefore, the demands on application of

automated lapping technology in the production also
become increase in the industry [3,4]. The authors [5,6,7,8]
have been revealed and characteristics for mirror-like
surface finish using CNC applications.
This study aim to develop the lapping system and verify the
process parameters for mirro-like surface finishing of
mould steel. At first , lapping system is developed to be
applicable for CNC milling machine. Secondly, three
different lapping pressure is proposed for material removal
rate and limit surface roughness using #320 diamonds grain
size. Finally, #1200 and #2500 grains sizes are also used for
mirror-like finishing process.
2. MECHANICISIM OF LAPPING
A abrasive wear is a solid object loaded with particles of a
material that has the same or more violence will lead to the
occurrence of abrasive wear. The most important among all
the forms of wear is abrasive wear which is contributes
almost 63% of the total cost of wear [9]. Traditionally, the
abrasive wear process is divided by two groups: twobody
and three-body abrasive wear. Fig.1 shows the two body
and three body abrasive mechanism in lapping process.
Three-body abrasive wear is exemplified by the action of
applied pressure on the lapping head which is concerntrated
on the grains that are in contact with workpiece and involve
in the material removal. In three-body abrasive wear the
grain are free to roll as well as slide over the surface, since
they are not held rigidly. In two-body abrasive wear, no

Fig. 1 Two body and Three body adbrasive mechanism[6].
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rolling of the grain occur because abrasive grain were
embedded in the lapping head.
3. DEVELOPED LAPPING SYSTEM
In this section , the proposed lapping system is interoduced.
This system include of lapping tool, slurry supply system
and base plate for work material. Base plate prevent the
slurry drop out from work surface to the CNC machine
table.
3.1. Lapping tool
The developed lapping tool for mould steel lapping is
shown in Fig. 2. This lapping tool consists of cylindrical
lapping head (lateral area of head was used for lapping)
made by polypropylene, the spring for generating lapping
pressure, and linear ball for stabilization of dynamic
behaviour between the lapping tool and the main holder
while processing. The main holder consists of two parts that
combined together as one tool. The holder will hold the
subparts of lapping tool such as linear ball bearing, coil
spring, and shaft. The end of the holder will chuck with
CNC machine. Linear ball bearing is used to control the
movement of the shaft, prevent it from any accidents. The
axis of symmetry of lapping tool holder is offset 20mm
from the spindle axis. That is because to reduce vibration
from machine. The 87 mm long weak coil spring with
stiffness value of 1.56 N/mm was used. For producing of
high quality mirror-like surface, lapping head needed to be
rapid contacting and detaching intermittently from the work
surface for dressing (catching new grains) and cleaning
(removing some chips) purpose. In addition, the smooth
rapid X and Y axial(table and saddle travel) were also
required for stable lapping process. Lapping speed in the
CNC milling machine which drive X and Y axial directions
had to be effectively utilized in this study for mirror-like
surface processing.

3.2. Lapping head material
The design and structure of lapping tool is economy and
these parts can be purchased easily. The purpose for
choosing round lapping head is to make contact area as
small as possible and the lapping position will also be
controlled by NC controller so that to applicable also in
curve surfaces lapping. Moreover, the purpose of choosing
polypropylene (PP) as lapping head material is due to its
property of catching and maintaining diamond grains from
the lapping slurry during processing and thus, obtained
relative movement between diamond grains and the work
surface. The contact area between work surface and lapping
head is calculated by using Hertz’s contact theory. The
lapping tool is made to be able to change easily the various
size of lapping head
3.3. Lapping slurry
Lapping slurry is one of the most important factor to get
mirror like surface finish. Among the purpose of the
lapping slurry is to distribute abrasive grains, uniformly on
the work surface and to act as lubricant . In order to obtain
those features mention above, new lapping slurry was
formulated. Lapping slurry is a water base mixture
containing 99.5% of distille water, 0.5% of Polyethylene 18
(PEO18) and 4% of diamond. This mixture must be kept at
least overnight. The digital weight balance was used for
preparation of this mixture. In addition, this mixture must
not be to thick that may cause the diamond grain hard to be
catched. As a result, the uniform state of the random cutting
edge is achieved. The preparation of lapping slurry is
shown in Table 1.
Table 1. Specifications of lapping slurry
Mixture ratio of
solvent

Water = 99.5% ,
PEO 18 = 0.5%

Size of diamond (μm)

#320

#1200

#2500

Concentration
of diamond in slurry

4.0
wt%

4.0
wt%

4.0
wt%

230 mm

90
mm
32
mm
20
mm

3.4. Grain concentration

87
mm
20
mm

50
mm

150 mm

Fig. 2 Developed lapping tool.

It has been proven that by increasing the concentration of
diamond grain in the lapping slurry, it cause an increase of
the cutting edge and also the rate of material removal. This
will lead to a faster processing time. However if this
diamond concentraction is too high it cannot desolve well
in the slurry mixture and thus may affect the rate of
material removal. Fig 3, shows the #1200 diamond grain
that have been mixed with water and PEO 18 observed
under Keyence 3D Digital Microscope at 500
magnification. It can be identified that the diamond grains
is well distributed in this mixture.
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3.6. Lapping speed
During the lapping process, lapping speed is developed
through relative motion between lapping tool and the
milling machine table movement. Diamond grains need to
be maintained effectively on the lapping head during the
lapping process. . If lapping speed is too high, the lapping
head cannot keep the grain The milling machine table move
along the X and Yaxis direction. In this lapping process,
lapping tools head was pressed on the lapping area for
catching the diamond and then the milling machine table
moved at 3500 mm/min to create cutting action. Lapping
speed could be processed normally 2000 mm/min – 3000
mm/min, this results are prove by [5]. Lapping speed can
influence of the rate of material removal increased. Due to
this reason, lapping speed on this process was developed.

Fig 3: Grain inside the lapping slurry.
3.5. Lapping pressure

3.7 Lapping tool pass

In lapping process, it is important to consider the contact
mechanics between the lapping head (sphere) and the
surface of mould. Contact mechanic is the study of the
deformation of solids that touch each other at one or more
points. During this experiment, lapping pressure is
generated from compression action of spring. When the
lapping head was pressed on the lapped area,it cause the
spring to generated lapping pressure. Through this
mechanism the developed lapping tool able to achieve
mirror like surface finish In this study, contact mechanics
are well analyzed using hertzian contact equation. The
contact between a sphere and mould surface is studied
using the theory of contact between elastic bodies. Hertz
equation and Hook law described the relationship between
contact mechanics theory and developed lapping tool

In order to improve of surface finish, the lapping tool pass
is considered. Therefore to achieve desired improvement
surface finish two of lapping tool pass were proposed for
mirror-like surface processing. Fig. 4 shows the lapping
tools pass on the work surface was developed. Lapping
direction starts from same moving path with the pitch is
0.1mm on work surface. The surface roughness
improvement is examined through two developed lapping
tool pass directions. The orthogonal lapping produced a
better surface finish due to the bigger mesh produced in
lapping surface. It can be concluded that the lapping tool
pass which produced bigger mesh is capable to produce a
good surface finish.

F  k .x
p0 =

(1)

1  6 FE *2 


  R 2 

1
3

(2)

p 0 is the maximum contact pressure given by equation
2

1  v2
1 1  v1


*
E1
E2
E

2

(3)

Fig 4 Lapping tool path on work surface.

Based on the Hertz equation and Hook Law, the lapping
pressure will determine the amount of spring compression
to produce the specific lapping pressure. E is the elastic
modulus of two contacted elastic materials, v1 and v2 is the
poison ratio of two bodies, Pmax is the maximum lapping
pressure, R is radius of the ball, F is force, k is the spring
constant, and x is the depth of cut. The spring compression
also determine how much the clearance between the tool
and CNC machine chuck position. It is important in order to
prevent from any accident during the lapping processes.
Therefore, the automated lapping process can be accepted
with the consideration of design of developed lapping tool
and contact materials mechanics theory.

4. EXPERIMENTALS SETUP
After several considerations is taking, such as the
development of lapping tool, development of lapping
slurry, lapping speed and grain properties. The experiment
is set up using Bridgeport CNC milling machine (VMV 2216) while Table 2. shows the specification of CNC
machine using in this eksperiment. The schematic view of
experimental set up is shown in Fig. 5. The work piece was
fixed on the work table and lapping slurry is put carefully
on the surface of mould. The CNC program is written on
the CNC computer block. After that the simulation is
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operated to ensure all the movement is under the
circumstances of work piece. The safety procedure is a
priority. The lapping process is operated after all aspects
are approved.
In this experiment, no spindle rotation action and only the
worktable will move. G00 code for CNC program will use
during the lapping processes due to it is rapid movement
and effective as repeatable task. Each pitch of the work
surface is 0.1 mm. Zero setting of lapping tool function as
to declare the first point of coordinates in work area. Zero
setting needs to be carefully measured to avoid mistakes in
reading. The lapping head caught the diamonds at point X
and Y through the axial movement. The lapping tool was
moved upward and to work piece surface for lapping
processes. Next, lapping was performed with a lapping tool
is static and work table which is moving respect to Z axis
movement. After several movements, the lapping tool
caught the diamond grains and the process was kept
repeating until the work surface was completed.

Chucking of
CNC Milling
Machine

Workpiece was measured using a Mitutoyo Surface
Roughness tester and Keyence 3D Microscope, which is the
results of before lapping process is around 2.5 μm to 5 μm.
Due this reason, this grain size was used at the beginning to
remove groove and cutting line. Various lapping pressure
was conducted. Therefore the various lapping pressure was
implemented to look at the ability of grain distribution on
the workpiece. In addition, variaties of lapping pressure
was used for determining the limition of surface roughness
by using # 320 grain size. Result proved that the surface
roughness on workpiece can reduce quickly in the Fig 7.
Polypropylene (PP) ball measures 10 mm in diameter was
use as the lapping head due to its good abiality to catch
diamond grains and easy to cover 100 mm2 work surface
area by implementing 0.1 mm of lapping pitch. At the
beginning of lapping process, firstly, lapping slurry was
drop into the work surface using the nozzle, so that the
slurry fill the work surface evenly. After that lapping head
is pressed into the worksurface to catch the diamond grains.
Then the milling machine table started to move in X
direction at the lapping speed of 3500mm/min until it
covers the whole work surface. Next lapping head was
cleaned and again catch the diamond grains before the
milling machine table continue to move in Y direction. At
the end of each lapping cycle, workpiece was measured.
Table 3 show the preliminary setup using developed of
lapping system.

Lapping Tool

Table 2. Machine specsifications

Spring
Supply the Lapping
Slurry

Lapping
Head
Slurry layer on
lapped area

Z

X

Bridgeport

Machine Model

VMC 2216xv

Machine High

(mm)

2460

Machiine Width

(mm)

2500

Machine Depth

(mm)

2600

Machine Weight

(kg)

2993

Positioning Accuracy (μm)
Table Load

Work piece

Y

Machine Brand

Base Mould

(kg)

+/- 5.0
341

Table 3. Preliminary lapping conditions for mirror-like
surface finish

Fig. 5: Schematic of experimental set up using CNC
Milling Machine
5. RESULTS AND DISCUSSIONS
5.1 Premilinary results

Material of Workpiece

SKD1

Material of lapping head
Lapping speed
(mm/min)
Lapping pitch
(mm)

Polypropylene (PP)

Lapping area

In this experiment the work piece used is SKD1. SKD1 is
selected interm of material characteristic which is a good
conductor of heat, and is generally resistant to corrosion
The beginning of the experiment performed on grain size
# 320 accordance with the surface roughness improvement.
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3500
0.1
100

Lapping direction
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5.1.2 Limit surface roughness

Surface roughness , Rz (µm)

3.0
25MPa
25Mpa

2.5

30MPa
35MPa

45MPa
35MPa

2.0
1.5
1.0
0.5
0.0

0

4

8

12

16

Lapping time (min)

20

24

28

Fig 7 Relationship between improvement of surface
roughness, and lapping time, under different lapping
pressure

Basicly, the rate of material removal should be high when
lapping process is done by using diamond grains of bigger
size. 25 MPa was used as minimum lapping pressure
becouse at this pressure, the proportional spring
compression was 1.8 mm. According to stifness of the
spring, 1mm compression is equal to 1.56 N/mm. If
pressure below than 25 MPa were to be used, it will cause
spring to compress less than 1 mm and thus hard to be
controlled. On the other hand, 45 MPa was selected as
maximum lapping pressure becouse the current tools setting
only permited maximum shaft movement of 10mm from
non pressed position. The limit surface roughness shows in
the Fig 9 was obtained from the different the lapping
pressure. In this experiment three limit surface roughness
was investigated that are 25MPa, 35MPa and 45MPa. The
limit surface roughness was reached after 20 minutes. After
that surface roughness value did not change eventhough the
lapping process was continued.
1.6

Surface roughness , Rz (µm)

5.1.1 Rate of material removal
Material removal rate was calculated for different lapping
pressure used. It is obtained by simple mathematical
operation as shown in the equation below:

Rz  Rz lim
MRR  ini
T

Surface roughness , Rz (µm)

Where Rzini – initial surface roughness
Rzlim – limit surface roughness
T – time taken to reach limit surface roughness
All of the above values are based on the size of diamond
grain used. After the surface roughness of the lapped area
improves until it reaches the limit surface roughness for that
particular grain size, diamond grains of a smaller size is
needed to machine the surface. Generally, as this happen,
the rate of material removal gradually decrease. This is
because, less amount of material is removed from a
smoother surface. In order to improves the surface quality
even more, a finer diamond grain size must be used which
result in much lower rate of material removal rate. Based on
this result the high lapping pressure can increase rate of
material removal and limit surface roughness changed
under different lapping pressure is shown in Fig.8
0.12
0.1
0.08
0.06
0.04
0.02
0

25 MPa

35 MPa

45MPa

Fig.8 Material removal rate for different lapping pressure.

1.4
1.2
1
0.8
0.6
0.4
0.2
0

25 MPa

35 MPa

45MPa

Fig.9 Limit surface roughness for different lapping
pressure using #320 grain size.
5.2 Lapping conditions for mirror-like surface
Experiment was carried out starting with grain size # 320,
# 1200 and ending with # 2500 and the lapping condition
for get mirror like surface finish as shown in Table 4. Each
surface roughness using various grain size will be measured
at intervals of 4 minutes per experiment. According to the
results, at lapping pressure of 45 MPa and more, diamond
grains for each grain size was maintained stable and
saturated on the lapping head. Hence, for catching diamond
grains, 45 MPa lapping pressure was taken as the limit
pressure. Fig. 9 shows the relationship between
improvement of surface roughness, with lapping time.
These results will be different if the concentration of
diamond grains in the lapping slurry was changed. It was
done to measure the study the nature of surface on the work
surface area and measure the improvement of surface
roughness. An accurate estimation of the thickness of the
damage layer or groove that need to be removed by
subsequent lapping operations may be obtained from the
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Table 4: Lapping condition for mirror like surface finish
Lapping Pressure (MPa)
Lapping Speed
(mm/min)
Lapping Pitch (mm)
Lapping Area (mm2)
Lapping Slurry
Grain size
Lapping time (mm)
Total Lapping time
(min)

7. FUTURE WORK
The optimum condition for mirror-like surface finish need
to examine future by suitable combinations of lapping
parameters.

45
3500
0.1
100
See Table 1
#320 #1200 #2500
12
16
12
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6. CONCLUSIONS
It is concluded from the result that, the mirror –like surface
finish for the mould steel was able to process using the
developed lapping system. All of the characteristics of the
developed lapping system have influenced on the mirrorlike surface finishing process was revealed experimentally.

–6–

－379－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

VARIABLE DAMPING FORCE VALVE DESIGN
USING MAGNETORHEOLOGICAL FLUID
Tsubasa Sasaki1, Abdul Yasser Abd Fatah2, Saiful Amri Mazian3, and Tsuyoshi Koga4
1,4

Department of Mechanical Engineering, University, Yamaguchi, Japan
sasaki@zairiki.net, koga@yamaguchi-u.ac.jp
2,3

Universiti Technologi Malaysia, Malaysia

ABSTRACT
The damper of MR fluid is one of the variable dampers
which can control damping force. In this damper, the most
important parameter is magnetic flux density. For applying
higher magnetic flux to the MR fluid, folding magnetic flux
is one of the effective methods. It is possible to fold the
magnetic flux by combining the magnetic and non-magnetic
material. Folding magnetic flux is based on the magnetic
characteristics what magnetic materials are easily
magnetised and non-magnetic materials are hard to be
magnetised. Some dampers using MR fluid are already
available in the wide range of field. Existing damper has
the structure what the valve is located inside the damper.
The proposed MR damper has the structure what the valve
and the damper is separated. The advantage of the
proposed valve is generating higher pressure drop and
applying magnetic flux effectively compare with the MR
damper which has been already used. In comparison with
the existing damping which is using MR fluid, it is possible
to generate pressure drop of about 1.5 times in the
proposed valve of using folding magnetic flux.
Keywords— Damping force control valve, MR fluid,
magnetic flux, magnetic, non-magnetic
1. INTRODUCTION
There are various kinds of machine, device and mechanism
which use damping force in the world. Damping force is
used in a wide range of field. Mainly damping force is used
for damper, which is one of the important parts of car
suspension system. It is also used for controlling vibration
of building and bridge and so on. [9] It must be interesting
at countries which has high possibility of Earth quake like
Japan.
2. ABOUT MR FLUID
MR fluid is found by J.Rabinow in 1940. MR fluid is one
of the special fluids which are called smart fluid.
Smart fluid can show some functional characteristics by
applying electric field, magnetic field and so on. MR fluid
is a colloidal solution which is consisted of minute ferrum
particles and Surface-active material.

When MR fluid is applied magnetic field, MR fluid gains
yield stress. Because of gaining yield stress, MR fluid will
transform to like a solid apparently. Response speed is very
fast and approximately several milli-seconds. Apparently
viscosity is about 100 times in being applied magnetic field.
MR fluid behaves as a Bingham fluid by application of
magnetic field, and it has a yield point. As the
magnetization of the ferrum particles is large, the yield
stress increases. In addition, yield stress increases as the
concentration is higher.
Furthermore the higher the
concentration, the saturation magnetization increases. Small
ferrum particles are hard to generate high yield stress, but
dispersion stability increase. [1][2]
3. MR FLUID DAMPER BY USING “SHEAR MODE”
AND “SQUEEZE MODE”
Many of research about MR fluid is investigated by many
researchers until now. [10-14] Previous studies on the
change of flow characteristics when the MR fluid is applied
to magnetic field have been investigated. According to
Izyan Iryani Mohd Yazid. Shear mode, squeeze mode and
combine mode of both shear and squeeze are suggested for
the valve of MR fluid. And their compared each mode for
the flow characteristics when MR fluid is loaded the quasistatic load. Shear mode works when MR fluid is
sandwiched between the two plates and received a shear
force from the parallel movement or rotation of plates.
Squeeze mode works when MR fluid is sandwiched
between the two plates and received a squeeze force in
moving closer to each other plate or away from each other
plate. [5][8]
4. DESIGN OF MR FLUID VALVE
Valve is the most important part in the MR fluid damper.
The flow channel is inside the valve and MR fluid
generates the damping force when MR fluid passes the flow
channel. Optical placement of magnetic and non-magnetic
parts can apply the magnetic flux to flow channel
effectively. MR fluid is able to obtain higher flux density
and generate higher yield stress. [4]
4.1. Three dimensions view of valve
The figure 1 shows the bird view. In the figure 1, gray parts
show the magnetic parts and blue parts show non-magnetic
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parts. Magnetic (iron, cobalt and nickel) has property which
is easy to be magnetized. Magnetic parts can lead the
magnetic flux. On the other hand, non-magnetic has
property which is difficult to be magnetized. Non-magnetic
doesn’t lead the magnetic flux. Combination of these two
kinds of material enables to fold the magnetic flux which is
generated from electric coil.

Fig. 1 Bird view of the proposed valve

The figure 2 shows the sectional view. In the figure 2, blue
region is consisted of magnetic parts. Gray region is
consisted of non-magnetic parts. Orange region is electric
coil. Orange line is the flux which is expected to be
generated from electric coil. As the sectional view shows,
flux passes through only a section of the magnetic parts of
blue so as to avoid the non-magnetic parts of gray. By
using this method, even only one coil can make a complex
magnetic flux.

Fig. 2 Section view of the proposed valve

The electric coil is placed in between the core and the
housing. The electric coil is often placed in the middle of
valve and the flow channel is placed around the electric coil.
In the proposed new design, the electric coil and the flow
channel is placed oppositely.
4.2. Function and working of each parts
The damper of folding magnetic flux method is consisted of
core, MR fluid channel and electric coil. These three kinds
of elements are necessary for good functional MR valve
and each part has an important role. These elements don’t

exist independently but they give an effect on each others.
Therefore parameter and material of their parts determine
the performance characteristic of the MR valve. First, core
has a function of leading the magnetic flux to the flow
channel. Core is consisted of two kinds of material,
magnetic and non-magnetic material. Owing to the
combination of two kinds of materials, folding magnetic
flux method becomes available. Secondly electric coil is
connected with electric current source. Magnetic flux is
generated from electric coil. The material, diameter and
turns of electric coil have a great influence on the
performance of magnetic flux which is generated from the
electric coil. Electric coil is consisted of several fold wire.
Thus the wire is wanted to be a high electrical conductivity
material. Use the thicker wire, the bigger current is able to
apply to wore. But thicker wire makes the electric coil
bigger. Furthermore big size of valve needs for installing
the big electric coil. Also a lot of the turns of the wire
generate strong flux intensity.
Finally, flow channel has a function of generating a
pressure drop when the MR fluid goes through in the flow
channel. The length and diameter of the flow channel give
an effect on the pressure. The narrower diameter of the
flow channel, the higher pressure drop is able to be
proceeded. And long length of the flow channel can
generate high pressure drop. Therefore longer and narrower
flow channel is wanted.
4.3. Selection of the material
Selection of the material is important for design of the
folding magnetic flux method valve. According to the
material which is used for the valve, the way of the
magnetic flux becomes to be changed. Austenitic stainless
SUS316 is used for non-magnetic material. SUS316 is
difficult to be became magnetized by changing a shape.
Non-magnetic material is better to be difficult to be became
magnetized by changing shape. This is why SUS316 is
better as non-magnetic material.
Next S10C is used for magnetic material. S10C has low
carbon content percentage. Although low carbon content
percentage material is soft, it is easy to manufacture.
Moreover the carbon content percentage gives an effect on
the magnetic characteristic. Low carbon content percentage
material is what it has high magnetic permeability. This is
why S10c is better as magnetic material.
5. DESIGN OPTIMIZATION
Optimum placement of magnetic material and non-material
make it possible to lead the magnetic flux which is
generated from the electric coil to flow channel effectively.
Therefore the optimum placement is analysed by using
FEMM (Finite Element Method Magnetics). [15] The effect
which comes from size of the magnetic and non-magnetic
material on the magnetic flux is also analysed.
Figure 3 shows the analysis result of the original model of
the folding magnetic flux method valve.
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region (2). Original model and 9 kinds of the model are
prepared for optimization. 9 kinds of the model is different
in the size of (1) and (2). The way of the magnetic flux
which is leaded to the flow channel and the magnetic flux
intensity is compared with each model.
Table 1 shows the dimensions of each model.
Table. 1 Combination table of design valuables

㻹㼛㼐㼑㼘㻌㻺㼛㻚㻝
㻹㼛㼐㼑㼘㻌㻺㼛㻚㻞
㻹㼛㼐㼑㼘㻌㻺㼛㻚㻟
㻹㼛㼐㼑㼘㻌㻺㼛㻚㻠
㻹㼛㼐㼑㼘㻌㻺㼛㻚㻡
Fig. 3 The analysis result of the original model of the
folding magnetic flux inside valve
It is clear that magnetic flux is leaded only on the region of
magnetic material as the magnetic flux avoids the region of
non-magnetic material. This is why the magnetic flux folds
in this valve. As the result, folding magnetic flux method
valve can lead the magnetic flux on the flow channel. In the
figure 3, the flux intensity is different in each region. This
is expected that flux intensity is dependent on the size of
the magnetic and non-magnetic material. Thus, the
optimization of the folding magnetic flux method valve is
able to be done by changing the size of the component.

㻰㼕㼙㼑㼚㼟㼕㼛㼚㼟
㻔㻝㻕㻞㼙㼙㻔㻞㻕㻞㼙㼙
㻔㻝㻕㻞㼙㼙㻔㻞㻕㻝㼙㼙
㻔㻝㻕㻞㼙㼙㻔㻞㻕㻟㼙㼙
㻔㻝㻕㻝㼙㼙㻔㻞㻕㻞㼙㼙
㻔㻝㻕㻝㼙㼙㻔㻞㻕㻝㼙㼙

㻹㼛㼐㼑㼘㻌㻺㼛㻚㻢
㻹㼛㼐㼑㼘㻌㻺㼛㻚㻣
㻹㼛㼐㼑㼘㻌㻺㼛㻚㻤
㻹㼛㼐㼑㼘㻌㻺㼛㻚㻥

㻰㼕㼙㼑㼚㼟㼕㼛㼚㼟
㻔㻝㻕㻝㼙㼙㻔㻞㻕㻟㼙㼙
㻔㻝㻕㻟㼙㼙㻔㻞㻕㻞㼙㼙
㻔㻝㻕㻟㼙㼙㻔㻞㻕㻝㼙㼙
㻔㻝㻕㻟㼙㼙㻔㻞㻕㻟㼙㼙

5.2. The result of the normal valve analysis
In the normal valve, the magnetic flux from the electric coil
is generated like figure 5.
A lot of magnetic flux is applied on the region 1 and 3 in
the normal valve. Furthermore the magnetic flux intensity
is very strong. Almost all of the magnetic flux is applied on
the magnetic material. This is why, only few magnetic
fluxes are applied on the region 2. As the region 2 cannot
be applied the magnetic flux, the MR fluid cannot change
the rheological characteristics. In the other word, the
normal valve cannot generate damping force effectively.
Region1

In the figure3, (1) is consisted of the SUS316. Thus, this
region must be hard to be became magnetized. However a
few magnetic fluxes are leaded even on this region too.
Therefore it may possible to decrease the magnetic flux by
changing the size of the component in this region.

Region2

Region3

Fig. 5 Analysis result of normal valve

Fig. 4 Design valuables for optimization
Next, (2) is where it is consisted of the S10C and applied
the strongest flux intensity in the valve. Moreover all
folded magnetic fluxes go through this region. Therefore
this region has a great effect on the way of the magnetic
flux. Changing the region of (2) bigger may it possible to
lead the magnetic flux which goes through the region (1) to

5.3. Analysis results of magnetic flux inside the valve
using proposed folding method
Figure 6 is the result of the folding magnetic flux method
valve analysis in each model. Flow channel is not changed
from the normal valve. Thus the folding magnetic flux
method valve is analysed in the three regions as the normal
valve.
6. PROTOTYPING OF THE MR FLUID VALVE
6.1. Manufacturing process
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It is able to know and improve the problems by prototyping
before manufacturing. In this process, rapid manufacturing
is very important to find unexpected problem. This research
selected first prototype by 3D printer. There are two kinds
of flow channel in the MR fluid valve. One is an annular
flow channel, the other is a radial flow channel. Both of the
flow channels have very narrow gap. It is 0.25mm. Thus
the problem is how to make and keep the very narrow gaps
certainly.
In the first idea, the ring which has 4 projections inside the
ring is used for reserving the radial flow channel. The thick
of the ring is 0.25. As the ring is put on the core, 0.25mm
gap is able to be reserved between the top of the ring and
the top of core.

As a result of the verification, the valve which is made by
3D printer for prototyping is not enough design for
withstanding high pressure. The ring for keeping the
annular flow channel might not be withstood high pressure.
Moreover, it is very difficult to make the 0.25mm
projections by manufacturing. Therefore the valve design is
needed to be changed it easier so that it has high accuracy,
strength and ease of manufacturing.

Fig. 4 Ensuring mechanism of the flow channel width

innerblock(S10C)

inner block(S10C)

Key(SUS316)

Inner ring(SUS316)
Innerring(SUS316)

Innerblock(S10C)

Fig. 3 Checking flow channel based on first prototype made by
3D-printer

Next, the ring which has the projection onside the ring is
used for the annular flow channel. The inside part of the
annular flow channel has four channels and the parts for
annular flow channel is manufactured with them. There are
0.25mm gap between the channels and the projection of the
ring. As a result, the annular flow channel is able to be
reserved by protruding the ring from the cannels.
6.2. Finding problems using first prototype and design
change
As the flow channel of the MR fluid valve is very narrow
and it is wanted to be high accuracy, it is very hard to
manufacture. Furthermore, high strength is also wanted for
withstanding high pressure.

Fig. 5 Second prototype (core parts) manufactures by iron and
stainless

6.3. Designing for enduring high accuracy flow channel
This chapter explain an improved design for what the valve
has high accuracy, strength and ease of manufacturing.
In the figure 9, the core has four channels. The key parts
are inserted to each channel. As the key part which is
0.25mm is longer than the length of the channels on the
core, the key parts will project from the core part. Then the
housing which is 0.25mm bigger than the core is cover
around the core.
As the result, 0.25mm gap is ensured by the gap between
the core and the housing. And the housing and the key parts
is always sticking together. This is why the annular flow
channel is ensured certainly and easily.
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7. MANUFACTURING THE VALVE

the performance. Figure 14 shows the experimental device
for the MR valve experimental performance evaluation.

7.1. Core parts
7.2. Flow channel inside the valve
When viewed from above, 0.25mm flow channel is endured
certainly.

9.1. Experimental result
Figure 15 shows the experimental result in extension.
Figure 16 shows the experimental result in compression.
Extension

0
Ͳ0.2

Dapingforce[kN]

Ͳ0.4
Ͳ0.6

0.0A
0.2A
0.4A
0.6A
0.8A
1.0A

Ͳ0.8
Ͳ1
Ͳ1.2
Ͳ1.4
Ͳ1.6
Ͳ0.5

Ͳ0.4

Ͳ0.3
exctationspeed[m/s]

Ͳ0.2

Ͳ0.1

Fig. 6 Measurement result of width of the flow channel in second
prototype
Fig. 8 Experimental result (Extension)
Compression

1.6
1.4
Dampingforce[kN]

7.3. Overall view
This valve is separated from the operating region which is
operated from excitation.
Only the middle cylinder works to generate the magnetic
flux and damping force from the electric coil.

1.2
0.0A
0.2A
0.4A
0.6A
0.8A
1.0A

1
0.8
0.6
0.4
0.2
0
0.1

0.2

0.3
0.4
Excitationspeed[m/s]

0.5

Fig. 9 Experimental result (Compression)

9.2. Comparison of experimental result and analysis
result
Comparison of experimental result and analysis result is
show in above figure. Compare with experimental result
and analysis result, damping force in 0.0A has a big
different value with each other. This big different value can
be seen in both extension and compression. Focus on the
experimental result, the value of damping force changes
very small according to rising amount of current. This
tendency can be seen in both extension and compression.

Fig. 7 Overall view of the designed valve

8. EXPERIMENTAL PERFORMANCE
EVALUATION
For checking the performance of the new designed valve,
experimental performance evaluation is done. The valve is
connected with the hydraulic cylinder with hose and
excitation is applied to the hydraulic cylinder from the
machine. As the hydraulic cylinder is applied excitation,
hydraulic oil goes through toward the booster on the valve
and pushes the booster. Then, MR fluid is pushed by
booster and it goes through inside the valve. According to
the behaviour of the hydraulic cylinder, MR valve changes

CONCLUSION
In this research, the folding magnetic flux method is
suggested and the new MR fluid damper is designed.
The folding magnetic flux method is able to lead the
magnetic flux to MR fluid channel effectively. Te magnetic
flux is folded by arranging magnetic and non-magnetic
material.
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First prototype of the new design of the MR valve is made
by 3D printer. This prototype is useful for finding and
solving problems of strength and manufacturing problem.
Second prototype of the valve is designed to achieve high
accuracy and strength MR fluid.
As the result of the analysis, the folding magnetic flux
method valve is able to generate about 1.5 times higher
pressure drop than the normal valve.
The results shows that the folding magnetic flux method
valve is effective than the normal valve.
Experimental results show that MR fluid has difficult
characteristics which cannot be ignore. (MR fluid has
characteristics of having hysteresis)
MR fluid has characteristics of having hysteresis not a little.
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ABSTRACT
Silicon (Si) device down-scaling is facing a big challenge to
maintain its high drive current capability along with lower
leakage current. Due to its similarities with Si, the interest
has been focused on Germanium (Ge) as a substitute for
device substrate. However, there are major problems in
fabricating complementary metal-oxide semiconductor
(CMOS) devices i.e. poor dopant solubility, low dopant
activation and large dopant diffusion coefficient. These
required further optimization on fabrication parameters
involving ion implantation process. This paper reports the
optimization of ion implantation parameters such as energy
and dose. Co-implantation technique employing two atoms
with different size will be adopted for forming the shallow
n+/p junction in Ge. The stress associated with atomic size is
expected to be introduced into the Ge lattice. This stress will
be manipulated to enhance dopant activation while
controlling the diffusion. Low energy of dopant-ion
implantation is selected to achieve high dopant
concentration near the surface. The simulation parameters
of two atoms were arranged to get such result where the
effect of stress from co-implantation process can be
manipulated.
Keywords — co-implantation, dopant distribution,
amorphous layer, defect vacancies, germanium, np junction

1. INTRODUCTION
According to the International Technology Roadmap for
Semiconductors (ITRS) 2010, it is reported that the
traditional scaling of planar Si-CMOS devices is becoming
difficult due to the physical limit in down-scaling dimension.
Germanium (Ge) and III-V compound have been pointed out
as a new material candidate for pMOS and nMOS devices,

respectively. This is due to the material properties that could
improve the density, energy efficiency and reliability of the
devices. However, the utilization of the same material for
both nMOS and pMOS devices is important in order to
reduce the process complexity and cost in manufacturing
process. The interest has been focused on Ge due to
similarities with Si and its higher carrier mobility (i.e. two
times higher mobility for electrons and four times for holes
compare to Si) [1–5].
One of the process involve in manufacturing CMOS devices
is the fabrication of the pn junction. Two major processes
that will be employed in the fabrication of pn junction are ion
implantation and thermal annealing. However, unlike Si,
there are many problems related to the dopant electrical
activation and diffusion behaviour in Ge substrate during the
fabrication process [5-9]. Since dopant activation and
diffusion are controlled by the interactions between dopant
and defects, it is important to control the defects introduced
in the substrate by ion-implantation process. Aggressive
change or uncontrollable processing parameter can enhance
these dopant-defect interactions which result in anomalous
characteristics of the devices.
Previous studies have revealed that fabrication of nMOS is
facing severe problem compare with pMOS [9]. This is due
to the heavy dopant ions i.e. arsenics (As) or antimony (Sb)
is widely used for n-type dopant ion implantation results in
more damages/defects. Furthermore, Ge easily forms
unstable oxide on the surface which also can induce defects
into the substrate [10]. Consequently, these damages/defects
give substantial effect on the dopant electrical activation and
diffusion during the thermal annealing process. Therefore, it
is important to select appropriate atoms and process
parameter to reduce the damages/defects introduced by ionimplantation during the formation of n+/p junction.
Co-implantation is a technique where two atoms with
different sizes are implanted together in the substrate. The
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stress associated with atomic size will be introduced into the
Ge lattice which subsequently contributes to the
enhancement of dopant activation level [11]. Therefore, in
regard to this background, this study will demonstrate the
optimization of ion-implantation parameters by adopting coimplantation technique. The optimization will be done by
varying the ion implantation process parameters i.e. ion
implantation energy and dose concentration using Transport
of Ion in Matter (TRIM) software. The finding of the
optimization will also be discussed.

Table 1 Projected range, Rp and co-implantation energy of
P and Sn ions
P
Implantation

Rp

Sn
Implantation

Rp

20 keV

210 Å

58 keV

238 Å

30 keV

310 Å

90keV

310 Å

40 keV

400 Å

130keV

438 Å

2. EXPERIMENTAL DETAILS
The co-implantation process was consisted of the crystalline
Ge substrate that was ion implanted with two different sizes
of atoms. Tilt angle of 7o was selected to minimize the
channelling effect [12-13]. This process was modelled using
the ion implantation software of TRIM. TRIM is Monte
Carlo computer program that calculates the interactions of
energetic ions with target. It consists of a group of programs
called Stopping and Range of Ion in Matter (SRIM); which
calculate the stopping and range of ions into matter using a
quantum mechanical treatment of ion-atom collisions [14].
Phosphorus, P (atomic radius of 98 pm) and tin, Sn (atomic
radius of 145 pm) were selected as a dopant and non-dopant
atoms, respectively. P was selected as an n-type dopant due
to its light properties. The simulations were firstly performed
by varying the implantation energy and dose concentration
of dopant atom (i.e. P atom). Low energy at the series of 20
keV, 30 keV, and 40 keV were selected in order to form a
shallow junction. Dose concentration was varied between
3.0E14 – 6.0E14 cm-2 to achieve maximum dopant
concentration level of 1E20 cm-3 [11]. Ion projected ranges
(Rp) of P were simulated using SRIM. The simulation of nondopant ion (i.e. Sn) was then performed based of the results
of dopant TRIM simulation. The implantation energies of Sn
were adjusted so that the projected range of Sn ion
implantation will be similar to those of P ion implantation.
Dose concentrations of Sn were then manipulated to achieve
maximum dopant concentration level of 1E20 cm3 [11].
From TRIM simulation of both ions, damage event for
vacancies were observed and raw data from TRIM
simulation were analyzed to get information related to the
damage layer and concentrations.
3. RESULTS AND DISCUSSION
Table 1 shows projected ranges and ion implantation energy
of P and Sn co-implantation calculated from SRIM
simulation. Projected ranges of Sn were manipulated by
varying the implantation energy so that it will be similar to
those of P. It is important to overlap the profile to fully utilize
the effect of stress associated with atomic size. From Table
1, it is found that the projected range, Rp for P and Sn are
between 210 – 438 Å. It is also confirmed that the projected
range increased with implantation energy.

(a)

(b)
FIGURE 1 TRIM simulation result of ion ranges
distribution at (a) P: 20 keV and (b) Sn: 58 keV
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Figure 1 shows the TRIM simulation results of ion range
distribution for the 20-keV P ion implantation and 58-keV
Sn ion implantation. Projected ranges calculated from this
profile are in a good agreement with those of SRIM
calculation; with calculation error of ±10%. The same results
were also obtained for (30-keV P/90-keV Sn) and (40-keV
P/130-keV Sn) profiles.
Dopant ion concentration profiles can be achieved by
multiplying the ion range results of Figure 1 with the
implantation dose. Implantation dose were manipulated to
achieve maximum dopant concentration of 1E20 cm-3. The
calculation was performed using Equation (1). The result is
shown in Figure 2 and Table 2.

Impurity Concentration (Atoms/cm3)
= Ion Distribution Profile (Atoms/cm3) / (Atoms/cm2)
Eq. (1)
× Implantation Dose (Atoms/cm2)
From these results, it is shown that the dose concentration for
each parameter needs to be varied from 2.6E14 cm-2 –
6.0E14 cm-2 in order to achieve similar maximum dopant
profile of 1E20 cm-3. It is also confirmed that dose
concentration increased with implantation energy. It is due
to implantation of higher energy will result in the deeper
profile. Consequently, higher dose concentration is required
in order to occupy the lattice site to the deeper range.
Table 2 Dose concentration for P and Sn co-implantation
P (keV)

Dose
(cm-2)

Sn (keV)

Dose
(cm-2)

20

3.5E14

58

2.6E14

30

4.0E14

90

3.0E14

40

6.0E14

130

4.2E14

As previously stated, damages and defects will be introduced
into the substrate during the ion implantation process. Figure
3 shows the damage layer (i.e. amorphous layer) created
during the ion-implantation process. It is assumed that the
amorphous layer was produced when the displacement atom
density (vacancies concentration) exceeds the singlecrystal’s atomic density of Ge (i.e., 4.4E22 atom/cm3). The
calculation was performed using Equation (2). From the
results, the depth of amorphous layer varied from 218 – 738
Å. The depth is increased with the energy as higher
implantation energy results in more damage to the target
substrate. The same tendency can also be observed from the
damage concentration shown in Figure 4. The calculation for
damage concentration was performed using Equation (3).
The results for these calculations were summarized in Table
3 and 4.

(a)

(b)

Vacancy Concentration (vacancy/cm3)
= Vacancy Dose (Vacancy/ Å-cm2) / 108 Å

Eq. (2)

Defect Dose (cm-2)
= Ge Vacancy (Å-ion) / Implantation Dose (cm2) Eq. (3)

(c)
Figure 2 Dopant distribution profile for co-implantation in
Ge by the combination of (a) P: 20 keV/ Sn: 58 keV
(b) P: 30 keV/ Sn: 90 keV (c) P: 40 keV/ Sn: 130 keV
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(a)

(a)

(b)

(b)

(c)

(c)

Figure 3 Amorphous layer created by P and Sn coimplantation in Ge with energy of (a) P: 20 keV/ Sn: 58keV
(b) P: 30keV/ Sn: 90KeV (c) P: 40 keV/ Sn: 130 keV

Figure 4 Defects vacancies dose distribution of P and Sn
implantation in Ge with energy of (a) P: 20 keV/ Sn: 58keV
(b) P: 30keV/ Sn: 90KeV (c) P: 40 keV/ Sn: 130 keV

Table 3 Amorphous layer of P and Sn co-implantation in
Ge

Table 4 Peak vacancies dose concentration for P and Sn
co-implantation in Ge

P
(keV)

Amorphous
layer (Å)

Sn
(keV)

Amorphous
layer (Å)

P
(keV)

Dose (cm-2)

Sn (keV)

Dose(cm-2)

20

218

58

357

20

8.72E14

58

2.19E15

30

380

90

525

30

1.15E15

90

2.66E15

40

538

130

738

40

1.55E15

130

4.04E15

4. SUMMARY
The optimization of ion implantation parameter for the
formation of shallow n+/p junction in Ge substrate was
demonstrated using TRIM software. Co-implantation
technique using two different size of dopant ions i.e. P and
Sn was introduced as n-type dopant and non-dopant;
respectively. The stress associated with atomic size is
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expected to be introduced into the Ge lattice during the coimplantation process. Ion implantation parameters such as
energy and dose were varied in order to attain an overlap
profile of P and Sn with maximum dopant concentration of
1E20 cm-3. This is important in order to fully utilize the effect
of stress for enhancing the dopant activation level while
controlling the diffusion during the fabrication process.
5. ACKNOWLEDGEMENT
This work is supported by Imperial College Global
Engagement Grant, Universiti Teknologi Malaysia
International Networking Grant (PY/2015/04262), Ministry
of Education, Malaysia and Universiti Teknologi Malaysia
Research University Grant Scheme (PY/2014/03088; Vote
No: 01K38).
6. REFERENCES
[1] ITRS 2010 Report at www.itrs.net
[2] H. Shang, M. M. Frank, E. P. Gusev, J. O. Chu, S. W.
Bedell, K. W. Guarini, and M. Ieong, IBM J. Res. & Dev.,
vol. 50, pp.337 (2006)
[3] C. H. Lee,, T. Nishimura, T. Tabata, S. K. Wang, K.
Nagashio, K. Kita, and A. Torium,IEDM 2010, pp.
18.1.1 (2010)
[4] E. Simoen, and J. Vanhellemont, J. Appl. Phys., vol. 106,
pp. 103516 (2009)
[5] K. Kakushima, R. Yoshihara, K.Tsutsui, and H. Iwai, Ext.
Abs. the 13th Int. Workshop on Junction Technology
2013, pp. S3-3(L.N.) (2013)
[6] G. Thareja, J. Liang, S. Chopra, B. Adams, N. Patil, S. L.
Cheng, A. Nainani, E. Tasyurek, Y. Kim, S. Moffatt, R.
Brennan, J.McVittie, T. Kamins, K. Saraswat, and Y.
Nishi, IEDM 2010, pp. 10.5.1 (2010)
[7] S. Takagi, T. Tezuka, T. Irisawa, S. Nakaharai, T.
Numata, K. Usuda, N. Sugiyama, M. Shichijo, R. Nakane,
and S. Sugahara,Solid-State Electron., vol. 51, pp. 526
(2007)
[8] S. Mirabella, D. De Salvador, E. Napolitani, E. Bruno,
and F. Priolo, J. Appl. Phys. , vol. 113, pp. 031101 (2013)
[9] E. Simoen, A. Satta, A. D’Amore, T. Janssens, T.
Clarysse, K. Martens, B. De Jaeger, A. Benedetti, I.
Hoflijk, B. Brijs, M.Meuris, and W. Vandervorst, Mater.
Sci. Semicond. Process, vol. 9, pp. 634 (2006)
[10] J. W. Oh and J. C. Campbell, J. Electron. Mat., vol. 33
(4), pp. 364 (2004)
[11] Jeehwan Kim et. al. Applied Physics Letters.,Vol 98,
pp082112 (2011)
[12] Chi On Chui,a Leonard Kulig, Jean Moran, and
Wilman Tsai, Appl. Phys. Lett., vol. 87 pp. 09190
(2005)
[13] N. Ioannou, D. Skarlatos, C. Tsamis,C. A. Krontiras, S.
N. Georga, A. Christofi, and D. S. McPhail, Appl. Phys.
Lett., vol. 93, pp. 101910 (2008)
[14] James F. Ziegler, J. P. Biersack and Matthias D. Ziegler,
SRIM-The Stopping and Range of Ions in Matter,
SRIM Company, (2008)

–5–
－390－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

PREDICTION METHODOLOGY FOR TRANSIENT THERMAL RESPONSE OF SOLAR
PARABOLIC TROUGH COLLECTOR UNDER FLUCTUATING SOLAR RADIATION
Shye Yunn Heng, Tohru Suwa

ABSTRACT
Solar parabolic trough collector technology is an effective
way to utilize solar thermal energy, which reduces the
carbon dioxide emission. Although the weather in Malaysia
and other Southeast Asian countries are suited to solar
thermal applications for their long daytime that continues
all year around, the fluctuation in solar radiation caused by
the high humidity must be handled when estimating the
thermal performance of the parabolic trough collector
application. To perform transient thermal simulation to
incorporate the effect from the solar radiation fluctuation,
long calculation time and large memory space are required
when the existing numerical methods are used. A simple but
powerful methodology to predict the time dependent
parabolic trough collector tube exit temperature is
proposed. In this methodology, the exit working fluid
temperature is estimated by superimposing the temperature
rise caused by each heat flux pulse that forms the solar
radiation. The preliminary results and improvement being
made for more realistic prediction conditions are
discussed.
Keywords— Finite element method, solar collector, solar
radiation fluctuation, solar parabolic trough technology,
transient thermal response
1. INTRODUCTION
Carbon dioxide (CO2) is the main contributor to the global
climate change. 90% of CO2 emission is resulted from the
fossil fuel combustion for power generation and transport
sector. Statistics presented by the World Health
Organization (WHO) show that direct and indirect effects
of climate change lead to the death of 160,000 people per
year and the rate is expected to be two times higher by 2020
[1, 2]. Renewable energy is a promising alternative to fossil
fuel-based energy, it can reduce the carbon dioxide
emission, which leads to the climate change [3]. Solar
parabolic trough power plants are one of the most matured
and prominent applications of concentrated solar power
technology use to generate electricity [4]. Solar thermal
energy concentrated by the parabolic trough collector is
absorbed by thermal fuid inside the collector tube. The
collected thermal energy is used to make steam to rotate a
turbine for power generation [5, 6].

The parabolic trough collector tube is the key
component in solar parabolic trough power generation
system [6]. Engineering Equation Solver software was
utilized to analyze the thermal performance of parabolic
trough collector [7, 8]. Cheng et al. [9] proved that solar
radiation models that are both non-uniform along the
collector tube circumference and uniform can be used to
simulate the whole parabolic trough collector system.
Monte Carlo Ray Trace and Finite Volume Method were
coupled to analyze the thermal energy transfer process in
parabolic trough solar collector under non-uniform heat
flux distribution [10]. Lu et al. [11] developed non-uniform
model to analyze heat transfer performance of a parabolic
trough collector. Wang et al. [12] combined solar ray trace
method and finite element method (FEM) to analyze
parabolic trough collector thermal performance. All of
these previous work handled steady state thermal
conditions.
Malaysia is a country with hot and humid weather
with 3.164°N latitude and 101.7°E longtitude. The ambient
temperature varies from 22 °C to 33 °C [13]. Malaysia is
especially suited to solar thermal applications for its longer
day time, which continues all year around. The monthly
average of daily total solar radiation is shown in Fig. 1.
However, measured solar radiation data shows that the solar
radiation in Malaysia fluctuates so much that it is rare to see
the radiation stays at the same value for more than 10
minutes. The solar radiation in a typical day is displayed in
Fig. 2. Since the performances of the solar thermal
applications are directly related to yearly solar radiation, the
performances must be evaluated based on the yearly solar
radiation data. With fluctuating solar radiation, the
numerical simulation must incorporate the effect of time
response of the solar collector tube. Despite the fact that
transient thermal analysis for solar collectors is critical
especially in the area where the solar radiation changes
frequently, previous work for transient thermal analysis is
very limited. Zaversky [14] performed transient thermal
analysis for parabolic trough receiver, based on onedimensional fluid flow modeling approach which is
according to the Finitie Volume Method. In order to
evaluate the thermal performance, further research on the
parabolic trough collector tube response for fluctuating
solar radiation is needed. Even though various numerical
simulation methodologies are available for such transient
thermal analysis, it would not be practical to simulate
yearly thermal performance because of the long calculation
time.
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Solar radiation (Wh/m²)

In this work, a methodology to predict the exit
working fluid temperature of parabolic trough solar
collector tubes with fluctuating solar radiation is developed.
The collector tube exit temperature is predicted by
superimposing the temperature rise caused by each heat
flux pulse that forms the consecutive heat flux pulses in this
methodology. Once the temperature rise caused by each
heat flux pulse is obtained, the prediction that is governed
by simple summation operation takes much less calculation
time and less memory size comparing to the existing
numerical methods. The validation result of a sample case
and further improvement of this methodology are discussed
in this paper.
The prediction method will be applied in solar cogeneration system showns in Fig. 3. Co-generation means
the production of eletricity and heat simultaneous from
same energy source [15]. In the proposed co-generation
system, chilled water for air-conditioning and electricity are
provided simultaneouly. The solar parabolic trough
technology is used to collect solar thermal energy and waste
heat released from the steam turbine will be used as the heat
source for an absorption refrigerator. A thermal storage
stores the excess thermal energy for later use.
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Figure 1. Monthly average of daily total solar radiation at
the Malaysia, Kuala Lumpur
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Figure 2. Measured solar radiation at Malaysia, Kuala
Lumpur on a typical day

2. SOLAR COLLECTOR TUBE EXIT
TEMPERATURE PREDICTION METHODOLOGY
The working fluid temperature rise at a collector tube exit
caused by each heat flux pulse is obtained using FEM
software. Then, the temperature rise caused by each heat
flux pulse is superimposed to obtain the exit temperature
caused by the consecutive heat flux pulses. Since the heat
loss from the tube outside surface is minimal, the
temperature rise caused by a single heat flux pulse is
approximately proportional to the heat flux. As a result, the
superimposed temperature rise agrees well with the
transient FEM analysis result with the corresponding
consecutive heat flux pulses.
If the specific heat of the fluid can be considered
as a constant, and the heat stored within the tube material
can be neglected, the mean temperature at the tube exit at
time t, 𝑇���������,� , may be calculated as a summation of
temperature rise caused by each heat flux pulse as in Eqn.
1,
𝑇���������,� = 𝑇�� + ∑���� ∆𝑇�,�

(1)

where Tin is the inlet fluid temperature of the tube, ∆Ti,t is
the exit working fluid temperature rise caused by the ith
heat flux pulse at time t, and n is the total number of the
heat flux pulses.
A thermal fluid (Therminol VP-1) is flowing
inside a copper tube with a constant velocity as illustrated
in Fig. 4. The space between the outside of this tube and a
glass tube enclosing this copper tube is evacuated to work
as an insulation layer [16]. The heat loss caused by
convection heat transfer from the outside surface of the
cupper tube may be neglected because of the vacuum layer.
Still, the radiation heat loss from the copper tube outer
surface to the surrounding surfaces occurs. An
axisymmetrical model for the copper tube and the working
fluid inside the tube is created using commercially available
FEM software package [17]. Transient conjugate heat
transfer analysis is performed to calculate the tube exit
temperature for a single heat flux pulse. To predict the tube
exit temperature with fluctuating solar radiation, the
working fluid temperature rise caused by each heat flux
pulse is superimposed using Eqn. 1.
A parabolic trough with focal length of 1.71m,
aperture width of 5.77m, and concentration ratio of 82 is
used. The length of the copper tube is 200 m, the inner and
outer diameters are 0.065m and 0.07m respectively. The
emissivity of the outer surface of the tube is 0.1. The
disturbing solar radiation may be approximated as a
collection of consecutive rectangular heat flux pulses. For a
demonstration purpose, solar radiation pulses ranged from
10000 to 50000 W/m2 [12] is created arbitrary (Fig. 5) to
apply at the outer surface of the copper tube. Although the
incoming solar radiation is not uniform along the
circumference of the tube because of the concentrated
radiation comes from the parabolic trough mirror, uniform
radiation heat flux is assumed for the axisymmetrical
model. The working fluid inlet temperature of 298K, the
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Figure 3. Schematic diagram of solar thermal co-generation system
surrounding temperature of 303K, and fluid velocity of
0.6m/s are assumed. The 𝑘-ε turbulence model is used for
modelling the working fluid flow.

Figure 4. Axisymmetrical model of receiver tube (not to
scale)

Figure 5. Fluctuating solar radiation heat flux pulses

3. RESULT AND DISCUSSIONS
In a preliminary analysis, it was discovered that it takes
about 800 seconds to reach a steady state condition with a
constant heat flux. The solar radiation fluctuates before the
system reaches the thermal steady state condition. The
predicted tube exit temperature based on the heat flux in
Fig. 5 is shown in Fig. 6. The temperature rise cause by
each heat flux and FEM result with the same conditions for
validation are shown in the same figure for a comparison.
The predicted result shows a good agreement with the FEM
result. Still, the predicted temperature tends to be lower
than the FEM result. The error is largest at the peak and the
temperature difference is 21.2K compared to the FEM
result. The FEM analysis for the temperature rise caused by
each heat flux pulse starts from the uniform initial
temperature. As a result, the tube wall temperature also
starts from the uniform initial temperature. In the case of
validation FEM analysis, the tube wall temperature is
higher than 𝑇�� when the tube receives heat flux
continuously. Extra heat that is used to increase the
temperature in the collector tube is counted which causes
the lower temperature in the prediction model. Currently,
the proposed methodology is being improved by
compensating the extra heat absorbed by the tube wall.
Since the temperature rise caused by a single heat flux
pulse is function of the magnitude of the heat flux, the
temperature rise may be able to predict using an
interpolation method such as an Artificial Neural Network.
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Figure 6. Predicted solar collector tube exit temperature change compared with FEM result, and
exit temperature change caused by each heat flux pulse
In this proposed methodology, the exit fluid
temperature is predicted by just making a summation of the
temperature rise caused by each heat flux pulse once the
temperature rise for each heat flux pulse is obtained. The
reduction in computational resources both in calculation
time and memory size is significant comparing to FEM or
other numerical simulation methods. This advantage is
especially useful when a parabolic trough solar collector
output thermal energy is calculated based on yearly solar
radiation data.
4. CONCLUSIONS
Since the solar radiation in Malaysia fluctuates, transient
thermal analysis is required to estimate the heat energy
obtained by a parabolic trough solar collector. A
methodology to predict the time dependent exit temperature
of solar collector tubes is proposed. In this methodology,
the temperature rise caused by each heat flux pulse is
superimposed to predict the temperature rise caused by the
consecutive heat flux pulses with different magnitude. The
proposed methodology requires much less computational
time and memory size compared to the existing numerical
simulation methods. Currently, the capabilities of the
methodology are being expanded.
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EXPERIMENTAL VERIFICATION OF PARAMETERS IN AUTOMOBILE CRANKSHAFT
MODELLING FOR VIBRATION ANALYSIS

San Da Pyae Sone, Aung Lwin Moe, Aminudin Abu, Oo Kyaw Nyein, Zetty Rohaiza Mohd Sahak

ABSTRACT
In the interest of utilized more stable automobile
components at high speed for reduction the vibration of
mechanical system, dynamic characteristics analysis plays
a vital role in complex mechanical parts. This paper
introduces statistical method in modal analysis
methodology to study, predict and accurate crankshaft
natural frequencies by using design of experiment (DOE).
In this research, first, simulation had been done with MSC
Nastran/ Patran to find out the natural frequencies in each
mode shape of crankshaft as well as the verification with
experiment was carried out. In order to less inaccuracy,
numerous simplified crankshaft models were created by
using these as input and DOE was established to acquire
precise parameters of optimized crankshaft design as the
second phase. This method can be further used for the
optimizing the structural parameters and would provide
some value basis to qualitative measure of parameters and
determination of optimized structure. In Conclusion, modal
verification accuracy between experimental and simulation
has improved.
Keywords— Natural Frequency, Structure Modification,
Design of Experiment, Crankshaft, Modal Data Analysis
1. INTRODUCTION
In the interest of advanced industries and
manufacturing requirements, better solutions have been
challenged to less in time consuming, resources and
expanses. One of the major issues in automobile
engineering, internal combustion engines are experienced in
vibration due to the transferred vibration forces and
moments apply to components of that engine. These
expectations motivate to observe preferred engine design
and urge to optimize engine components especially in
crankshaft production industry. During engine operation,
the structure of crankshaft subjected to vibration can
damage because of material fatigue resulting from the cyclic
variation of the induced stress. Because of intense vibration
produced by external excitation from engine components
leads to devastating effects on crankshaft, dynamic

optimization has become a typical procedure in the design
and development of most engineering systems.
In order to examine crankshaft structural design,
various approaches and methods are carried out to reduce
the vibration to keep apart from major source. A. Solanki
reviewed that the comparative studies of design and
optimization such as stress analysis, material and
manufacturing processes, failure analysis, dynamic load
analysis and design consideration as well as computer aided
analysis in addition to cost reduction [1]. Previously,
Wang, Z.Q et. al., adopted dynamic model of crankshaft
with finite element method and provided technical support
in the range of structural design area [2]. Mohammadi, M
et. al., studied crankshaft modal characteristics of Samand
Engine and proved that crankshaft has not in the range of
resonance within working condition under particular
parameters [3]. MC Cevik et. al., examined simplified
methodology for selecting control factors which influence
on torsional stiffness as well as stress concentration factor
and that can show some predictability of the outputs of
multibody analysis [4]. Aminudin, ABU et. al., analyzed
vibration level can be improved by selecting influence
factors from design of experiment which enlightened
algorithm of optimization for the crankshaft structure [5].
Therefore, examination of crankshaft dynamic characteristic
is essential in term of performance of the crankshaft itself at
the early step of design.
Herein, the study aims to verify the parameters in
experimental analysis in crankshaft modelling. At first,
crankshaft was modelled in MSC Patran and studied natural
frequencies based on major parameters. Experimental set up
had been performed to obtain crankshaft frequencies and
verified modal data. Eventually, the accuracy between these
two analyses can be improved by using design of
experiment of parameters.
2. DYNAMIC CHARACTERISTICS OF
CRANKSHAFT
Crankshaft performance and stability under
excitations from gas pressure is mainly depending on the
vibration of crankshaft. Crankshaft vibration can be
occurred due to torsional or bending deformation [6]. In this
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Since the crankshaft has multi degree of freedom,
the natural frequencies of such system is considered as
beam model. The kinetic energy KE, for ‘n’ degree of
freedom system can be expressed as
KEe =
where,
vector

(1)

= density (mass per unit volume), { } = velocity

In finite element, we divided the system into
elements and each elements, were expressed { } in terms of
the nodal displacement {q}, using shape function N. Thus,
element kinetic energy is as follows,
me
(2)
KEe =
The elastic system in finite element method, the
potential energy, PE can be expressed as
ke
{f}e
(3)
PE =

Figure 1. Flow chart of Study
research, we try to find out the dynamic behaviors of
crankshaft i.e. natural frequencies, mode shapes and
frequency response functions.
In this study, natural frequencies of crankshaft are
focused. A methodology illustrated in Figure 1, is the
procedure to stabilize a genuine design methodology and
accuracy optimization process of crankshaft. In Figure 1,
the methodology improvement consists of, studying
dynamic characteristics of crankshaft together with
verification of experimental and simulation outcomes. The
objectives of analysis can be summarized as; prediction of
dynamic behavior of crankshaft, comparison of
experimental and theoretical and reducing the error along
with optimizing the simulation model. These investigation
of above mentioned criteria will improve the accuracy in
model examinations of multi degree of freedom and also
accelerate the modal analysis of crankshaft by considering
influencing factors.
2.1. Natural Frequencies
Most of objects while being disturbed with any
kind of impact will vibrate. When the objects vibrates, they
will likely to vibrate at a single frequency or series of
frequencies, which is called natural frequency of the object.
Each degree of freedom of an object has its own natural
frequency, expressed as n. The ratio of speed of vibration
to it’s wavelength is known as frequency. Natural frequency
can be each of undamped or damped, depending on whether
significant damping has been occurred in such system.

By using the Lagrangian Approach of analytical
dynamics, the equation of motion can also be obtained in
multiple-degrees-of-freedom systems. That equation is a
preferred technique when complicating factors of geometry,
kinematics, or modeling are present. Using the Lagrangian,
L = KE – PE, the equation of motion is
+ ke {q}e = {f}e
(4)
Me
Since, the mass, stiffness, force and displacement
matrices give expression in local coordinate, after the
superposition of all transformed finite element matrices
mass, stiffness, force and displacement can be assemble and
equation of motion can be rewritten as
(5)
[M]{ } + [K]{q} = {F}
where, [M] = mass matrix (kg), [K] = stiffness matrix
(N/m), {F} = force vector.
When the external force is equal to zero and
considering a steady state, the solution becomes the
eigenvalues problem. The characteristics of the equation is
(6)
det | -2 [M] + [K] | = 0
Thus, , natural frequencies of crankshaft can be
determined.
3. CRANKSHAFT SYSTEM FINITE ELEMENT (FE)
MODEL
Converting the crankshaft system into FE model
for provide the precision of this analysis research. A layout
of a crankshaft system is a complex structure and modelling
of the crankshaft is being clarified in modelling without
affecting the reality of origin approach vibration analysis.
Figure 2 demonstrates the modelling of crankshaft
geometry. Beam crankshaft model is constructed in MSC
Patran CAD software and clarified as cross-sectional
circular and rectangular beams to find out the dynamic
behavior of the structure. Unlike, 3D mesh model, beam
model simplifies geometry and describe conventional form.
That simulation model is composed of total 53 elements and
total 54 nodes. Natural frequencies of crankshaft is
computed as shown in Table 1. Total eight natural
frequencies modes are found and commonly bending,
torsion and twisting modes. Due to dynamic characteristics
of crankshaft, twisting effect appears at the seventh mode.
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Figure 3. Experimental Setup
Table 2. Natural frequencies of Experimental Model
Natural Frequencies of
Mode
Experiment (Hz)

Figure 2. Idealized Model of Crankshaft
Table 1. Natural frequencies of Simulation Model
Natural
Description
Mode
Frequencies (Hz)
1
2
3
4
5
6
7
8

400.96
412.34
774.64
802.62
985.81
1075.45
1170.98
1548.94

1
2
3
4
5
6
7
8

Bending (Outplane)
Bending (Inplane)
Bending (Inplane)
Bending (Inplane)
Bending (Outplane)
Bending (Outplane)
Twisting
Bending (Outplane)

355.48
456.73
779.12
804.91
919.83
1065.99
1242.02
1385.19

shown in Table 2. According to experimental outcomes,
natural frequencies show good agreement between
simulation modal and experimental model.

4. EXPERIMENTAL MODAL ANALYSIS (EMA)
Experimental modal analysis (EMA) becomes
well-known since the advent of the digital FFT spectrum
analyzer in the early 1970’s [7]. This experimental method
is commonly used to verify the result of analytical
approach. However, sometimes, the modal parameters have
to determine experimentally instead of analytical model.
Since, impact testing is implied when it comes to find the
modes of machines and structures because of its efficient
method. Experiment was set up as shown in Figure 3.
During this process, impact hammer, accelerometer, FFT
analyzer and post-processing modal software were
involved. The crankshaft was divided into 30 nodes and the
experiment was set up by placing a crankshaft in free-free
end condition with support of sponge. Triaxial
accelerometer was put on crankshaft surfaces to detect
responses while impact hammer is applied impulse to
crankshaft. FRF data are collected using FFT analyzer and
measurements from every impact have been taken and saved
in LMS Software. Each node contributes a response while
an impact was applied. According to the response, the best
coherence and apparent peaks occurred by resonance should
be selected as a natural frequency. While selecting natural
frequencies, damping factor is also considered in
stabilization of response signal band. From these
measurements, natural frequencies form the EMA are as

5. DESIGN OF EXPERIMENTS
Design of experiment is systematic and accurate approach
to data collection to ensure the creation of robust
engineering conclusions. This method is utilized as solution
in comparative, characterizing, modeling and optimizing
areas. In this research, we focused in optimizing case; that
is, determining optimal settings for each influencing factor
and level that optimize the process response.
Based on a Taylor Series approximation, the
deviation of the quality characteristic on either side of the
target will cause to increase the quadratic loss function. In
manufacturing process, product waste can be reduced by
producing as similar as to the typical output. On the other
hand, accuracy in a deviation to one side of the target may
be more difficult than the other side. That’s why, the
simplicity and development of quadratic loss function
appears in evaluating a deviation from the target as well as
in ease of implementation. In order to measure the quality
of all products, an improved evaluation approach should
applicable in both within and outside specifications.
Quality loss caused by functional variation can be
derived as follows; L1(y) is differentiable function of the
target, y0. Employing Taylor’s series expansion,
L1(y) = L1(y0) +
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Table 3. Control Factors and Levels
Levels
2

Parameters

Figure 4. Selected Input Variables
Supposing the minimum quality loss at y0, and
hence 1(y0) = 0. Since L1(y0) is a constant quality loss at
y0, we defined the deviation loss of y from y0 as
L1(y) = L1(y0) =

1(y0)

=

+...

(7)

Using a quadratic loss function, assume that these
expansions approach to situations where y is close to ,
performance, y, deviates from the target, y0, and the loss
associated with each product would be computed as
follows;
(8)
L(y) = k(y – y0)2
Where, k = quality loss coefficient
In this research, in order to reduce the error
between experimental and simulation model, “the smaller
the better” quality characteristics was applied. Usually the
minimum possible value for such characteristic is zero, and
then y0 = 0 becomes target value. Therefore, an
approximation of L(y) is
(9)
L(y) = ky2, y  0
Natural frequencies of a crankshaft mainly depend
on various design parameters. Figure 4 illustrates that
influence factors normally on crankshaft Thus, journal
bearing diameter (Dj) and crankpin diameter (Dc) play an
important roles in crankshaft vibration. As well as, the
thickness of counterweight (Tc) control the balancing of
crankshaft and then the crank nose diameter (Dn) and pulley
diameter (Dp) are selected because these factors also lead to
vary natural frequencies of crankshaft. The final and
significant factors of crankshaft are overlap thickness (T o)
and width (W) of web which is effective in dynamic
performance of crankshaft. Furthermore, Young’s modulus
also basically effect on stiffness in material properties of
crankshaft.
The main purpose of design of experiment is to set
up a statistical appraoch which would support to distinguish
which input variables show great effect on the output. In
this study, Taguchi DOE approach is utilized for
combination of all factor levels in an orthogonal array
manner. The model verification have to maintain the
accuracy by changing the Young’s moduli which has an
influential effect on the stiffness and other important
parameters. The condition of DOE is expressed in terms of
control factors which represents variable of parameters and
levels that determined by varying factors to different steps.
For instance, 2 levels for material and 3 levels for

1
3
Young’s Modulus, E
2E11
2.21E11*
(N/mm2)
Journal Bearing
47.89
47.96*
48.05
Diameter, Dj (mm)
Crankpin Diameter, Dc
41.92
42.02*
42.81
(mm)
Counterweight
17.78
18.45*
19.66
Thickness, Tc (mm)
Overlap Thickness, To
17.3
18.45*
18.51
(mm)
Overlap Width, W(mm)
77.46
77.85*
79.36
Crankshaft Nose
25.90
25.97*
26.05
Diameter, Dn (mm)
Crankshaft Pulley
29.96
30.03*
30.32
Diameter, Dp (mm)
* Original
rest of the parameters are selected. Since this paper is
focused to reduce the error of model verification, the
smaller the better signal-to-noise ratio (S/N) is applied.
Based on equation (9), S/N ratio equation can be
expressed as
(10)

Q = -10log

Where Q = S/N ratio (dB), yi = measurement value, and it
was defined as error performance index for the validation in
this research. That equation express that the calculated
index is smaller by the time S/N ratio is increased. Instead
of computing all the levels of control factor, Taguchi
method simplifies the requirement of analysis. According to
this approach, for those one 2 level and seven 3 levels
control factors, L18 (21 x 37) orthogonal arrays has been
used and require only 18 numbers of runs to be tested. By
inserting the control factors at Table 3, 18 variations are
essential to be able to analyze. Hence, the output of
verification can be obtained by running sequence on each
control factor.
In order to evaluate the accuracy of model analysis
between experimental and simulation, error performance
index can be defined as the addition of the square of natural
frequency differences between experiment and simulation
divided by experimental natural frequency.
Then, the equation for computing error
performance index in correlation of experimental and
simulation natural frequencies is defined as followed,
+

S=
+...+

(11)

Where, S = error performance index, Fnexp = natural
frequency from experiment at mode n and Fnsim = natural
frequency from simulation at mode n.
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Table 4. Optimum value of crankshaft
Control Factors
Young Modulus
Journal Bearing Diameter
Crankpin Diameter
Counterweight Thickness
Overlap Thickness
Overlap Width,
Crankshaft Nose Diameter,
Crankshaft Pulley Diameter

Before DOE

After DOE

2.21E11
47.96
42.02
18.45
18.45
77.85
25.97
30.03

2.21E11
47.89
42.02
18.51
18.45
77.85
26.05
30.03

Figure 5. Natural Frequency Deviations of Experimental
model from simulation model

Figure 7. Error Deviation between EMA and FEA (after
DOE)
Figure 6. Main Factor Effects of S/N Ratio
6. RESULTS AND DISCUSSION
Correlation of natural frequencies is an important
step to classify the identity of verification between
simulation model and experimental model. As either FEA
model has deficient meshing or EMA involves multiple
dispositions, variations between models will always occur.
This may increase to the probability of error in experimental
data regarding with measurements and appearance of
inherent model parameter error as well as model structure
error.
Error deviations was performed and Figure 5
shows that the deviations of frequencies between FEA and
EMA in each different modes of crankshaft. Symmetrical
slope between these two models indicate that the mode
frequencies were similar forms.
The encouraging approach based on orthogonal
array experiments would simplify variances of control
parameters along with optimum settings. The combination
of design of experiment and optimization method express
impressive outcomes as in Taguchi method. Signal-to-Noise
ratio (S/N) is a log function of desire output and measures
how the response varies with different noise conditions
relative to target result. Depending on prediction of

optimum goal, this approach distribute as in objective data
analysis.
As shown in Figure 6, the horizontal axis refers to
the levels of influencing factors while the vertical axis
shows S/N ratio level. The lower the effects of noise factors
expect higher values of S/N ratio will appear. The control
factors plot in Figure 6 shows in which levels are applicable
for increasing S/N ratio. The optimum factor levels which
should response with smallest error are the set point with
the highest S/N ratio. According to the plot, the optimal
parameters as peak level of S/N ratio which being selected
are E – level 1 (Young’s modulus), Dj – level 1 (journal
bearing diameter, Dc – level 2 (crankpin diameter), Tc –
level 2 (counterweight thickness), To – level 3 (overlap
thickness), W – level 2 (overlap width), Dn – level 3
(crankshaft nose diameter) and Dp – level 2 (crankshaft
pulley diameter).
Deviation of Natural frequencies in crankshaft
compared to EMA and FEA model after DOE shows an
accuracy improvement. In each frequency, error percentage
in experimental model and outcome of simulation model
after DOE appear in less than 15%.
As a result, journal bearing diameter,
counterweight thickness and crankshaft nose diameter show
altered parameter. Table 4 describes the values of control
factors determined in condition of before DOE and after
DOE values of crankshaft by simulation. With the optimum
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value of after DOE parameters, the deviation between the
natural frequencies of experiment and simulation models
shows improvement in correlation. The error verification of
experimental in crankshaft modelling and simulation of
after DOE parameters is expressed in Figure 7. In Table 5,
the total error optimized by using Taguchi DOE is
expressed. Due to the precise dimensions select for
determining levels, crankshaft structure is not effectively
varied for economic manufacturing. The deviation between
natural frequencies is significantly reduced in inplane
modes while outplane modes show less effect on it. This can
cause due to method of exciting in experiment. Even though
the error reduction has to become in less amount, this
method can identify and improve the accurate optimized
parameter with 1.26%.
Table 5. Error Reduced before DOE and after DOE
Before DOE
After DOE
(Hz)
(Hz)
Mode 1

400.96

406.3

Mode 2

412.34

417.97

Mode 3

774.64

786.45

Mode 4

802.62

815.48

Mode 5

985.81

996.47

Mode 6

1075.45

1093.42

Mode 7

1170.98

1186.98

Mode 8

1548.94

1568

Total Error Optimized
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1.26%

7. CONCLUSION
Our study leads to the following conclusion;
(1) The dynamic characteristic of crankshaft beam model
was predicted and also comparison of analytical
modal investigation of crankshaft structure were
verified.
(2) Thus imperfection of model verification that grows
analysis error in the verification procedure can be
avoided meanwhile selecting to best parameters could
be determined.
(3) As a result, developed algorithm of optimizing various
parameters together with the crankshaft model was
proposed to improve the accuracy of experimental
verification analysis. The diversity of natural
frequencies between experimental and simulation
model was also reduced by 1.26%.
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EXPERIMENTAL CONSIDERATIONS ON ITERATIVE PCA BLIND IMAGE
RESTORATION METHOD
Brian Sumali, Nozomu Hamada, Yasue Mitsukura
ABSTRACT
For restoring high-frequency components which was lost in
imaging, principal component analysis (PCA) has been
effectively applied. This paper aims to investigate and
improve the previous iterative PCA image restoration
algorithms in terms of the following four aspects. First,
various linear smoothing algorithms for creating image
ensemble are compared to see which algorithm gives the best
restoration result. Second, the parameters of smoothing
algorithm for creating image ensemble will be investigated
for better restoration results. Third, the number of images in
the ensemble for iterative PCA application is also discussed.
Finally no-reference image quality assessment indexes are
compared for controlling the number of iteration. We
conducted experiments using standard image database, and
show some improvement on the previous iterative PCA
approach.
Keywords— Blind image restoration, Principal component
analysis, Single-channel image restoration, Gaussian blur,
Image quality assessment
1. INTRODUCTION
A common distortion for imaging is blur. There are many
types of blur such as out of focus blur, atmospheric
turbulence blur, and motion blur. Removing or reducing
distortions from image is the objective of image restoration.
In practice, no information regarding the degradation system
nor pristine image is available for most cases. Image
restoration in this ill-posed problem is called “blind” image
restoration. For most applications, image degradation
process is assumed to be represented by linear convolution
with shift invariance point spread function (PSF).
Consequently, blind image restoration is equivalent to blind
deconvolution problem, separating two convolved signals;
original image and PSF of degradation system. References
[1-3] overview the blind image deconvolution problem.
There are two basic approaches in blind image restoration.
The first one is by identifying the PSF of degradation system
using information from the degraded image and perform
deconvolution using the inverse system. The second one is
simultaneously estimate the PSF and estimated original
image. The later approach is usually regarded more complex
and most tecniques from this approach are iterative, with
better estimation for both the PSF and original image in each
iteration. Levin et al.’s method [4] and Almeida and
Figueiredo’s method [5] are good examples of iterative blind
image deconvolution.
The main focus of this paper is blind restoration on a single
channel image degraded with Gaussian PSF using Iterative
PCA (Principal Component Analysis). Studies [6]-[9]

proposed blind image restoration using PCA. In [6], Li et al.
argued that averaging, Gaussian smoothing filters are lowpass filters and blurs from these filters reduce the variance of
an image. Hence, the lost high frequency components from
blurring process can be recovered by enhancing the images’
variance. They proposed a deconvolution FIR filter with
unity filter norm by maximizing variance of output image,
which variance maximization is performed using PCA. In
their succeeding work [7], Li et al. explicitly formulated
blind image deconvolution as PCA problem. For a singlechannel case, they created an ensemble of images by
performing vertical, horizontal, and diagonal shift to the
degraded image. The estimation of original image is
computed by adding the first principal component of this
ensemble to the average image of the ensemble.
Both our previous approaches [8], [9] have implemented the
PCA but using a different scheme from [6] and [7]. The
major difference is that the blurred ensemble images are
generated by Gaussian filtering the degraded image as
opposed to shifting it as in [7]. Second, the estimated image
uses first and second principal components of PCA, as in [7]
they use only the first principal component. Third, an
iterative PCA algorithm is applied. Finally, a blind image
quality assessment with no reference is introduced for
managing the iteration number. Specifically, the natural
image quality evaluator (NIQE) proposed by Mittal et al.
[10] was applied.
In this paper, we conduct some investigations to improve the
iterative PCA approach, particularly on the image quality for
controlling the number of iteration and generation of
ensemble blurred images; the type of filter, its parameter, and
the number of images. Image quality assessment methods for
controlling the iteration number are compared and
experiments to estimate best filter with its optimal
parameters and the number of images are also conducted.
The rest of this paper is structured as follows: In chapter 2,
brief summary of conventional PCA-based image restoration
methods and image quality index used here are described.
Some experimental results are shown in chapter 3, then the
paper is concluded in chapter 4.
2. PCA APPROACH AND IMAGE QUALITY
ASSESSMENT
2.1. Mathematical formulation
A conventional mathematical model for a degradation
caused by blurring process is given by
(1)
𝑔𝑔 = 𝑓𝑓 ∗ ℎ
where 𝑔𝑔𝑔 𝑔𝑔𝑔 and ℎ denote the blurred image, the original
image, and the PSF of blurring system respectively. In this
paper, we restrict the PSF to be Gaussian blur filters.
Observation noise is also ignored here.
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The first step in PCA-based discussion is to convert the
convolution system Eq. (1) into matrix-vector form:
(2)
𝒈𝒈 = 𝑯𝑯𝑯𝑯
where 𝑯𝑯 denotes the blurring matrix, 𝒇𝒇 and 𝒈𝒈 denote
column vector formation of the original and the blurred
images respectively.
2.2. Constrained variance maximization[6]
The deconvolution or inverse model of Eq. (1) is given by
(3)
𝑓𝑓̂ = 𝑔𝑔 ∗ 𝑤𝑤
where 𝑤𝑤 is the deblurring filter. In matrix-vector form, Eq.
(3) is represented as
(4)
𝒇𝒇̂ = 𝑮𝑮𝑮𝑮
where 𝑮𝑮 𝑮 [𝒈𝒈𝟏𝟏 𝒈𝒈𝟐𝟐 ⋯ 𝒈𝒈𝑴𝑴 ] , an ensemble of images
created by shifting blurred image 𝒈𝒈𝟏𝟏 . Li et al. [6] define
deconvolution problem as an optimization: finding 𝒘𝒘 that
maximizes the variance of 𝒇𝒇̂ . The cost function
accompanying constraint with respect to 𝒘𝒘are given by
(5)
𝐽𝐽(𝒘𝒘) = 𝑣𝑣𝑣𝑣𝑣𝑣(𝒇𝒇̂)
‖𝒘𝒘‖ = 1
(6)
Since blurs like averaging or Gaussian are low-pass filters
and they reduce the variance of an image, the variance of 𝒇𝒇̂
can be used to measure high-frequency energy in some sense,
so that deconvolution filter 𝒘𝒘
𝒘 maximizing 𝐽𝐽(𝒘𝒘) is
determined by
(7)
𝒘𝒘
̂ = 𝝁𝝁1
where 𝒗𝒗1 is the first principal vector of the covariance matrix
(8)
𝑪𝑪𝒈𝒈 = 𝑮𝑮𝑇𝑇 𝑮𝑮
then the estimate of the original image is given by
𝒇𝒇̂ = 𝑮𝑮𝒘𝒘
̂ + 𝝍𝝍 = 𝑮𝑮𝝁𝝁1 + 𝝍𝝍
where
𝑀𝑀

1
𝝍𝝍 = ∑ 𝒈𝒈𝑖𝑖
𝑀𝑀

(9)

(10)

𝑖𝑖=1

2.4. Iterative PCA with Gaussian blur ensemble[8][9]
The following steps are the iterative PCA approach:
1) Create ensemble containing 𝑀𝑀 blurred images by
applying Gaussian blur filter as follows:
𝑔𝑔1 = 𝑔𝑔
(16)
𝑔𝑔𝑖𝑖+1 = 𝑔𝑔𝑖𝑖 ∗ 𝑏𝑏 (𝑖𝑖 = 1~𝑀𝑀 − 1)}
where 𝑏𝑏𝑏𝑏𝑏𝑏 is the Gaussian blur filter with standard
deviation σ
2) Compute the average image 𝝍𝝍 of the image using Eq.
(10), then center the ensemble using Eq. (12) and Eq. (13).
The first and second eigenvectors (𝒗𝒗1 and 𝒗𝒗2 ) of the centered
ensemble are also computed.
3) The initial estimation of the original image is given by:
(17)
𝒇𝒇̂ = 𝒗𝒗1 + 𝒗𝒗2 + 𝝍𝝍
4) Create a new ensemble containing 𝑀𝑀 blurred images
from 𝒇𝒇̂ of Eq. (16) and obtain new estimation by applying
PCA.
5) Repeat steps 3) and 4) until the image quality no longer
increase. In [9], the image quality is determined using
NIQE[10]
2.5. Full-reference image quality assessment
Full-reference image quality assessment (FR-IQA) methods
determine the quality of an image by comparing it to a
reference image. Typically, FR-IQA methods such as [1115] measure the difference between the test image and the
reference image, with greater difference translates to a lower
image quality. Commonly used FR-IQA methods include
Mean-squared error (MSE), Peak signal-to-noise ratio
(PSNR), and Structural SIMilarity (SSIM) [13]. This paper
uses SSIM as the index to evaluate the success of image
restoration, because SSIM focuses more on the structural
difference between two images and the measurement of
structural distortion should be a good approximation of
perceived image distortion [16].

2.3. PCA with shifted blurred image ensemble[7]

2.6. No-reference image quality assessment

In [7] the ensemble of blurred images {𝒈𝒈𝑖𝑖 ; 𝑖𝑖 𝑖𝑖𝑖𝑖𝑖} is
created by shifting the blurred image 𝒈𝒈 = 𝑔𝑔𝑔𝑔𝑔𝑔 𝑔𝑔𝑔, such as
{𝒈𝒈𝑖𝑖 } = {𝑔𝑔[𝑘𝑘 − 𝑟𝑟, 𝑙𝑙 − 𝑠𝑠]|(𝑟𝑟, 𝑠𝑠)
(11)
∈ [−𝑅𝑅, 𝑅𝑅] × [−𝑆𝑆, 𝑆𝑆]}
PCA is then performed to this ensemble. First, the average
image 𝝍𝝍 of the ensemble is calculated with Eq. (10). Then,
the ensemble is ‘centered’ by subtracting with its mean.
(12)
𝝓𝝓𝑖𝑖 = 𝒈𝒈𝑖𝑖 − 𝝍𝝍
(13)
𝑨𝑨 = [𝝓𝝓1 , 𝝓𝝓2 , … , 𝝓𝝓𝑀𝑀 ]
then, the estimated original image is given by
(14)
𝒇𝒇̂ = 𝒗𝒗1 + 𝝍𝝍
where 𝒗𝒗1 is the eigenvector with associated with the largest
eigenvalue from covariance matrix
1
(15)
𝑪𝑪𝝓𝝓 = 𝑨𝑨𝑨𝑨𝑻𝑻
𝑀𝑀

In contrast to FR-IQA, no-reference image quality
assessment (NR-IQA) method does not require any reference
to determine the quality of a test image. Most of generalpurpose NR-IQA methods are based on models that can learn
to predict human judgments of image quality from databases
of human-rated distorted images [17-21]. There are also
some novel NR-IQA methods [10][22][23] that do not
require human subjective score yet their prediction score
correlate with human subjective input. Novel NR-IQA
methods are usually based on natural scene statistics (NSS).
3. EXPERIMENTAL CONSIDERATIONS
Experiments are conducted for investigating and improving
the following four aspects of the iterative PCA restoration
method:
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1) Smoothing filter type for iterative PCA’s ensemble
creation
2) Parameters determination of the smoothing filter and the
number of images for ensemble creation
3) Image quality assessment index for limiting the PCA
iteration
4) Performance of optimal parameters from the experiments
1) and 2).
All experiments are conducted using MATLAB R2014b
using a typical processor: Intel® Xeon® E5-1607 v3 @3.10
GHz, MATLAB R2014b. Test images used for this
experiment are obtained from USC-SIPI image database[24].
All images are or resized to 512x512 pixels. For experiments
3.1 and 3.2, ten images were used: five from ‘aerials’
collection and five from ‘misc’ collection.
3.1. Determining optimal smoothing filter for ensemble
creation
In [8] and [9], PCA is performed to the ensemble of Gaussian
blurred images. The restoration result is better compared to
[7], in which PCA is performed to the ensemble of shifted
images. This experiment aims to find the best ensemble
creation method, given a Gaussian blurred input. The
methods tested here are Gaussian blur filter, Squareaveraging filter, and Circular-averaging filter.
Ten test images are blurred with Gaussian blur 𝜎𝜎0 = 1, 1.2,
1.4, …, 2.4 respectively to serve as degraded image to be
restored with iterative PCA algorithm. The details of
ensemble creation filter can be found on Table I. The SSIM
values of the restored images are then retrieved. Since
different parameters for ensemble creation filter affects the
restoration result, only the best restoration result from each
input for every method is considered. The result of this
experiment shown in Fig. 1 indicates that Gaussian blur filter
gives better result compared to other filter types.
3.2. Determining optimal ensemble creation parameters
The experiment conducted here aims to find the best
parameters for ensemble creation method. Degraded images
to be restored with iterative PCA algorithm are identical with
previous experiment. This time, two parameters of ensemble
creation: 𝜎𝜎 of Gaussian smoothing filter and number of
images in the ensemble (M) are explored. The details of these
parameters are shown in Table II. The SSIM values of the
restored images are then retrieved. Our objective is to find a
pair of parameters that constantly give good restoration
result. Constant result translates to having small variance and

Fig. 1. Average SSIM versus blur degree

good restoration result translates to high average value.
Hence, the ‘quality’ of a pair of parameters can be
determined with:
(17)
𝑄𝑄𝜎𝜎𝜎𝜎 = ̅̅̅̅̅̅̅̅̅̅
𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜎𝜎𝜎𝜎 ∗ (1 − 𝑣𝑣𝑣𝑣𝑣𝑣(𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝜎𝜎𝜎𝜎 ))
The result of this experiment are shown in Fig. 2.
It shows that (𝜎𝜎𝜎 𝜎𝜎𝜎 pairs that give the optimal result is 𝜎𝜎 =
0.4 and 𝑀𝑀 = 14. Other candidates are 𝜎𝜎 = 0.4, 𝑀𝑀 = 16, and 𝜎𝜎
= 0.6, 𝑀𝑀 = 5.
3.3. Determining optimal image quality assessment for
iteration limit

The third experiment is to find the most suitable NR-IQA
algorithm for iterative PCA. The algorithms compared here
are NIQE[10], Quality-Aware Clustering (QAC)[23],
combination of QAC-NIQE (QAC score divided with NIQE
score), and combination of NIQE-Frequency Domain Image
Blur Measure (FM) [25] (FM score divided with NIQE
score). Two images from ‘misc’ category will be degraded
with Gaussian blur 𝜎𝜎0 = 1.5 and 2.0, then they will be
iteratively restored with PCA using optimal parameters. For
each iteration, the image quality of the restoration will be
retrieved using previously mentioned NR-IQA and SSIM.
The method which index drops near or at the peak of SSIM
is considered the most suitable algorithm. The result of this
experiment are shown in Fig. 3. For comparison purposes,
NIQE values are inverted and all values in Fig. 3 are
normalized such that their maximum value is 1.

TABLE I. ENSEMBLE CREATION FILTER
Smoothing
filter
Square
averaging
Circular
averaging
Gaussian
blur

Filter
parameter

Filter size

TABLE II. PARAMETERS TESTED

Value

Parameter

3x3, 4x4, 5x5, … , 9x9

Radius

1, 1.5, 2, … , 5

σ

0.3, 0.4, 0.5, … , 1
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Value

Gaussian blur

σ

0.3, 0.4, 0.5, … , 1

Number of
images

M

2, 3, 4, … , 20
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TABLE III. RESTORATION ALGORITHMS AND PARAMETERS
Restoration method

Parameters

Optimal parameters
Iterative
PCA

𝜎𝜎 = 0.4, M = 14

Small 𝜎𝜎, small M

𝜎𝜎 = 0.3, M = 6

Small 𝜎𝜎, large M

𝜎𝜎 = 0.3, M = 18

Large 𝜎𝜎, large M

𝜎𝜎 = 0.7, M = 18

Large 𝜎𝜎, small M
Blind LR
Levin et
al.[4]

𝜎𝜎 = 0.7, M = 6

Initial PSF

𝜎𝜎 = 1,
Filter size = 9x9
Filter size = 11x11

Initial PSF

4. CONCLUSION
Fig. 2. Three 𝜎𝜎𝜎𝜎 pairs that constantly give good restoration result

The result in Fig. 3 shows both NIQE and the combination
of QAC-NIQE have their own first extrema near SSIM, with
NIQE sometimes before SSIM’s and combination of QACNIQE after it.
3.4. Performance of iterative PCA using optimal
parameters
The last experiment is to verify the restoration quality of
optimal parameters. Three images chosen from ‘misc’
collection (different from images used in experiment 3.1, 3.2
and 3.3) are served as test images to be degraded. These
images are degraded with Gaussian blur 𝜎𝜎0 = 1.5 and 2.0 to
be restored using Iterative PCA with varying parameters.
The images degraded with Gaussian blur 𝜎𝜎0 = 1.5 are also
used as test images for performance comparison between
iterative PCA with optimal parameters and other
conventional restoration algorithms. The details of these
parameters and restoration algorithms used can be found in
Table III. The PSNR and SSIM of the restored images are
compared in Table IV and Fig. 4. Table IV compares the
restoration quality using different parameters and Fig. 4
compares the iterative PCA with optimized parameters to
other popular blind image restoration algorithms.

This paper investigates the iteration control and ensemble
generation parameters of iterative PCA approach for blind
image restoration. The experiments for ensemble generation
parameters are divided into two categories: obtaining
optimal parameters and verifying restoration quality of
iterative PCA method using optimal parameters.
Experimental results of our method and other conventional
algorithms are conducted show that the optimized
parameters can increase the performance of the algorithm,
and performed well in terms of PSNR as well as SSIM
compared to others. In addition, though the blur degradation
in this study is restricted within a symmetric Gaussian low
pass blur, the same restoration principle should be
generalized to other types of blur such as motion blur.
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ABSTRACT

and laser diodes operating at short wavelength [1-3].
Although GaN films for electronic devices are usually

The growth of non-polar GaN films on r-plane sapphire

grown on c-plane sapphire substrates using metal-organic

substrates using low-pressure (LP) metal-organic chemical

chemical vapor deposition (MOCVD), the GaN films

vapor deposition (MOCVD) method was investigated. The

grown along c-axis exhibit strong internal electric field at

GaN films were grown by two-step and three-step growth

the hetero-interface due to the internal spontaneous and

processes. The crystallinity and crystal orientation along a-

strain-induced piezoelectric polarization effect, which

axis were improved by the three-step growth compared with

reduces the optical emission efficiency by recombination

those of the GaN films grown by the two-step growth. In

between electrons and holes in the quantum wells formed in

order to improve the film quality further, the optimization

the light emitting diodes[4, 5]. For example, internal fields

of the growth time for the low and medium-temperature

are responsible for the large sheet charge densities present

buffer layers was investigated. As a result of the experiment,

in AlGaN/GaN heterostructures [6, 7], and the quantum

3 minutes growth for the low-temperature buffer and 30

confined Stark effect observed in GaN/AlGaN [8-13] and

minutes growth for the medium-temperature buffer were

InGaN/GaN [14, 15] quantum well structure. The most

found to be the best condition. Compared with polar GaN

direct means of eliminating internal effects in the III-V

films grown on c-plane sapphire substrates, however,

nitrides is through the growth of the device structures with

emission intensity ratio of yellow luminescence to band

nonpolar orientations such as a-plane GaN [16].

edge emission of the a-plane GaN films was large.

In this study, the growth of a-plane GaN films on r-plane
sapphire substrates using low-pressure (LP) MOCVD
method was investigated. In order to grow GaN films with
excellent

Keywords—non-polar GaN, multistep growth, MOCVD

properties,

multi-step

growth

using

low-

temperature buffer layer is effective [17]. The GaN films
growth by two-step and three-step growth processes,
therefore, was tried. Their crystalinity, crystal orientation

1. INTRODUCTION

and photoluminescence spectra were also evaluated.
Gallium nitride (GaN) is a direct transition type
semiconductor with wide bandgap, and is, therefore, useful
for optoelectronic devices, such as light-emitting diodes
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substrates using hydrogen (H2) at a substrate temperature of
1000°C for 10 min, followed by the nitridation process at
1000°C for 10 min were carried out. For the growth of the
GaN films, NH3 gas was admitted upstream of the substrate,
while trimetylgallium (TMG) were supplied near the
substrate surface, as shown in Fig. 1. Table 1 shows the
experimental conditions. In case of the two-step growth
process, the low-temperature buffer layer was grown at

Fig. 1 Schematic of LP-MOCVD apparatus.

600°C using TMG and NH3 as the source gases, followed
by the growth of a high-temperature GaN layer at 1000 °C,

2. EXPERIMENT

as shown in Fig. 2 (a). In case of the three-step growth

The substrates used in this study were r-plane sapphire
chips cut from wafers. The substrates were initially
prepared by chemical cleaning processes using acetone and
methanol, etched with a H2SO4 + H3PO4 solution, and
rinsed with deionized water. After the cleaning process, the
substrates were loaded into the CVD chamber and were
then heated to the prescribed temperatures by passing a DC
current under vacuum environment (2.7x10-4 Pa). Before
the GaN film growth, thermal cleaning process on the

process, a low-temperature GaN layer was first deposited at
a substrate temperature of 600 °C, followed by the growth
of medium and high-temperature GaN layers at 800 °C and
1000 °C, as shown in Fig. 2 (b). The V/III gas source ratio
(NH3/TMG) was kept at about 80 during the growth of the
GaN films. Obtained film thickness was 3-6 µm. The
crystal orientation of the GaN films was evaluated by ωrocking curve using an x-ray diffractometer (RIGAKU,
RAD-IIIA).

Photoluminescence

(PL)

spectra

were

measured using the 325.0 nm line of a cw He–Cd laser (30
mW) at room temperature. PL was dispersed by a 1000 mm

Table 1 Growth conditions for GaN films on r-plane
sapphire by two-step and three-step growth processes.
Substrate

focal length grating monochromator (FHR 1000-2MS,
Horiba Jobin Ivon).

r-plane sapphire

H2 thermal cleaning
H2 flow rate [sccm]

30

Process temperature [ C]
Process time [min]

1000

o

10

Nitridation process
NH3 flow rate [sccm]

Nitridation temperature [ C]

1000

Nitridation time [min]

10

GaN film growth
0.6

NH3 flow rate
[sccm]

25

Growth time
[min]

2θ=57.7o (data not shown). Diffraction peaks associate with
planes such as (0002), (10-10), and (10-11) were not
observed. Diffraction intensity of the GaN film grown by
three-step growth process was drastically greater than that

TMGa flow rate
[sccm]

Growth temperature
o
[ C]

In the x-ray diffraction patterns of the ZnO films, (11-20)
peak associated with GaN (11-20) plane can be observed at

25
o

3. RESULTS AND DISCUSSION

of the GaN film grown by two-step growth process. Figure
3 shows the ω-rocking curves of GaN (11-20) grown by
two-step and three-step growth processes. Full width at half

two-step
growth
600+1000

three-step
growth
600+800+1000

60+60

60+60+60

maximum (FWHM) of the GaN (11-20) ω-rocking curve
grown by the three-step growth process was 0.48o, which is
smaller than that of the GaN (11-20) grown by two-step

－409－
–2–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

Fig. 4. Variations in the FWHM values of GaN (11-20) ωrocking curves as a function of the growth time for (a) lowtemperature buffer layer and (b) medium-temperature
buffer layer.

Fig. 2. Time chart for GaN film growth by (a) two-step and
(b) three-step growth processes.

Fig. 3. ω-rocking curves of GaN (11-20) grown by two-step
and three-step growth processes.

Fig. 5. PL spectra of GaN films grown on c-plane and rplane sapphire substrates by three-step growth process

growth process (0.85o). The crystal orientation along a-axis,

minutes growth for the low-temperature buffer and 30

therefore, was improved by the three-step growth. In order

minutes growth for the medium-temperature buffer were

to further improve the film quality grown by the three-step

found to be the best condition, and the smallest FWHM

growth process, the optimization of the growth time for the

value was 0.232o for 3 minutes of the low-temperature

low-temperature and medium-temperature buffer layers was

buffer and 30 minutes of the medium-temperature buffer, as

investigated. Although some scattering of the data exists, 3

shown in Fig. 4.
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DETECTION STRATEGY FOR KIDNAPPED ROBOT PROBLEM IN MONTE CARLO
LOCALIZATION
Iksan Bukhori, Zool H Ismail, Toru Namerikawa
ABSTRACT
This paper discusses a new proposed method to detect the
kidnapped robot problem event in Monte Carlo Localization.
The method is designed such that it can provide accurate
detection in wide range of particles’ convergence level and
does not depend too much on the success of relocalization/recovery process. The proposed method
combines the difference in particle’s weight, maximum
current weight, and difference in particles’ standard
deviation. The addition of these two parameters is believed
to be superior to pure maximum current weight parameter
for kidnapping detection. A series of simulation tests using
landmark-based map and corridor-like map are executed to
prove it. These simulations show that the proposed method
outperforms the maximum current weight parameter in terms
of accuracy, ability to detect kidnapping during early stage
of localization, and independency towards the success of the
re-localization process.
Keywords— Monte Carlo Localization, Kidnapping
Detection, Difference of Weight, Difference of Standard
Deviation, Early Kidnapping, Recovery Independency
1. 1 INTRODUCTION
Kidnapped Robot Problem (KRP) in mobile robot
localization is defined as a condition when the robot is
instantly moved to other position arbitrarily without any
prior given information during the operation of the robot [1],
[7-9]. Kidnapped robot problem is considered one of the
most difficult problem in Monte-Carlo Localization (MCL)
[2]. This is due to the nature of particle filter used in MCL
itself, where the convergence process of hypotheses
(particles) causes an absence of particles in some areas of the
map. The better the localization process, the more areas in
the map lost the particles. This inevitably leads to a failure in
re-localization if the robot is kidnapped to that area.
Kidnapped robot problem does not often happen in
practice; however, it is often used to test the ability of
algorithm to recover from global localization failures.
Furthermore, the mechanical and sensor faults can lead to
similar condition to kidnapping condition, thus the detection
of this event can also be used as fault detection [3].
For decades, there have been several approaches in
solving kidnapped robot problem. Some solutions are based
on visual recognition, such as the ones found in [4] and [5].
These approaches, however, are limited to the robot with
visual-based sensor, such as camera. Some other approaches
are more flexible by using the intrinsic parameters of the
MCL itself. Augmented MCL proposed in [1] and MCL with
mixture distributions in [1], [8], and [18] are some examples
of this category.

In Augmented MCL, random particles are injected in each
iteration such that the possibility of particles’ absence in
kidnapping destination area is reduced. These random
particles are drawn from either uniform distribution over
pose space, or the posterior of the measurement. MCL with
mixture proposal distribution combines regular MCL
sampling with its dual.
Despite its flexibility, the former two methods do not
clearly draw a line between detection and recovery of
kidnapping. This creates a problem when the concern is not
only in the re-localization, but also the needs to know when
the kidnapping really happens, such as in fault detection.
Other solutions which also depend on intrinsic parameters
of MCL can be found in [2] and [4]. Zhang et.al in [2] uses
maximum weight of current particle set as the parameter to
detect the kidnapping event. Yi, C. and B.-U. Choi in [4] uses
similar parameter, but instead of purely using current weight,
they use the entropy of the information can be extracted from
the weight. These two approaches address the detection and
recovery separately, as what we prefer.
One other method which addresses detection and recovery
separately was proposed in our previous paper in [19]. This
paper introduces a mixture method of MCW and two other
intrinsic parameters; weight parameter and the standard
deviation of particles.
This paper is a complement of the paper in which
Landmark-based map is used to test the method. This paper
test the method using a corridor-like map which confirms
that the method is applicable in at least two types of map.
The rest of the paper is organized as follows. In chapter II
Bayes filter and Monte Carlo Localization are briefly
explained. Chapter III explains the definition of some terms
used throughout the paper. Chapter IV reviews MCW
method for kidnapping detection. The method we propose is
then delivered in detail in Chapter V. Chapter VI delivers the
simulations result of the comparison between the proposed
method and MCW, and chapter VII gives the Conclusion.
2. BAYES FILTER AND MONTE CARLO LOCALIZATION
In mobile robot localization practice, it is almost
impossible for a robot to know exactly its coordinates and
heading (collectively known as pose) in the given map.
Rather, the robot should infer them from the data from
environment. The obtained state is then called belief. The
belief of the robot is defined as
𝑏𝑏𝑏𝑏𝑏𝑏(𝑆𝑆𝑡𝑡 ) = 𝑝𝑝(𝑠𝑠𝑡𝑡 |𝑧𝑧1:𝑡𝑡 , 𝑢𝑢1:𝑡𝑡 )

(1)

This posterior is the probability distribution over the
state 𝑠𝑠𝑡𝑡 = 〈𝑥𝑥𝑡𝑡 , 𝑦𝑦𝑡𝑡 , 𝜃𝜃𝑡𝑡 〉, at time t, given all past
all
past
measurements 𝑧𝑧1:𝑡𝑡 = {𝑧𝑧1 , 𝑧𝑧2 , … , 𝑧𝑧𝑡𝑡 } and
controls 𝑢𝑢1:𝑡𝑡 = {𝑢𝑢1 , 𝑢𝑢2 , … , 𝑢𝑢𝑡𝑡 } . Sometimes it is also useful
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to consider the belief before the current measurement taken,
that is
̅̅̅̅
𝑏𝑏𝑏𝑏𝑏𝑏 (𝑠𝑠𝑡𝑡 ) = 𝑝𝑝(𝑠𝑠𝑡𝑡 |𝑧𝑧1:𝑡𝑡−1 , 𝑢𝑢1:𝑡𝑡 )

(2)

MCL is a Bayes-based localization algorithm. It provides
a powerful tool to calculate posterior 𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏𝑏 , given
measurement and control data [1], [11]. Bayes filter is based
on Markov world assumption, i.e. past and future data are
independent if one knows the current state 𝑠𝑠𝑡𝑡 [1]. By
implementing Bayes rule and this Markov world assumption,
the belief posterior can be defined as
𝑏𝑏𝑏𝑏𝑏𝑏(𝑠𝑠𝑡𝑡 ) = 𝜂𝜂𝑝𝑝(𝑧𝑧𝑡𝑡 |𝑠𝑠𝑡𝑡 ) ̅̅̅̅
𝑏𝑏𝑏𝑏𝑏𝑏 (𝑠𝑠𝑡𝑡 )

(3)

The term 𝑝𝑝𝑝𝑝𝑝𝑡𝑡 |𝑠𝑠𝑡𝑡𝑡𝑡𝑡 𝑢𝑢1:𝑡𝑡 ) is defined as the prediction or
motion model, since it reflects the state transition due to robot
motion. The probability 𝑝𝑝(𝑧𝑧𝑡𝑡 |𝑠𝑠𝑡𝑡 ) itself is called correction or
sensor model, since it incorporates sensor reading to update
robot state. 𝜂𝜂 is normalization constant, ensuring the final
result to be normalized to one.
Bayes filter gives freedom to the choices of representation
for the posterior. MCL represents the posterior 𝑏𝑏𝑏𝑏𝑏𝑏(𝑠𝑠𝑡𝑡 ) by a
set 𝑆𝑆𝑡𝑡 of 𝑁𝑁 weighted samples distributed according to the
posterior [1], [3]. The density of the samples proportionally
represents the likelihood of the robot’s pose being there.
[𝑛𝑛]
[𝑛𝑛]
𝑆𝑆𝑡𝑡 = 〈𝑠𝑠𝑡𝑡 , 𝜔𝜔𝑡𝑡 〉 ;
[𝑛𝑛𝑛

(4)

𝑛𝑛 = 1,2, … , 𝑁𝑁

Each particle 𝑠𝑠𝑡𝑡 represents the hypothesis of the robot’s
pose at time 𝑡𝑡 .The 𝜔𝜔𝑡𝑡𝑛𝑛 is the non-negative number called
[𝑛𝑛𝑛
weight of particle. It indicates how good particle 𝑠𝑠𝑡𝑡 in
representing the robot’s pose.
The basic MCL algorithm, as summarized from [1] and [2]
is depicted in table 1. It accepts previous state 𝑆𝑆𝑡𝑡𝑡𝑡 , past
controls 𝑢𝑢𝑡𝑡𝑡 , past measurements 𝑧𝑧𝑡𝑡 , and map information 𝑚𝑚.
Table 1 MCL Algorithm

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.

MCL Algorithm (𝑆𝑆𝑡𝑡−1 , 𝑢𝑢𝑡𝑡 , 𝑧𝑧𝑡𝑡 , 𝑚𝑚)
𝑆𝑆𝑡𝑡 = 𝑆𝑆𝑡𝑡̅ = ∅
for n = 1 to N do
[𝑛𝑛]
[𝑛𝑛]
generate 𝑠𝑠𝑡𝑡 ~ 𝑝𝑝(𝑠𝑠𝑡𝑡 |𝑠𝑠𝑡𝑡−1 , 𝑢𝑢1:𝑡𝑡 , 𝑚𝑚)
[𝑛𝑛]
calculate weight 𝜔𝜔𝑡𝑡 =
[𝑛𝑛]
[𝑛𝑛]
𝑆𝑆𝑡𝑡̅ = 𝑆𝑆𝑡𝑡̅ + 〈𝑠𝑠𝑡𝑡 , 𝜔𝜔𝑡𝑡 〉

[𝑛𝑛]
𝑝𝑝(𝑧𝑧𝑡𝑡 |𝑠𝑠𝑡𝑡

end for
normalize 𝜔𝜔𝑡𝑡
for n = 1 to N do
[𝑛𝑛]
[𝑛𝑛]
draw 𝑠𝑠𝑡𝑡 with probability ∝ 𝜔𝜔𝑡𝑡
[𝑛𝑛]
Add 𝑠𝑠𝑡𝑡 to 𝑆𝑆𝑡𝑡
end for
return 𝑆𝑆𝑡𝑡

, 𝑚𝑚)

3. DEFINITION OF THE TERMS IN KIDNAPPING
There are some terminologies throughout this paper
which adresses kidnapping event. The first is the kidnapping
detection. This process is defined as a process which detects
the KRP event at any time t where 1 < 𝑡𝑡 ≤ 𝑇𝑇. We omit the
first time step under common assumption that no kidnapping
would occur at the very first time step of robot’s operation.
The detection process will only detect the time t of
kidnapping, not the place the robot is being kidnapped to.
Kidnapping point is defined as the time instance t of when
the robot is really kidnapped. The match between detected
kidnapping and the kidnapping point will determine the
success of KRP event detection. The successful detection has
the following criterias:
1.

The detection should occur only once, since we
consider single kidnapping event only.

2.

The time of detected kidnapping should be the
same as the real kidnapping.
These two criteria are used to compare the accuracy
between MCW and the proposed method. In this paper, the
kidnapping itself is divided into two; Early Kidnapping and
Late Kidnapping. The former one is the kidnapping which
occurs during pre-convergence state, i.e. there are some
particles spread around the map. The later one is the
kidnapping in which the particles are already converged.
The last term is the recovery/re-localization process which
is defined as a method to localize the robot after kidnapping
event. We will use recovery and re-localization
interchangeably in this paper.
4. MAXIMUM CURRENT WEIGHT METHOD
The detection in MCW can be denoted by the following
equation;
(5)
𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝐾𝑡𝑡 = 𝜔𝜔𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 < 𝜉𝜉
Where 𝜔𝜔𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 is the maximum weight of the particle set
at time t, while 𝜉𝜉 is the threshold to detect the kidnapping.
This formulation leads to two problems;

A. Early Kidnapping Detection
If the robot is kidnapped early, the weight of particles will
still be quite high. This is due to the fact that it is very likely
there would be some particles at/near where the robot is
being taken to (see Fig. 1). Therefore, the kidnapping around
this time step will be very likely undetected if we rely on
weight parameter. In Figure 1, the robot is being kidnapped
at t=3. There is no recovery strategy applied, but we can see
the robot can still re-localize itself as shown by the constant
maximum weight of 1. This is again due to the existence of
particles near the point where the robot is after being
kidnapped.
As can be seen in Fig 1, the maximum weight at t = 3 is
still high. This causes the inability of Eq. 5 to detect the
kidnapping. Forcing this equation to detect the kidnapping at
t = 3 by setting 𝜉𝜉 > 𝜔𝜔3𝑚𝑚𝑚𝑚𝑚𝑚 will make multiple detection
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outside t = 3, which means the detection fails as what had
been discussed in chapter III. Kidnapping in this part (early
kidnapping) does not affect the overall localization too much.
However, sometimes an information of when the kidnapping
happens can be used as fault detection such that one will
know something unnatural happens around the kidnapping
point (t=3 in the example). MCW obviously fails at obtaining
this information.

Fig. 1 Maximum Weight of Particles with Kidnapping Event Happens
at t = 3.

B. High Dependency to the Success of Recovery
There is also a high dependency between maximum
current weight parameter and the ability of the recovery
strategy. The weight of particle is based on how close the
observation from particle to the observation from the robot.
Therefore, when the recovery fails, the gap between two
observations will be high and thus resulting in lower particles’
weight (see Fig. 2).
From the figure we can see that when there is no recovery
strategy (extreme case of recovery failure) to re-localize the
robot, the maximum weight drops very low. Forcing the
detection to detect kidnapping will result in multiple
detections at later time steps, thus the failure in detection.

Fig. 2 Max Weight of Particles with Kidnapping Event at t =50 and no
Recovery

The two drawbacks in MCW give motivation to devise a
new detection strategy which can detect the kidnapping of
the following nature:
a) The detection should be able to detect kidnapping in
large range of particle convergence
b) The detection should be highly independent to the
success of the recovery, i.e. detection of kidnapping
with high accuracy can still be obtained when the
recovery fails.
5. PROPOSED METHOD
A new method of kidnapping event detection is proposed
in [19] which uses three parameters as kidnapping detector
and a particles’ convergence detector to separate early
kidnapping (EK) with late kidnapping (LK). The three
kidnapping detector are:
1. Change in standard deviation (∆𝜎𝜎̅𝑡𝑡 )
2. Change in mean of weight (∆𝜔𝜔
̅𝑡𝑡 )
3. Maximum Current weight (𝜔𝜔𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 )
The first parameter is used in early kidnapping case, and
the later two is for late kidnapping case. A convergence
detector 𝐷𝐷𝑡𝑡 is used to differentiate the two cases. This
detector is defined as
1,
𝐷𝐷𝑡𝑡 = {
0,

𝑁𝑁𝑐𝑐 > 𝜑𝜑
𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒ℎ𝑒𝑒𝑒𝑒𝑒𝑒

(6)

Where 𝑁𝑁𝑐𝑐 denotes the percentage of the number of
particles exist within a unit distance from the mean. 𝜑𝜑 is the
threshold to decide whether the particles is in convergence
state or not. The complete kidnapping condition is then
described as follows
𝑡𝑡

𝐾𝐾𝐾𝐾𝐾𝐾𝐸𝐸𝐸𝐸(𝑡𝑡) = (¬ ∑ 𝐷𝐷𝑡𝑡 ) ⋀ (∆𝜎𝜎̅𝑡𝑡 > 𝛽𝛽)
1

𝐾𝐾𝐾𝐾𝐾𝐾𝐿𝐿𝐿𝐿(𝑡𝑡) = 𝐷𝐷𝑡𝑡 ⋀(𝜔𝜔𝑡𝑡𝑚𝑚𝑚𝑚𝑚𝑚 < 𝜉𝜉)⋀(∆𝜔𝜔
̅𝑡𝑡 < 𝛼𝛼)

(7)
(8)

6. SIMULATION RESULT
A series of simulations is designed to test the method.
There are two types of map used in the test; the landmarkbased map as presented in [19] and the corridor-like map.
These two maps differ only in the way of weighting particles,
how the sensor reading is used, and the limitation of robot’s
movement. The method is designed to not depend on these
factor, thus the tests against these two maps should confirm
it.
For each type of map, the proposed method is tested
against the MCW to see which of the two is closer to the
desired nature of kidnapping detection stated at the end of
chapter IV. The tests are also divided into two categories to
test the stated objectives. The first one is the kidnapping
without recovery, and the the other one is kidnapping with
recovery.
Each test is run to detect 200 time instances of
For each 𝑡𝑡𝑘𝑘 , the
kidnapping, 𝑡𝑡𝑘𝑘 = {1,2,3, … ,200} .
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simulation with 200 time steps is run for 100 times. The
number of successful kidnapping detection is then calculated
for each 𝑡𝑡𝑘𝑘 , and divided by 100 to obtain the percentage of
success rate.
The parameters of the detection method we test is
presented in Table 2 , while Fig 3 and Fig 4 depict the
corridor-like map and the landmark-based map used in the
simulations, respectively.

1) Detection Test Without Recovery
In order to test the independency of the methods towards
recovery, a kidnapped robot problem is simulated without relocalization process. The test result for landmark-based map
is depicted in Fig. 4 while Fig. 5 shows the result for
corridor-like map.

Table 2 Detection Method Parameters

Proposed Method
𝜑𝜑

𝜉𝜉

𝛼𝛼

MCW
𝛽𝛽

𝜉𝜉

Landmark

70

0.1

-0.3

0.05

0.1

Corridor

70

0.1

-0.2

0.01

0.1

The kidnapping event for the tests using landmark-based
map is expressed as follows:
𝑠𝑠𝑡𝑡𝑘𝑘 = 𝑠𝑠𝑡𝑡𝑘𝑘−1 + [9

9

−0.5𝜋𝜋]

(9)
Fig. 5 Success Rate per Kidnapping Point in Landmark-based map
without recovery

Fig. 3 Corridor-like Map used in Simulations. The curvy line
describes the robot’s normal trajectory (Without Kidnapping)

Fig. 6 Success Rate per Kidnapping Point in Corridor-like map
without recovery

In Fig. 5 and Fig. 6, it is proven that the detection
accuracy of the proposed method does not depend heavily on
the success of recovery while MCW clearly fails except at
the very end of iteration (t=200).

Fig. 4 Landmark-based Map with Ten Landmarks.

2) Detection Test With Recovery
Because the MCW fails in detection without recovery,
other type of tests are devised. In these tests, the recovery
strategy is executed at the time step right after the kidnapping
point (𝑡𝑡𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑡𝑡𝑘𝑘 + 1) regardless of the success of the
detection of either method. The recovery strategy employed
is the most basic one, which is the particles’ re-initialization
method. This recovery process is executed by replacing
current set of particles by the randomly distributed particles
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drawn from uniform distribution over the pose space inside
the map, the same as particles initialization at the very
beginning of localization process. How the two methods in
each type of map behave under this test is depicted in Fig. 7
and Fig. 8

also conducted using two different type of maps; landmarkbased and corridor. The results show that the proposed
method can still detect the early kidnapping event with high
accuracy when the MCW fails. This ability of kidnapping
detection even when the recovery process itself is unneeded
(characteristic of early kidnapping) shows that the proposed
method is able to be a good fault detector independent to the
needs of recovery.
The proposed method is also able to maintain high
accuracy under the failure in recovery, showing that the
independency towards the success of the recovery is very
high compared to MCW. This independency is important to
make sure that the information of when kidnapping happens
is not disturbed by the success of recovery process.
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Altitude Control of a Quadrotor Based on an Adaptive Neural Network and Unified Bound
(MJJIC2015)
ABSTRACT

Mohamad Yani, Zool H Ismail, Matthew Dunnigan

The main advantage of the adaptive neural network
control is that the stability and convergence can be ensured
without preliminary offline training. The weight of the neural
network is adjusted online by an update law, but it is usually
hard to initialize the weight. The initialization error affects
the transient response of the adaptive neural network control
system, which may degrade the performance of the system or
even compromise the safety of the users. Therefore, the
transient response and steady-state errors from the adaptive
neural network can be specified to estimate uncertain
disturbances in this system. In this paper, altitude control of
a quadrotor is proposed using an adaptive neural network
controller to estimate uncertain disturbances, which unifies
existing neural network of control tasks such as setpoint
control with a prescribed performance bound. The proposed
method also can be specified as a dynamic region, instead of
the desired position. The dynamic region method is
proposed to compensate disturbances from the adaptive
neural network. The stability of the closed-loop system is
analyzed using Lyapunov-like analysis. Some numerical
simulation results are presented to demonstrate the
effectiveness of the proposed controller.
Keywords— adaptive neural network, altitude control,
dynamic region, disturbances
1.

INTRODUCTION

In the past few years, the interest in UAVs
(Unmanned Aerial Vehicles) has been growing strongly.
The quadrotor is a VTOL or Vertical Takeoff and Landing
vehicle that means it offers the possibility of being launched
from anywhere with the ability to hover. As a complex
nonlinear system, it is hard to realize stable control for
the quadrotor system in a complex environment.
The dynamic model errors, measurement errors and
disturbances are the key factors affecting the control
performance, and the UAV often is equipped with limited
sensing devices. Conventional approaches to UAV’s control
have been proposed based on linear controller design. These
control approaches include Proportional Integral Derivative
(PID) controllers [1,2], Proportional Derivative controllers
(PD) [3], Linear Quadratic Regulator (LQR) controllers [4,5]
and robust 𝐻𝐻∞ controllers, requiring model linearization
about a set of equilibrium conditions [6]. Based on the selforganizing capability, intelligent neural network control can
cope with system disturbances effectively [7, 8]. Ge [9] used
a neural network to ensure that both the altitude and the yaw
angle of a UAV system can track the given reference signals
to a small neighborhood of zero. Combined with an adaptive
observer, Hana [10] used a neural network to improve system
stability of a quadrotor helicopter. However, intelligent
neural network control methods need significant sample data

and training time. Only with enough sampling data and time,
the weight matrix of the offline neural network be optimized
effectively. With the diversity of the working environment,
it is hard to sample enough data for the quadrotor system to
train the neural network offline due to the cost and time. To
decrease cost and time, Lei [11] used an adaptive neural
network to estimate and compensate for system disturbances
combined with feedback control. The initialization error of
the adaptive neural network from estimated weights may
affect the transient response and steady-state error of the
control system, which may degrade the performance of
system or even compromise the safety of users. Therefore, it
can be proposed as a system to estimate disturbances of
the quadrotor. Existing altitude control methods focus on
setpoint or tracking control, where the position errors are
used to drive the quadrotor to reach the desired position. Li
and Cheah [12] used the unified bound on robot manipulators
as the objective of robot tasks. The unified bound is a general
objective function for various robotic manipulation tasks.
When the bound is specified arbitrarily small, it reduces to
the conventional setpoint control. When the bound is
specified as the performance bound, the transient and steadystate response of the closed-loop system can be guaranteed.
It can also be specified as a general dynamic region that can
be scaled or rotated to provide flexibility for the specification
of robot tasks. Thus, the proposed method also includes a
new adaptive neural network control scheme with dynamic
region. In this paper a new altitude control method for the
quadrotor using adaptive neural network control and unified
bound is proposed. When the unified bound is specified as a
performance bound, the transient response of the estimated
disturbance can be guaranteed. The quadrotor is managed to
hover within the bound. The convergence to the unified
bound is proved using Lyapunov-like analysis. Some
numerical simulation results are provided to demonstrate the
effectiveness of the proposed control.
2.

KINEMATIC AND DYNAMIC MODEL

2.1. Kinematic and Dynamic Model
The relationship between inertial/earth and body-fixed
vehicle velocity can be described by using the mathematical
model of translational motion and the rotation matrix in the
following form [13-17]
𝜂𝜂̇
𝐽𝐽 (𝜂𝜂 )
[ 1] = [ 1 1
𝜂𝜂̇ 2
03×3

03×3
] ⇔ 𝜂𝜂̇ = 𝐽𝐽(𝜂𝜂2 )𝑣𝑣
𝐽𝐽2 (𝜂𝜂2 )

(1)

Note that the quadrotor is an under-actuated vehicle,
however, in this paper focus is on altitude control of an UAV.
Hence, x-axis and y-axis position control is neglected in this
paper.The dynamics of the quadrotor is described as [13-14].
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where 𝑀𝑀 and 𝐶𝐶𝐶𝐶𝐶𝐶 represent the inertia matrix and the
Coriolis and centripetal forces matrix of the system and 𝐺𝐺(𝜂𝜂)
is the restoring force and 𝐷𝐷 is the estimated disturbances. The
vector 𝜏𝜏 is the rotor forces and torques.
2.2. Radial Basis Neural Network

In this paper, a radial basis function (RBF) network is used
to approximate the uncertainties in disturbances and the
weights of the neural network are adjusted online without a
previous learning phase. The structure of a RBF neural
network is shown in Fig 1. In the RBF neural network
𝒑𝒑 𝒑 𝒑𝒑𝒑1…… 𝑝𝑝𝑛𝑛𝑝𝑝 ]𝑇𝑇 ∈ ℝ𝑛𝑛𝑝𝑝 is the input of the network and
𝒉𝒉𝒉𝒉𝒉𝒉 is the output, and 𝜽𝜽 𝜽𝜽𝜽𝜽1 , … . . , 𝜽𝜽𝑛𝑛𝑎𝑎 ]𝑇𝑇 ∈ ℝ𝑛𝑛𝑎𝑎 is the
activation function, where 𝜽𝜽 𝜽𝜽𝜽𝜽𝜽𝜽𝜽 𝜽𝜽𝑎𝑎 ]𝑇𝑇 ∈ ℝ𝑛𝑛𝑎𝑎 are
specified as [18]
𝜃𝜃 = 𝑒𝑒

−||𝑝𝑝 − 𝜇𝜇𝑖𝑖 ||
𝜎𝜎𝑖𝑖2

(3)

Where 𝜇𝜇𝑖𝑖 =[ 𝜇𝜇𝑖𝑖𝑖 , … , 𝜇𝜇𝑖𝑖𝑖𝑖𝑝𝑝 ]𝑇𝑇 ∈ ℝ𝑛𝑛𝑝𝑝 is called the center and
𝜎𝜎 𝜎𝜎𝜎𝜎𝜎1 , … , 𝜎𝜎𝑛𝑛𝑎𝑎 ]𝑇𝑇 ∈ ℝ𝑛𝑛𝑎𝑎 is called distance and 𝜎𝜎𝑖𝑖 > 0.

Fig. 1. Radial Basis Function Neural Network
2.3. Unified Bound
In this paper, the objective of the quadrotor is specified as
a unified bound [12] instead of set point or trajectory to suit
different applications of quadrotor tasks.
2.3.1.Dynamic Region
First, a dynamic region of specific shape is defined and this
can be viewed as global objective of the proposed control
law. The dynamic region is described by the following
inequality functions:
𝐹𝐹(∆𝜂𝜂 𝑇𝑇 ) ≤ 0

(4)

where ∆𝜂𝜂 𝑇𝑇 = 𝑇𝑇̅ (𝜂𝜂 𝜂 𝜂𝜂𝑓𝑓𝑓 ) ∈ ℝ𝑛𝑛 represents the position error
with respect to the reference point and 𝑇𝑇̅ is the transformation
matrix. The transformation matrix 𝑇𝑇̅ can be specified as a
scaling matrix or according to specific motion of
the quadrotor. For example, 𝑇𝑇̅ can be specified as a scaling
matrix in an 𝑖𝑖-dimensional space.

1

⋯

𝑆𝑆1

𝑇𝑇̅ = 𝑆𝑆 = [ ⋮
0

0

(5)

⋮]

⋱
⋯

1

𝑆𝑆𝑖𝑖

where 𝑆𝑆𝑖𝑖 (𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 𝑡𝑡 are positive scaling factors.
Hence, we have
∆𝜂𝜂 𝑇𝑇 = 𝑇𝑇̅ [𝜂𝜂𝑖𝑖 − 𝜂𝜂𝑓𝑓𝑛𝑛 ]=[

𝜂𝜂𝑖𝑖 −𝜂𝜂𝑓𝑓
𝑆𝑆𝑖𝑖

𝑖𝑖

(6)

]

Various dynamics region such as sphere, cube, cylinder and
so on can be formed by choosing appropriate functions and
using the scaling matrix in (6). For instance, when the desired
region is specified as a cube in 𝑖𝑖-dimensional space, the
inequality function in (5) can be specified as
𝐹𝐹𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 ) =

(𝜂𝜂𝑖𝑖 − 𝜂𝜂𝑓𝑓𝑖𝑖 )2
−1≤0
(𝑆𝑆𝑖𝑖 𝑏𝑏𝑖𝑖 )2

(7)

where 𝑏𝑏𝑖𝑖 =(𝑖𝑖 𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 are the individual regional
bounds for each axis.
2.3.2. Performance Bound
To guarantee the transient response and steady-state error the
unified bound can be formulated as a performance bound to
cover the disturbances within the bound. When the unified
bound is specified as a performance bound, the function
𝐹𝐹𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 ) denotes the bound in the 𝑖𝑖 𝑡𝑡𝑡 axis. Since the
performance bound shrinks to a bound around the reference
position 𝜂𝜂𝑓𝑓 , the tracking error ∆𝜂𝜂 reduces correspondingly.
For that reason, the variation of the tracking error is
dependent on the variation of the performance bound, and 𝑇𝑇̅
is the specific form of the function 𝐹𝐹𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 ) which
determines the different transient performance of the
closed-loop system. For instance, when the transient
performance with allowable maximum overshoot, as shown
in [12] is required, the region function 𝐹𝐹𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 ) can be
specified as
𝐹𝐹𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 ) =

where

𝑏𝑏𝑖𝑖 {

∆𝜂𝜂 𝑇𝑇 𝑖𝑖 2
𝑏𝑏𝑖𝑖 2

𝑏𝑏𝑐𝑐𝑐𝑐 ,
−𝑀𝑀𝑝𝑝 𝑏𝑏𝑐𝑐𝑐𝑐 ,

(8)

−1≤0

𝜂𝜂𝑖𝑖 ≥ 𝜂𝜂𝑓𝑓𝑖𝑖
𝜂𝜂𝑖𝑖 ≤ 𝜂𝜂𝑓𝑓𝑖𝑖

(9)

and 0 ≤ 𝑀𝑀𝑝𝑝 ≤ 1 is the allowable overshoot, 𝑏𝑏𝑖𝑖 denotes the
position of boundaries, and 𝑏𝑏𝑐𝑐𝑐𝑐 are the constants. The
transformation matrix 𝑇𝑇̅ is specified as a 𝑚𝑚𝑚 𝑚 𝑚𝑚 matrix as
𝑇𝑇̅ =

1

𝑒𝑒𝑒𝑒𝑒𝑒
𝑡𝑡
+ 𝑒𝑒 −𝑙𝑙𝑐𝑐
𝑀𝑀𝑝𝑝 𝑏𝑏𝑐𝑐1

[

⋮
0

⋯
⋱
⋯

0
⋮

1

𝑒𝑒𝑒𝑒𝑒𝑒
𝑡𝑡
+ 𝑒𝑒 −𝑙𝑙𝑐𝑐
𝑀𝑀𝑝𝑝 𝑏𝑏𝑐𝑐𝑐𝑐

(10)
]

where 𝑙𝑙𝑐𝑐 represents the convergence speed of bounds and 𝑒𝑒𝑒𝑒𝑒𝑒
represents the steady-state or disturbances. From (9) and
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(10), the initial upper bound is obtained as 𝑏𝑏𝑚𝑚𝑚𝑚𝑚𝑚 = 𝑏𝑏𝑐𝑐𝑐𝑐 +

𝑒𝑒𝑠𝑠𝑠𝑠

𝑀𝑀𝑝𝑝

and the initial lower bound is obtained as 𝑏𝑏𝑚𝑚𝑚𝑚𝑚𝑚 = −𝑀𝑀𝑝𝑝 𝑏𝑏𝑐𝑐𝑐𝑐 −
𝑒𝑒𝑠𝑠𝑠𝑠 .
Remark 1: The prescribed performance is defined
specifically to guarantee the estimated disturbances of the
adaptive neural network control system, while the dynamic
region is more general and flexible. It can be rotated, scaled
up and down to ensure accuracy and allow task flexibility. It
can also be specified as the conventional setpoint to suit
different quadrotor tasks. If the dynamic region is specified
to enclose the initial error position, the quadrotor can be
controlled to hover and stay within the region.
2.3.3. Potential Energy
The potential energy function for unified bound is proposed
as
𝑀𝑀

That is

𝑃𝑃(∆𝜂𝜂 𝑇𝑇 ) = ∑
𝑖𝑖=1

𝑘𝑘𝑖𝑖
[max( 0, 𝐹𝐹(∆𝜂𝜂 𝑇𝑇 )) ]2
2

0,
𝑃𝑃𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 ) = { 𝑘𝑘𝑖𝑖
[𝐹𝐹 (∆𝜂𝜂 𝑇𝑇 )]2 ,
2 𝑖𝑖

𝐹𝐹(∆𝜂𝜂) ≤ 0

𝐹𝐹(∆𝜂𝜂) > 0

(

𝑀𝑀

𝜕𝜕𝜕𝜕𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 )
) = ∑ 𝑘𝑘𝑖𝑖 max(0, 𝐹𝐹𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 ))
𝜕𝜕∆𝜂𝜂 𝑇𝑇

(13)

When the quadrotor enters the bound, 𝐹𝐹𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 ) < 0, and the
gradient automatically converges to zero. It is intuitive that
reaching for bounds instead of setpoint or trajectory would
allow more flexibility in robot tasks. The potential energy
𝑃𝑃𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 ) remains zero if the quadrotor starts from an initial
position within the bound and stays inside the bound, where
𝐹𝐹𝑖𝑖 (∆𝜂𝜂 𝑇𝑇 ) < 0. Relatively, the potential energy using the
conventional position error ∆𝜂𝜂 is nonzero until the quadrotor
reaches the reference position 𝜂𝜂𝑓𝑓 . When the unified bound is
specified as a performance bound, the potential energy
should be specified with an arbitrarily large gradient to keep
the position error within the performance bound, but it may
cause oscillation of the quadrotor movement when the
position of the quadrotor is very near the boundary of the
performance bound. To alleviate the problem, another
potential energy function with a smaller reference bound is
defined in [12]. Now, let (14) be represented as a unified
error in the following form
𝑇𝑇

𝜕𝜕𝜕𝜕𝑜𝑜𝑜𝑜 (∆𝜂𝜂 𝑇𝑇 )
) ≜ ∆𝜀𝜀
𝜕𝜕∆𝜂𝜂 𝑇𝑇

(14)

ADAPTIVE NEURAL NETWORK CONTROL

In this section, we propose a new adaptive neural network
controller. The desired objective is specified as a unified
bound to provide flexibility for the quadrotor. When the
bound is specified arbitrarily small, the control objective
reduces to a setpoint. When the unified bound is specified as
a performance bound, the disturbances of the quadrotor
system is guaranteed.
𝜏𝜏 = 𝜏𝜏𝑟𝑟𝑟𝑟𝑟𝑟 − 𝜏𝜏𝑒𝑒𝑒𝑒

(15)

𝜏𝜏𝑒𝑒𝑒𝑒 = 𝐾𝐾𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠) + 𝐾𝐾𝑠𝑠 𝑠𝑠 + 𝐽𝐽𝑇𝑇 (𝜂𝜂)𝑇𝑇̅ 𝑇𝑇 ∆𝜀𝜀 + 𝐾𝐾𝑠𝑠 𝑠𝑠

(16)

𝑠𝑠 = 𝜂𝜂̇ − 𝜂𝜂̇ 𝑟𝑟

(17)

𝜏𝜏𝑟𝑟𝑟𝑟𝑟𝑟 = 𝑤𝑤
̂𝑧𝑧 ℎ𝑧𝑧 (𝑧𝑧, 𝑧𝑧̇ ) + 𝐸𝐸𝑧𝑧

(18)

𝑤𝑤
̂̇𝑧𝑧 = −𝛾𝛾 −1 [𝐸𝐸]𝑇𝑇 𝑃𝑃𝑏𝑏ℎ(𝑧𝑧)

(19)

where, 𝜏𝜏𝑟𝑟𝑟𝑟𝑟𝑟 is the adaptive control neural network law and
𝜏𝜏𝑒𝑒𝑒𝑒 is equivalent control law. 𝜏𝜏𝑒𝑒𝑒𝑒 is designed as the robust
term and unified bound. For this system 𝜏𝜏𝑒𝑒𝑒𝑒 was proposed
as

(12)

𝑖𝑖=1

(

3.

(11)

where 𝑘𝑘𝑖𝑖 is the positive constant. Note that the previous
energy function is lower bounded by zero. Partial
differentiating of the potential energy function (11) with
respect to ∆𝜂𝜂 𝑇𝑇 results in
𝑇𝑇

where 𝑃𝑃𝑜𝑜𝑜𝑜 is overall potential energy. When the unified
bound is not specified as a performance bound, ∆𝜀𝜀 smoothly
transits from nonzero to zero after the quadrotor enters the
bound. When the unified bound is specified as a performance
bound, ∆𝜀𝜀 becomes arbitrarily large if the quadrotor is
outside the performance bound. The parameters of the region
error are selected according to the specific bound, as shown
in [16].

where 𝒔𝒔 is sliding vector, which is introduced as

where 𝜂𝜂𝜂𝑟𝑟 = 𝐽𝐽−1 ( 𝜂𝜂𝜂𝑑𝑑 − ∆𝜂𝜂𝜂) − 𝛼𝛼𝛼𝛼𝛼−1 (𝜂𝜂)∆𝜀𝜀𝜀 𝐾𝐾𝑠𝑠 and 𝐾𝐾𝑟𝑟 are the
positive constants, and 𝑠𝑠𝑔𝑔𝑔𝑔 represents the sign function. 𝜏𝜏𝑟𝑟𝑟𝑟𝑟𝑟
is specified as the disturbance due to approximation error of
weights of the adaptive neural network in the following
equation

ℎ(𝑧𝑧𝑧 is the vector activation function, and 𝑤𝑤
𝑤𝑧𝑧 is the estimated
weight matrix of a radial basis neural network that will
update the control input of the quadrotor. The estimated
weight matrix 𝑤𝑤
𝑤𝑧𝑧 is updated by the following update law:
𝑏𝑏 =[0; 1] , 𝛾𝛾 is the positive constant, [𝐸𝐸𝐸𝑇𝑇 =[𝑧𝑧𝑧 𝑧𝑧𝑧𝑧, and 𝑃𝑃 is
the positive symmetric matrix and update function.
Substituting the control law into the quadrotor dynamics (2),
the closed-loop equation is obtained as
𝑀𝑀(𝜂𝜂)𝑠𝑠̇ + 𝐶𝐶(𝜂𝜂̇ )𝑠𝑠 − ∆𝑤𝑤𝑧𝑧 ℎ𝑧𝑧 (𝑧𝑧, 𝑧𝑧̇) − 𝐸𝐸𝑧𝑧 +
𝐾𝐾𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠) + 𝐾𝐾𝑠𝑠 𝑠𝑠 + 𝐽𝐽𝑇𝑇 (𝜂𝜂)𝑇𝑇̅ 𝑇𝑇 ∆𝜀𝜀 + 𝐾𝐾𝑠𝑠 𝑠𝑠 = 0

(20)

represents
the
𝑤𝑧𝑧
and ∆𝑤𝑤𝑧𝑧 (0)
where ∆𝑤𝑤𝑧𝑧 = 𝑤𝑤𝑧𝑧 − 𝑤𝑤
initialization weight error of the neural network at 𝑡𝑡 𝑡𝑡. The
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(a)

(b)

Fig.2. Region reaching control. (a) Transient response with performance bound in (2 ). (b). Input force with performance
bound
initial estimates of the weights 𝑤𝑤
𝑤𝑧𝑧 (0) are set as zero when
𝑡𝑡 𝑡 𝑡. To prove the stability of the quadrotor system, a
Lyapunov-like candidate is defined as
𝑉𝑉 =

1 𝑇𝑇
𝑠𝑠 𝑀𝑀(𝜂𝜂)𝑠𝑠 + 𝑃𝑃𝑜𝑜𝑜𝑜 (∆𝜂𝜂 𝑇𝑇 )
2
𝑛𝑛
1
+ ∑ ∆ 𝑤𝑤𝑧𝑧𝑇𝑇 . ∆𝑤𝑤𝑧𝑧
2

(21)

𝑖𝑖=1

Next differentiating 𝑉𝑉 with respect to time, we have
𝑉𝑉̇ = 𝑠𝑠 𝑇𝑇 𝑀𝑀(𝜂𝜂)𝑠𝑠̇ + (𝑇𝑇̅̇∆𝜂𝜂 + 𝑇𝑇̅ ∆𝜂𝜂̇ )𝑇𝑇 ∆𝜀𝜀
𝑛𝑛
1
− ∑ 𝑤𝑤
̂̇ ∆𝑤𝑤𝑧𝑧𝑇𝑇
2

(22)

𝑖𝑖=1

Substituting the close-loop (2), sliding vector in (17) and the
update law in (19) into (22) and using the properties of robot
dynamics, we have
𝑉𝑉̇ = 𝑠𝑠 𝑇𝑇 {−𝐾𝐾𝑠𝑠 𝑠𝑠 − 𝐽𝐽𝑇𝑇 (𝜂𝜂)𝑇𝑇̅ 𝑇𝑇 ∆𝜀𝜀 − 𝐾𝐾𝑟𝑟 𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠)
+ ∆𝑤𝑤𝑧𝑧 ℎ𝑧𝑧 (𝑧𝑧, 𝑧𝑧̇ )
+ 𝐸𝐸𝑧𝑧 } + (𝑇𝑇̅̇ ∆𝜂𝜂 + 𝑇𝑇̅∆𝜂𝜂̇ )𝑇𝑇 ∆𝜀𝜀
𝑛𝑛

− ∑ 𝑤𝑤
̂̇ ∆ 𝑤𝑤𝑧𝑧𝑇𝑇

= −𝑠𝑠 𝑇𝑇 𝐾𝐾𝑠𝑠 𝑠𝑠 + 𝑠𝑠 𝑇𝑇 𝐸𝐸𝑧𝑧 − 𝐾𝐾𝑟𝑟 𝑠𝑠 𝑇𝑇 𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠)
− 𝛼𝛼∆𝜀𝜀 𝑇𝑇 ∆𝜀𝜀

4.

Note that 𝑠𝑠 𝑇𝑇 𝐸𝐸𝑧𝑧 − 𝐾𝐾𝑟𝑟 𝑠𝑠 𝑇𝑇 𝑠𝑠𝑠𝑠𝑠𝑠(𝑠𝑠) = −(𝐾𝐾𝑟𝑟 − 𝑏𝑏𝑑𝑑 )||𝑠𝑠|| where 𝑏𝑏𝑑𝑑
denotes the upper bound of 𝐸𝐸𝑧𝑧 . Therefore, if the quadrotor
parameter 𝐾𝐾𝑟𝑟 is set such that
It is obtained that

(24)

(25)

Since the error 𝐸𝐸𝑧𝑧 for the ideal weight 𝑊𝑊𝑧𝑧 can be reduced by
choosing sufficient neurons [19], 𝐾𝐾𝑟𝑟 is chosen sufficiently
large to compensate the errors of the neural network. We
now state the following theorem.
Theorem I: When the proposed control scheme for altitude
control of the UAV and the update law in (19) and (14) are
applied to the quadrotor, the closed-loop system is stable and
gives rise to the convergence of unified bound. If 𝐾𝐾𝑟𝑟 is
chosen sufficiently large such that condition (24) is satisfied.
Proof : if condition (24) is satisfied 𝑉𝑉 𝑉𝑉 and 𝑉𝑉𝑉̇ ≤ 0.
Therefore, 𝑉𝑉 is bounded, 𝑠𝑠, 𝑃𝑃𝑜𝑜𝑜𝑜 (∆𝜂𝜂 𝑇𝑇 ), and ∆𝑊𝑊𝑧𝑧 are all
bounded. Since 𝑠𝑠, ∆𝜂𝜂, and ∆𝑊𝑊𝑧𝑧 are all bounded the
close-loop system is stable.
Remark 2 : the proposed controller is different from the
setpoint control, and the controller requires specific positions
of desired points, and hence each desired point has to be
determined exactly. In this paper, the quadrotor is controlled
to hover within a unified bound, and the position of
the quadrotor converges at any point inside the bound and
not necessarily the reference point.

(23)

𝑖𝑖=1

𝐾𝐾𝑟𝑟 > 𝑏𝑏𝑑𝑑

𝑉𝑉̇ ≤ −𝑠𝑠 𝑇𝑇 𝐾𝐾𝑠𝑠 𝑠𝑠 − 𝛼𝛼∆𝜀𝜀 𝑇𝑇 ∆𝜀𝜀 ≤ 0

SIMULATION RESULTS

In this section, simulations are performed to show the
effectiveness of the proposed controller. The comparison
between the proposed controller and standard setpoint
method is also performed to show the comparison of the
energy accumulation. The quadrotor is required to hover at a
height of 4 meters from the ground.
4.1. Performance Bound
In the first experiment, the unified bound was specified as
a performance bound with overshoot. First, a performance
with overshoot and steady-state in (8) was specified as
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where

𝐹𝐹(∆𝜂𝜂 𝑇𝑇 ) =
0.1m
𝑏𝑏𝑑𝑑 {
0.02m

∆𝜂𝜂 2𝑇𝑇
−1≤0
𝑏𝑏𝑑𝑑2
𝜂𝜂𝑖𝑖 ≥ 𝜂𝜂𝑓𝑓𝑖𝑖
𝜂𝜂𝑖𝑖 ≤ 𝜂𝜂𝑓𝑓𝑖𝑖

5.

(26)

(27)

and 𝑇𝑇̅ = 1⁄0.5 + 𝑒𝑒 −0.4𝑡𝑡 . When the performance bound in
(21) was set as 𝑘𝑘𝑜𝑜𝑜𝑜 = 130, 𝐾𝐾𝑟𝑟 = 0, and 𝐾𝐾𝑆𝑆 = 1, the input of
neural network was specified as: 𝑤𝑤 =[𝑧𝑧𝑧 𝑧𝑧𝑧 𝑧𝑇𝑇 ∈ ℝ2 . Five
neurons were used in the neural network, and the center and
the width of activation functions were set as 𝜎𝜎 𝜎𝜎𝜎20
and 𝜇𝜇 𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇𝜇50, 0, 0.5, 1.5, 2, 3] where 𝛾𝛾 𝛾
2000 and the weights of the neural network were initialized
as 𝑤𝑤
𝑤̇𝑧𝑧 (0) = 0. For the performance bound in (27), the
reference region was specified as 𝐹𝐹𝑟𝑟 (∆𝜂𝜂 𝑇𝑇 ) = ∆𝜂𝜂 2𝑇𝑇 ⁄𝑏𝑏𝑟𝑟2 −
1 ≤ 0, 𝑏𝑏𝑟𝑟 = 0.015 m if 𝜂𝜂𝑖𝑖 ≥ 𝜂𝜂𝑓𝑓𝑖𝑖 else 𝑏𝑏𝑟𝑟 = 0.08 m 𝜂𝜂𝑖𝑖 ≤ 𝜂𝜂𝑓𝑓𝑖𝑖 .
The force of the quadrotor and tracking errors are shown in
Fig. 2. In the simulations, there is a small transient response
and overshoot, but is still within the bound.

CONCLUSION

In this paper, altitude control of a quadrotor using an
adaptive neural network controller and unified bound has
been proposed for the quadrotor. The proposed adaptive
neural network estimates the disturbances from
approximation error of weights that caused the transient
response and steady-state errors. The proposed unified
bound is a generalization of setpoint and performance
bounds, and it can be specified as the dynamic region to suit
different requirements of the quadrotor motion. The stability
of the closed-loop system is analyzed using Lyapunov-like
analysis, and simulation results are presented to illustrate the
performance of the proposed approach and verify the energysaving of the proposed neural network controller with the
dynamic region.
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PERIPHYTIC ALGAE AS BIOLOGICAL INDICATORS OF WATER
QUALITY IN DRAINED TROPICAL PEATLANDS IN MALAYSIA
Nhat Huynh

destruction throughout illegal logging, drainage and massive
conversion to agricultural land.

ABSTRACT
Rapid development of oil palm cultivation in Southeast
Asia has led to environmental concerns about
deforestation and greenhouse gas emissions as well as loss
of biodiversity and natural ecosystems. Locally, the
development of oil palm areas planted on peatland
associated with formation of drainage systems leads to
several consequences, especially in terms of water quality.
However, there is a lack of information about water
quality in these plantations and its relationship with
aquatic organisms. The purpose of this study was to access
the growth responses of periphyton (benthic algae) to
variation in water quality in an oil palm plantation,
located near Kuala Lumpur International Airport,
Malaysia in order to provide insight of algae functioning
potential as biological indicators of water quality, thus
providing science-based information for developing water
management policies.
Key words – oil palm plantation, bioindicator, periphyton,
water quality, management
INTRODUCTION
Tropical peatland is an unique ecosystem which is
characterized by acidic, anaerobic, and poor nutrient
conditions. Distributed in parts of Africa and northeastern
South America but most extensive in Southeast Asia, these
habitats are the provider of various benefits to the
environment and to the human society. In particular, tropical
peatlands play an essential role in the global carbon cycle as
they have a great ability to sequester carbon [1]. In addition,
they are also rich in biological diversity and various
ecological services, such as supporting, provisioning and
regulating [2]. Despite the multiple benefits provided by
tropical peat swamp forest, they are threatened by increasing

Indeed, rapid expansion of oil palm (Elaeis guineensis)
plantation in Southeast Asia tropical peatlands has recently
led to environmental concerns about deforestation and
greenhouse gas emissions as well as its impacts on
biodiversity and natural ecosystems [3]. Locally, the
development of oil palm areas planted on peatland is
associated with formation of drainage systems which can
lead to several consequences, especially issues regarding to
water quality [4]. However, there is a lack of information
about water quality in these plantations and its connection
with aquatic organisms and surrounding evironmenent.
Furthermore, in most of oil palm plantations in Malaysia, the
management of water quality is very limited.
The focus of this study is periphyton or benthic algae living
in drainage of an oil palm plantation which is located near
Kuala Lumpur International Airport, Malaysia. Algae have
long been used as biological indicators of water quality and
water pollution in addition to chemical and physical
measurements [5]. Scientists take advantages on algae as
primary producers in aquatic food chains and its ability of
rapid reproduction and sensitivity to many environmental
changes [6]. In the present study, the objectives were to
access the growth and species responses of different species
of periphyton to variation in water quality in the drainage of
the oil palm plantation and to provide insight of algae
functioning potential as biological indicators of water
quality, thus providing science-based information for
developing sustainable management of water resource for
benefits of environment and growers as well as local
communities.
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MATERIALS AND METHODS
Study area location
This study was conducted in an oil palm plantation on peat
located 6 – 7 km away from the Kuala Lumpur International
Airport (KLIA) in southern part of Selangor state, Malaysia.
The plantation is at an altitude of 16.3 m, with the
geographical coordinates of 2o44’ N and 101o42’ E. The
samples were collected from four different sampling sites,
namely 2010 Main Drain (MD), 2000A Main Drain, 2006
Main Drain and the Clear Felled. These sites are named
according to the years when the area were planted and they
vary in length, water depth, water quality, characteristics and
canopy.
Collection of sample and analysis
Relationship between water quality and algal growth was
evaluated in long-term period, which is divided into 2 main
periods: dry and wet seasons according to the rainfall data.
Water samples were collected every two months from
August 2014 to March 2015. For analysis of dissolved
organic carbon (DOC), collected water samples were kept
in the icebox and transported to the laboratory where the
water samples were filtered using Vacuum filtration system.
Measurement of DOC was performed using spectrolyser. Insitu data for water temperature, pH, conductivity, dissolved
oxygen (DO) were obtained using multi-parameter water
quality metrical equipment (YSI professional plus) while
turbidity levels were determined with a help of Hach
portable turbidity meter.
Algal samples were also collected for analysis of species
composition, biomass and chlorophyll a content. Chlorophyll
a concentration was estimated following the methods
described by Wetzel and Linkens [5]. Algal species were
identified using microscope Leica DMI 3000B. All water
quality and algal data were obtained and analysed by the
statistical software package (SPSS 20.0).
RESULTS
Rainfall varied from 0.04 mm/m2 to 12.25 mm/m2 with the
highest value in November 2014 (wet season) and the lowest
in February 2014 (dry season) (Fig. 1). Rainfall data were
collected in every month of the year by Airport forecasting
department. During sampling period, seasonal variation was
observed from dry season (from June to August 2014),
followed by wet season (from September to December
2014) and dry season again (from January to March 2015).

Figure 1. Seasonal variation of mean rainfall in Selangor
during January 2015 – March 2015.
Water parameter
Mean values for the physico-chemical variables at each site
are shown in table 1. The mean pH values recorded from 4
sampling sites varied from 3.35 to 3.78. Temperature
reported maximum in the Clear Felled (30.9oC) and the
minimum recorded in the site of 2006 (26.9 oC). The highest
conductivity was found in the Clear Felled (456.1 mS/cm)
and the lowest in the site of 2010 MD (363.6 mS/cm).
Interestingly, the sites of 2000A MD and 2006 MD observed
very low DO concentration in average with 1.35 mg/L and
1.77 mg/L, respectively while DO concentration measured at
the Clear Felled site was highest (8.26 mg/L). Similarly, the
sites of 2000A MD and 2006 MD also showed low turbidity
values with 16.71 NTU and 21.95 NTU, respectively and the
highest turbidity value was measured at the 2010 MD. In
contrast to DO concentration, DOC values showed maximum
in the 2006 MD (109.4 mg/L), followed by the 2000A MD
site (65.9 mg/L) and the lowest was found in the Clear
Felled (24.32 mg/L).
Biofilm biomass
As shown in figure 2, mean biofilm biomass were found to
be highest at the Clear Felled site with 6847.03 mg/m2,
followed by 2000A MD and 2010 MD with 5950.96 mg/m2
and 3806.02 mg/m2, respectively. The lowest was 1993.8
mg/m2 at 2006 MD. ANOVA results showed that the average
biomass at 2006 MD was significantly lower compared to
the biomass collected from the Clear Felled (ANOVA, p =
0.010) and 2000A MD (ANOVA, p = 0.002). The trend of
biofilm biomass was revealed in figure 3 in which the
biomass values varied in term of temporal and spatial
context. The sites of 2000A MD and Clear Felled showed
the increase in biomass in general while 2010 MD and 2006
MD sites observed a decrease in biomass during the
sampling period. The graph also showed obvious variation
in biofilm biomass in the wet season (October) in which the
biomass varied from 809 mg/m2 in 2006 MD site to 9440
mg/m2 in 2000A MD.
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Table 1: The mean value of physico-chemical water parameter for different study sites in oil palm plantation, Malaysia
Study sites

pH

2010 MD
2000A MD
Clear Felled
2006 MD

3.71±0.27
3.45±0.06
3.78±0.4
3.35±0.12

Temperature
(oC)
28.5±0.5
28.1±1.0
30.9±2.2
26.9±0.9

Conductivity
(mS/cm)
363.6±85.2
418.4±83.8
456.1±98.9
378.3±40.5

DO
(mg/L)
4.18±1.52
1.35±0.49
8.26±4.55
1.77±0.57

Turbidity
(NTU)
57.03±30.54
16.71±7.72
45.12±18.5
21.95±5.62

DOC
(mg/L)
58.2±20.1
65.9±31.1
24.32±11.6
109.4±26.9

Figure 2. Mean biofilm biomass (mg/m2 of substratum) from
substrata at different drainages in oil palm plantation.
Significant difference shown by ANOVA, p = 0.010, n= 30.

Figure 3 Mean biofilm biomass (mg/m2 of substratum) from
substrata at different drainages of the oil palm platation
during sampling period from August 2014 to March 2015.

Figure 4 Mean chlorophyll a concentration (mg/m2 of
substratum) from substrata at different drainages in oil palm
plantation. Significant difference shown by ANOVA, p =
0.038, n = 30.

Figure 3 Mean chlorophyll a concentration (mg/m2 of
substratum) from substrata at different drainages of the oil
palm plantation during sampling period from August 2014 to
March 2015.
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Chlorophyll a analysis
Periphyton biomass measured as Chl a varied from site to
site during the sampling period, ranging from 1.03 mg/m2 to
2.60 mg/m2 at all sites (Fig. 2). Different from total biomass,
the highest algal chlorophyll were found at 2000A MD,
followed by the Clear Felled, 2006 MD and lastly 2010 MD.
There was a significant difference between the highest and
the lowest in average chlorophyll concentration (ANOVA, p
= 0.023). The trend of algal chlorophyll content as shown in
figure 5 showed that there was an increase in number of
algae at all sites but 2006 MD site. This growth of algal
chlorophyll was in response to seasonal variation from dry
season to wet season as chlorophyll content increased
slightly from August to October and December before it
dropped in dry season in the beginning of 2015 (March).
Interestingly, the 2000A MD site showed a surge of
chlorophyll content in December when it hit the peak at 7.38
mg/m2.
Species composition
The microscopic observation revealed a few number of algal
species in the collected samples. The observation also
showed the dominance of diatoms, such as Navicula spp.,
Pinnularia spp., Nitzchia spp. and Eunotia spp., in the
drainage of the oil palm plantation. A few of green algae,
such as Closterium sp., Cosmarium sp. or Flagilaria
sp.,were also found in the samples. Information on
occurrence and distribution of benthic algae in the oil palm
plantation was collected, indicating that most found algal
species are available in the site of 2000A MD, followed by
2010 MD site and the Clear Felled. The lowest number of
algal species was found in 2006 MD site. In addition, data
also showed seasonal variation of algal species composition
as number of species were found decreased throughout the
wet season.
DISCUSSION

plantation also affected water quality; for example, the
levels of dissolved oxygen found to be lower at matured
planted areas (2000A and 2006) than younger areas (2010
and Clear Felled) while vice versa for concentrations of
dissolved organic carbon.
Biofilm biomass and chlorophyll a analysis
It was likely that these changes in water chemistry somehow
affected growth of periphyton and biofilm although there
were no correlations between biomass or chlorophyll and
water quality detected. However, chlorophyll a levels in this
study were slightly higher than previous papers reported
from North Selangor peat swamp forest [8], indicating that
eutrophition might have occured in the drainage of the oil
palm plantation. Simultaneously, extremely acidic conditions
(pH < 4) in peat-based plantation might also suppress algae
to grow, resulting in lower biomass and chlorophyll a [8].
Species composition
In the present investigation, a few number of algal species
found in the drainage of the oil palm plantation indicated the
extreme condition of the ecosystem. Low pH, low amount of
DO and high DOC concentration reduced the benthic algal
population. The domination of diatoms, observed frequently
when there are low number of cyanobacteria and green
algae, is an indicator of eutrophication in association with
extreme environmental condition, which provide nutrients,
especially silica, for diatoms to form their shells and grow.
The higher diversity of diatoms in the dry months and lower
diversity and abundance in the rainy months could be
attributed to a higher current velocity, which can wash away
algal biofilm, or higher dilution level, which results in
reduced amount of nutrients available for algae in the
drainage. Because each sampling site is separated from each
other, different variation in algal diversity and abundance
have been observed.
CONCLUSION

This study is one of the first to examine the effects of water
quality on periphyton from a peatland converted to oil palm
plantation.
Water quality
Changes in water quality were shown as compared with
intact peatland such as Raja Musa Forest Reserve in which
turbidity and conductivity were much higher due to enhanced
sediment production through activities such as tilling and
road use, and use of pesticides, herbicides and fertilizers
around the drainages [7]. In addition, different ages of

In conclusion, this study have successfully provided the first
insight of algal growth in response to changes in water
quality in an oil palm plantation in Malaysia. Further work is
required to study the potential of algae as bio-indicators of
water quality on a broader array of drained streams, and to
develop water management practices and monitoring
strategies.
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IMPACTS OF CLIMATE CHANGE AND URBANIZATION
ON URBAN DRAINAGE SYSTEMS: A REVIEW
Vuthy EM, Masafumi Goto, Megat Johari bin Megat Mohd Noor

ABSTRACT
Nowadays, in urban areas, especially in modern cities,
modern drainage systems are used to manage storm water
and wastewater by collecting and directing it to the outlet
or to wastewater treatment plant in order to avoid flooding
and water pollution. Understandably, urban drainage
systems are really essential in the urban area. However,
those systems, which are limited by their design limit,
sometimes can not manage storm water and wastewater
efficiently and may result in urban drainage system failure.
This paper analyses the previous studies of two main causes
of urban drainage system failure, which are urbanization
and climate change, and how they affect urban drainage,
and proposes solutions for drainage engineer and urban
planner to mitigate the severity of the impacts and design
urban drainage system with better performance for future
conditions.
Keywords— Urban drainage system, climate change,
urbanization, climate model
1. INTRODUCTION
Drainage systems are essential infrastructures for urban
area. They have been built and used for centuries because
of their ability to divert water during storm event and
protect urban area from being flooded [1], [2]. However, as
time passes by, some of the drainage systems in many
urban areas are no longer as effective as they once used to
be, because rapid urbanization, installation of complex
infrastructure and/or changes in the precipitation patterns
caused by climate change are adversely affecting on the
performance of drainage systems [3], [4]. Furthermore, the
design capacity of a drainage system has a certain upper
limit and inevitably cannot cope with runoff that exceeds its
design capacity; hence possibly provoking issues such as
sewer overflow and urban flooding, sediment deposition,
erosion, nonpoint source pollution and/or stream channel
instability [1], [2], [5].
In order to solve the current problems, many studies
have been carried out. Most of the studies propose and
implement models and methods that are used to analyse and
mitigate flood risk, and improve performance of drainage
systems. For examples, T.-J. Chang et al. conducted
simulation of flood in Sanxia district, which is located in
the south-western part of New Taipei City, Taiwan and
evaluated the accuracy of simulation by comparing the re-

sults with the observed flood data [1], H. Baek et al.
designed multi storage networks to manage combined
sewer overflow in Gunja, Seoul, Republic of Korea[6], A.
Deletic et al. figured out the uncertainty in urban drainage
model in order to assure and improve the capability of
urban drainage systems which have been designed by
means of urban drainage models [7], C. B. S. Dotto et al.
evaluated the performance of storm water models using the
formal Bayesian approach in 5 urban catchments located in
Melbourne, Australia [8], G. Fu and D. Butler analysed the
frequency of overflow and flooding occurrences in urban
drainage systems based on Copula method in a Scotland
town [4], and W. C. Lucas et al. reduced combined sewer
overflows by using outlet controls for Green Storm Water
Infrastructure and the study was conducted at Richmond ,
Virginia, USA [9].
Nevertheless, we also need to analyse the causes of
those impacts on urban drainage systems and use the data
as the key to design and improve the performance of
drainage systems. Obviously, as a result of investigations
on various causes of drainage system failures, two of the
factors that appear to impose big impact on urban drainage
systems are identified to be climate change and
urbanization[10]–[13]. Even though there are other
important factors that influence drainage system
performance such as aging and changes in the performance
criteria of urban drainage systems [14], this paper focuses
only on the climate change and urbanization impacts on
urban drainage system as the most influential factors.
2. DRAINAGE SYSTEMS OVERVIEW
In ancient time, before the invention of drainage
system, water was to go through hydrologic cycle, because
in natural setting only small fraction of precipitation
becomes surface runoff that usually flows into the nearest
stream, creek, river, lake, or wetland while most of
precipitation penetrates into the ground, where it is filtered
and ultimately replenishes aquifers or flows into streams
and rivers. There was no significant industrial development
and the population was still quite low compared to the vast
area of free land. Therefore, the problems related to wastewater and storm water were not to be taken into account
seriously. For centuries, people had benefitted from storm
water as it was the source of water, and sometimes source
of nutrients, for agriculture or water resource for daily life.
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Figure 1 the analysis of climate change impacts on urban hydrology.
(GCMs: General Circulation Models, RCMs: Regional Climate Models) [3]
However, when urbanization along with the climate change
had started to prevail and these two factors had become a
great threat to urban area [15], people were forced to come
up with the idea of managing the storm runoff, domestic
and industrial wastewater by applying new technologies
that have changed and updated urban infrastructure through
the time.
Drainage system was first invented in the early third
millennium BC during the Indus Civilization [16]. Ancient
Roman mainly used surface water system like open
channels in public area as runoff drainage system. The
practice had later evolved into underground sewer systems
in modern cities which, under the proper management of
storm water and sewage, can reduce aquatic pollution,
prevent urban flood and control erosion and sedimentation.
Drainage systems, which are sometimes called sewer
systems or sewerage, vary in designs, implementations and
usage based on situations. Among these urban drainage
systems, combined sewer system and separate sewer system
are the most common ones in recent days. Understandably,
there is a little difference between these two systems,
because separate sewer systems are used to collect and
deliver storm runoff and domestic or industrial wastewater
with separate sewers while combined sewer systems also do
the same thing but with the same sewer.
There is always a concern on the water pollution with
combined sewer system, but it has been shown that these
two sewer systems stay at the same level of effectiveness in
terms of pollution control [17]. Also there is always a
debate on choosing either combined sewer system or
separate sewer system, but there is no general conclusion
on which system provides better overall effectiveness.
3. IMPACTS OF CLIMATE CHANGE AND
URBANIZATION
3.1. Climate Change Overview
Climate change may reduce the availability of reliable
hydrological data. The impacts of climate change on urban
drainage systems can be in many forms [18]–[20].
However, urban planner and designer still do not have
sufficient hydrological input data for designing process.

The most typical impact of climate change can be seen as
an extreme rain fall that results in flooding and sewer
overflow leading to urban drainage system failure.
Moreover, the difference between rainy season and dry
season with respect to rain fall can increase the sediment in
existing drainage systems, which in turn can further reduce
the maximum flow rate of drainage system. The study on
climate change, which is one of the major factors imposing
big impact on drainage system, is being widely conducted
and reported in recent years [21]–[23]. As a matter of fact,
its impact has been taken into account by urban wastewater
studies [24]–[26], by flood risk and sewer overflow
analyses[5], [27], and by future climate change scenario
analyses [3], [28].
It is of great importance to consider the long term
effectiveness of drainage system[29], [30]. However, the
number of studies on the impact of climate change on
drainage system is still limited because these studies need a
precise focus on small scale urban catchment (normally 1 –
10 km2) and quite short duration of extreme precipitation
(normally less than 1 day) [31], [32]. Even though there is a
great deal of improvements in computational power,
climate model is not yet capable enough to deal with space
and time resolutions, which reduces the opportunity to
determine essential features at the fine scales of urban
drainage. Identifying the impact of climate change on
particular urban drainage system is still the problem for
urban planner and designer because the models and
methods that have been developed for urban hydrology can
not accurately estimate the impacts without finer
resolutions [22].
3.2. Climate Change Scenario Approach
Determining regional impact of climate change on
urban drainage requires methods to estimate extreme and
short duration rainfall statistics for specific time period and
geographical region. The impact analysis of climate change
on urban hydrology is schematically shown in Figure 1 [3].
Actually, we need to analyse the historical series of climate
changes which can be determined by analysing trends in
long term historical records of rainfall. For future
conditions, changes in rainfall statistics are basically based
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Figure 2 The flowchart of downscaling [62]
on future scenarios in greenhouse effect gas (GHG)
emissions simulated by climate models or statistical
extrapolation
based
on
historical
observations.
Understandably, downscaling methods have been used to
extract finer resolutions of climate change of Regional
Climate Models from Global Climate Models. These
changes are considered to be significant data for urban
drainage model inputs.
Climate model is essentially intended to forecast the
fluctuations in atmospheric conditions based on external
forces such as emissions of GHGs. Normally, the boundary
conditions of these general circulation models (GCMs) are
the differences between the amount of radiation energy
comes from the sun to the earth and the amount of the
radiation energy leaves the earth. Usually, the models are
based on the law of conservations of mass, momentum, heat
and gas.
However, the temporal and spatial resolutions of
GCMs are not good enough for the purposes of urban
drainage management. For this reason, the resolution must
be increased by using either of the two downscaling
methods [33], [34]. One method is dynamic downscaling,
which is heavily based on a model that covers part of the
earth atmosphere system and usually uses a GCM as its
boundary. The method deals with unclear atmospheric
variables in order to get higher resolution of those
atmospheric variables, especially precipitation. Another
method is statistical downscaling. This method analyses
and compares the climate model variables and observed
precipitation. The flowchart of these two downscaling
methods is schematically shown in Figure 2.[22]
3.3. Urbanization Overview
Beside the climate change, urbanization is another
driving force that has big impact on urban drainage systems
[10], [35]. Recent changes in various urban areas across the
world have been extraordinary. For example, the population
living in megacities across the world has increased from 39
million in 1970 to 359 million in 2011 [36]. Moreover,
rapid urbanization in many countries has been causing
some adverse effects on urban hydraulic, environment,

ecological systems and other aspects [37]. Furthermore, its
impact is not only about population growth, which
inevitably demands big amount of free land area for
settlement and generates more domestic wastewater, but
also promotes and upgrades industries which discharge
even more industrial waste-water [38]. As a result, large
surface area is covered by impermeable pavement and
roofs, which interrupt the natural hydrologic cycle and
prevent unusual precipitation from naturally infiltrating into
the ground. Instead, the water runs rapidly into storm
drains, sewer systems and/or drainage ditches. Even though
some free lands are kept for infiltration, the saturation is
reached quickly because of compacted soil [39]. At the
current trend of climate change pattern, this might only
deteriorate the situation.
Urban planning is a cyclic progress that is an open
approach based on participation of the inhabitants, private
companies and other stakeholders [40]. Actually, urban
planning usually relies on given structure and building, as
well as on existing transportation network. Water
infrastructure needs to adapt itself to the updated situation
in order to maintain its performance.
3.4. Combined Effect of Climate Change
and Urbanization
As a matter of fact, it is not sufficient enough to
consider these two factors separately, because their
combined effect is very high compared to either one of
them [2]. For example, the study by H, T, L. Huong et al.
showed that urbanization alone can increase the severity of
combined sewer overflow by 250%, but the increase can be
as much as by 450% if combined effects of climate change
and urbanization are considered [41]. In addition, these two
factors can also increase the storm surface runoff that
results in pollution to water body, and can endanger the
health if the water are used for daily life [26]. A case study
by C. Gu et al. shows that their combined effect can result
in increase in land subsidence and decrease in ground water
level in long term [42]. However, only few studies were
conducted simultaneously considering both climate change
and urbanization [2], some studies only focus on the impact
of climate change on urban drainage system and neglect the
impact of urbanization on urban drainage systems while
some other studies prefer urbanization impacts over climate
change impacts [43].
4. URBAN DRAINAGE SYSTEMS APPROACH
4.1. Uncertainty Minimizing
Urban planner needs to consider climate change as the
key to design urban drainage systems to avoid the effect of
climate change in the future. In order to respond to the
problems, an approach to minimize the effect of climate
change on urban drainage systems should be undertaken. In
reality, the impact of climate change on urban hydrology is
still not clearly understood. This is not only because of the
uncertainty of climate change phenomena, but also due to
the inadequacy of hydrologic models.[7]. Obviously, the

－432－
–3–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

uncertainty of climate change should be taken into account
for sustainable solutions. That is the reason why estimation
of impact of climate change on urban drainage requires skill
and caution. Moreover, the hydraulic models usually deal
with short period of time and sometimes neglect the
historical times series data, or deal only with limited
number of extreme events. Therefore, it is necessary to
improve the simulation models by extending the time
period of consideration in order to take into account the
future conditions due to climate change. So far, many
analyses on climate change impacts have been conducted,
some are based on single design events ( e.g. [44]–[46]),
and some others are based on continuous simulation of
precipitation time series (e.g.[27], [47]–[49]). However,
these studies are still limited by short time periods. For this
reason, the problem of uncertainty should be resolved and
approaches to reduce the uncertainty in climate and
drainage system models should be implemented.
4.2. Proposed Solution
Obviously, increase in anthropogenic GHGs emission
should be regarded as one of the main causes of climate
change [2]. However, mitigating the anthropogenic GHGs
emission alone is not enough [50]. It is necessary to find
suitable countermeasures to resolve the current issues.
Weakness of the current urban drainage systems must be
closely investigated in order to deal with the future
uncertainty caused by climate change and urbanization. The
existing drainage systems can be improved by repairing or
replacing the existing aged infrastructure, or installing a
new system if the existing one is not sufficient enough to
cope with current or future conditions [51], [52], [53].
There are not enough case studies conducted both on
climate change and on urbanization. Thus, we need to
adjust urban drainage system to suit the uncertain future of
these two factors [3], [54]. Moreover, we need more
reliable hydrological input data by means of downscaling,
drainage model uncertainty analysis and uncertainty
management strategies [2].
Nevertheless, without proper study on both climate
change and urbanization, the risk of urban drainage system
failure is very high. However, considering these two factors
at the same time also increases the uncertainty in
hydrologic data for design process, because only climate
change alone, as described in previous section, requires
proper knowledge and understanding on climate change
pattern in order that climate change expert can reduce the
uncertainty. For this reason, urban drainage systems
designer should be more cautious if climate change and
urbanization are taken in to account simultaneously [10].
As we already know that, beside storm water, domestic
and industrial wastewater also affect the performance of
urban drainage systems. However, recent studies show that
we can reduce the water usage through social changes and
changes in technology and regulations [55]–[58].
In addition, it is necessary to change and update the
ways how the issues are addressed with new ideas. The
following list of items to consider is suggested by Cares et
al. [59].

• focus more on finding longer term livelihood security
• select the results that are sustainable
• use resources effectively and get sustainable results
• need to make proper planning
• update strategies to deal with the problem
• focus on finding alternatives
In order to respond to climate change and urbanization
impacts, sustainable management approaches should be
implemented. Among the approaches that have been
proposed, policies changes, source control measures, Green
Infrastructure (GI), filtration structures, retrofitting and
maintenance practices, and end of pipe solution are
considered to be the best approaches that should be
implemented in order to mitigate the climate change and
urbanization impacts. In addition to these approaches,
recent studies have shown another sustainable solution to
reduce the effect of the impacts on urban drainage systems
for future condition, which is the implementation of
dynamic adaption options [39], [60].
5. CONCLUSION
A wide range of literature reviews of impacts of
climate change and urbanization on urban drainage systems
have been conducted. It was observed that most of the
previous studies were focused on anthropogenic causes
whereas the natural disaster has not been considered very
commonly; implying that more attentions must be focused
on natural disaster, because it may occur occasionally and
its impacts should not be overlooked.
Many studies have been conducted on the impacts of
climate change in the form of extreme precipitation on
urban drainage systems, but still the understanding of the
issue is not adequate due to two major reasons. First is
insufficient understanding of climate change, so its impacts
can not be clearly identified. Second is that it has not been
clearly identified how drainage system engineer and urban
planner should address the issues and come up with the
solutions.
Obviously, climate change and urbanization along
with other factors will have more impacts on urban area, so
suitable solutions should be implemented in urban area
first. In that case, the study should include other factors like
age of infrastructure and drainage boundary conditions like
extreme sea surges and fluvial flooding [48], [61]. Design
of urban drainage infrastructure that takes into account the
important factors in different boundaries is really essential
for the urban drainage systems to continue to function
under future conditions.
The best solution to minimize the impacts of climate
change and urbanization on urban drainage systems should
be selected based on the local and municipal storm water
management scenarios. It is often the case that drainage
engineer and urban planner play the important role in
making decision on which solution should be selected.
Urban water management approaches should be made
considering economic, social, and environment aspects of
the issue. The complexities of climate change and
urbanization impacts are essential factors to consider. For
future studies of urban drainage, implementation should
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emphasis more on specific location with low investment
cost and high system effectiveness.
In addition to previous design of urban drainage system
that normally consider the existing condition of hydraulic
data and geographical data, future studies should consider
the future performance of urban drainage system as it will
work under climate change and urbanization pattern.
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ABSTRACT
Silver nanoparticles (Ag-NPs) were successfully synthesis
from AgNO3 through a green method under sonochemical
irradiation and using seaweed Kappaphycus alvarezii (K.
alvarezii) as the stabilizer. Seaweed K. alvarezii was chosen
because it is an eco-friendly stabilizer, therefore it does not
have environmental risks. Thus, the formations of Ag/K.
alvarezii were determined by the surface plasmon resonance
(SPR) under UV-visible spectroscopy that were observed
around 384-387 nm. Zeta potential results indicate the
stability of Ag-NPs after 720 min irradiation. The FTIR
spectrum indicated the presence of K. alvarezii in capping
with Ag-NPs; in addition, EDX spectra and SEM images
indicated the spherical shape of the Ag-NPs.
Keywords: Silver nanoparticles, AgNO3, green synthesis, K.
alvarezii, sonochemical irradiation.
1. INTRODUCTION
Numerous researchers and engineers in this period have
extraordinary consideration regarding the field of
nanotechnology. The reasons why nanotechnology has given
about the whole human life aspects, those are the
advancements that effect in the electronics, materials,
computing, manufacturing, energy, catalysis, medicine, and
transportation [1], [2]. Nanoparticles are characterized as
solid particles with a size of 100 nm or less. They have
unique chemical and physical properties because of their
large proportion of high-energy surface atoms and they
frequently have properties that are not quite the same as bulk
samples of the same materials [3].
The Ag-NPs have been received enormous attention in
various areas, for instance antibacterial agents [4], catalysts
[5], and surface enhance Raman spectroscopy (SERS) [6], in
view of their novel biological properties [7] differing
significantly from macroscopic metal phases. Today, AgNPs can be made through many ways, such as photochemical
method [8], chemical reduction [9], microwave irradiation
[10], and sonochemical irradiation [11]. On the other hand,
in the greater part of them, either organic solvents, toxic
reducing agent, which have potential ecological risks, or
more than one receptive step, are required.
Sonochemical method, since found, has been studied for
yielding many kinds of nanomaterials, particularly noble
metal nanoparticles, for example gold [12], silver [13], and

platinum [14]. This method has spectrum ranges from 20 to
10 MHz and it is divided generally into three parts: a highpower low-frequency ultrasound (20-100 kHz), a mediumpower high-frequency ultrasound (100 kHz-1 MHz), and a
low-power high-frequency ultrasound (1-10 MHz) [15].
Therefore, this method is very promising to the synthesis of
nanoparticles.
Nano-research for environmental friendly and low-cost dye
adsorbent has raised the thoughtfulness regarding
biopolymer from renewable resources, like polysaccharides
[16]. An economically important red tropical seaweed, the K.
alvarezii, which is awesome interest for its wall cell
polysaccharides. It is effortlessly accessible in huge amount
for food and pharmaceutical applications [17]. The
biopolymer of synthesizing metal nanoparticles is the best
approach for their natural examination [18].
In this research, we have proposed a green method of
synthesizing Ag-NPs at room temperature by simply
reducing AgNO3 under different sonochemical irradiation
times. The Ag-NPs were optimized and characterized to
study the effect of the sonochemical irradiation time on the
optical properties, structures, stability, and morphology of
Ag-NPs.
2. MATERIALS AND METHODS
For this work, all reagents were used as received without any
purification. The K. alvarezii is a kind of red seaweeds that
was obtained from native Malaysia, in Sabah at the
Malaysian Agricultural Expo. AgNO3 was obtained from
Bendosen 99.89 % (C0721-2284551). The aqueous solution
was prepared with deionized water.
2.1. Synthesis of silver nanoparticles
The Ag-NPs were synthesized by reducing AgNO3 under
sonochemical irradiation in the presence of K. alvarezii. A
total of 100 ml AgNO3 (0.01 M) solution was added to 400
ml of K. alvarezii (0.3 wt %). The K. alvarezii crashed to be
finely with a grinder until smooth obtained. AgNO3/K.
alvarezii solutions were divided into 3 samples. The samples
were exposed to high-intensity sonochemical irradiation for
480 and 720 min, at amplitude of 70% and 0.5 of cycle.
Sonochemical irradiation was carried out with ultrasonic
liquid processor (Hielscer Ultrasound Technology UP-200SRN, Germany, 50/60 Hz) that has probe and which was
immersed directly into the reaction solution.
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The indirect effect of OH• radicals yielded free radicals
inside the polymer groups in Eq. (3), this free radical reduced
by Ag+ to form Ag° and new group (R′) Eq. (4).

2.2. Characterization methods and instruments
The Ag/K. alvarezii nanoparticles were characterized using
ultraviolet-visible (UV-Vis) spectroscopy, Fourier transform
infrared spectroscopy (FTIR), zeta potential analyzer,
scanning electron microscopy (SEM), and energy dispersive
X-ray (EDX). The UV-Vis spectra were recorded over the
range of 200-800 nm with (UV-1800, SHIMADZU) UV-Vis
spectrophotometer. Moreover, the stability was recorded
with Particulate Systems NanoPlus zeta/nano particle
analyzer. FTIR spectra were recorded over the range of 2004000 cm-1 with a series Aligent Technologies Cary 660
Series FTIR Spectrometer. EDX was performed with the XL
30 Philips instrument to study the morphology of Ag/K.
alvarezii nanoparticles and Scanning electron microscopy
(SEM) was carried out on a Jeol-Jsm-7600F.

R• + H2O
Ag° + R′ + H+

OH• + RH
R• + Ag+

(3)
(4)

Also this H• radicals were a strong reducing agent. It could
be reduced silver ions to the zero-valent state Eq. (5).
H• + Ag+

Reduction

Ag° + H+

(5)

Eq. (6) referred to the direct reaction of Ag+ with water in the
interfacial region between the cavitation bubbles and the
liquid.
Ag+ + H2O

Ag° + OH• + H+

(6)

In Eq. (7), silver atoms formed by the irradiation form the
relatively stabilized Ag clusters.

3. RESULTS AND DISCUSSION
The reactivity of Ag/K. alvarezii nanoparticles under
different sonochemical irradiation times in shown in Fig. 1.
The color suspension of nanoparticles under various
sonochemical irradiation times was remarkable as it changed
color from colorless to the dark brown, this was indicated the
formation of Ag-NPs in the K. alvarezii suspension.

nAg°

(Ag°)n

(7)

(Ag°)n were the silver nanocluster containing n silver atoms.
After sonochemical irradiation of the aqueous suspension of
AgNO3 and seaweed K. alvarezii, many aqueous electrons
(eaq‾) were produced and the Ag+ ions were reduced into AgNPs.
3.1. UV-visible analysis
The formation of Ag-NPs in the K. alvarezii was further
determined by using UV-visible spectroscopy, which was
shown by the surface plasmon resonance (SPR) bands in the
Fig. 2(a-c). Previous studies have shown that Ag-NPs
contribute to the adsorption band at around 400 nm [20].

Figure 1. Photograph of K. alvarezii and Ag/K. alvarezii
nanoparticles at 480 and 720 min sonochemical irradiation.
When the suspension was exposed to the sonochemical
irradiation, bubbles grew in it. After the bubbles size reached
the maximum value, the bubbles collapsed. This strong
collapse raised the temperature and caused the rupture of
chemical bonds and the formation of free radicals [19]. The
mechanism of colloidal silver formation could be suggested
from Elsupikhe et al. [1] as shown in Equations (1-7). After
the Ag/K. alvarezii nanoparticles exposed by sonochemical
wave, they were primary radicals H• and OH• as described
in Eq. (1).
nH2O

Sonication

H• + OH•

(1)

AgNO3 separated to Ag+ and NO3ˉ ions in the aqueous
solution as shown in Eq. (2).
AgNO3

Hydrolysis

Ag+ + NO3ˉ

(2)

Figure 2. Time evolution of the UV-Vis absorption spectra:
K. alvarezii (a), 480 min (b), and 720 min (c).
These figures show the characteristic surface plasmon
resonance (SPR) absorption band around 384-387 nm. They
had been observed that Ag-NPs with spherical shape [21], a
finding that was confirmed by SEM images.
A time variation study of synthesis Ag-NPs using K.
alvarezii was carried out with irradiation time with 480 min
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and 720 min. It shows that apart from increasing time had
effect to increase of SPR band. This phenomenon is related
to the increased size and agglomeration of Ag-NPs [22].
Moreover, This figure shows that by increasing time
irradiation, the absorbance was increase and after 480 min
was shifted to the high wavelength at 387 nm, a red-shift
theory, which indicated an increase in the size of Ag-NPs
[23]. On the contrary, when irradiation time increased until
720 min, the SPR gave result at 384 nm, a blue-shift theory
due to the decreased particle size [24], [25].

aqueous suspension had value of -35.86 ± 2.80 mV for 720
min irradiation. The nanosuspension which can indicate
stable must be required zeta potential value of ± 30 mV [29].
Therefore, due to the value more than 30 mV, the Ag-NPs
can be clearly understood that the particle were fairly stable
with the increasing irradiation until 720 min.

3.2. FTIR study
The biomolecules responsible for the reduction of Ag+ ion
was identified with FTIR spectra. The solid residue was
scraped and mixed with KBr, ground and pressed into a clear
disc which was tested directly. Fig. 3 represents the FTIR
spectrum of K. alvarezii and Ag-NPs after 720 min
irradiation.
The peak of K. alvarezii in Fig. 3(a) has region of 3429 cm-1
and 2926 cm-1 can be described to the stretching of –OH and
C–H groups [26]. The band at 1642 cm-1 can be
corresponded to polymer-bound water. The peak at 1381 cm1
can be attributed to the sulfate stretching. Thus, the band at
1060 cm-1 can be assigned to SO3 stretching. Another peak
at 842 cm-1 may be due to C–O–S stretching in B-Dgalactose.

Figure 4. Zeta potential result for Ag/K. alvarezii
nanoparticles after 720 min sonochemical irradiation.
3.4. Morphology study of EDX and SEM
The strong signals in EDX spectrum on the Fig. 5 at 3 keV
confirmed the presence of element Ag in this solution after
720 min irradiation. Moreover, for this solution, the atom
ratio of Ag, N, and O of the sample was 43.86: 8.76: and
16.12 that shown in the inset of Fig. 5. Thus, this spectrum
demonstrates the formation of Ag-NPs in pure aqueous
solution under sonochemical irradiation method after 720
min.

Figure 3. FTIR spectra for K. alvarezii (a) and 720 min
irradiation (b), respectively.
Meanwhile, after sonochemical irradiation for 720 min in
Fig. 3(b), the FTIR spectra did not show any obvious
different. However, free carbonyl groups in the K. alvarezii
macromolecule were formed by oxidation of carbohydrate
radicals that was delivered in the biopolymer by the indirect
effect of OH radicals [27]. New peak representing Ag-NPs
were evident in the region less than 500 cm-1 refers to
bonding of Ag-NPs with the oxygen from hydroxyl groups
of K. alvarezii chains [28].
3.3. Zeta potential analysis
Zeta potential is an important parameter for understanding of
Ag-NPs stability in the K. alvarezii. In the Fig. 4, the AgNPs got a negative zeta potential value for 720 min. This

Figure 5. EDX spectra of Ag/K. alvarezii nanoparticles
after 720 min irradiation.
During sonochemical irradiation process, water played the
role of solvent like reductant. Although the reductive rate of
Ag+ in pure water via sonochemical irradiation is not high.
By sonochemical treatment, Ag+ got electron that reduced to
silver seed (Ag°) which had been explained on the early
research [30].
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720 min irradiation and SEM images showed the changes on
the surface of Ag/K. alvarezii nanoparticles when
sonochemical irradiation time increase with influencing the
increased yield of Ag-NPs in a spherical shape.
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STRUCTURE PREDICTION OF BROMELAIN FROM PINEAPPLES (ANANAS COMOSUS)
USING PROCARICAIN ENZYME AS A MODELLING TEMPLATE
Fatahiya Mohd Tap, Nurulbahiyah Ahmad Khairuddin
ABSTRACT
Bromelain is a general name for a family of sulfhydryl that
can be found in the proteolytic enzyme group from
pineapples (Ananas Comosus). In this study focuses on the
prediction of three dimensional structure (3D) of bromelain
using homology modelling by MODELLER. The amino
acid sequence of bromelain was obtained from the NCBI
database and the analysis was done using various
bioinformatics tools. 1PCI was used as the target templates
for bromelain structure prediction. The 1PCI was found to
be the most suitable template for the prediction of the
bromelain structure.
Keywords— Bromelain, homology modellig, Sequence
alignment.
1. INTRODUCTION
Bromelain can be categorized as a protease
because it refers to the group of enzyme which is belongs to
the catalytic function that hydrolyses the peptide bonds of
proteins. In the presence of oxidizing agents the sulfhydryl
group of cysteine will be oxidized and formed the
disulphide bond. The effects of the oxidation process of the
cysteine group will alter the important properties in
substrate binding, structure stabilization, and thus cause
changes in active site which results in the loss of its
catalytic activity.
Bromelain can be derived from stem and fruit of pineapples.
Stem bromelain (EC.3.4.22.32), ananain (EC.3.4.22.31) and
comosain were isolated from the stem juice of pineapples
by precipitation and centrifugation methods [1]. This stem
bromelain considered as endopeptidase because it breaks
the peptides bonds within the protein molecules. While fruit
bromelain (EC.3.4.22.33) is mainly extracted from fruit
juices of pineapples [1]. The fruit is used either naturally or
as processed products such as juice, canned sliced, jam and
ice cream. However, out of this fruit only 25% of it can be
used as a marketable product while the remaining 75%
(leaves, crown, stem and bark) is treated as agriculture
wastes [2]. A large amount of the waste generated from the
industrial processes contains an applicable amount of
Bromelain that can act as aproteolytic enzyme with various
applications in industrial and therapeutic purposes [3, 4 ]
Previous study claimed that some of the pineapple waste
have highest proteolytic activity , protein content, and
sources of bioactive compound [4]. The application of
bromelain from the pineapple waste will decrease the
excessive amount of waste from food industry and reduce
waste management problems either from economics and
environmental point of view.

Bromelain draws high attention in industrial applications
such as meat tenderization, baking industry, anti-browning
agent, protein hydrolysate, alcohol production, textile
industry and cosmetic industry because of its unique
properties and rich with proteolytic activity [5]. Besides
that, bromelain has also widely used in therapeutic
applications for example platelet aggregation, fibrinolysis,
anti-inflammatory activity, modulation of cell adhesion and
antibodies [6]. Since bromelain has great commercial
values in both industrial and pharmacology area, therefore it
is essential to maintain and improve bromelain properties in
conformation and catalytic activity in order to preserve its
industrial and therapeutic values.
Even though researchers have discovered many methods to
enhance the extraction, purification, optimum condition and
the specific activity of bromelain for different substrates,
the mechanism of this enzyme is still in question because of
the unknown three dimensional structure. Therefore, this
study was carried out to predict three-dimensional (3D)
structure of Bromelain from stem pineapple by comparative
modelling as well as to elucidate the unique features of
predicted structure.
2. METHODOLOGY
2.1 Protein sequence retrieval
The amino acid sequence of bromelain was were retrieved
from the NCBI’s protein database [Gene Bank Accession
Numbers: ADY68475]. This protein sequence was used to
predict the bromelain tertiary structure.
2.2 Secondary structure prediction
The secondary structures of bromelain was predicted using
PHYRE server [7] and visualized using UCSF Chimera [8].
2.3 Template selection and 3D structure prediction
BLASTP [9] was used to search for the possible templates
and the best template was selected based on E-value and
percentage of sequence identity. The 3D structure was
predicted using comparative modelling or homology
modelling approaches MODELLER [10]. In homology
modelling, the template was identified based on positionspecific profile search method which improves the accuracy
of sequence alignments and also extends the boundaries of
detectable
sequence
similarity.
After
templates
identification, global alignment was carried out between the
query sequence and the identified templates. The crystal
structure of the template was obtained from protein data
bank (PDB) [11].
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3. RESULTS AND DISCUSSIONS
The Amino acid sequence of bromelain was retrieved and
the secondary structures were predicted using PHYREP2
server [7]. The secondary structure of bromelain enzyme
was

made up mostly of helices (40%), coils (39%) and betastrands (11%). Figure 1 shows the predicted secondary
structure of bromelain from stem pineapple (Ananas
Comosus).

Figure 1 The predicted secondary structure of bromelain from stem pineapple
The 1PCI templates was used for the protein structure
prediction by considering the lowesy E value (5e-85),
highest query coverage (86%) and the highest percent
identity (56%) calculated by protein-protein BLAST server

[9]. Both of the amino acid sequences for the model and
template were aligned in order to identify the conservation
among the amino acids sequence. The active sites of the
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Figure 2 Conservation of the active sites residues of both model and 1PCI template (Gln142 and Cys148)

model and template were conserved (Gln142 and Cys148)
and was shown as in figure 2. The sequence alignment
between model and 1PCI template was shown at figure 3.
The 3D model structure of Bromelain-1PCI was produced

by homology modelling using MODELLER as shown in
figure 4.

Figure 3 Sequence alignment between the model and 1PCI template. The highlighted amino acid is the active site
for each structures.
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Figure 4 The structure of bromelain-1PCI predicted by modeller. A) The helices, beta strands and coils was identify by
green, purple and red colours, respectively. The ball and stick represents the side chain at the beta strand. B) The
superimposed between the bromelain-1PCI model (Cyan )and 1PCI template (yellow). The purple and red sticks
representation refer to the side chains of unfavourable region.

The energy calculation comparison was implemented in
order to evaluate the accuracy of bromelain -1PCI model

and template. Figure 5 shows the DOPE score between the
Bromelain-1PCI model and 1PCI template.

Figure 5 the DOPE energy comparison between the bromelain-1PCI model and 1PCI template. The oval shape indicated the
amino acid region from Ser20 to Asp50 and shows the problematic area in the model sequence. The blue region is
bromelain-1PCI model and pink region is 1PCI template structure
From figure 5 it shows that residues Ser25 to Asp50 of the
model have high energy compared to the template.
Therefore this region needs to be further analysed. However
from figure 3 and 4 showing that bromelain have similarity

with papain structure and this was supported by previous
the work done by Shekar and co-workers [12].
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The energy analysis shows that 1PCI is the most suitable to
use as the template structure for bromelain because the
energy calculation between these two structures is highly

[7]

[8]
similar. Therefore in predicting this bromelain structure
1PCI was choose as the best template and recommended
that bromelain-1PCI probably near to the real structure.
However further experimental is needed in order to validate
this predicted structure.

[9]

4. CONCLUSION

[10]

The 3D structure of bromelain was predicted using
homology models with 1PCI (procaricain) as the modelling
template. Helices was found to be the major element of
secondary structure. The region of the sequence that covers
from Ser25 to Asp50 need to be further refined in order to
get more stable conformation. Further research and quality
assessments are required to refine and validate this
structure.

[11]

M.R Grovers, M.A Taylor, M. Scott, Cummings
N.J Cummings, R.W Pickersgill, J.A Jenkins," The
prosequence of procaricain forms an alpha-helical
domain that prevents access to the substrate-binding
cleft".Structure,no. 10, pp.1193-1203, 1996

[12]

GS. Sekhar, P. Rajkeshwar and P. Anil, " In Silico
analysis of stem bromelain", International journal
of pharmaceutical and chemical sciences, no. 2,
pp.992-997, 2013
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ABSTRACT
This paper will review the area of interest in fuel cell,
especially in solid oxide fuel cell (SOFC). This area of
interest covers SOFC operational reaction, its advantages
and limitations, type of cell structure and configuration,
and the requirement of SOFC. The review also looks into
the development and fabrication of a research towards low
temperature SOFC. There is also a review made by
professional organizations that contribute to the research
on fuel cell both locally and globally.
Keywords— SOFC, expertise
1. INTRODUCTION OF FUEL CELL
Fuel cells are the system of energy conversion devices that
convert the chemical energy stored in fuel directly to
electrical energy without the need of combustion process. It
also produces much higher efficiency output based on the
type of fuel cell and its configuration [1-2]. There are
various types of fuel cells that are available, including
direct methanol fuel cells, alkaline fuel cells (AFC), proton
exchange membrane fuel cells (PEMFC), phosphoric acid
fuel cells (PAFC), molten carbonate fuel cells (MCFC), and
solid oxide fuel cells (SOFCs) [3].
2. SOLID OXIDE FUEL CELL (SOFC)
Solid oxide fuel cells (SOFCs) are attractive because of
their high energy conversion efficiency in the usage of
fuels ranging from hydrogen to hydrocarbons [4-5]. A
single cell configuration SOFC consists of an anode and a
cathode separated by a solid oxide electrolyte (an ionic
conductor) [6]. During operation, oxygen molecules are
absorbed, dissociated, and reduced on the cathode surface
to ionic oxygen species before incorporated into the lattice
as oxygen ions. Then it moves through the electrolyte to the
anode and combines with fuel molecules to form water and
carbon monoxide/dioxide. Outside the cell, electrons move
from the anode to the cathode through an external circuit,
converting chemical energy of the fuel to electrical energy
[7-8].

The advantages of SOFC are among others, has high
efficiency for total power generation and good electricity
generation efficiency due to its fuel flexibility and low
emission. However, there is a limitation of SOFC, where it
requires high operating temperature that can later cause
oxidation issues.
A typical SOFC consists of the electrolyte sandwiched
between the anode and the cathode, with individual cells
electrically connected in series by an interconnect to create
an SOFC “stack” [7-9]. There are two basic types of SOFC
in terms of cell structure which are planar and tubular. Each
cell structure of planar SOFC is made into a flat disk,
square, or rectangular plate. For tubular SOFCs, usually the
electrode (either cathode or anode) is in the shape of a
long-tube with a porous wall. However, tubular SOFC is
still favorable in many research and development for
portable applications where rapid start-up and cool-down
are required. The comparisons between planar and tubular
structures are summarized in Table 1 [6].
Table 1: Different between planar and tubular cell structure
Planar
Tubular
Power per unit area
Higher
Lower
Power per unit volume
Higher
Lower
Ease of fabrication
Easier
Difficult
Cost of fabrication
Higher
Lower
Ease of sealing
Difficult
Easy
Long-term stability
Fair
Excellent
Thermo-cycling stability
Fair
Good
Single cells configuration can be designed as electrolytesupported, anode-supported, or cathode supported. The key
features of each configuration are summarized in Table 2.
The most popular design for SOFCs is anode-supported cell
with thin electrolyte and thin cathode layer since they can
be potentially operated at a lower temperature [8].
Table 2: The type of SOFC cells configuration
Cell
Advantage
Disadvantage
configuration
Electrolyte
Strong structural Higher resistance,
supported
support.
Good high
operation
gas-tightness.
temperature
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Anode
supported

Cathode
supported

Highly conductive
anode.
Lower
operation
temperature due to
thin electrolyte
Lower operation
temperature due to
thin electrolyte

Potential
anode
reoxidation. Gas
diffusion
resistance due to
thick anode.
Lower
conductivity. Gas
diffusion
limitation due to
thick cathode.

SOFCs also have some of the highest gravimetric and
volumetric power densities in electricity generation
technology. SOFC efficiencies are size independent;
making them effective for medium to large scale
applications ranging from 1 Watt to multi-Megawatts.
Examples of these applications include [10]:
1. 1 – 100W personal device power packs
2. 100W – 10kW uninterruptible power supplies
3. 2 – 5kW tractor trailer hotel load and/ or refrigerated
trailer auxiliary power units
4. 1 – 10kW unmanned aerial, ground, and underwater
vehicles
5. 1 – 15kW natural gas pipeline metering stations, radar
stations, cell-phone tower power units, and
infrastructure support applications
6. 100W – 100kW distributed solar energy and smart grid
energy storage applications
7. 20 – 40kW automotive hybrid units
8. 60 – 90kW automotive power plants
9. 1kW – 10MW residential, commercial, and industrial
applications
10. 100 – 500MW central power stations.
3. LOW TEMPERATURE SOLID OXIDE FUEL
CELL
Despite many advantages, SOFCs face a major challenge in
competing with other types of fuel cells because of their
high operating temperature. The necessity to reduce the
operational temperature of SOFCs has led to the
development of research into the materials and fabrication
technology of fuel cells. SOFCs normally operate at
considerably high temperatures (800-1000C) to facilitate
ionic charge transport and electrode kinetics [11-12]. This
operation temperatures can create problems such as
difficulties on construction, material and process selection,
thermal expansion mismatch, lower durability and fewer
opportunities to mass product [12]. In contrast, low
temperature operation implies reduced operating cost,
increased durability, and potential for more rapid start-up
and shut-down procedures, which in turn would broaden
their use as auxiliary power units for automobiles and small
portable application [13-15].
Recent studies in SOFC have demonstrated its potential to
operate at a relatively lower temperature (300-600 C) and
with extremely high volumetric power density. [16-21].
The high power densities at low temperatures can be
achieved by making the electrolyte thinner and/or

developing higher conductivity materials. The past research
in this field has mostly focused on developing highly ionic
conducting electrolyte with compatible high performance
electrodes, both cathode and anode at lower temperatures
[22].
4. FABRICATION OF SOLID OXIDE FUEL CELL
Given the traditional techniques, the method to engineering
pore structure is limited to manipulation of thermal fugitive
particle orientation and stability during slurry preparation.
The generation of graded pores is often accomplished by
lamination of layers with different microstructures,
however, leading to complexity and cost. There is also
other researchers working towards commercialization using
tape casting [23-24], screen printing [24-25], tape
calendaring, extrusion [26], freeze-casting and dip
processing [27-28]. All wet ceramic processing techniques
discussed are a mixture of powders, pore formers, binders,
and solvents that are, by multiple ways, deposited into a
thin layer from single-digit to hundreds of microns thick.
Nowadays, the research towards a low temperature SOFC
has led to the development of nano technique fabrication
such as plasma spraying, electrostatic sprat deposition
(ESD), ultrasonic mist spray pyrolysis (MSP), pulsed laser
deposition, photolithography and atomic layer deposition
(ALD).
Plasma spraying is a fast and well-known technique for
making thin layers and coatings. It can easily produce
graded structures by changing the feed material and can
easily be scaled [29]. ESD atomizes a precursor solution
using electrostatic forces caused by a high voltage
potential. They can be collected and atomized again so little
goes to waste [30-31]. MSP atomizes a precursor solution
using an ultrasonic atomizer or nebulizer, and then a carrier
gas transports the droplets and deposits them onto a heated
substrate [32-35]. Photolithography was used to generate
the micro interdigitated photoresist patterns on the
substrates. PLD method was used to deposit thin films of
[36]. ALD is, in principle, a layer-by-layer, surface-reaction
limited thin film deposition technique relying on sterically
hindered absorption of organometallic gaseous precursors
that quickly diffuse on the substrate surface to form
monolayers. ALD's ability to coat a conformal thin
electrolyte film on non-flat or even complex geometry
substrates provides a large degree of freedom in cell design
[37].
5. EXPERTISE OF SOLID OXIDE FUEL CELL
In Malaysia, there are a few corporation and institutes that
are established in the area of fuel cell. Table 3 shows a
summary of fuel cell experts in this country.
Table 3: Expertise of Fuel Cell in Malaysia
Name
Person
Description
Contact
Horizon FC
info@horizonfu Horizon FC
Malaysia Sdn elcell.com.my
Malaysia Sdn Bhd
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Bhd

G-Energy
Technologies
Sdn Bhd

info@genergy.com.my

Advanced
Materials
Research
Centre
(AMREC),
SIRIM

web@sirim.my

KGC
Resources
Sdn Bhd
(223165-d)

sales@kgcscien
tific.com
kgcresources88
@yahoo.com

Fuel Cell
Institute,
Universiti
Kebangsaan
Malaysia

Prof. Dr. Abu
Bakar
Mohamad

Process
System
Engineering
of Fuel Cell
Group, Fuel
Cell Institute,
Universiti
Kebangsaan
Malaysia
Fuel Cell
Plate
Materials
And
Manufacture
Group, Fuel
Cell Institute,
Universiti
Kebangsaan
Malaysia
Process
Electrochemi
stry Fuel

Prof Dr. Ir.
Wan Ramli
Wan Daud
Prof. Dr. Jaafar
Sahari
Prof. Dr.
Kamaruzzaman
Sopian

was established
with a mission to
raise awareness of
Malaysians towards
environmentally
friendly
technologies.
Focus on Research
and Development,
Manufacturing and
Commercialization
of Proton Exchange
Fuel Cell
Technologies and
Solutions.
Priority area of
medical technology
flagship and covers
the following areas:
Biomedical
Materials, Energy
Materials,
Engineering
Materials
Laboratory &
Scientific
Equipments,
Medical Instruments
and Equipments
Focus on research
program,
development and
project
demonstration to
produce the
technology of fuel
cell
The research
projects of this
group are focused
on design,
manufacture and
control of PEM fuel
cell stack.

Prof. Dr. Jaafar
Sahari
Prof. Ir. Dr.
Wan Ramli
Wan Daud
Prof. Dr. Che
Hasan Che
Haron

Focus on
development of
plate fuel cell
material and
manufacture

Prof. Dr. Abu
Bakar
Mohamad

Focus manufacture
of electrode
membrane (MEA)

Cell, Fuel
Cell Institute,
Universiti
Kebangsaan
Malaysia

Prof. Dr. Abdul
Amir H.
Khadum
Dr. Loh Kee
Shyuan

Solid Oxide
Fuel Cell
Research
Group, Fuel
Cell Institute,
Universiti
Kebangsaan
Malaysia
Micro Fuel
Cell Group,
Fuel Cell
Institute,
Universiti
Kebangsaan
Malaysia
Advanced
Membrane
Technology
Research
Centre
(AMTEC),
Universiti
Teknologi
Malaysia
(UTM)

Prof Dr.
Andanastuti
Muchtar
Prof Ir. Dr.
Wan Ramli
Wan Daud
PM. Dr. Siti
Kartom
Kamarudin
Prof Dr Ir Wan
Ramli
Prof Dr. Abdul
Amir Hassan
Prof. Dr.
Ahmad Fauzi
Ismail

Focuses on research
aimed at developing
novel electrodes and
electrolytes suitable
for use in low- to
intermediate
temperature solid
oxide fuel cells.
Focussing on the
development of
micro direct
methanol fuel cell

The leading
research centres that
has constantly
engaged with its
indigenous and
advanced research
and development of
membrane
technology.

Another research centre, university and corporation that led
the development of SOFC in the world as in table 4 below.
Table 4: Expertise of Solid Oxide Fuel Cell in Global
Name
Description
Wachsman
Group, Our lab has made crucial
Energy
Research strides in all areas of SOFC
Center, University of performance and operating
Maryland
temperature.
Computational
Focused in catalysis for both
Materials
Group, Proton Exchange Membrane
Department
of Fuels Cells (PEMFCs) and
Materials Science and Solid Oxide Fuel Cells
Engineering,
(SOFCs)
University
of
Wisconsin System
Scott
A
Barnett Our group focuses on energy
Research
Group, and advanced technology
Department
of applications
through
the
Materials Science and investigation of solid oxide
Engineering,
fuel cells and transparent
Northwestern
oxide semiconducting thin
University
films.
Energy
Materials Focused on development of
Laboratory,
Korean various
cross-cutting
Institute of Energy technologies and convergence
research
on
energy
Research (KIER)
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Centre for Hydrogen
and Fuel Cell Research,
University Birmingham
Materials Science and
Engineering, Imperial
College London
NSERC Solid Oxide
Fuel Cells Canada
(SOFCC)
Strategic
Research Network
UW Electrochemical
Surface
Science
(UWESS), University
of Washington
International Institute
for
Carbon-Neutral
Energy
Research,
Kyushu University
Nanoscale Prototyping
Laboratory, Stanford
School of Engineering,
Stanford University
Meilin Liu Group,
School of Materials
Science & Engineering,
Georgia Institute of
Technology

Fuel Cell Materials and
Manufacturing
Laboratory, University
of Toronto

Solid Oxide Fuel Cell
Materials
Design
Group,
Global
Research Center for
Environment
and
Energy
based
on
Nanomaterials Science
(GREEN)
Fuel Cell Materials,
Deans’ task Force on
Energy Security and

technologies such as AMTEC,
SOFC/PEMFC, SOEC,

Sustainability, Virginia
Tech

The Centre focuses on
Research and Development,
applications
and
demonstrations of Hydrogen
and Fuel Cell systems
Produced a world-leading
SOFC fuel cell module which
provides the core component
for a variety of applications
and fuels.
The Network is an association
of 21 research groups from
universities and government
partnered
with
Canadian
industry
Examines surface science
phenomena
related
to
electrochemical
situations,
with an emphasis on fuel cells
and related technologies.
Develop
efficient,
costeffective, and stable methods
to convert hydrogen and other
fuels into electricity using a
fuel cell.
Focuses on fundamental parts:
electrolyte and electrode

Department
of
Chemical and Materials
Engineering,
University of Alberta

Focus
on
fundamental
understanding of the effect of
structure,
composition,
morphology, and defects on
electrical, chemical, catalytic,
and electrochemical properties
of ionic and electronic
conductors.
Current projects are aimed at
lowering
the
cost
and
improving the durability of
fuel cells through the use of
new materials and processing
techniques to produce fuel
cells more rapidly using a
process that is easily scaleable.
Design of high quality fuel cell
materials by combination of
microanalysis,
defect
simulation and processing
route design

Development of solid oxide
fuel cells (SOFC) for longterm operation

Fuel Cell Materials
Group,
National
Institute of Advanced
Industrial Science and
Technology (AIST)
Fuel Cell Research
Centre
(FCRC),
Queen’s University

The
Electron
Microscopy for Energy
and the Environment
Group, Arizona State
University
Central
Glass and
Ceramic
Research
Institute, Council of
Scientific
and
Industrial Research
Solid State Ionics and
Electroceramics
Research
group,
California Institute of
Technology
Energy
Research
Institut,
Nanyang
Technological
University
Research
Development,
Insulators, LTD

&
NGK

Multi-Functional and
Energy
Ceramics
Group, West Virginia
University

Fuel
Cell
and
Hydrogen
Research
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Solid oxide fuel cells for
utilization of coal, syngas,
natural
gas,
H2S
and
petroleum resources with high
efficiency and low impact on
the environment
Development of materials and
related
characterization
technologies for solid oxide
fuel cells (SOFC), a hightemperature type of fuel cell
To improve performance,
reliability, and durability while
reducing the cost of fuel cell
components
and
systems
through
innovations
in
materials,
design,
and
manufacturing processes.
Current Projects, Oxygen Ion
Conductors, Fuel Cell Anode
and Fuel Reforming Catalysts
The major areas of research in
the Division are: solid oxide
fuel cell (SOFC), lithium-ion
battery (LIB) and mixed ionic
and
electronic
conductor
(MIEC) based dense ceramic
membrane for gas separation
The exploration of SOFC
cathode materials is the focus
of Moureen's research at the
Resnick
Sustianability
Institute
Focuses high temperature
Solid Oxide Fuel Cells and
low temperature Polymer
Electrolyte Membrane Fuel
Cells (PEMFC)
Our development efforts are
directed toward such products
exploiting ceramics as solid
oxide fuel cells (SOFC) and
large lithium ion batteries for
vehicles
Development
of
piezoelectric/dielectric
materials, chemical sensors,
reforming catalyst, battery
materials, solid-oxide and
direct-carbon fuel cells, and
ceramic
separation
membranes.
Focus
on
degradation
processes in fuel cell materials
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Lab
(FCHRL),
Rensselaer Polytechnic
Institute
DTU
Energy,
Department of Energy
Conversion
and
Storage,
Technical
University of Denmark
Electrochemical
Energy
Technology,
Institute of Engineering
Thermodynamics
Department of Physics,
Materials
Science
Group,
Comsats
Institute
Of
Information
Technologly Islamabad
Electrochemical
Materials
&
Nonmetallic Inorganic
Material, ETH Zurich
Heat
and
Power
Division of Department
of Energy Technology,
KTH Royal Institute of
Technology
Electrochemical
Process Engineering,
Institute of Energy and
Climate
Research,
Julich
Forschungszentrum
The FuelCell Energy
Direct FuelCell (DFC)

Materials and Systems
Research, Inc

Nano
and
Microengineering
of
Materials
(NMAM)
Group

and
identify
specific
mechanisms
through
application
of
structureprocessing-property
relationships.
Develops
high-performance
solid oxide fuel cells (SOFCs)
consisting of thin layers of
advanced ceramics (and for
certain types also metals)
Development of solid oxide
fuel cells (SOFC) and
electrolysers (SOEC)
Focused on sub-field of
Renewable Energy Resources
called Fuel Cell Technology

Focuses on both material and
fundamental aspects of solid
oxide fuel cells (SOFC)
The project (TriSOFC) aims to
develop and evaluate the
performance of the first-of-itskind LT-SOFC tri-generation
system for low carbon
buildings
Work
focuses
on
the
electrochemical
characterization of cells and
stacks.
We have incorporated the
larger-scale
SOFC
components into fuel cell
stacks as large as 60 kilowatts
(kW) as part of FCE’s project
under the U.S. Department of
Energy Solid State Energy
Conversion Alliance (SECA)
program
MSRI’s facilities include over
15 high-temperature furnaces,
three ovens, a surface grinder,
two tape casting machines, an
isostatic press, a laminating
press, and six fuel cell testing
systems.
Design of new SOFC anode
materials
with
enhaced
catalytic properties towards
the direct oxidation of
hydrocarbons

School of Engineering
and Applied Sciences,
Harvard University
RIST
(POSCO/
POSCO Energy)

Ultra-thin oxide membranes
and solid oxide fuel cells

School of Materials
Science
and
Engineering, Huazhong
University of Science
& Technology

Solid Oxide Fuel Cell:
including
SOFC
design,
materials, fabrication and
system
integration;
successfully
developed
compressive sealing materials
LT-SOFC, electrodes. High
performance
cathode
materials.
Micro-SOFC Monolith SOFC,
Defect chemistry, NaS battery,
Reforming. Cells for stacking
(MEGA) Segmented (SEGA),
Planar
(PEGA)
Ceramic
interconnect, Reforming.
Fabrication
Interconnects
Cathodes. Tubular SOFC Cells
and Stacks.

The Joo Group, UNIST
Professor
Laboratoty
Cell
POSTECH

Choi's
for Fuel
Research,

Materials Science and
Engineering,
Inha
University

Focus on Planar SOFC.

6. CONCLUSION
This review discusses the important role and contributions
made by professional organisations that has led to the
development of fuel cell especially solid oxide fuel cell
operating at a lower temperature. The basic understanding
of fuel cell is also important before starting the research.
This paper is also shows the possibility of producing a thin
layer of electrolyte for low temperature SOFC by using the
latest nano technology fabrication techniques such as
plasma spraying, electrostatic sprat deposition (ESD),
ultrasonic mist spray pyrolysis (MSP), pulsed laser
deposition, photolithography and atomic layer deposition
(ALD).
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A REWIEW OF PERFORMANCE ASSESSMENT BETWEEN CONVENTIONAL BANKS
AND ISLAMIC BANKS IN MALAYSIA
Sieng Sokrith, Mohamad Ali Tareq
ABSTRACT
The paper reviews previous studies on banking system in
Malaysia. The bank performance assessment criteria were
reviewed for both Islamic banks (IBs) and Conventional banks
(CBs). Performance criteria were used and found different
arguments for each financial aspect such as capital adequacy,
Return On Assets (ROA), liquidity, bank size, asset quality and
operational efficiency. The study also considers on economic
condition and corporate governance (board size and board
independence). Regardless of the conflicting findings on capital
adequacy, bank size and liquidity related to performance,
researchers found an interesting finding for the banks operating in
Malaysia. IBs tend to have higher capital adequacy ratio
compared to CBs. CBs are relatively bigger in size. IBs, on the
other hand, gained higher liquidity compared to CBs. IBs opted to
have different structure in term of board size and board
independence. CBs have a better ROA and asset quality compared
to IBs while net interest margin of IBs is relatively better.
Economic condition reflects the same trend for both Conventional
banks and Islamic banks.
Keywords— Islamic,
Different, Assessment
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INTRODUCTION

The Commercial banks, investment banks and Islamic banks have
played a crucial role in the banking industry in Malaysia. After the
Asian Financial Crisis 1997-1998, Central bank, Bank Negara
Malaysia (BNM) is strictly monitoring the banking industry in
Malaysia. BNM allows dual banking system in Malaysia, i.e.;
Islamic banking, and conventional banking. For some of the
banks, Islamic banking system is operated as a window within
conventional banking structure [1]. As more than half of
Malaysian are Muslim, BNM opted to promote Islamic banking
system to penetrate the market. The main objective of promoting
Islamic Banking system in Malaysia was to become the global hub
of Islamic Banking.
As per the regulation from the World Trade Organization,
Malaysia had to open the banking industry for the rest of the
world. The industry became more competitive as the sector is
facing both local and foreign competitors [2, 3]. Competitiveness
is the key to success for every firm across the globe, and firms
have to accept challenges and strategize appropriately to stay
competitive in the market [4-7]. High performance is one of the
crucial elements for the banks to stay competitive [2, 3]. After the
global financial crisis in 2007, the performance varied from bank
to bank, and failure to meet the objectives leads to decrease the
shareholder’s wealth. Both service quality and financial returns
are the need of clients. High performance does not necessarily
lead to sustainable growth for the banks even though they achieve
customer satisfaction as well as wealth increment [8]. These
criteria might be very critical for Islamic Banks in Malaysia
whereby more than haft of the population are Muslim. Religion is
the major factor encouraging Malaysians to engage in Islamic
financial products offered by Islamic Banks [1, 8].

Figure 2: Religious Distribution, 2010 (Dept. of Statistic,
Malsyaia: www.statistics.gov.my)
Although majority of the Malaysians are Muslim, the perception
of Islamic clients toward Islamic systems has shifted in such a
way that its market share is still low comparing to the
conventional system 1 . It might be due to the aggressive
competition from CBs that have the Islamic Windows within their
structures. BNM has initiated “Islamic Window” since March
1993 during which the “e-banking Scheme” was introduced. In
Islamic windows the CBs do not need to restructure its banking
regulations. The banks only needed to create a department within
its organizational structure that is run by Shariah principles.
Interestingly, Haron and Wan Azmi [8] and Rosly and Bakar [1]
have shown that religious elements have become irrelevant among
Muslim clients. Therefore, IBs had to be more proactive in order
to stay competitive against both globalization wave and its
opponents’ aggressive strategies. Because of the differences
between Islamic principles and conventional banks, the
performance assessment criteria and financial structure should
also be different for both IBs and CBs.
The paper reviews the performance assessment and financial
structure between IBs and CBs, and tries to identify the
differences between IBs stated objectives and their operational
1 An Islamic system’s total deposit is not exeed 15 percent of total deposits in commercial.
2 For Islamic Banks, the ratio derived from the profit sharing from interest free lending
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objectives. The IB here refers to banks, which purely use based
practices of Islamic law that differs from “Islamic Window” that is
one of the departments of the conventional banks.
2.

OBJECTIVE OF BANK

The objective of CBs is to harmonize the shareholders’ financial
need by providing the fair term and pricing and to be the market
leader in the financial service sector. Ibrahim and Ismail [9] have
argued that the objective of CBs is to maximize the profitability as
well as the wealth. The main operation of the banks is to
channelize the funds from surplus sector to deficit sector. Banks
attract deposits to different financial products and lend to the
different borrowers. The banks made profit from the spread
between the deposit rate and the lending rate [9]. The shareholder
value can be maximized through maximizing the profit by offering
various financial products and services such as depository
institutions, contractual intermediaries, and investment
intermediaries [10].
For IBs, regardless of profitability, compliance with Shariah
principles is a must in order to be the global leader in Islamic
Banking industry. The concept of “interest” is prohibited by
Shariah. As a result, IBs have to design their financial products in
such a way that are not related to interest. Ethical issue in
complying with Islamic-based principle is the core part of Islamic
Bank’s business. Its operation should be different from CBs due to
religion-based principles. Ismail and Ahmad [11] proposed the
two different principles for financial design of IBs: profit-and-loss
sharing (PLS) and mark-up financing. Based on these principles,
Islamic banks need to provide customers with trust, understanding,
and partnership. As long as it complies with Islamic principles, the
design per se is not so important. The business partners may end
up with profit or loss in term of partnership which based on
participation in enterprise or equity [1]. PLS will ensure the equal
distribution of wealth and create more wealth for the owners [9].
The main purpose of its distinctive corporate culture is to establish
a collective morality and spirituality to sustain the growth and
advancement of the Islamic lifestyle [12, 13].
3.

BANK PERFORMANCE ASSESSMENT
CRITERIA

A number of studies have discussed about the performance of
banks measures, among those bank attributes, economic
environment and bank corporate governance (CG) structure are
considered to be influential factors [14-24]. In this section, we will
discuss on the factors affecting the performance for both IBs and
CBs by categorizing the factors under external and internal.
3.1.

Economic condition

Economic condition is considered to be the most important factor
affecting the performance of banks for both IBs and CBs [15-23].
One of the main contributors determining the bank profitability is
inflation rate. High inflation rate causes high operation cost along
with higher income. Researchers found that the significant
positive relationship occurred between inflation rate and bank
profitability. The effect of inflation is favorable for the bank
performance as Vong and Hoi [24] has argued that the inflation
effect on income is higher than the effect on operational cost.
Likewise, Shaista and Umadevi Nair [14] has shown the
significant positive relationship between bank performance and
inflation rate.

3.2.

Capital adequacy

Bank capital requirement can not be overlooked and the central
bank plays as the key regulator in determining the minimum
capital required for banks [25]. In Malaysia, BNM requires at least
8% capital adequacy ratio (CAR) for both IBs and CBs to prevent
the banks from taking excess risks and becoming insolvency.
However, IBs tend to have a relatively higher capital-assets ratio
comparing to CBs aiming to protect depositors’ interest. Literally,
CAR determines a bank’s capital strength and that shows how
bank profitability is affected by the equity [14]. The central bank
selects different levels of CAR depending on the nature and bank
performance. Kim and Rasiah [26] argued that, by using the
statutory deposit, the central bank could reduce the weakening of
financial performance of banks. Banks usually prefer higher
capital ratio to maintain the competitiveness [27].
For IBs, Bashir [28] posited that total equity to total assets can
also be a good measure to determine the connection between CAR
and bank profitability due to their significant positive relationship.
The same finding also claimed by Naceur [17], Kosmidou, Tanna
[18], Flamini, McDonald [21], Vong and Hoi [24] and Sufian and
Habibullah [22]. By using the same ratio, however, Athanasoglou,
Delis [19], Pratomo and Ismail [29], and Wasiuzzaman and
Tarmizi [23] found the opposite relationship.
Akhter, Raza [30] have used log of total equity to total asset
(lEQTA) and found the significant positive relationship between
bank performance and CAR. And IBs are found to have a higher
log of total equity to total asset ratio compared to CBs. Ahmad
and Hassan [31] have shown that IBs have higher capitalization
rate related to CBs of similar size. Adrian and Hyun [32] found
the negative relationship between bank profitability and the ratio.
Shaista and Umadevi Nair [14] supports Akhter, Raza [30] as they
have found the positive and significant relationship between
equity over net loan (EQNL) and bank profitability. IBs have less
credit risk than CBs as EQNL is higher for IBs.
3.3.

Corporate governance

From the basis of the Islamic financing, IBs cannot charge any
fixed returned, instead it shares the yield resulting from the use of
fund [12]. Unlike the conventional banking, Islamic banking uses
the word “partner” when it deals with both depositors and
entrepreneurs. The partners share the profit after yielding from the
use of fund. PLS and mark-up financing are the basic financial
designs of Islamic banking [9, 11]. The business design per se is
not that important, but the contracts, processes, instruments,
activities and underlying transactions, and assets along with legal
documents are the most crucial part in order to comply with the
principles of Islamic law [33]. In a nutshell, from the viewpoint of
CG, the two banking systems functionally operate in different
ways and share different business objectives. Indeed, governance
structure in IBs is different from CBs due to the Shariah
Supervisory Board centering their CG framework [12].
In Malaysia, BNM plays a key role in regulating the financial
system. To tranform Malaysia to be a heart of global Islamic
banking, BNM provides measures and guidelines to Islamic banks.
These have helped to sustain IBs’ competitiveness [14]. They also
claimed that CG is the important factor affecting the performance
of banks in Malaysia. It is believed that CG is more important in
banking industry than other industries especially in regulation,
agency problems and the capitalization [34]. For example, the
recent case of Malaysian local banks revealed the misconduct
involving awarding of branch renovation contracts under authority
of CEO, which finally affect the stock price and bank rating [14].
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Thus, there should be a positive connection between bank overall
performance and CG. CG changes bank performance along with
bank financial structure for both IBs and CBs. For instance, it is
revealed that board size have a direct impact on bank performance
[35]. Pablo de and Eleuterio [35] found that board size and
composition created the ability of monitoring and advising that
resulted in the increase of the bank value. A number of authors
have tested the relationship between board size and CG by using
ROA, ROE, Tobin’s Q and other financial ratios [36-42].
Agoraki, Delis [43], Mohamed [38] and Gregory, Eli [44] have
argued that board size have no relationship with bank
performance. They have shown that smaller the board size higher
will be the efficiency and profitability. According to Agoraki,
Delis [43], larger the board size, higher will be the intense in
communication and bureaucracy. It is unfavorable to bank
performance as well as the rise in agency problem. Shams,
Michael [45] further their finding and found the negative
relationship occurred among board size and ROE and ROA.
For board independence, proportion of non-executive directors to
the total board directors reflected the effectiveness and bank
performance [14]. In other words, the larger the independent
directors, the better the bank performance. Gregory, Eli [44]
posited that greater the dependency between board and bank, the
better the bank performance will be. Past studies have clarified
that the independent directors, to some extent, protect the
shareholder’s interest such as decreasing the probability of a
hostile takeover or provide a better chance to target firm with
higher return [46]. Posited by Zengji and Yeqin [47], the
shareholder’s interest should be well protected when the board is
independent. In contrast, Wang [48] claimed that the significant
relationship between bank performance and board independence
could not be found. Leadership was the main contributors as
performance driven for banks comparing to governance [49]. He
concluded the higher the board independence, the lower the
performance of banks. Shaista and Umadevi Nair [14] argued that
the IBs in Malaysia tended to have a smaller board size with
higher proportion of independent directors while CBs opted to
have a bigger board size with less independent directos. Since
board size was found to be closely related to bank profitability,
CBs supposed to be more profitable compared to IBs.
3.4.

Bank size

According to Shaista and Umadevi Nair [14], bank size reflects
bank risk. Christopher [50] claimed that the larger the banks, the
better the performance as the result of investment diversities,
management efficiency, and technology advancement. Other
researches showed that the bigger the bank, the more competitive
it is in in charging lower interest rate to the borrower [21]. And the
banks are still profitable through the positive relationship between
bank size and profits. The economies of scale occurred as the
result of the bigger size that could decrease the cost of gathering
and information processing [51]. For the bigger size, on the other
hand, the economies of scope can originate from product
diversification and accessibility to the capital market where
smaller banks may not access. However, Heffernan and Fu [20]
found that bank size had no impact on bank profitability. Lin and
Zhang [52] claimed that the larger banks seem to obtain relatively
less profitability, less efficiency, and worse asset quality.
Pasiouras and Kosmidou [53] have claimed that the bigger the
bank the longer the process due to the negative effect of
bureaucracy and that opposite to economies of scale. It was
believed that the larger the banks, the higher the revenue will be.
However, the study of Olugbenga and Olankunle [54] revealed

that, in average, the efficiency of larger banks was lower than
smaller banks. Shaista and Umadevi Nair [14] found the size of
banks has a significant relationship with bank performance. In
general, the CBs in Malaysia are larger in size than the IBs. CBs
arefound to be more profitable in term of bank size.
3.5.

Return on assets (ROA)

ROA evaluates the performance of banks in term of using the
assets to create income. In order words, it indicates how efficient
the banks are in generating income from its assets. It is the ratio of
net income after tax to the average asset value. Shaista and
Umadevi Nair [14], by opting to compare between 9 CBs and 12
IBs in Malaysian local owned banks, found that CBs are very
good in asset management proving that its ROA is twice time
higher than IBs.
3.6.

Liquidity

Liquidity reflects the solvency of banks and indicates how quickly
a bank can meet debt obligations [55]. Liquidity is typically the
main determiner of banks’ profitability. It is believed that the
higher the liquidity, the better the banks can cover the debt
obligation. The liquidity proxy measured by taking the total loans
to total assets (TL/TA) that shows the liquidity of bank assets
compared to the loan. The higher the ratio, the less liquid the
banks will be [55]. Studying on conventional banks, DemirgüçKunt and Huizinga [56] found the positive relationship between
TL/TA and bank profitability. Alkassim [55] posited that the ratio
provides the same relationship for both IBs and CBs. Loans are
the source of income and thus, the interest bearing assets of banks
should have positive correlation with the bank profitability [19,
22-24, 28].
Alkassim [55] proposed liquidity proxy as the ratio of liquid assets
to customers short-term funding. It reflects how liquid the bank is
against short-term withdrawal from deposit takers. Bashir and
Hassan [57] and Kim, Rasiah [58] showed that CBs are more
liquid than IBs. They discovered that the proxy is higher in CBs
than in IBs.
Bashir and Hassan [57] found that the high-perform banks tended
to have a high liquidity ratio. Related to risk, the fundamental of
bank operation is about the leverage between liquidity and risk
[59]. Srairi [51] proposed, as liquid assets provide a lower rate of
return, that the higher the liquidity the banks have, the less
profitability will be. Mukesh, Arjun [60] and Kosmidou, Tanna
[18] also supported Srairi [51], but they used different
measurement for liquidity. Molyneux and Thornton [61] found the
negative relationship between bank performance and the level of
liquidity. Shaista and Umadevi Nair [14] found that IBs, in
Malaysia, had relatively high liquidity than CBs due to higher
liquid assets over customer’s short-term funding (LLASTF). It
also claimed that IBs are better than CBs in term of equity over
net loan (LENL). In Malaysia, the depositors do not face any
difficulty in withdrawing their money in a short-term period
resulting from better liquidity management from both types of
banks. However, IBs seem to have lower profitability due to
higher liquidity compared to CB. It is believed that IBs are highly
dependent on the investment deposit which finally result in higher
liquidity as compared to CB [30, 57].
3.7.

Operational efficiency

The ratio of cost to total income is normally identified as the
operational efficiency [51]. The ratio reflects the bank
performance in controlling the bank operational expenses [55].
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The smaller the ratio, the better the bank performance and the
lesser the risk the banks faced. In contrast, studies have found the
ratio had the negative relationship with bank profitability [18, 20].
The higher the ratio of operating expense to total assets , the higer
the bank profitability [17, 19, 24, 28, 62]. Increasing in loan will
lead to increase the operating expenses, in most of the cases the
profitability increases because the incremental operating expenses
are offset by the increase in the revenue from the loan [55]. CBs
are found to outperform IBs in this regards [31].
Shaista and Umadevi Nair [14], Naceur [17], and Simpson [63]
accepted net interest margin (NIM) as a performance indicator for
banks. The study of Wasiuzzaman and Tarmizi [23] support that
the high NIM2 will increase the better the performance of the
banks. Study on the banking system in developed countries, found
the significant positive relationship between NIM and bank
performance [64]. Shaista and Umadevi Nair [14] choose NIM to
measure the operational efficiency between the two types of
banks, and found IBs are efficient in lending activities and
expenses compared to CBs. Higher lending result in higher
profitability due to higher lending revenue.
3.8.

higher proportion of independent directors while CBs opted to
have a bigger board size with less independent directors[14]. Bank
size effects bank performance and its risks[14, 21, 50, 51].Authors
argued that the large banks have high bureaucracy that leads to
lower performance [20, 52, 53].In addition, the average efficiency
of larger banks is smaller than that of smaller banks[54]. In
Malaysia, IBs are generally smaller in size compared to CBs[14].
In term of ROA, CBs are much better than IBs in
Malaysia[14].Liquidity is the key measure of performance and the
higher the liquidity, the better the performance will be. In general,
CBs tend to have higher liquidity than IBs[57, 58]. However, IBs
in Malaysia tend to have a higher liquidity compared to CBs[14].
NIM normally is the indicator of operational efficiency for IBs
and CBs. The higher NIM led to the better the performance of the
banks [14, 17, 23, 63]. IBs were more efficient compared to CBs
using the ratio [14]. In leveraging the assets, asset quality
management was better in CBs than in IBs in Malaysia due to
higher loan portfolio [14, 20, 55, 65]. Although CBs were better in
assets management CBs had higher loan default rate than IBs in
Malaysia [14].
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AUTOMATED SOFTWARE TESTING ON ASSISTING STARTUP’S QUALITY CONTROL:
A RESEARCH CONDUCTED AT BUKALAPAK.COM

Raymond Sumargo

ABSTRACT
Testing is an inseparable part of software development. It is
intended to ensure the quality of the software that is built.
Testing is important on software development process as it
will help to ensure the quality of the software. A
comprehensive testing process will likely produce a robust
software. Testing can be done in two ways: manual and
automated. Automated testing is not meant to replace
manual testing as each approach has its own merits and
demerits. Automated testing is still mostly viewed as
exclusively feasible to be implemented only for companies
with larger size and well established product. However,
study show that automated testing should be able to be
implemented on various size of software companies.. This
paper is intended to show the report of implementation of
automated testing on a software startup in Indonesia –
Bukalapak.com.
Keywords—
Automation
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1. INTRODUCTION
The main goal of software development process is to build a
robust software which possess good quality. Testing is an
important step on this process as it is important to detect
problem in the early stage of development rather than in the
later stage. Fixing problem in the later stage of development
will likely require more resources, which is costly. Manual
testing is one way to test a software. Manual testing is done
by manual testers (human) who execute test scenarios. The
test scenarios are written by manual testers themselves after
gathering information from business analysts or developers
[1]. Manual testing is an important part to check the critical
or key feature of the software where it is necessary to check
the feature of the software manually.
A complicated and long scenario, however, can make
manual tester prone to error. Other than that, repetitive
scenarios will also not compatible to be run by manual
testers as employing manual testers to run repetitive
scenario means we are spending more cost by using human
resources to do repetitive job where it can actually be done
automatically by machine. Dustin et al. [2] defines software
test automation as the process to automate software testing
where it includes the execution of test scripts, verification,

and the usage of automated testing tools. Automated testing
can be a solution to run repetitive and complicated test
scenarios, because a computer is not affected by fatigue or
any other causes that may affect manual tester [3].
Automated testing is not meant to replace manual testing as
each approach has its own merits and demerits [4].
However, there is a stereotype that suggests automated
testing requires a lot of effort and can only be afforded and
implemented on larger and established companies. Study
shows that the practitioners’ view of automated test is that
automated test is highly useful but sometimes costly
because of the cost that is needed to develop the tools and
the learning curve that manual testers should face [5].
Software startups should be able to reap benefits of test
automation to drive innovation and produce software with
better quality. Teams that are comprised of automation and
manual testing process are more effective compared to large
teams that only formed by manual testing team. Using latest
tools and techniques in software testing many allow
companies of any size to produce software with better
quality and ultimately attract even more potential customers
[6]. This study would like to show the result of an efficient,
lean, and effective automated testing implementation on an
e-commerce startup in Indonesia, Bukalapak.com.
Bukalapak.com is an e-commerce startup which utilizes
customer-to-customer approach. Bukalapak.com has
significant growth in Indonesia as the site get regular hits of
100,000 visitors per day. They had reached more than
400,000 users on their system [7]. Before Bukalapak.com
requested implementation of automated testing, the startup
only utilizes manual tester that will check important features
but not in a regular basis as it is an exhausting task to do
according to the product manager of the company.
2. DEVELOPMENT OF AUTOMATED TESTING
FRAMEWORK
There are many ways to develop automated testing
framework as new technologies keep arising to satisfy the
emerging needs of software automation test. In this study,
the development of object oriented automated web testing
framework is made using Java utilizing Selenium
Webdriver. Additional tools that are used to develop the
automation test framework: Eclipse IDE, Apache Log4j,
TestNG. The automated testing framework is made in

–1–

－458－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

Object Oriented style to promote reusability. Figure 1
depcits the automated test framework in general.
Key components of the framework are:
a. Test Suite
Test suite is written in an .xml format that contains
information about which tests that are going to be run by the
automation test framework. The suite will also set properties
that are going to be customized (e.g. URL and Port of the
application to be tested, browser to run the test)
b. Properties File
Properties file provides default value for the whole
automated test project. Those properties are used as the
default value if test suite does not specify any customization.
c. Page Object Class
Page object class is class that is used as representation
of a webpage. Page object contains methods of operation on
a webpage (e.g clicks a certain button, enters text to a
certain text field). Page object stores locator of elements on
a webpage. Page object may also store local variable on a
webpage (e.g Page title, header). Page object is deployed
because by using it we can reduce (in substantial way) the
time spend to modify the existing code should there be any
changes [8]
d. Data Source Class
Data source class is class that is used to store the data to
be used on the test class by using getter and setter. The data
source class uses annotation @DataProvider from TestNG
to generate an object out of data.
e. Test Class
Test class is where we write the test cases of our
scenario. The test scenario will be written in format of code
in order to automate it. The scenario is run sequentially by
utilizing @Test annotation from TestNG
f. Interaction Class
Interaction class contains all methods to do interaction
towards a web element. Example: Clicking, Entering text,
Selecting value from dropdown. All interactions on this
class is done by utilizing fluent wait.
g. Settings Class
Settings class is used to set the lifecycle property of
automation test project. Operations like launching browser,
closing session, killing browser, starting a driver,
terminating a driver setting browser configuration, and
logging data is all done on this class.
h. Test Listener Class
Test listener class is used to check if there is any error
and test to be skipped.
i. Validation Class
Validation class is implementation of TestNG (mostly)
assert methods. This class is used for verification.

Figure 1 Parts of Automated Testing Framework

3. IMPLEMENTATION OF AUTOMATED TESTING
ON STARTUP
The automated testing is developed from scratch by the
writer in two weeks period. It is highly possible to do so
because the technology that is being used is an open source
software, and there are many resources that can be used as
guide to develop such automated testing framework. After
two weeks, the automated testing framework is deployed to
a virtual machine that runs 24/7 and cater execution of tests
every 2 hours. This way, the automated testing is deployed
to ensure that integration of all new features will not break
the existing important features. This kind of integration
testing is particularly important on such an ecommerce
website because even a slight error or disturbance to an
ecommerce website will greatly impact the number of
transactions made by user. By utilizing automated testing,
such risk could be highly avoided because automated testing
will keep tracking to ensure that important features are
highly usable.
There are various tests that is executed by the automated
testing framework. Below are the list of test that are done to
ensure the ecommerce site of Bukalapak.com is up and
running all important features perfectly. Below are the tests
that are executed as part of the automated testing
framework:
a. Selling Product
b. Filter Search By The Cheapest
c. Filter Search By The Most Expensive
d. Login With Email
e. Login With Username
f. Registration With Email
g. Shopping Cart
h. Private Message
i. Buying Product
j. Add Shipment Address
k. Close Store
l. Search Result Per Page
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m. Set Products to be Unavailable
n. Check Bank Account
o. E-Wallet
p. Bookmarking Products
Those are the extensive features of an ecommerce website
which is also available on Bukalapak.com. All of those tests
are done every two hours automatically in order to check
that those features are running perfectly.
4. RESULT OF AUTOMATED TESTING
IMPLEMENTATION
After running the system for about one and a half month, the
automated testing is deemed to be useful for the startup. The
regular build seamlessly able to capture bugs or problems on
the website quickly and regularly. The product manager of
the startup can even track the automated testing process
from his smartphone, making it easier for the product
manager to anticipate any problems that may be arise before
many e-commerce users face such problems. Since the
writer develop the system in object-oriented approach, it just
takes short span of 2 weeks in order for the manual testers
and developers to be able to start writing automated testing
scenarios.

important features are available to users of the e-commerce.
It takes only 48 minutes of execution time in order to cover
such extensive tests.

Figure 4 Automated Testing Report
Figure 4 shows a case where there is a failure in the
execution. The color-labeled scenarios show that there is an
error on one of the features.

Figure 2 Dashboard of Automated Testing

Figure 3 Automated Testing Execution Result
Figure 2 shows the dashboard of automated testing. In this
page, the result of automated testing execution overview in
general can be found.
Figure 3 shows the result of the automated testing execution
where in this case, there nis no failed test found, meaning all
important features are up and running solidly. For what it is
worth, there are 17 tests that are done to ensure all important

Figure 5 Tracking of Automated Testing Via
Smartphone
Figure 5 shows the automated testing execution seen from
Android device. Product manager, QA manager can see the
execution result immediately and take action should there is
any problem with the core important features.
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Figure 6 Triggering Automated Testing Via Smartphone
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As convenient as it is, we can even trigger a build of
automated testing from smartphone as it is shown in the
figure 6 above.
After one and a half months of execution, the tests has been
done as much as 365 times. The automated testing was able
to detect 4 important problems during the brief
implementation period. This way, automated testing helps
developers and QA managers gain confidence that new
features that are being implemented is not disrupting the
existing core features.
5. CONCLUSION
The automated testing framework is able to be developed in
such a short period of time in order to jumpstart the
execution of the testing. As time progress, improvements are
made toward the framework. During the one and a half
month period, the automated testing framework is able to
support the quality assurance process of the e-commerce
startup in form of Bukalapak.com. The automated testing
support in a way that it gives confidence that the addition of
new features do not break the existing features. The
automated testing is also able to detect bugs or problems as
early as possible. The learning curve could also be highly
reduced so that less effort should be made in order to
attempt automating test scenarios. Overall, the
implementation of automated testing is increasing the
quality control process in a startup Bukalapak.com by
boosting confidence that new features do not break the
existing systems.
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ABSTRACT
This paper provides the technological structure analysis
and the technological trend forecast through the patent
analyses with link mining method using theme codes in
patent information. Knowledge extraction from patent
information has been made so far, but conventional patent
analysis methods which depend on personal heuristic
knowledge make it hard to extract the technological
structure. We are focusing on theme codes which are given
to a patent to represent the patent’s technological area. We
employ graphs which utilize given theme codes as the nodes
to represent technological relations within the patent, then
predict future technological structure by supervised
machine learning using the graph indices. With the
proposed method, we were succeeded in the technological
structure analyses and technological trend forecast with the
target patent domain.
Keywords— Patent Analyses, Link Mining,
Centrality, Constraint, Technological Forecasting

Graph

1. INTRODUCTION
There are various methods, such as analyses of market data,
getting information from technical magazines and patent
information, in grasp of technological trends. Since these
methods are based on individual nature, important signals
might be overlooked. Even if it is the same function,
various kinds of technologies exist. Therefore, it is difficult
to judge which technology is how effective. There is patent
information as information that can be used to determine
the technology. The patent information, it is a document,
such as the implementation of the principles and techniques
are briefly described. It is opened to the public. Therefore it
can be easily obtained.
Patent information is one of the information necessary to
formulate a corporate strategy. For example, it is possible to
perform information analysis for the purpose of evaluating
the direction of technology development, understanding of
technological trends of competitors, and market relevance
of new business. Further, it is also possible to perform
sophisticated analysis of the art by setting the analysis items
such as transition of filings, upper applicant, and the
relevant patent. Furthermore, analysis more special than
extracting the knowledge needed from the subject within
patent information and the item of a setup of a solution is

also possible. It is also possible to analyze more specialized,
such as the extraction of knowledge that requires from the
items of patent information such as the setting means of
solving and the problem. Thus, various knowledge
generation is possible using the patent.
The patent electronic library has been established by INPIT
(The National Centre for Industrial Property Information
and Training) in Japan. Technical analysis can be achieved
using the information in the collections from INPIT.
However, the information stored on this site, the following
restrictions are applied; 1) Patent data stored from 1993, 2)
Since there is no thesaurus, selection of a technical term is
difficult. 3) The search indexed by company name is also
difficult.
Under the influence of such a data set condition, it becomes
a dataset with many noises and it is difficult to extract the
target search results exactly. Therefore, data cleansing work
until it conducts technical analysis has to take much time.
Therefore, in this paper, we propose a method for extracting
knowledge from public information and forecasting
technological trends using it.
The rest of the paper is organized as follows: Section 2
discusses the backgrounds of the research and related work;
Section 3 briefly summarizes the gathered data on the target
patent sector; Section 4 describes the analytical method of
the data; Section 5 presents analytical results; and Section 6
gives some concluding remarks and future work.
2. RELATED WORK
Many technical analyses using patent information have
been made so far [1-6]. They are performed for the purpose
of business solution.
TRIZ (Teoriya Resheniya Izobretatelskikh Zadatch) aims at
performing technical development based on the structure of
problem solving which appears repeatedly in the patent. [710]. Kawakami et al. propose the inconvenience idea gains
support system aid of inventive problem solving theory
TRIZ [11].
There is the idea creating a method for business solution
other than TRIZ. KT (Kepner-Tregoe) method analysis is
intended to solve the problem, not achieved compared to
similar successful case in the past. Benefits of KT method
are that enumeration can be formally causative factor of the
problem. On the other hand disadvantage is that the
expertise needed to the creation of solutions [12,13].
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Thus, many measures have been taken as having centered
on the patent for a business solution. Next, we look down
about the patent analytical skills. One of the techniques of
patent information analysis is the patent mapping. Kiriyama
made content analyses with this method [14]. Shide et al
were performed using the patents analyses the change of the
positioning for customer of research and development
activities of the company [15]. Kimura proposed a
technology evaluation method based on patent analysis for
technology strategy planning [16]. As for the analysis of
important information derived from patent analysis,
Carpenter analyzed for important cited patents. Muguruma
showed the validity of the patent citation analysis to
propose the FCA (Forward Citation Applicant) map [17,18].
Sato et al, proposed the importance calculation method of
the patent document based on the citation information [19].
Ogawa et al, proposed a basic patent extraction based on
the citation information [20]. For citations, Albert
conducted a validation of citation for important patent
among the industry [21].
In place of that which were performed by human power
conventionally, as for the classification of the patent, such
as category of invention and problem, Tanaka proposed
method of extracting the feature automatically [22].
Yamashita proposed a method of surveillance technology
and specific method of patent classification with text
mining [23]. Yamamoto et al, proposed a method to
enhance the compatibility of the search by applying the
information of related patent documents in search of
academic papers. Yamamoto, proposed a method to find the
scientific papers with a variety of further information
[24,25]. Kleinberg extracted the topic and description of the
relationship with graph theory [26]. Eto proposed a measure
of co-citation based on structural units of the paper [27].
Ueda proposed the technical analysis with an active mining
method that focuses on the cognitive processes of the patent
examiner, utilizing patent classification IPC, F1, and F-term
[28].
Thus, with the application of the technology of intelligent
informatics, knowledge extraction is performed to patent
information. Then, it looks down about the mining
technology, which is the one technique of knowledge
extraction [29-32]. The relationship of analytical methods
and technologies, technology analysis method using patent
information is described.
Above all, structured technique using graph theory has been
applied in various fields. For example, chemical formula,
WWW, social network, statements with grammatical
structure and dependency. The graph is made for expressing
the structure of the object, and make it use for the analysis,
finding the partial graph which occurs frequently from the
set of graph [33]. The relationship is able to describe using
this technique. The analysis of the patent by using this
method is in this paper.
3. EXPERIMENTAL CONFIGULATION
In general, patent information consists of metadata, literal
information, and graphical information. In addition to IPC,
2 metadata such as FI and F-term are used in Japanese

patent classification system. Both FI and F-term are used to
indicate patent's technological field more detail than IPC. Fterm is further separated to theme code and viewpoint.
We gather the target information from the patent
information database [34] by theme codes. We focus on 7
technological fields: Information transfer between
computers, Computer and data communications,
Telephonic communication services, Data exchanges in
wide-area networks, Small scale networks, Communication
control and Mobile radio communication systems, which
constitute core elements of wide area data exchange
technology. Each of these technological field is given its
theme code: 5B084, 5B089, 5K201, 5K030, 5K033, 5K034,
and 5K067 respectively.
We also focus on 3 types of patent data: Published
unexamined patent application, Published Japanese
translations of PCT international publication for patent
applications, and Domestic re-publication of PCT
international application. Published unexamined patent
application is unexamined patent which submitted
domestically. Published Japanese translations of PCT
international publication for patent applications is
unexamined patent which submitted internationally and
originally written in a language other than Japanese.
Domestic re-publication of PCT international application is
unexamined patent which submitted internationally and
written in Japanese. The reason why we focus on 3 types of
the data is for including not only the data submitted
domestically but the data submitted from overseas. We
gather the data which are submitted between 1992 and 2011.
This is because that it is from 1993 that electronic data was
formed in the Japanese patent system, and since it takes 18
months from application to public presentation, the data
published before 1992 are not computerized and the data
submitted after 2012 are not published in that time. As a
result, 251,463 patent data are extracted from the database,
and 971 theme codes are given to these patents in total,
which means that 971 technological fields are related to
wide area data exchange technology.
4. EXPERIMENTAL METHOD
This chapter describes the method for technological
forecasting of the target technological category using link
mining.
A complete graph is created for each patent. It represents
technological relations within the patent. Theme codes
which are given to the patent are used as the nodes of the
graph. One theme code is assigned to a node even though
the theme code is appeared several times in a patent
because of a theme code is part of a F-term. The graph is
unweighted and undirected graph. Both node appearance
number and link appearance number are counted one for
each existence node and link in the graph.
Annual graphs are created by overlaying patents’ complete
graphs in each year of submission. It represents annual
technological relations. The node appearance number is
incremented each time when the node is appeared, and the
link appearance number is also incremented each time
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when the link is appeared. As a result, 20 weighted graphs
are created for experimental period. The graphs are sparse
graph over the whole period. There are about 11% of links
available in proportion to the node number.
In link mining method, there are several indices for
representing graph’s characters. Some indices such as
density, transitivity, and mutuality represent the whole
graph’s character. On the other hand, some indices such as
degree, centrality, and constraint represent the character of
the node which constitutes the graph. Three graph centrality
indices such as degree centrality, betweenness centrality,
and closeness centrality and constraint are calculated for
each node in the annual graphs. These are used as a feature
vector for each node. Graph centrality represents how much
a node has central role in a graph by various viewpoints.
Degree centrality represents the node’s centrality in terms
of a number of connected links. It considers that the node
which has more connection between itself and the others
has more important roles. Betweenness centrality represents
the node’s centrality in terms of transfer or intermediacy. It
considers that the node which frequently places
intermediate point of the shortest paths between any 2
nodes has important role. It is found by a number of the
shortest paths between any 2 nodes which through the node.
Closeness centrality represents the node’s centrality in
terms of a distance between itself and other nodes. It
considers that the node which has shorter distance between
itself and the others has more important role. These graph
centralities’ formulae are given from Eq.1 to Eq.3
respectively.
𝐶𝐶! 𝑖𝑖    =   

!
!!! 𝑎𝑎!"

𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 𝑖𝑖    =   

!!!!!,!!! 𝑔𝑔!" (𝑖𝑖)

𝐶𝐶! 𝑖𝑖    =    (𝑛𝑛 − 1)

!
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Where Cc(i) is node-i’s closeness centrality, and dij is the
shortest distance between node-i and node-j. It represents
the reciprocal of the average distance. The value of the
degree centrality is integer due to the equation. The nodes
which betweenness centrality value are 0 are not placed
within the shortest paths between any 2 nodes. The value of
the closeness centrality is between 0 and 1 due to the
equation.
Constraint represents how much a node is constrained by
others. Its formula is given from Eq.4.
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Where Cb(i) is node-i’s betweenness centrality, gjk is the
total number of the shortest paths between node-j and nodek, and gjk(i) is the number of those paths that pass through
node-i. The condition: j is smaller than k, is appended due
to the graphs are undirected graph.

𝑝𝑝!" +

Where const(i) is node-i’s constraint,
In this experiment, we focus on the prediction of the
presence or absence of a link between any 2 nodes which
called node pair, and cover neither generating nor deleting
the nodes in a graph. Further, it is assumed that the
presence or absence of a link of each node pair is
determined independently. In this precondition, the link
prediction problem is treated as supervised machine
learning problem [35]. The feature vectors of node pairs in
known graphs are employed as the training data. The
feature vectors of node pairs in unknown graphs are
employed as the test data. The presence or absence of links
in known node pairs are employed as the class label for the
training data. Then the presence or absence of links in
unknown graphs are predicted by them.
A node pair’s feature vector consists of each of the 2 nodes’
feature vector and the co-occurrence of 2 nodes’ feature
vector. Due to the node’s feature vector consists of three
graph centrality indices and constraint, each node’s feature
vector is 4-dimensional vector. The feature vector of 2
nodes in a node pair is made by symmetrized tensor product
of each node’s feature vector due to the graph is undirected
graph [36]. Therefore, it becomes 16-dimensional vector.
Eq.5 represents the tensor product of 2 nodes’ feature
vector. z(i,j) denotes 2 nodes’ feature vector and its
direction is node-i to node-j. x(i) and x(j) denote the feature
vector of node-i and node-j respectively. Eq.6 represents
the symmetrizing tensor products. z (i,j) denotes
symmetrized feature vector. z(j,i) denotes 2 nodes’
(1) feature
vector and its direction is node-j to node-i.

Where Cd(i) is node-i’s degree centrality, n is the number of
nodes in a graph, and aij is whether link is available
between node-i and node-j or not. If link is available, aij is
set to 1, if not, aij is set to 0.
𝐶𝐶! 𝑖𝑖    =   

!∈!! \{!}

𝒛𝒛

!,!

= 𝒛𝒛

!,!
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The co-occurrence of 2 nodes’ feature vector consists of
four co-occurrence relation indices of 2 nodes, such as
Common Neighbor coefficient, Jaccard coefficient, Cosine
coefficient, and Adamic/Adar coefficient. Therefore, it
becomes 4-dimensional vector. These (3)
coefficients’
formulae are given from Eq.7 to Eq.10 respectively:
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Where |I∩J| is the number of times which both node-i and
node-j are appeared, |I∪J| is the number of times which
either node-i or node-j is appeared, |I| is node-i ’ s
appearance number, |J| is node-j’s appearance number, z
is nodes which have links between both node-i and node-j,
and |Z| is node-z's appearance number.
The node pair's feature vector is made by combining the 2
nodes’ feature vector and the co-occurrence of 2 nodes’
feature vector. Therefore, it becomes 20-dimentional vector.
If there is a link between 2 nodes of a node pair, the node
pair's class label value is set to 1, if not, it is set to -1. SVM
(Support Vector Machine) is employed as a classifier.
Accuracy, Precision, Recall, F-value, and AUC (Area
Under the Curve) are used as evaluation indicators of the
link prediction. Accuracy indicates the ratio of making
correct prediction. Precision indicates the ratio of prediction
is positive and also actuality is positive, therefore, it
indicates prediction’s correctness. Recall indicates the ratio
of the actuality is positive and also prediction is positive,
therefore, it indicates prediction’s completeness. Fig.1.
shows the conceptual diagram of relevance of the precision
and the recall of the prediction. Rectangular area depicts the
entire prediction area. Blue ellipse depicts the range
predicted that there are links available and white ellipse
depicts the range that there are actual links available.
Numerator of both precision and recall is the overlapped
area with blue ellipse and white ellipse, denominator of
precision is blue ellipse, and denominator of recall is white
ellipse. F-value is the harmonic mean between the precision
and the recall. It is used as the evaluation indicator of the
prediction performance. AUC is the area under the curve in
the plot of the precision against the recall. It indicates the
prediction performance by putting the precision and the
recall together. These indicators' value are set between 0
and 1, and these are increased in proportion to the
predictor's performance.
Table.1 shows correspondence of prediction and actual
result. Based on Table.1, accuracy, precision, recall, and Fvalue are calculated by Eq.11 to Eq.14 respectively.
Accuracy = (TP+TN)/(TP+FP+TN+FN)

Table.1. Prediction-Actual relation
Prediction(1)
Prediction(-1)
Actuality(1) TruePositive(TP) FalseNegative(FN)
Actuality(-1) FalsePositive(FP) TrueNegative(TN)

Table.2. Learning Periods and Prediction Year

1
2
3
4
5
6

Learning
Learning
data
1992-1996
1993-1997
1994-1998
1995-1999
1996-2000
1997-2001

Prediction
Class
Prediction Prediction
label
data
year
1997-2001
2001
2006
1998-2002
2002
2007
1999-2003
2003
2008
2000-2004
2004
2009
2001-2005
2005
2010
2002-2006
2006
2011

learning year. The year for prediction data is set after 5
years from the end of the learning period and the prediction
year is set after 5 years from the year of the prediction data.
The reason for the setting of the prediction year is as
follows; since it takes 18 months from patent application to
public presentation in Japanese patent system, this actually
become the prediction after three-and-a-half years from the
public presentation. It is enough to prepare new business.
Table.2 shows relation between the year of learning data,
class label for learning, prediction data, and prediction year.
As a result, the prediction period is from 2006 to 2011.
We focus on 125 out of 971 theme codes, which exists
throughout the experiment period. Therefore, the number of
node pair is 7,750 because the graphs are undirected.
Fig.2 shows the flow chart of this experiment. The elements
of the node pair’s feature vector have variety of number of
START

Get learning data and prediction data
(Feature vector, Class label)

Standardization
parameter

Standardizing feature vector
(Learning data)

(11)
Standardizing feature vector
(12)
(Prediction data)

Precision = TP/(TP+FP)
Recall = TP/(TP+FN)

(13)

f1 = 2/(1/precision + 1/recall)

Selected
parameter

The learning period is set to 5 years beginning from 1992
and corresponding class label is set after 5 years from the

Learning and selecting parameter
(Cross Validation)
(14)

Prediction

Evaluate prediction result
(Accuracy, Precision, Recall)
END

Fig. 2 Examination flow chart

Fig.1 Precision and Recall
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Table.3. SVM parameter’s Combination

Table.4. Selected SVM Parameters

kernel
C
gamma
degree
rbf
1,10,100,1000 0.001,0.0001
sigmoid
1,10,100,1000 0.001,0.0001
polynomial 1,10,100,1000 0.001,0.0001 3,10,15

digit. Therefore, prior to learning and prediction, they have
to be standardized. Standardization procedure is that, first,
standardizing the learning data by removing the mean value
and scaling to unit variance on each element, then
standardizing corresponding prediction data using
standardization parameter which is generated by learning
data standardization. Both learning and prediction are
executed using the standardized feature vectors respectively.
In the learning phase, several classifier parameter
combinations are tested for improving the classification
result. In each combination, classifier’s performance is
evaluated by cross validation method [37]. The method
splits the learning data and corresponding class labels into
training set and test set randomly and performs
classification using them. The classification is performed 5
times by sampling with replacement for each parameter
combination, then the results of the trials are evaluated by
accuracy each time. Table.3. shows the combination of the
classifier's parameters. There are 4 parameters such as
kernel, C, gamma, and degree. Where "kernel" is SVM's
kernel function, which has three types of function such as
rbf(radial basis function), sigmoid, and polynomial. Where
"C" is penalty parameter, which has 4 values. Where
"gamma" is kernel coefficient, which has 2 values. Where
"degree" is degree of polynomial kernel function, which has
3 values. Therefore, there are 40 parameter combinations in
total. The most suitable parameter combination is chosen by
averaged accuracy score of 5 trials. Then, prediction is
performed using chosen parameter combination. The
prediction results are evaluated by the indicators: accuracy,
precision, recall, F-value, and AUC.
5. EXPERIMENTAL RESULT
This chapter describes the result of technological
forecasting of the target data category using link mining
indicators. Table.4. shows the result of the cross validation

2006
2007
2008
2009
2010
2011

Parameter Combination
'kernel': 'rbf', 'C': 1000, 'gamma': 0.001
'kernel': 'rbf', 'C': 1000, 'gamma': 0.001
'kernel': 'rbf', 'C': 1000, 'gamma': 0.001
'kernel': 'rbf', 'C': 1000, 'gamma': 0.001
'kernel': 'rbf', 'C': 1000, 'gamma': 0.001
'kernel': 'rbf', 'C': 1000, 'gamma': 0.001

Table.5. Link Prediction Result (count)
2006
2007
2008
2009
2010
2011

TP
914
851
805
680
576
412

TN
5791
5956
6070
6230
6505
6581

FP
531
434
391
423
280
336

FN Actuality(1) Precision(1) link ratio
514
1428
1445 0.1842581
509
1360
1285 0.1754839
484
1289
1196 0.1663226
417
1097
1103 0.1415484
389
965
856 0.1245161
421
833
748 0.1074839

Table.6. Link Prediction Result (Index)
2006
2007
2008
2009
2010
2011
average

accuracy precision recall f1 AUC
0.823
0.630 0.640 0.640 0.717
0.832
0.660 0.630 0.640 0.729
0.838
0.670 0.620 0.650 0.726
0.840
0.620 0.620 0.620 0.691
0.853
0.670 0.600 0.630 0.688
0.865
0.550 0.490 0.520 0.531
0.842
0.633 0.600 0.617 0.680

evaluation in each year. The parameter combination which
consists of kernel function = “rbf”, C = 1000, and gamma =
0.001 has the highest value of averaged accuracy over the
whole period. Therefore prediction is executed using these
parameter values. Due to choosing rdf for kernel, degree
parameter is not used.
Table.5. and Table.6. show the result of the prediction. The
prediction results are stable throughout the experimental
period. Link ratio are set between 0.184 and 0.107, and are
decreased year by year. This means that the technological
area which is covered by the patents is getting narrowed.
Accuracy values are set between 0.865 and 0.823, and the
average is 0.842. This means that about 85% of link
conditions are correctly predicted. Precision values are set
between 0.550 and 0.670, and the average is 0.633. And the
recall values are set between 0.490 and 0.640, and the
average is 0.600. This means that about 64% of the
predicted links by this predictor are actually generated,
however, about 60% of the actually generated links can be
predicted. F values are set between 0.520 and 0.640, and its
mean value is 0.617. AUC value are set between 0.531 and
0.729, and its mean value is 0.680. Fig. 3. shows the
precision-recall curve for class label of 2006. The graphs of
remaining years also become the same shape.
6. CONCLUTION REMARKS

Fig.3 2006 Precision Recall Curve

This paper focuses on Japanese patent data which are given
one of seven theme codes such as 5B084, 5B089, 5K201,
5K030, 5K033, 5K034 or 5K067, which constitute core
elements of wide area data exchange technology. It
represents the technological relations within a patent by a
complete graph which employs patents’ theme codes for its
nodes. Then it represents annual technological relations by
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a graph which is made by overlaying the patents’ complete
graphs each submission year. And then, it presents link
prediction of 5 years later using link mining indices such as
graph centrality, constraint and co-occurrence of 2 nodes as
a feature vector, and using SVM as a classifier. As a result,
we succeed to estimate the link condition exhaustively and
stably throughout experimental period.
Our future work is improving both precision rate and recall
rate by optimizing learning period and prediction point,
refining sampling period, choosing other feature vector
element and other learning methods.
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defective products problem. This is due to the lack of
adequate methods in determining the financial
consequences of poor quality [2].
Quality improvement processes such as DMAIC, 8D
Problem Solving and A3 Methodology are prominent DMP
among manufacturing suppliers. This research focuses on
the A3 Methodology which is quality improvement
processes that created little attention among researchers and
practitioners. It has been used to determine the root cause
and define the countermeasure in manufacturing sector and
services.
Initially, Toyota practitioners use A3 paper to make the
quality improvement report in defect elimination [3]. After
sometime, the fundamentals of Plan-Do-Check-Action
(PDCA) have been adapted into the A3 report by Toyota
management team in order to determine accurate root cause
and countermeasure with correct quality tools [4][3].
Toyota has introduced the A3 thinking process (hereafter
known as A3 Methodology) to its suppliers for quality
improvement process.
The research scope of this research is Defect Management
Process between a Malaysian carmaker (hereafter known as
P2) and its suppliers. The objective of this research is to
analyse the application of A3 Methodology in DMP of
Malaysian automotive manufacturing process.

1. INTRODUCTION

2. DEFECTIVE PRODUCT IN MANUFACTURING

In the automotive manufacturing industry’s supply chain,
carmakers are customers to suppliers. As customers, the
carmakers shall define its product requirements and
specifications to its suppliers. Suppliers are required to
produce and deliver products according to customers’
requirements and specifications. Defective products resulted
to customers’ complaint or production stoppages.
According to Clause 8.3 of ISO 9001:2008 Requirements,
the suppliers shall identify and control the product that did
not conform to product requirement (also known as
defective product) to prevent its unintended use or deliver
to ‘customer’. The actions need to be taken are ‘immediate
response’ to preclude and eliminate the defective product
and implement ‘corrective measures’ [1].
The question here is how do suppliers manage defective
product discovered by customer? Currently, most suppliers
complain the difficulty in identifying the quality
improvement processes in order to manage and resolve the

In manufacturing processes, ‘defect’ is one of the threats
that leads to poor business performance in term of quality,
cost and delivery. When there are high percentage of
defects occurred in manufacturing processes, managing
defect is crucial to ensure the defect would not disseminate.
From P2’s defect claim reports, the effects of defective
product for examples parts cannot install, production
stoppage, rework and field return are critical to the
customer process. Thus, the respective suppliers have to
take appropriate action to eliminate the defects and prevent
recurrence. In many cases, defective products are caused by
‘mistakes’ and there are several type of mistakes that
frequently happened; (i) omitted process (ii) processing
mistake (iii) mistake in setting up workpiece, (iv) missing
part (v) wrong part (vi) processing the wrong workpiece
(vii) mis-operation (viii) adjustment mistake (ix) equipment
not set up properly, and (x) tools and jigs improperly
prepared [5].

In automotive manufacturing industry’s supply chain,
carmakers are customers to suppliers. As customers, the
carmakers shall define its product requirements and
specifications to its suppliers. Suppliers are required to
produce and deliver products according to customers’
requirements and specifications. Defective products
resulted to customers’ complaint or production stoppages.
The direct effect of defective product such as parts cannot
be installed, production stoppages, reworks and field
returns which are critical to the customers processes. Thus,
the respective suppliers have to take appropriate action to
eliminate the defects and prevent recurrences. Proper
Defect Management Process (hereafter known as DMP)
such as the A3 Methodology is one of the processes used to
determine the root cause and define the countermeasure
that has been practiced in the manufacturing sector and
services. This research analyses the application of A3
Methodology in Defect Management Process (DMP) of the
Malaysian automotive manufacturing industry.
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Table 1. Type of Defects
Manufacturing Process
Plastic
Injection
Moulding
Metal pressing
Welding
Assembly

successful implementation of the countermeasure are full
management support and commitment and giving the
correct DMP training to the right staff at the right time.

Type of Defective Product
White mark, Shrinkage,
Short shot, Dimension error
Burr,
Seizure,
Scratch,
Wrinkle, Dimension error
Nut weld miss, pin hole,
weld crack, detached
Part
missing,
part
malfunction,
appearance
defect, misprocess

Source: A Textbook of Manufacturing
Manufacturing Processes, R.K Rajput (2007)

Technology:

Figure 1. Implementation of Quality tools and Problem
Solving Methodology among the suppliers

According to [6], defective products depend on the type of
manufacturing processes. Table 1 shows the common type
of defects in manufacturing processes.
.

Source: Quality tools and techniques: Are they necessary for
quality management?, J.J Tari (2004)

3. DEFECT MANAGEMENT PROCESS

The result of poor control leads to delivery of defective
product to customers. The establishment of manufacturing
process control plan before the start of production is
important to suppliers to define the appropriate process
control method and re-action plan. Re-action plan means
action to be taken if product or process cannot be
controlled. In case of defective product discovered, the
suppliers need to re-act and use the right quality tools and
techniques to eliminate the defect phenomenon [7].
With respect to DMP, response to the defective product is
most important for containment action. Containment action
is defined as immediate action to address the phenomenon
of defective product. Containment action taken must be
dedicated, short-term, extraordinary and remain until
effective countermeasure implemented [8].
Exercising the right quality tools in determining the correct
root cause is important to ensure right countermeasure plan.
[9]. There are four (4) important lessons to achieve the
objective of DMP [6][10] which are listed as
(i) Consistently using quality tools for quality
improvement
(ii) Eliminate the defective products by analysing the
data from quality tools
(iii) Deploy the countermeasure plan from the result of
analysis
(iv) All staff within the supply chain to exercise the
quality tools.
Effective root cause analysis is discovering three main
questions [8], which are listed as
i. Why did the defective product reach the customer?
ii. Why did the defect occur?
iii. Why did the system fail to detect?
In some cases, the root cause analysis requires creativity
and innovative thinking to get the specific countermeasure
[11]. According to [12], the most important factors in the

Figure 1 shows 53% of suppliers have not implemented
problem solving methodology in their organization [12].
Due to that situation, it is recommended for suppliers to
apply any problem solving methodology like A3
Methodology.
Mentioned below is the A3 Methodology found in
literatures
4. THE A3 METHODOLOGY
The A3 Methodology is a sequential thinking process
adapted in Toyota to derive the Plan – Do – Check – Action
(PDCA) cycle in process improvement [3]. The thinking
process started with Plan stage which the team members
need to fully understand the background of the problem or
project [13]. At this stage, team members have to define
also the status of the problem and the objective of future
goal. The team requires approval from management level to
start with the next stage of Do and followed by stage of
Check [13]. The countermeasure plan of A3 Methodology
encourages to implement lean activity such as 5S, Total
Preventive Maintenance, Jidouka and Heijunka [14]. The
verification of countermeasure effectiveness is required to
ensure the problem of defective products is successfully
executed. Only if the countermeasure plan is successfully
implemented, new standard will change the current
operating procedures. After the change is made, the stage of
Act is completed to close the PDCA cycle as a loop [13].
Otherwise, the process begins from other new Plan stage
[3].
Once the PDCA cycle is successfully completed, the
practitioners will establish the A3 report for record
purposes. The term "A3" derives from the paper size used
for the report, which is the metric equivalent to 11" x 17"
(or B-sized) paper. The A3 report for problem solving
consist of six steps [15] [3] as listed below
Step 1 – Theme and Background: The themes indicates
the problem(s) being addressed to and they are descriptive.
Step 2 – Current condition: The current problematic
processes highlighted on the diagram and future goal.

－470－
–2–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

Step 3 – Root cause analysis: The analysis is using QC
tools to define the root cause such as Why-Why Analysis.
Step 4 – Countermeasure proposals / plan: The
countermeasure proposals to eliminate the root cause of
defective product.
Step 5 – Countermeasure execution plan: The schedule
to execute the countermeasure.
Step 6 – Follow up plan: The verification of
countermeasure execution.

A total of 21 defect claim reports have been reviewed from
all ten suppliers and the summary of defective claim reports
as shown in Table 2 above. The suppliers’ DMP proceeded
after receiving P2’s defect claim reports which is called as
TerSIAR.
5.1 The P2 defect claim report

As a conclusion, the analysis of PDCA in DMP is adequate
for A3 Methodology application. The below section
highlights the Defect Management Process in Malaysian
automotive manufacturing industry.
5. THE DEFECT MANAGEMENT PROCESS (DMP)
IN MALAYSIAN AUTOMOTIVE
MANUFACTURING INDUSTRY
The research on the application of DMP in automotive
manufacturing industry was conducted at one of MalaysiaJapan brand name carmaker. For the purpose of this
research, the carmaker is named as P2 and the organization
applies A3 Methodology in its DMP. The P2’s defect claim
reports to its suppliers from October 2014 until December
2014 have been collected.
As a result, ten suppliers which are Malaysian owned
companies operating more than 10 years in the plastic
product within automotive supply chain have been chosen.
Each of the suppliers may have one or more plastic product
manufacturing process types which are injection molding,
blow molding and thermoforming.
Source: P2’s TerSIAR report

Table 2. Defective product summary of 10 suppliers
Company

No. of
claims

A

2

B

3

C

2

D

1

E

2

F

3

G

2

H

3

I

2

J
Total

1
21

Figure 3. Sample of P2 defect claim report

Type of defect

Root cause

Short-shot
Dented
Part broken
Surface Un-even (wavy)
Sink mark
Short-shot
Sink mark
Weld line
Sink mark
Part broken
Warping
Dimensional error
Excessive material
Dimensional error
Short shot
Short-shot
Dimensional error
Dented
Dimensional error
Part broken
Excessive material

Start-up sample mix part
Start-up sample mix part
Customer false
Start-up sample mix part
Start-up sample mix part
Start-up sample mix part
Start-up sample mix part
Irregular parameter setting
Start-up sample mix part
Irregular parameter setting
Irregular parameter setting
Mold worn out
Mold worn out
Irregular parameter setting
Start-up sample mix part
Start-up sample mix part
Start-up sample mix part
Irregular parameter setting
Mold worn out
Mold worn out
Irregular parameter setting

The P2 defect claim reports as shown in Figure 3 above
(hereafter known as TerSIAR) listed the details of product
descriptions and defective products background. The
pictures or sketches of product(s) comparison between
defective and good product(s) were presented. The P2
investigator conveys the information of defect occurrence to
supplier and request the supplier to review the problem(s) at
P2 together.
The investigator will record the supplier arrival time and
supplier representative names in the TerSIAR. In case of
defective product can be sorted out, the quantity of
defective product will be recorded in the TerSIAR. The P2
investigator also records the supplier process control
method for defective product(s), suspected root cause(s)
and follow up plan respectively.
The suppliers are required to give feedback, by submitting
Quality Problem Investigation Report (P2 report template)
or supplier’s report to P2 within a period given.

Source: This research
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Source: P2’s TerSIAR Report – Quality Problem Investigation Report (QPIR)

Figure 4. Sample of P2 supplier’s quality problem investigation report
5.2 Suppliers’ Quality Problem Investigation Report
The P2 supplier’s Quality Problem Investigation Report
header as shown in Figure 4 above (hereafter known as
QPIR) contains defective product description and supplier’s
name. The report is divided into nine sections which are (i)
problem descriptions, (ii) returned part investigation, (iii)
mechanism of failure, (iv) trial/simulation/re-occurrence
tests (if applicable), (v) trial for detection (if applicable) (vi)
causes of occurrence and outflow, (vii) countermeasures
taken, (viii) suspected affected range, and (ix) conclusion.
Section 1 of the QPIR describe the defective product
description. For examples product name, product number,
car model, defect type, quantity of defective product and
result of sorting activity. The supplier’s findings between
defective product and good product are presented at Section
2 and the supplier states the conclusion of the investigation.
Section 3 of the QPIR, where suppliers are highlighted the
effected manufacturing process of defective product. The
supplier will focus on the highlighted process as source of
possible root cause.
In the QPIR Section 4 and Section 5, the suppliers are
encourage to simulate the problem occurrence and
detection. The purpose is to confirm the problem
phenomenon. Section 6 of QPIR is showing the supplier’s
analysis of problem root cause and the quality tool why-why
analysis has been used to determine the possible cause of
defect and outflow. From the result of root cause analysis,

the supplier table out the countermeasure proposals and
announce the due date to complete the countermeasures
execution in Section 7. In this section, supplier will state the
status and responsible staff of countermeasure execution.
The supplier presented the process standardization in this
section after the countermeasure taken is successful. Section
8 is for supplier to indicate the other process that effected to
the countermeasure. Finally, the supplier will write the
conclusion of the effectiveness of problem root cause and
the countermeasure taken.
From the research data analysis above, the researcher
discusses the finding of A3 Methodology application and
DMP of automotive manufacturing industry in following
section.
6. FINDINGS
The problem reviews between P2 and its suppliers are the
process of ‘problem know-how’ which can be categorized
as an initial step in DMP towards root cause analysis. It can
be defined as Plan stage of A3 Methodology process. The
outputs of problem review between P2 and its suppliers will
provide the information of problem background, current
conditions and future goals for improvement. The
information are recorded as Step 1 and Step 2 in A3 report.
The root cause analysis is also categorized as Plan stage of
A3 Methodology and mentioned as Step 3 of A3 report. The
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research data shows the root cause analysis begins with two
steps as listed below;
(i) recognizing the effected manufacturing process
and
(ii) eliminating the not-possible causes.
Within these steps, the suppliers are encourage to use two
quality tools which are identified as process flow diagram
to recognize the effected manufacturing process and whywhy analysis to eliminate the not possible causes. From the
research observations, the suppliers are also required to
make simulation of defect phenomena which A3
Methodology is not required.
Other research observations also found that the analysis of
other manufacturing process data has not been mentioned in
QPIR. The example of manufacturing process data are
process check sheets, inspection check sheets, production
reports, statistical process control sheets and material
certifications.
Step 4 and Step 5 in A3 report is supplier’s countermeasure
plan and execution schedule which categorized as Do and
Check stages in A3 Methodology. In this step, the
researcher found that suppliers provided the countermeasure
plan to improve the defect occurrence and outflow. The
suppliers’ countermeasure plan also indicate the responsible
staff, due date and status of the executions.
The research discover P2 and its suppliers are not
implementing the verification of countermeasure execution.
This has not fulfill the A3 Methodology and A3 report
requirements.
The research found that suppliers made new operation
standardization as the Act stage of PDCA is completed. The
example of operation standards in automotive
manufacturing process are Work Instruction, Inspection
Check sheet, Process Flow, and foolproof (or known as
poka-yoke).
There are several recommendations discuss in section below
for future researchers or industrial practitioners to improve
the A3 Methodology application in Defect Management
Process.

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

7. CONCLUSION & RECOMMENDATIONS
The A3 Methodology has not been applied in full at the
Defect Management Process between P2 and its supplier.
As a result, appropriate quality tools for root cause analysis
and countermeasure plan are essential to ensure
countermeasure actions implemented accordingly. The
suppliers have to consider the availability of current
resources and capability to execute the countermeasure plan
accordingly [16].

[14]

[15]

[16]
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ABSTRACT
Knowledge transfer is a complicated process due to the
contextual character of knowledge and its close
relationship with human. Cultural distance in cross-borders
environment makes it more challenging and in this paper,
existing literature discussing cultural distance from the
perspective of trust and relationship is reviewed.
Keywords — cross-borders knowledge transfer, trust and
relationship, cultural distance, multi-stage process
1.

INTRODUCTION

The motivation of this paper is the existence of firms
having cross-borders environment where knowledge
transfer faces the additional challenge of cultural distance.
MNCs such as IBM have offices overseas where skills are
available yet cost is cheaper to handle the operations of
their clients for the purpose of transferring work load and
reducing cost [1]. This requires them to perform crossborders knowledge transfer. This cross-borders knowledge
transfer have become an important tool for firms and
companies to sustain competitive advantage [2,3,4,5,6,7].
The definition of knowledge transfer relies on the
interpretation of knowledge and transfer. It can be defined
as the “process during which, one organization learns from
the experience of the other” [8]. Failing to recognize an
opportunity for knowledge transfer leads to a waste of time,
money and effort, known as the ‘reinventing the wheel’
phenomena [9]. Knowledge consists of information and
data, and contains meaning as interpreted by human and
context [10]. It has a close relationship with the human
mind, is closely related to experience and values and
contains explicit and tacit components. Tacit refers to the
experience, behaviors and perspective aspects of
individuals holding the knowledge [Error! Bookmark not
defined.]. These characteristics make knowledge transfer
complicated even in a domestic environment. It becomes
more challenging in cross-borders environments due to the
distance that exist between different countries [1]. Yanqing
Duan and others (2006) introduced time, geography and
culture as dimensions of this distance within cross-borders
knowledge transfer[5]. Others have also connected
complexity of cross-borders knowledge transfer to cultural
distance [4, 3, 5, 6, 8].

A famous scholar, Hofstede defined culture as “ the
collective programming of the mind distinguishing the
members of one group or category of people from others”
and introduced the model of national culture which consists
of six cultural dimensions [11]. These cultural dimensions
are often referred by researchers studying national
behaviors differences including those relevant to the
context of this paper [12,3,13,6,1,14,11). Robert Lee
Janssen (2010) studied whether cultural distance influences
managerial decision to enter foreign markets based on the
national cultures using five of the cultural dimensions by
examining a Dutch commercial organization looking to
transfer knowledge to five African countries [14].
A useful literature collected experts’ opinions and
discovered that relationship and cultural awareness are the
most critical factors while trust is one of the other important
factors in cross-borders knowledge transfer [5]. At least
seven other literatures discussed trust and relationship in
cross-borders knowledge transfer [4,12,13,6,8,1,7,15].
Based on this finding, it is apparent that cultural distance
from the perspective of trust and relationship is worth to be
taken as the context of this review.
In a general context, existing literatures have indicated the
importance of understanding knowledge transfer as a multistage process. Larry Prusak, the founder of the IBM
Institute for Knowledge Management wrote in the “Pulse of
the Profession” report for the Project Management
Institute(PMI) that organizations that are most effective at
knowledge transfer are three times more likely to have a
formal knowledge transfer process by following a 5-stage
process; identifying, capturing, sharing, applying and
assessing [16]. This is however not specific to cross-borders
cases. Yanxing Duan and others (2006) have considered
such issue in cross-borders context in their attempt to find
the key factors affecting knowledge transfer [5]. As the
effects of cultural distance is not only stronger or weaker
but may also occur in a certain order [3], examining the
multi-stage issue simultaneously with trust and relationship
will add value to the understanding of the matter.
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1.

Understanding the effects of cultural distance from
the perspective of trust and relationship in crossborders knowledge transfer by investigating the
multi-stage issue in the process.
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2.

Finding the gaps in existing literature for future
research opportunities to assist organizations and
firms to increase the performance of their crossborders knowledge transfer.

In this paper, the statement ‘cultural distance from the
perspective of trust and relationship in cross-borders
knowledge transfer’ is simplified as ‘Cultural Distance in
cross-borders KT’
2. KNOWLEDGE TRANSFER; THE MULTISTAGE ISSUE
Examining knowledge transfer as a multi-stage process
helps to increase understanding of when and how cultural
distance plays a role in a cross-borders knowledge transfer.
However only three of the literatures reviewed discussed
cross-borders knowledge transfer as a multi-stage process.
El-Sayed Abou-Zeid (2005) proposed a multi-stage model
looking at cultural impacts on cross-borders knowledge
transfer at different levels namely initialization, interrelation, implementation and internalization [3]. Initiation is
when the participants recognize the knowledge gap which
results to a knowledge transfer decision. Inter-relation is
when interactions take place between the source and
recipient which leads to the establishment of the necessary
knowledge mechanisms where the knowledge in question
begins to move from one side to the other. The third stage,
implementation is the stage where a selected group of
pioneer members of the recipient process the acquired
knowledge and share the tacit aspects with the rest of the
recipient side. Finally internalization is when the recipient
achieves the results they expect from the new knowledge
and gradually makes it a routine. This is an important stage
where the ability to diffuse and utilize a new knowledge is
what makes it useful [8].
Helene Egerkrans and Lina Wecknerhe (2007) explained
that cross-borders knowledge transfer particularly off
shoring projects follow the order of internal and external
analysis, design, planning and preparation, transition and
implementation [1]. According to them although the actual
knowledge transfer only takes place from the planning and
preparation stage onwards, the success of cross-borders
knowledge transfer that is observed in the transition and
implementation stage is largely influenced by how well the
first two stages, analysis and design are carried out.
Yanqing Duan and others (2006) presented two types of
models; one model conceptualized by El-Sayed Abou-Zeid
(2005) for intra-organizational knowledge transfer that has
four stages which are initiation, initial implementation,
ramp-up to satisfactory performance and integration [3] and
another one suggested by Chen et.al (2006) for interorganizational knowledge transfer that has five stages
which are identification; negotiation, selection, interaction
and conversion [17].

3. CULTURAL DISTANCE AND TRUST AND
RELATIONSHIP AS THE UNIQUE FACTOR IN
CROSS-BORDERS KNOWLEDGE TRANSFER
Identifying the factors that support knowledge transfer is
important even in domestic knowledge transfer.
Al-Gharibeh (2011) in his study on telecommunications
companies identified organizational culture, IT, knowledge
strategy and leadership [18]. His study is useful as it gives
an overview of factors as given by various other
researchers. He stated willingness of a group or an
individual to work with others as a requirement for a
knowledge transfer to succeed. Majid Nejatian and others
(2013) suggested the same in their study on factors
influencing knowledge transfer which describes
organization culture, employees, technology and
organization structure [19]. In contrast, another study
specifically discussed human issues including conflict
avoidance, concern, trust and leadership [20].
Characteristics of knowledge together with it’s close
relationship with human factor makes knowledge transfer
complicated whether it happens between individuals,
groups or organizations thus it is difficult to separate human
issues when discussing knowledge transfer in general but
organization culture, strategy and technology have been
given more attention in domestic cases.
Researchers often start their arguments by saying that
knowledge transfer is naturally complicated and then
further describe that it is more complicated in cross-borders
environment due to distance [4,5,1] bringing up the concept
of cultural distance. Liliana (2008) classified distance as
time, space and culture [4] while Yanqing Duan and others
(2006) categorized distance as time, geography and culture
[5]. Francesco de Leo (2009) in his analysis on implications
of national culture on knowledge in an Italian – American
context used the Hofstede model of cultural dimension to
discuss the influences of culture on people behaviors on top
of other factors such as structure, technology and leadership
[21]. It can be observed that cultural distance is the unique
factor in cross-borders environment making it worth it to be
further investigated as it is relevant to current trend where
firms gain sustainable competitive advantage by performing
cross-borders knowledge transfer. In finding the factors
related to cultural distance which have potential for more
practical research in the future, the study by Yanqing Duan
and others (2006) is useful as it gathered feedbacks from
related experts on what they think are critical in crossborders knowledge transfer [5]. From a list of factors
collected through their survey, relationship and culture
awareness were regarded as the most critical (88% and 82%
respectively). Other factors with more than 50% results
include motivation, trust, openness, knowledge distance and
selection of partners. Cross reference with other literatures
led to at least eight others discussing relationship, trust or
both as part of their studies on cross-borders knowledge
transfer [12,3,6,8,1,7,15].
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4. CULTURAL DISTANCE FROM TRUST AND
RELATIONSHIP PERSPECTIVE IN CROSSBORDERS KNOWLEDGE TRANSFER

3

Trust, knowledge
transfer and control
in IJVs: The case of
four Greek
companies [15]

4.1.Cultural Distance From The Perspective of Trust
and Relationship
Cultural distance, relationship and trust and their role in
cross-borders knowledge transfer are the keywords of this
paper, therefore it is important to understand them in a
general context before understanding them further in crossborders knowledge transfer.
Gerhard Girmscheid and Christian Brockmann described
trust as a sociological and cultural phenomenon where trust
is developed between people who share the same values
[22]. A survey by Penn Schoen Berland for BursonMarsteller to 3161 respondents from 14 European countries
shows that foreign companies are less trusted than the
locals [23]. The most trusted countries are Australia, Japan
and the US while the least trusted are the BRIC countries
(Brazil, Russia, India and China) with Russia being the
lowest (64%). In the culturally diverse global
pharmaceutical industry where cultural distance is a
challenge in building trust, a study described that in the U.S
trust is “demonstrated performance over time”, while in
others such as China, Arabic and Latin American countries,
trust is first built through lengthy discussions on non
professional topics such as sports and politics[24]. Northern
Africans and Middle-Easterners are known to be truthful to
their words so they are highly trusted by foreign partners
such as described in a study on Greek companies
performing cross-borders knowledge transfer [15]. Existing
literatures discussing cultural distance from the perspective
of trust and relationship are reviewed, using following
question to examine the multi-stage issue, “Does it consider
knowledge transfer as a multi-stage process in explaining
cultural distance in cross-borders knowledge transfer?”.
The following sections 4.2 and 4.3 present the literatures as
summarized in Table 1.
N
o.

Title

Authors

1

Inter-Organizational
Knowledge Transfer:
Current Themes and
Future Prospects

Mark
Easterby,
Smith
Marjorie A.
Lyles, Eric W.
K. Tsang
Pamela Yeow,
Susanne
Blazjewski
(2007)

2

Knowledge and
Innovation:
Opportunities and
Challenges to
Knowledge Transfer
between
Multinationals and
their Subsidiaries

Knowledge
transfer as
Multi-stage
process
NO
[8]

NO
[6]

The impact of trust
on knowledge
transfer in
international business
systems

4

5

Bridging the distance:
managing crossborder knowledge
Effectiveness and
Efficiency of CrossBorder
Knowledge Transfer:
An Empirical
Examination
A culturally aware
model of interorganizational
knowledge transfer
The Effects of
Culture when
Transferring
Knowledge in off
shoring projects
Identifying Key
Factors Affecting
Transnational
Knowledge Transfer

6

7

8

9

Konstantinos
P. Rotsiosa,
Nikolaos S.
Sklavounosb,
Yannis A.
Hajidimitriou
Yannis A.
Hajidimitriou,
Nikolaos
S.Sklavouno,
Konstantinos
P.Rotrios
Shenxue Li,
Hugh Scullion
(2006)
Liliana PérezNordtvedt,
Ben L. Kedia,
Deepak K.
Datta (2008)
El-Sayed
Abou-Zeid
(2005)

NO
[15]

NO
[7]

NO
[12]
NO
[4]

YES
[3]

Helene
Egerkrans and
Lina Weckner
(2007)

YES
[1]

Yanqing
Duan, Wanyan
Nie, Elayne
Coakes (2006)

YES
[5]

Table 1: Reviewed Literatures (For section 4.2 and 4.3)
4.2. Trust and Relationship in Cross-Borders
Knowledge Transfer (Not Discussing Multi-Stage Issue)
Mark Easterby-Smith and others (2008) in their search for
future themes suggested that trust to the source is the sense
of security that the knowledge will not be exploited by the
recipient, while to the recipient, trust is the sense of security
that the knowledge will be useful [8]. Good relationship
helps limit the cultural distance that exist between two
foreign partners in cross-border knowledge transfer
especially in intra-organizational compared to interorganizational knowledge transfer where power distance
exist. During the Volvo C70 project the management
conducted social interaction activities for participants
coming from Sweden, Italy and Germany to encourage
good relationship.
A study on MNCs having offices in Germany, Japan and
the US on challenges and opportunities in cross-borders
knowledge transfer concluded that conflicts between
participants from different countries can develop
misunderstandings which impose negative effects on
knowledge transfer [6]. On the other hand, long term
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relationship helps build trust between them, and higher trust
leads to higher willingness and ability for knowledge
transfer. There were comments by American managers
involved in the cross-borders knowledge transfer that
indicated lack of trust on their European management. The
American team believes that the European management
does not trust the American’s capability and that despite
calls for divergent of opinions there will be bad
repurcations if different opinions are given openly. Social
activities such as training, retreats, orientation programs
were highlighted as useful tools to build up this lacking of
trust.
Konstantinos P. Rotsiosa and others (2013) took the same
approach by conducting surveys on four Greek companies
which perform cross-borders knowledge transfer to study
the effects of trust despite the cultural distance that exist
between them and their foreign partners [15]. They believe
with the notion that trust fosters knowledge transfer by
increasing willingness to help each other. Three out of the
four companies answered that trust and good relationship
have led to the success or failure of their projects. One
responding company commented that one of their
knowledge transfer project was successful due to high level
of trust and strong friendship that have led to mutual
understanding. There were no concerns that this partner will
do any damage. However, a different project with a
Bulgarian partner was not as successful due to what they
believe as cultural differences that affect negatively on their
relationship. Another responding company highlighted that
although there were problems with time conception in
decision making with their Arabian partners, their
knowledge transfer was moderately successful due to trust
and good reputation. They have high trust on their Northern
America and Middle-Eastern partners because they believe
that people from that regions always 'keep their words'. The
last company stated that long and prior good relationship let
them to trust their Turkey and Syrian partner to be the
managing directors. They agreed that control over
knowledge transfer projects need to be imposed but it
would have to be done prior to implementation because
introducing control mechanism in the middle of the process
will disturb the trust that has already been built.
The next literature analyzed theories and opinions from
previous literatures on the impact of trust on cross-borders
knowledge transfer in international business [7]. This study
is the basis of the research on four Greek companies by
Konstantinos P. Rotsiosa and others [15]. The authors
highlighted tacitness of knowledge as the more influential
factor that makes cross-borders knowledge transfer
challenging. Drawing from other researchers they
concluded that the quality of relationship in cross-borders
knowledge transfer in terms of trust affect firms’ ability to
acquire knowledge by reducing uncertainty and increasing
the level of interaction, willingness, speed of response,
transparency as well as openness and accessibility. Trust is
enhanced by trustworthy behavior, prior good relationship
and controls such as contracts. During their research by
survey on the four Greek companies, they then discovered

that controls such as contracts may bring negative impact if
done in the middle of the cross-borders knowledge transfer
process.
Shenxue Li and Hugh Scullionon (2006) in their research to
examine the dimensions of cultural distance affecting crossborder knowledge transfer related to China companies
discussed low trust culture of the society in China where it
is considered impolite to challenge, disagree or question
[12]. Liliana Pérez-Nordtvedt (2008) sets itself apart from
others by introducing comprehension,, speed, cost and
usefulness as the dimensions to measure performance of
knowledge transfer [4].
4.3.Trust and Relationship in Cross-Borders Knowledge
Transfer (Discussing Multi-Stage Issue)
El-Sayed Abou-Zeid (2005) proposed a multi-stage model
looking at cultural impacts on cross-borders knowledge
transfer at different levels. Those stages are initialization,
inter-relation, implementation and internalization [3]. He
particularly described the effects of trust and relationship
during the second stage, inter-relation and the third stage,
implementation. In the inter-relation stage, good
relationship between the source and recipient despite the
cultural distance that exist between them leads to the
success of knowledge transfer. He went further to say that
trusting the partner is useful in dealing with the perception
of knowledge spill over risks by increasing the willingness
to share and the willingness to learn. In the implementation
stage where the knowledge is localized to be adapted in the
recipient, dialogues between the participants that come
from different countries improve relationship by developing
mutual understanding between them, encouraging active
interaction and improving diffuse of knowledge in crossborders knowledge transfer.
The second literature that discussed cross-borders
knowledge transfer as a multi-stage process studied the
effects of culture when transferring knowledge in off
shoring projects, a type of activity that is often conducted
by MNCs in the IT industry such as IBM [1]. In the study
Helene and Lina discussed five processes; internal and
external analysis, design, planning and preparation,
transition and implementation used in off shoring.
According to them, during the transition stage where
knowledge is being transferred from the source to the
recipient, motivation to participate is an important factor
but willingness to share knowledge for the source and
willingness to receive knowledge for the recipient will be
low if the participants coming from different countries do
not trust each other. They discussed that awareness of
foreign partners’ cultural tendencies helps to foster good
relationship which in turn may induce greater willingness to
participate in knowledge transfer.
The third literature presented initiation - implementation ,
ramp - up to satisfactory performance and integration as the
stages involved in their study to identify factors affecting
cross-borders knowledge transfer [5] drawing from the first
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paper which introduced the multi-stage model consisting of
four stages; initialization, inter-relation, implementation
and internalization [3]. The authors agreed with Helene
Egerkrans and Lina Weckner that good relationship and
trust motivate participants from the implementation stage
onwards and pointed out how good relationship and trust
influence the selection of partners in the initiation process.
However the results of their study indicated that
relationship is more important than trust.
5. DISCUSSION
Existing literatures have established knowledge as a
sustainable competitive advantage. Having knowledge as a
competitive advantage creates better opportunities and
helps to stay ahead of the rivals as it is not easily copied
like physical competitive advantages. For firms operating
from multiple countries, cross-borders knowledge transfer
becomes necessary to effectively utilize knowledge across
their network. Technologies have made transferring
documented information easier but the issues of cultural
distance in cross-borders knowledge transfer remains a
challenge for many firms and organizations. Nine existing
literatures are reviewed to examine the impact of cultural
distance from the perspective of trust and relationship in
cross-borders knowledge transfer during which the
following question was asked to investigate the multi-stage
issue; “Does it consider knowledge transfer as a multi-stage
process in explaining cultural distance in cross-borders
knowledge transfer?”
Figure 1 shows current understanding of the effects of
cultural distance from the perspective of trust and
relationship, where cultural distance is a facilitating factor
working on many factors affecting cross-borders
knowledge transfer. In this paper, the focus is on trust and
relationship with the multi-stage issue being regarded as
another important point of view considering that the effects
may be different at timing of knowledge transfer. The gaps
of existing literatures and issues with potential for future
research are presented in the following five points.
Figure 1: Current understanding of the effects of cultural
distance in cross-borders KT

1) Our suspicion that cultural distance affects cross-borders
knowledge transfer is proven through this review of
existing literature where cultural distance in terms of trust
and relationship has been agreed as a factor influencing
knowledge transfer in cross-borders environment. But,
literatures looking at knowledge transfer as a multi-stage
process while discussing the subject are still limited.
Although references are also taken from literatures on
knowledge transfer in general, the fact that cross-borders
knowledge transfer projects include participants from
different countries who naturally have different set of
cultural dimensions means that the stages may not be the
same with general knowledge transfer. Therefore this multistage issue needs to be exclusively analyzed from the
context of cross-borders environment.
2) From the literatures that discussed the multi-stage issue,
as expected the effects can be observed in the initial stage
[5,3,1]. It can easily be imagined that cultural distance is
limited if good prior relationship exist. This encourages
decisions on initiating a project. But when there is no prior
relationship, good perception that is typically associated to
individuals from that particular country plays a role.
Whether intended or not, It is a common human behavior to
have perceptions on people based on where they come
from. The Arabians are known to be truthful to their words
but are loose on time management, the Japanese are known
to be over-meticulous and very punctual and the Chinese
are known to have low-trusting culture. These are only a
few examples that show the relevance of cultural distance
on management and decision making in international
context. Cultural distance issues are often related to cultural
dimension theories such as the Hofstede's. Trust and
relationship developed in the implementation stage limits
the negative effects of cultural distance [1,3]. In this stage,
instead of purely perception, the effects are actual
experience observed by the participants as the process
becomes smoother. Not much is discussed involving the
evaluation process but in the future it is necessary to see
how feedbacks on level of trust and relationship lead to
continuous improvement and successful cross-borders
knowledge transfer. Awareness of the effects of cultural
distance in different stages helps practitioners of crossborders knowledge to be more objective on specific actions
that need to be taken at a specific timing during their
knowledge transfer projects.
3) Trust and relationship reduces the negative effects of
cultural distance by improving willingness to share and the
willingness to accept knowledge. Willingness and
motivation are two commonly used expressions by existing
literatures including the ones reviewed in this paper.
Through this review, a new revelation that a thought
process of whether trust and relationship need to be
analyzed as a single factor or separately surfaces, based on
the results that prior relationship is more important initially
as trust can be developed later in the process [5]. Either
way, looking at cross-borders knowledge transfer as a multi
- stage process is useful as the effects are different at
different timing of a knowledge transfer process.
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4) The ultimate purpose of examining the effects of cultural
distance is to limit those effects to increase performance of
knowledge transfer, a challenge faced by global firms like
IBM. However there is a gap in the existing literatures
regarding the measurement of performance. In actual cases,
it is possible that individuals and organizations managing
cross-borders knowledge transfer are not fully aware
whether their knowledge transfer projects are successful or
not. From the literatures reviewed, only Liliana PérezNordtvedt and others (2008) successfully highlighted
dimensions such as comprehension, speed, cost and
usefulness to address this issue [4]. This measurement of
performance aspect needs to be included in related research
in the future so that the implementation of cross-borders
knowledge transfer is more objective. Including them in
knowledge transfer management will assist firms and
organizations in measuring success or failure.
5) Cross-borders knowledge transfer can be categorized as
inter-organizational and intra-organizational [17]. The
former refers to knowledge transfers involving more than
one organization such as in international joint ventures and
customer-supplier environment while the later refers to
knowledge transfers within the same organization, for
example those between offshore units in global IT firms
and offices of MNCs in different countries. It can be
suggested for future research on cultural distance to focus
more on intra-organizational knowledge transfer to limit the
influence of organizational culture that is more pronounce
in inter-organizational knowledge transfer. However, it may
not be possible to totally isolate cultural distance in terms
of national culture from organizational culture.
6. CONCLUSION
Existing literatures are reviewed to study the trends in
research discussing cultural distance in cross-borders
knowledge transfer differentiating it from a domestic one.
The purpose is to focus on the effects of trust and
relationship since they are among the more highlighted
factors affected by cultural distance yet is still open for
further research. The issues observed have been discussed
in section 5 particularly on the lack of analysis on the
critical multi-stage issue and measurement of performance
as well as additional considerations required in future
research. By assuming that organizational culture is less
prominent in partners from the same organization, it will be
more practical for future research to focus on intraorganizational cross-borders knowledge transfer to
emphasize on cultural distance due to national culture
differences, although completely isolating organizational
culture factor may not be possible.
Dimensions to illustrate measurement of performance and
the stages of cross-borders knowledge transfer need to be
further developed to improve current understanding as
shown in figure 1 and assist firms and organizations in
managing cultural distance to achieve successful crossborders knowledge transfer which leads to sustainable
competitive advantage.
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ABSTRACT

Energy saving behaviour is unique and complex. The role of
culture in shaping energy usage patterns in Japanese and
Malaysian households is focused in this review study. The
Japanese is much better in terms of energy savings behaviour
in order to decrease the emission of the country. It will help to
sort out energy usage patterns that are rooted in the Japanese
culture and thus resistant to rapid changes in technological
aspect of buying household appliances. The Japanese daily use
of appliances is more effective and efficient than Malaysians
who make up one-third of the Japanese population. The impact
of occupant behaviour on energy consumption is therefore
crucial to be investigated. The findings from this investigation
can develop an improved green technology usage for
sustainable development in Malaysia.
Keywords - energy behaviour, energy usage habits, energy
buying pattern, green energy technology
1. INTRODUCTION
Energy used in the home is invisible. Our energy consuming
behaviours are based on our routine and habit. We turn the
lights on, leave televisions on standby without having to
think about how these actions are carried out, where the
energy comes from or what the environmental consequences
are [1-5]. The impact of energy misuse behaviour resulting
in supply difficulties, exhaustion of energy resources and
impact on the environment such as climate change, global
warming and ozone layer depletion [6-9]. Energy misuse in
residential sector is influenced by very diverse factors such
as energy saving awareness socio-demographic factors,
building characteristics, and energy prices [4, 10-12].
The rapid development of Malaysia as a developing country
is unavoidably consuming huge amounts of energy that
contribute to urban heat island and global warming. The
energy use prediction for built environment is the efficient
way to solve the global warming issue[13]. This is in line
with the 10th Malaysia Plan on the widespread availability
and recognition of green technology in terms of products,
appliances, equipment, and systems in the local market
through standards, rating and labelling programs [14-17].
In 2011, Malaysia residential sector consumed 6.5 Mtoe per
year. In addition, 1.2 Mtoe LPG consumed as cooking gas
[14]. Although Malaysia is a developing country which also

a net exporter of natural gas, oil reserves are expected to be
adequate for the continuity up to 20 years. Nonetheless,
natural gas for 38 years demand of energy use in Malaysia is
increasing until 2015 [18]. This trend implies to most of the
household electrical appliances such as television,
refrigerator, fan, iron, washing machine, etc.[19-21].
According to a study done in Malaysia, energy consumption
of air-conditioner are estimated to increase from 9471 MWh
in 2000 to 19.153 GWh by 2010 [16]. Considering these
circumstances, effective strategies of energy saving in
residential sectors are strongly needed from social science as
well as engineering perspective.
Meanwhile, the investigation of Japanese’s behaviour and
perception towards energy saving seems fruitful for
Malaysia. In comparison to Japan, Malaysia by far has a
greater number of oil and natural gas reserves, which is the
reason why Japan energy production of oil is only 60% and
the rest is nuclear-generated power[22]. Japan relies more
on natural gas and coal as substitute to nuclear power, as
energy conservation measures are enforced for the benefit of
the larger sector[23, 24]. EIA assumed that the Japanese oil
consumption will continue to decline until 2015 with
support from nuclear power for its energy needs [23].
Indeed, Japan is a developed country with 127.1 million
people [25], yet it has invested in energy-efficient
technologies which majority of it have been successfully
developed to promote energy saving essentially for domestic
applications. A lot of these accomplishments are attributed
to the well-received concept of “Mottainai”.
The comparison of attitudes towards energy use in Japan is
very necessary to Malaysia in order to decrease the energy
consumption in residential sector that Japan had successfully
managed to implement the "Mottainai" [26]. This
comparison is very interesting because both has same
pattern of material culture, but different cultural traditions.
As we shall indicate, the findings of the comparison from
two countries shows cross-national differences in the use of
electricity, gas cooking, heating, air conditioner and lighting
[26]. It is very important to analyse the habits of energy use
at home [27]. It is helpful to take a pattern rooted in culture
and thereby resistant against changes the fast and the elastic
more. This research we will be able to find out more about
the Japanese culture and their lifestyle. The database of
energy use behaviour in Malaysia is still insufficient and
needs to be obtained by investigating the energy use pattern.
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regional shows movement towards or away from
sustainability in connection with global issues, national case
studies are very important to examine the impact of the
policy on the trend.

2. WORLD ENERGY CONSUMPTION

3. MALAYSIA ENERGY CONSUMPTIONS IN
RESIDENTIAL SECTOR

Figure 1: Global carbon dioxide (CO2) emissions from

1990–2014 [24].

Energy behaviour is significant untapped potential to
increase end-user energy efficiency in buildings. Although
the behaviour of energy use is the main determinant of
energy use in buildings, the potential energy savings
because the behaviour is usually ignored, although the socalled high as those of technology solutions [9, 29, 30].
Aware of behavioural habits and provide feedback in a
context that is important to empower individuals to take
control of the residential electricity consumption
[31].Energy consumption in the residential sector is one
major part of the total energy consumption in most
countries. In order to promote energy conservation in the
housing sector and to predict the CO2 emissions, it is
important to check the energy consumption of housing in
various countries, and to exchange information on
residential energy consumption so that policy makers and
energy experts in various countries can learn from each
other in policy making energy standard housing[16, 30, 32].
In terms of energy consumption in residential sector [as
shown in Figure 1], among the developed and developing
countries studied [33], Japan is the only country that the
household size impacts positive and decline on total energy
requirement.
In terms of household size, among the five countries studied
(Australia, Brazil, Denmark, India, and Japan), showed that
only in Japan that the household size impacts positively on
total energy requirement[33]. Japan started to reduce CO2
emissions to 1055.0 million tons starting in 2008. The
reduction target of 6% seems to be practical given the fact
that Japan is one of the most advanced countries in the
world, and consists of citizens with a high public awareness
on the subject of environmental conservation[23]. In fact,
civil awareness of Japanese citizens is in proportion to the
citizens in European countries about this. This can also be
reflected in the ratio of CO2 emissions to gross domestic
product (GDP) of Japan. The data shows that for every 1%
of GDP, Japan emits less CO2 than other developed
countries in the world[34]. In addition to examine the global
and regional trends, the study of household energy
consumption also includes the analysis of national trends in
a number of selected countries. While most global and

Figure 2:Malaysia relative growth rates comparison - GDP
and electricity sales[18].
Malaysia is a developing country with increasing population
from 25.7 million in 2009 to 30.1 million by the end of 2014
[25]. Malaysia energy consumption has recorded increasing
as well as gross domestic product (GDP). It forecasted that
relative growth rates comparison - GDP and electricity sales
for 2014 and 2015 based on rising consumer inflation in
financing will also increase [as shown in Figure 2]. Apart
from that, Malaysia electricity consumption per capita has
increased from 1,101kWh per person in 1990 to 3,902kWh
per person in 2012 with compounded growth of 5.9% over
the period of 22 years. As the nation’s becoming more
electrified as a result of economic growth, higher income,
and technological innovations, demand for energy has
increased to almost four times since 1990. Going by the
recent trends, the energy demand is still growing, therefore
it requires timely supply infrastructure upgrades [28].
The rapid development of Malaysia as a developing country
is unavoidably consuming huge amounts of energy that
contribute to urban heat island and global warming. The
energy use prediction for built environment is the efficient
way to solve the global warming issue. This is in line with
the 10th Malaysia Plan on the widespread availability and
recognition of green technology in terms of products,
appliances, equipment, and systems in the local market
through standards, rating and labelling programs [14].

Figure 3:The structure of residential energy consumption in
Malaysia in 2011[14].
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In 2011 [as shown in Figure 3], Malaysia residential sector
consumed 6.5 Mtoe per year. In addition, 1.2 Mtoe LPG
consumed as cooking gas [14]. Although Malaysia is a
developing country which also a net exporter of natural gas,
oil reserves are expected to be adequate for the continuity up
to 20 years. Nonetheless, natural gas for 38 years demand of
energy use in Malaysia is increasing until 2015 [18]. This
trend implies to most of the household appliances such as
television, refrigerator, fan, iron, washing machine, etc.
According to a study done in Malaysia, energy consumption
of air-conditioner are estimated to increase from 9471 GWh
in 2000 to 19.153 GWh by 2010 [16].

during the first commitment period from 2008 to 2012, with
1990 as the base year for 1.1223 billion tons emitted [34].
Therefore, Japan will be required to reduce CO2 emissions
to 1055.0 million tons starting in 2008. The reduction target
of 6% seems to be practical given the fact that Japan is one
of the most advanced countries in the world, and consists of
citizens with a high public awareness on the subject of
environmental conservation. This can also be reflected in the
ratio of CO2 emissions to gross domestic product (GDP) of
Japan. The data shows that for every 1% of GDP, Japan
emits less CO2 than other developed countries in the world
[34].

4. JAPAN ENERGY CONSUMPITON IN
RESIDENTIAL SECTOR

Figure 4:Japan Petroleum Energy consumption[23].
Meanwhile, the investigation of Japanese’s behaviour and
perception towards energy saving seems fruitful for
Malaysia. In comparison to Japan, Malaysia by far has a
greater number of oil and natural gas reserves, which is the
reason why Japan energy production of oil is only 60% and
the rest is nuclear-generated power[13]. Japan relies more
on natural gas and coal as substitute to nuclear power, as
energy conservation measures are enforced for the benefit of
the larger sector. EIA assumed [as shown in Figure 4] that
the Japanese oil consumption will continue to decline until
2015 with support from nuclear power for its energy needs
[23].
Indeed, Japan is a developed country with 127.1 million
people [25], yet it has invested in energy-efficient
technologies which majority of it have been successfully
developed to promote energy saving essentially for domestic
applications.
Japanese household energy demand are in an unusual
situation. The increase of demand for heating and cooling
cannot be avoided, and the future demand for lighting and
motive power should be controlled [35].
While in Japan, the home-nation to the Kyoto Protocol [15,
34], explain that it has an important role to play in reducing
greenhouse gases. In 2004, Japan is the fourth largest CO2
emitter in the world after the United States (22.1%), China
(18.1%) and Russia (6.0%). Japan CO2 emissions account
for 4.8% of total global CO2 emissions, amounting to
1.2734 billion tonnes of CO2. Under the Kyoto Protocol,
Japan is committed to reducing CO2 emissions by 6%

Figure 5: Breakdown of energy consumption of household
at Japan in 2009[24].
Most of the household appliances such as television,
refrigerator, fan, iron, washing machine [as shown in Figure 5]
used in Japanese residences are similar to Malaysian
residences. The concept of “Mottanai” that generally means
wasteful is widely-known as one of characteristics of Japanese
behaviour and attitude in daily life. It is well-known to the
world by “Reduce, Reuse, Recycle” [36]. This concept
emphasizes on consuming resources wisely and not wasting or
misusing the resources. It will give us something effective to
countermeasure environmental issues in Malaysia.

Japanese household energy demand are in an unusual
situation where the increase in demand in the future to a
standard of living remains for heating and cooling cannot be
avoided, and the future demand for lighting and motive
power, which has reached a high standard, should
controlled.
5. ENERGY SAVING CONSERVATION IN JAPAN
Energy conservation [13, 21, 23, 37] is a lifestyle change,
which is the transition from luxury consumption (household
area residents in high-income levels are too large) for saving
consumption (reduction in the use of AC as soon as
possible), private cars in the country of high gasoline
consumption and emissions for lower gasoline consumption
and the emission of high-power appliances for the energy
conservation and environmental protection [8, 11, 27, 30,
35].Japan has recorded a remarkable development in the
field of energy conservation, as the fruit of the cooperation
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of the community and the government since the First Oil
Crisis (1973). When the oil crisis hit, Japan's dependence on
oil in primary energy consumption is about 80 percent.
Although the surge in oil prices are very high when it made
the Japanese economy was devastated, the government took
the momentum to organize the structure of energy
consumption (energy mix) are strictly Japanese.
Diversification of energy on the supply side (supply) is done
by replacing the use of oil with natural gas and nuclear
power. Natural gas in the form of imported LNG from
Indonesia and among them nuclear power plants built to
suppress the dependence on petroleum [39]. Energy
conservation is applied on the side of consumption
(demand) of energy, especially on the activities in the
residential sector [7, 27, 30, 32, 35, 38, 40].
Energy savings or energy conservation is the act of reducing
the amount of energy use. Energy savings can be achieved
by efficient energy use where the same benefits obtained by
using less energy, or by reducing consumption and activities
that use energy [7, 11, 41–43].
Energy saving is an important element of an energy policy.
The energy savings to lower energy consumption and
energy demand per capita, so it can close the growing need
for energy due to population growth. This reduces the rise in
energy costs, and can reduce the need for energy generation
or energy imports. Reduced energy demand can provide
flexibility in choosing the method of energy production[30,
42–44].
Based on historical, 1978 Second Oil Crisis. Japan Energy
Conservation Centre was established to expand Japan's
efforts to conserve energy that had previously been
performed tirelessly. Energy Conservation Law of Japan
first published in 1979 has gone through improvements [23].
In addition, by reducing emissions, saving energy is an
important part of preventing or mitigating climate change.
Energy savings also facilitate the replacement of resources
cannot be renewed by the sources that can be renewed.
Energy savings are often the most economical way in the
face of lack of energy, and is a more environmentally
friendly way than by increasing energy production to
support effective energy conservation programs in Malaysia
one of which can be achieved by motion like community
awareness in the area about the importance of energy
housing, energy regulation, energy and information as well
as the adverse impact of the waste of energy that should be
known by the society [41]. to support effective energy
conservation programs in Malaysia one of which can be
achieved by motion like community awareness in the area
about the importance of energy housing, energy regulation,
energy and information as well as the adverse impact of the
waste of energy that should be known by the society[45].
6. COMPARATIVE STUDIES AND
RECOMMENDATION

Figure 6: Worldwide residential energy consumption [46].

Malaysia is a developing country with increasing population
from 25.7 million in 2009 to 30.1 million by the end of
2014. Apart from that, Malaysia's per capita electricity
consumption has increased from 1,101kWh per person in
1990 to 3,902kWh per person in 2012 with compounded
growth of 5.9% over the period of 22 years[25].
Japan is a developed country with 127.1 million people [25]
and has invested in energy-efficient technologies majority of
the which have been successfully developed to promote
energy saving at domestic Essentially applications[36, 47].
As shown on Figure 6, a cross-cultural analysis between the
Japanese in residential with 26% and Malaysians 19% will
further develop the scope of this research. The comparison of
citizens’ lifestyles in countries to be identified significant
factors on their energy use behaviour that having gap only 7 %
although Japan has population three times higher than
Malaysia. Not only the social science of human behaviour can
be studied and its scope can be expanded to understanding the
Japanese culture, their energy-saving practices can be learned
and applied in Malaysia also. it is necessary for an
investigation and a study for Malaysia to find out more in a
pattern of habits of Japanese people against the use of a
Japanese home electric appliance to be applied in Malaysia
to reduce the amount of emissions which produced by
Malaysia. Many Japanese culture plays an important lesson
for Malaysia and other countries in the world can learn from
successful programs and policies of Japan in reducing CO2
emissions in the field of energy saving and consumption
patterns in the residential sector [46, 48]. It will be
interesting for Malaysia to find out more in a pattern of
habits of Japanese people against the use of a Japanese
home electric appliance to be applied in Malaysia to reduce
the amount of emissions which produced by Malaysia.
However, Malaysia as a country which has reserves of oil
and gas resources is less abundant with emission as that of
the Japanese state. We can see from the price of electricity
tariffs that electricity tariffs Malaysia is 25.8 cents / kWh
kWh[49]while electricity tariffs 23:38 Japanese yen / kWh
(71 cents / kWh) in 1999 will be reduced from about 7000
yen to 3660 yen by using the electricity generated by the PV
solar panels to households [50]. This situation forced the
Japanese did the pattern of saving lives on the use of
electricity. Factor is very useful and contribute positively to
all the programs and policies by the Japanese government
aimed to reduce energy consumption and reduce CO2
consumption. it is necessary for an investigation and a study
for Malaysia to find out more in a pattern of habits of
Japanese people against the use of a Japanese home electric
appliance to be applied in Malaysia to reduce the amount of
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emissions which produced by Malaysian. Many Japanese [4] G. Brandon and A. Lewis, “Reducing Household Energy
Consumption: a Qualitative and Quantitative Field Study,” J.
culture plays an important lesson for Malaysia and other
Environ. Psychol., vol. 19, no. 1, pp. 75–85, 1999.
countries in the world can learn from successful programs
[5]
H.
Wilhite, “A cross-cultural analysis of household energy use
and policies of Japan in reducing CO2 emissions in the field
behaviour in Japan and Norway,” vol. 24, no. 9, pp. 795–803,
of energy saving and consumption patterns in the housing.
1996.
7. CONCLUSION
Research projects on studying human behaviour on energy
consumption in Malaysia are yet to be done. The closest scope
of study done so far is only on energy consumption of several
Malaysian households. There are number of research projects
implemented to observe and study energy use behaviour of
inhabitants in other countries. These researches are used as
references to this present study in order to effectively carry out
a cross-cultural analysis between Malaysia and Japan. It will

help to sort out which patterns are rooted in the culture, and
thus resistant to rapid change, and more elastic in
technological aspect of buying a appliances at home and
daily use of those appliances more effective and efficient
rather than Malaysia who have less population compared
Japan 3 times higher. This review also attempts to provide a
detailed explanation on the impact of occupant behaviour in
decreasing energy consumption in Malaysia.
In a nutshell, energy usage behaviour is unique and very
complex, shaped by many factors individuals as well as
contextual. Because of this complexity, these are usually
studied using fragmented studies and disciplines of the
various thematic areas such as psychology, sociology,
economics and engineering. The social sciences focus on
understanding and explaining behaviour of energy use
whereas engineering and technology focus on calculating
the energy consumption as the support for the decision and
policy making. However, each approach is limited by its
own assumptions but important for completely studying the
energy behaviour. Therefore, the study of the behaviour of
energy requires discipline integration through direct
observation of people in Japan and Malaysia to be compared
through investigation and interview in field. It is important
to investigate how much energy is consumed at homes,
appliances are used daily after purchase in two countries.
The study of interdisciplinary approaches, in particular, by
bringing together engineering and social sciences to see how
far they are using the appliances and saving the energy. This
will be very beneficial in the future to evaluate the user’s
behaviour of using electrical appliances in housing sector in
Malaysia and Japan. The behaviour of electrical appliance
usage need to be investigated depending on preferences and
cultural habits of energy savings of users in both countries.
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ABSTRACT
Ageing underground storage tanks (USTs) have come with
risks whereby failure due to loss of containments can
potentially cause catastrophic damage to humans and
environment. The failure due to loss of containments such
as oil and gas may trigger a domino effect-explosion. This
study aims to introduce an alternative method to assess the
fitness of the underground storage for operational
purposes. Therefore, Risk Based Assessment (RBA) of the
underground storage tank at a petrol station has been
carried out. RBA consists of three main components: 1)
Policy, 2) Technical Factors and 3) Maintenance. The
result of the RBA provides improved monitoring and
supervising of the integrity of the underground storage tank
within an acceptable risk range. This RBA can be
implemented, replicated and uses by other petrol stations.
The results demonstrate that the investigation of the RBAs
associated with underground storage tanks, especially
those containing polymer material, is worthy to be further
pursued.
Keywords – petrol station, risk based assessment (RBA),
underground storage tank.
1. INTRODUCTION
On a global scale, giant car manufacturers constantly
compete to produce more efficient cars, whether
conventional, hybrid or future concept models. The
increasing number of cars sold is gradually on the rise
throughout the time period of 1990 to 2015. According to
[1], the number of cars is rising on a daily basis, either in
manufacturing or in operation on the road. The highest
number of cars produced was 72.94 million units;
meanwhile, the time period of 1990-1999 has seen the
lowest number of cars produced. This attributable to the
necessity of reliable transportation in the today’s modern,
fast-paced world. The numbers of cars is constantly rising
every year, Therefore, as shown in Table 1.
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Fig. 1: Number of cars worldwide from 1990 – 2015.
A comparison based on car manufacturers throughout the
world gives a significant indicator about the most preferred
car brand. Toyota has been the most preferable car brand;
followed by Toyota (20.23 million units), Volkswagen
(10.14 million units) and GM Group (9.9 million units).
The least preferable brand is Tata (0.94 million units),
mainly because this brand is produced and used in India.
Table 2 shows the number of cars produced according to
manufacturer [2].
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In order for a car to operate, oil consumption is a must. The
increase in the demand for oil has triggered the rise in the
number of petrol stations installed. Facilities for oil
consumption such as petrol stations must be constructed
based on the number of cars used. Table 3 shows the largest
petrol station operators until the year 2009. On a global
scale, there are millions of petrol stations that have been
built to meet the increasing number of cars used on the
road. Shell (45000 units around the world) is the largest
operator in the world, while Conoco Philips is the least
(9600 units around the world) [4].
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Fig. 2: Number of cars according to the manufacturer (in
millions units).
In Malaysia, the combination of transportation vehicles,
(including passenger cars, commercial vehicles and 4x4
vehicles) make up only around 0.09% of the total number
of cars sold worldwide in 2014. The number of registered
transportation vehicles in Malaysia is gradually increasing
every year [3].
Table 1: The number of transportation vehicles in Malaysia
(1980-2014).
Year

Passenger Commercial
4x4
Cars
Vehicles
Vehicles

Total
Vehicles

1980

80,420

16,842

-

97,262

1985

63,857

26,742

4,400

94,999

1990

106,454

51,420

7,987

165,861

1995

224,991

47,235

13,566

285,792

2000

282,103

33,732

27,338

343,173

2005

416,692

97,820

37,804

552,316

2006

366,738

90,471

33,559

490,768

2007

442,885

44,291

-

487,176

2008

497,459

50,656

-

548,115

2009

486,342

50,563

-

536,905

2010

543,594

61,562

-

605,156

2011

535,113

65,010

-

600,123

2012

552,189

75,564

-

627,753

2013

576,657

79,136

-

655,793

2014

588,341

78,124

-

666,465

Fig. 3: Number of largest gas and petrol operators until
2009
In Malaysia, the petroleum industry, especially the
downstream industry, has remained untouched due to the
Malaysian economy. However, this was suddenly affected
due to the Economy Transformation Program (ETP), under
the 12 National Key Economic Key Area (NKEA), which is
Oil and Gas [5]. Furthermore, petrol station operators’
gross output for retail sales of automotive fuel contributed
to about 4.812 million in the country (7.2% out of overall
gross output in retail sector) [6].
Generally, a petrol station is not a major hazard facility
when the threshold is less than 100,000 tons of substance
[7] (Petroleum Safety Measurement, 2014; Occupational
Safety and Health, 1994). However, special care should be
taken into consideration from the early stages of design,
construction, installation and maintenance of its
components, in order to maintain safety and security
throughout the life cycle of the petrol station in terms of
uncertainty and complexity of risk [8].
Typical, a petrol station is associated with unique features
and shapes, which consist of three main sections:
a. Dispensing area:
Dispensers are located and covered by a steel or
concrete canopy. Numbers of dispensers depend on the
individual petrol station.
b. Underground Tank:
This area is visible because it contains underground
tanks. The indicators are venting pipes and manholes; it
is usually a vacant area.
c. Service Store:
This is usually located near the dispenser area, which
contains a small convenience store, storage office,
coffee shop, restaurant or motel [9].
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Petrol stations are considered to have a high potential of
fire breakout compared to other non-major hazard
installations. This is due to the characteristics of the fuel
that such facilities contain. The magnitude of a hazard
increases due to the fuel’s high flammability and
combustibility, quantity store in the station, concentration
of vapor within the facility’s atmosphere and replenishment
processes. Liquid petroleum gas (LPG) is categorized as the
highest flammable gas (Category 1) compared to diesel
(Category 2).
The types of chemical hazards that are involved in petrol
stations, including their products and Globally Harmonise
System (GHS) characteristics, are shown in Table 1.
Table 1: Hazardous Chemicals in Petrol Station [10].
PRODUCTS
GLOBALLY HARMONISE
SYSTEM (GHS)
Liquid Petroleum Flammable Gas Category 1
Gas (LPG)
Unleaded
Petrol Flammable Liquid Category 2
(ULP)
Premium Unleaded Flammable Liquid Category 2
Petrol (PULP)
Diesel
Flammable Liquid Category 2

b. Cathodic protection- this is a system that applies anode
and cathode by using a wave to avoid the process of the
corrosion from taking place.
However, in Malaysia, there is a lack of comprehensive
data about ageing USTs, and thus the actual number of the
aging USTs is unknown by the authorities responsible.
Moreover, there are no specific legislations or laws in
governing or enforcing this emerging issue of aging USTs.
The lack of a formal, standardized legislation also
contributes to the loosened enforcement of petrol station
premises.
2. METHODOLOGY
An alternative and holistic approach is needed to measure
and minimize the issue of aging USTs in Malaysia.
Therefore, three elements should be taken into account.
Table 6 shows an RBA diagram and the overall process in
monitoring the aging USTs. Constant monitoring should be
enforced by implementing cum policies so that technical
assessment and maintenance will encounter any unwanted
events from taking place, and will mitigate corrosion
development in old USTs.

Therefore, there is a need for an in-depth investigation on
underground storage tanks to control and minimize the
associated risks by unsafe underground storage tanks
(USTs).
According to [11], the Kansas Health and Department
indicated
that
above
storage
ground
tanks
(ASTs)/underground storage tanks (USTs) at service
stations have been assessed during 1957-1982, where a total
of 11,269 inspections and assessments were made. About
50% of the 11,269 were recorded to be aging tanks (more
than 20 years old). In Montana, USA alone, 1987 steel
tanks are over 10 years. A researcher by the name of Leane
Hackey; Montana Inspector of Underground Storage Tank
Section, found out that:
Events of leakage could cause:
a. Public Health. (Benzene, Ethyl benzene and Xylene
(BTEX)) [12], [13].
b. Pollute the underground water [14].
c. Fire and explosion.
A few studies have indicated that a large number of steel
tanks leak after a period of 15 years. In fact, a study
revealed that 27% of the tanks at Ohio Tank at petrol
station operator, USA, would leak after 18 years. Leakage
was due to the unsafe and loss of integrity of the UST,
mainly attributable to corrosion factors such as MIC and
water. Conventional methods of solving this problem of the
corrosion are:
a. Coating – a layer of bitumen is placed on the shell to
prevent the water from contacting the surface of the steel
[15].

Table 6: Risk Based Assessment (RBA) Diagram.
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• Documents	
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• Post	
  Operation	
  

• Annual	
  Inspection	
  
• Assesment/
Evaluation	
  

MAINTENANCE	
  

There are three main elements involved in this RBA
process, which are as follows:
1. Policies
2. Technical Factors
3. Maintenance
2.1 Policy
There are many legislations and laws around the world that
involve USTs such as in the Dangerous Substance and
Explosion Atmospheres Regulation 2002, which stipulates
a condition only about how petroleum licenses are issued
under the petroleum (Consolidation) Act 1928 (U.K). Other
related regulations are the Health and Risk at Work Act
1974, Management of Health and Risk at Work Regulation
1990, and Regulation Reform (Fire Risks) Order 2005.
Meanwhile, the National Fire Agency Code (NFA Code) is
implemented in the USA.
However, the legislation in Malaysia does not mention any
organization, creation, manufacturing, maintenance and
servicing in prescriptive standards. For instance, the
Occupational Safety and Health 1994-OSHA (Act 516),
Akta Pembangunan Petroleum 1974 (Act 144), Akta
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Pembangunan Petroleum 1974 and Akta Kerajaan
Tempatan 1971. These acts do not stipulate in detail the
documents, manufacturing, installation, and maintenance
and servicing in prolonged format. Act 516 merely states
that any machinery must be registered to the corresponding
department [16]. The operators must submit an application
to register the UST involved. However, this act does not
mention anything about the details of the machinery
involved. Meanwhile, Act 144 only stipulates the
conditions for the establishment of an organization
pertaining to petroleum [17].
Additionally, Akta Kerajaan Perumahan Tempatan 1971
mentioned and ruled out the licensing procedure on the site
to build a petrol station.
On the other hand, codes and regulations should be drawn
on the technical section such as fabrication, welding,
construction, manufacturing, maintenances and servicing
[18], [19], [20]. Therefore, the chains involved in the
process are not connected in a sequential manner.
The combination of the legislation and code must be ruled
out to for a more comprehensive understanding. An
example of this combination is as follows:
2.2 Technical.
All technical data and documents must be produced and
well kept for future reference. The documents involved are:
2.2.1 Pre Operation
a. Design drawing and calculation
b. Material/Mill certificate
c. Manufacturer certificate
2.2.2 Operation
a. Fabrication and manufacturing records
b. Wielding workmanships
c. Carried out by competent wielders, supervisors, and
Manufacturers
d. Handheld Ultra Thickness Gauge (UTTG) - must be used
to measure based line of the thickness
e. Using Checklist – Measurement Dish end and Shell.
Check visually the workmanship of wielding.
2.2.3 Maintenance/Service
a. Annual Assessment: Use UTTG to verify the present
thickness of UST (Shell and Dish End)
b. Any steel UST which is above 5-7 years needs to
undergo a requalification process [21]
c. A videoscope Identifier should be used to find any
defects and corrosion areas (localized or generalized)
Most importantly, a competent inspector from the oil
company or from the governmental party must verify and
validate the data by visiting the manufacturer. The usage of
XRF 9000s LTi (material identifier) UTTG to verify the
thickness of the UST should be considered. Also, a
videoscope should be used to visualize any corrosion spots,
whether localized or generalized.
The comprehensive and alternative RBA assessment above
provides a complete and comprehensive system of data
documentation and technical support to make better
decisions about the fitness of USTs, and whether they
should continue to operate, and are in the allowable age, or
whether they should be discard and replaced.

The data and process above is predicted to provide
beneficial information to oil companies and private
operators in making better decisions about the operation of
their petrol stations, and on UST operation.
3. LIMITATION
The financial budget for this exercise would have been
costly for individual operators to reveal whether they have
insurance. The UST must be set to a limit of about 7 years
of operation, and must be open for requalification for
fitness to operate according to the code. The site must be
closed from operation for about three months for the
requalification process.
4. RESULTS
The outcome of the RBA will generate early baseline data
and records on USTs in terms of:
1. Name of the manufacturer
2. Name of the material
3. Design drawing
4. Worksmanship records-such as welding, rod filler, name
of the welder and etc.
5. Record of any alteration from design
6. Additional fabrication
A Handheld Ultra Thickness Gauging (UTTG) is a probe
that consists of a wave frequency probe and a small digital
monitor that are capable of measuring the thickness of the
wall of the UST, with or without coating. The measurement
determines whether the actual thickness differs from the
thickness according to the design drawing. If there is a
difference, a complete and thorough assessment should be
conducted in order to ensure the integrity of the UST.
Meanwhile, a videoscope identifier that consists of a 3m
long probe and cum with a video monitor is used to
visualize and illustrate the actual conditions in the UST to
sort out any internal defects due to corrosion (either
localized or generalized).
5. CONCLUSION
This paper explained in detail the RBA process in
monitoring closely not just the aging of a UST, but also the
aging system of the petrol station, by keeping early
documentation of data and technical reports for the
operators to justify the life cycle and integrity of the UST.
Furthermore, the records will certainly provide solutions to
the operators to prolong the installed USTs. Most
importantly, a water management such as proper drainage,
proper oil sump, and cleanliness should be installed to keep
out the rubbish from clogging the water paths.
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If customer's system requirement is clear or eliciting the
requirements well in a IT system development, the project
has a high probability of success [1]. It is an wellknown
empirical fact. The System Requirements Definition (SRD)
is an important development phase to determine the
subsequent phase. However there are many reports on
project failure cases due to insufficient system requirements
definitions in Japan [2], [3].
Software Engineering Center of Informationtechnology
Promotion Agency in Japan (SEC of IPA Japan) conducted
a study focused on the risk event driver as practical
approach of risk prevention in the requirements definition
of IT project [4]. A risk event driver is a component with a
possibility that risk comes up the surface. To have a
successful IT project, the risk events factors should be
clarified in advance. Then, the cost by potentially possible
and impact when it happened is calculated. The order of
risk event factor priority is derived from the project
development result. Risk event factors must be monitored in
terms of their priority.
In the first step of this study, we focus on the difficulties of
IT projects in reference to the risk event driver which is
studied by IPA Japan [4]. For the difficulties, there is a lot
of researches in the medical and education fields [5], [6]. In
addition, the difficulties have been discussed by wide
variety of people from various points of difficulty
definitions [7], [8].

Difficulty is written in Macmillan Dictionary with "if you
have difficulty with something, you are not able to do it
easily" as an uncountable noun. It is described with "a
problem" as a countable noun. On the other hand, it is
described with "The state or condition of being difficult" as
an uncountable noun by Oxford encyclopedia. It is
described with "A thing that is hard to accomplish, deal
with, or understand" as a countable noun. The difficulties as
described above with a variety of definitions. Therefore,
there are various interpretations.
In this study, we would cover three words on to accomplish',
deal with', or understand' which are described with "A thing
that is hard to accomplish, deal with, or understand" in the
Oxford encyclopedia.

The following diagram exhibits the implementation of this
research. Objectives and Research question is following
three items as shown in figure 1.
1. To explore the importance of the system
requirements definition in the IT project.
Why system requirements definition is important in
IT projects?
2. To explore the internal difficulties of the project in
the system requirements definition of IT project.
How do the internal difficulty factors affect the
system requirements, definition of IT tasks?
3. To explore the external difficulties of the project in
the system requirements definition of IT projects.
How do the external difficulty factors affect the
system requirements definition of IT project?
By following these research objectives, we will proceed
with this study. After that, we examine the internal and
external factors of difficulty in the determination of SRD of
IT project. This study employs case study research
methodology.
This study employs case study research methodology [9]. It
involves specific instruments, such as case data, documents,
and semistructured interview. It also refers to the tools
employed for analyzing data.
In the study results, we understand the difficulty of the
project inside and outside in the SRD of IT project. Finally,
this research proposes the documentation and
communication solution based on the internal and external

－491－
– 1 –

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

difficulties on the system requirements definition on IT
project.

Figure 1 Research Implementation

analysis stage, there exists various conflicts among
stakeholders [14].
Figure 2 is a failed project case. In this project, it was
planned to complete the SRD in the initial four months.
However, the SRD was delayed by 5 months. Therefore, the
construction period of the subsequent basic design has been
pressed. Nevertheless, in this project, the delivery time to
customer has been protected. On the other hand, the
problem resides in the quality of the SRD document. Also
the cost of the project is more than the scheduled. Therefore,
it was considered as a project failure. As shown in this
figure, SRD phase delays caused fatal outcome in IT
projects.

Figure 2 Sample of Failure Project



IT project depends on human intellect, skill and resources
from the beginning of the system development, debugging,
operation and to the system maintenance. To visualize the
procedures, we have classified IT project into six phases:
SRD, basic system design, system detailed design, program
development unit test, and system integration test. The V
shape model which considered the life cycle cost in the
system development is this evolution system [10].
The SRD is the first phase to know uncertain user’s
requirements for specification, which is the key in any
system development [11]. The SRD phase is important
because it determines the subsequent system design and
development phases.
The ISO/IEC 15504 which is often known as Capability
Maturity Model Integration, Emam noted requirements
elicitation is not within the scope of their study [12]. This
means that CMMI does not cover the SRD phase. Ishii
explained that SRD phase is most difficult phase in any IT
projects because all relevant stake holders should
investigate and analyze uncertain system requirements [11].
Ishii explained that SRD phase is most difficult phase in any
IT projects because all relevant stake holders should
investigate and analyze uncertain system requirements.
Linberg studied about software development project failures
[13]. In his study, the project members had no idea how
long it would take to develop the system during early stage.
Liu et al. noted problems emerging during the requirement


As described in the introduction, the difficulty has three
meanings; to accomplish, to deal with, and to understand. In
the studies cited Oxford encyclopedia, there is a study of
Huang et al [15]. They cited knowledge as "knowing," the
sum of individual understanding, discovery, and learning
from experience. They also referred that knowledge is
divided into four categories: (1) knowwhat; (2) knowwhy;
(3) knowhow; and (4) knowwho from Oxford English
Concise Dictionary.
We try to consider each one of 'accomplish', 'deal with', and
'understand' as bellow.

Accomplish is with Latin ad 'to' + complere 'to complete'.
This etymology, there is a meaning to complete something.
In the Oxford Encyclopedia, it is stated “achieve or
complete successfully”. And as the target of the 'accomplish',
system requirements and the goal is explicitly in IEEE
Recommended Practice for Software Requirements
Specification [16]. In many other literature the subject to
'accomplish' are specified goal scope, and objective [17]–
[19].
Shan et al. described “One of the major tasks of software
requirement process is to accomplish the communication
and transformation between requirementrelated persons
and software development team” in a study on the

－492－
– 2 –

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

knowledge transfer of software project requirements [20].
Ajmal et al. report in their research about project based firm,
in which those projects are huge, expensive, uniqueness,
and high risk [21]. They also note that firm must be
accomplish with an agreed level of performance within a
given delivery time and budget.
I this study we define ‘to accomplish’ as "to achieve the
goal.".

keywords of 'accomplish', 'deal with', and 'understand'.
These three keywords will be a relation like figure 3.


Thomas & Mengel states that a target of 'deal with' is
complexity as the title of their paper [22]. Dietz &
Hoogervorst verifying The Open Group Architecture
Framework (TOGAF) describe that a target of 'deal with'
are problems and issues [23]. In addition, in the literature
that examined the Scrum practice in the global software
development, it is expressed that the subject of 'deal with' is
a challenge [24].
In this study, we define 'to deal with' as "to act in order to
solve the problems and issues."

There are so many of meaning of 'understand'. Imtiaz et al.,
search for the critical success factors (CSFs) of IT project to
target the literature from 1999 to 2012 and define the
fifteen CSFs [25]. There is ‘Effective communication’, the
one of the CSFs, which was described with reference using
a word of 'understand'. This CSF was stated that it is helps
stakeholders to understand the objectives and makes them
more responsible towards their work. On the other hand, the
following two interpretations have been described in the
Oxford Encyclopedia 'understand'.
1) To know or realize the meaning of words, a language,
what somebody says, etc.?
2) To know or realize how or why something happens,
how it works or why it is important
In this study, we define 'understand' as “to know or realize
the essential meaning of things.”

There are two types of research by roughly divided into
industry type and unique perspective about the literature
discussed some type the IT project. In a study of industry
type, there are two studies of three areas of service,
manufacturing, and education [26], [27]. In a study of
unique perspective, there is a study of type of matrix and
functional organization, and type of development products
[28]. There are also studies that have been verified by
dividing the failure cause of a software project into two
Type of relevance to the process area and the other of the
failure reason [29].
In this study, we focus on the difficulty in the SRD of IT
projects. And we define separately difficulty to three

Figure 3 Relation of keywords of difficulty: to ‘accomplish’,
‘deal with’, and ‘understand’
The outermost triangle, 'understand' the essential meaning
of things, occupies most of the area (the part) of difficulty in
this figure. In other words, it could be expressed in the most
basic activities to understand. The second triangle, 'deal
with' issues and problem is a response to the issues and
problems to the premise of understand. Most central
triangular, 'accomplish' goal or scope, is to be considered as
the last climb action to achieve as the result of
corresponding and understood. We propose a tetrahedral
model of IT projects that extend interpret this figure in
section 7.

As described in 1. Introduction, we focus on the difficulties
of IT projects in reference to the risk event driver which is
study result of IPA Japan [4]. List of the difficulties that
have been obtained from case data, documents, and semi
structured interviews is as the left side of the items of Table
1.
We have five IT project cases including a failed case
specialized in global company in the requirements
definition phase [30]–[32]
Five project cases are summarized as below; [30]
 One government organization projects
 Four big company projects
We obtained feedbacks from interviewees using the semi
structured interview.
As a large item in this table, we put in order each items
dividing in the internal difficulties and external difficulties
in the SRD on IT projects. The internal difficulties are
organized mainly into associated items with the five
processes of requirements engineering (RE) process of
IEEE 830 and others.
Table 1 Evaluation results of difficulties in SRD on IT
project
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results obtained by case data, documents, and the semi
structured interview. The evaluation result is buried in half
of right in table 1. Evaluation criteria for each item are as
follows.
Table 2 Evaluation criteria for each item
Score

A typical RE process of SRD consists of five sequential
phases as below. [33].
(a) Feasibility study (FS): An estimation process whether
users’ needs are satisfied in the project.
(b) Requirements elicitation (RE): A customer’s
requirements discovering process through interacting with
the customers.
(c) Requirements analysis (RA): An understanding process
of classifying, organizing, prioritizing, negotiating, and
documenting the requirements of the customer.
(d) Requirements specification (RS): A translating process
for the information collected during RE and RA activities to
be reflected in the documentation relevant to the
requirements.
(e) Requirement validation (RV): A system requirement
confirmation process with the customer.
Liu et al. survey interpersonal conflict and user
requirements uncertainty on information system project in
Taiwan [14]. They state, to move through these four RE
phases smoothly and effectively, users and information
systems professionals need to agree on the final outputs of
each phase, including from feasibility report, system models,
user and system requirements, and requirement document.
The Additionally, Verner et al. (2005) examine the
relationships between RE practices and software project
outcomes. They make three sets of questions directly related
to requirements issue in the USA and Australia [34].

Evaluation

Evaluation Criterion

5

Very satisfied

More than 80% of the level of
achievement of the action targets

4

Satisfied

About 6080% of the level of
achievement of the action targets

3

Neither

2

Dissatisfied

About 4020% of the level of
achievement of the action

1

Very
dissatisfied

Less than 20% of the level of
achievement of the action targets

From the results of the evaluation, it was found that it is not
achieved markedly three processes in RE, RA and RV of
the five SE processes definitive internally difficulties in
failure project. For example, evaluation of “item 2: Project
members were able to clarify the requirements for requests
about the systems of the individual user business to be
elicited” was 1: Very dissatisfied. From the results, we
could understand that those process of to elicit a request
from the user, to analyze the requirements elicited, and to
validate the requirements were not able [14].
In the external difficulties, there was ‘Yes’ answer in the
failure project to “There were sudden politics and a change
in economic environment, and the order condition became
severe (Example: Riemann crisis in September, 2008)”.
This is due to the fact that there was a recession in the
global economy, has meant a significant reduction of the
project budget. The project has been kicked off in a month
this Lehman crisis [35], [36]. There was a budget reduction
request from the customer side. It couldn't correspond
accurately to the request. It might be thought that was a
result of cost overruns to the budget.

IT project contains internal and external interactions. In
other words, an exchange with a person and a person and
communication will be an important element.



For each item obtained in Table 1, we assess each case to
the subject. An evaluation was performed by integrating the
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Figure 4 Tetrahedral model of project management on IT
projects
We presented Figure 3 Relation of keywords of difficulty:
to 'accomplish', 'deal with', and 'understand' in section 4.4
Type of difficulty in of IT project. The tetrahedron is
considered in which pulled just above the vertices ‘Goal’ of
the triangles in this figure [37]. We also tried to fit The Iron
Triangle of Cost, Time, and Quality to other three points of
the vertices in this model [38]. There are no such regular
tetrahedrons at a site of an actual project. But it would be
effective to consider IT projects by such generalized model.

Although Figure 4 looks very clean, there would be any
similarity of the difficulties on this figure [39]. Or what kind
of attribute is there, and can it be structured this many
beautifully? From the above question, we try to review a list
of difficulties that were in the left of the item of Table 1.
Table 3 Difficulty list by classifying by three types of
difficulties
Large category
Middle item
Small items
Internal Difficulties of IT Projects
FS: Feasibility Study
1 Project managers were able to clear the purpose of the system of individual
work in customer business
RE: Requirement Elicitation
2 Project members were able to clarify the requirements for requests about the
systems of the individual user business to be elicited
3 Project members were able to clear the priority of the request relates to a
system of individual user business to be elicited
4 Document had no inconsistencies between the current system and its
system specification of the user to be elicited
5 Project members were able to study and confirm of functions relating to the
current system of user to be elicited
6 Knowledge about the user of communication skills and the user's individual
work of engineers to draw a system of requirements for individual business to
be acquired has been fulfilled
7 Man-hours of engineers to draw the system of requirements for the user of
the individual business to be acquired has been fulfilled
RA: Requirement Analysis
8 Technical skills required for the knowledge and systematization for individual
work of engineers to analyze and study the system of requirements for the
user's individual business had been fulfilled
9 Engineers of man-hours in order to analyze and study the system of
requirements for the user's individual business had been fulfilled
RS: Requirement Specification
10 Engineers of the technical skills required for the knowledge and system of
about individual business to describe the system of requirements for the user's
individual business had been fulfilled
11 Engineers of man-hours to describe the system of requirements for users
of individual business had been fulfilled
RV: Requirement Validation
12 Technical skills required for the system of the engineers to verify the
system of requirements for the user's individual business had been fulfilled
13 Engineers of man-hours to verify the system of requirements for the user's
individual business had been fulfilled
RDP: Requirement Definition Process
14 User and project members had been able to verify the integrity of the
individual business and system requirements definition document of the user
15 Completeness of business requirements for lead and relevance of the user's
individual business had been able to verify
16 Confirmation of the system requirements definition document by the user
was done
17 Consideration of RAS (reliability, availability, scalability) was done
18 A practical use requirement of the user's individual business after
systematization was considered.
19 Verification with used middleware or the packaged software for system
requirement about individual user business was done
20 Business terms relating to the user's individual business has been shared
between project members
21 Business knowledge about the user of the individual business has been
shared between project members
22 Project manager was able to predict the cost of project
23 Project manager was able to predict the delivery date of the project
24 Project members had to understand the standard of quality for the product
External Difficulties of IT Projects
25 Project members, because the ordering and contractor of the system is not
in the multi-layered structure, a sufficient communication had taken the user
26 Involvement of project management by management layer was sufficient
27 There were sudden politics and a change in economic environment, and the
order condition became severe (example: Riemann crisis in September, 2008).

Type-1

Type-2

Type-3

O

O
O
O
O
O
O

O
O

O
O

O

and packaged software for system requirement about
individual user business is interpreted that there is a
difficulty in the technical understanding. In addition, from
the number 22 to 24 are the difficulties involved in the
project management process. Project costs time, and the
quality obtained by these processes, were classified as a
difficulty in understanding type.
In the external difficulties, number 25 “Project members,
because the ordering and the contractor of the system is not
in the multilayered structure, is a sufficient communication
had taken the user” has been selected as a tradeoff type.
This difficulty is due to the accession organizational
structure of IT projects in system integration [40]. This
debate will be discussed in a separate paper.

At the conclusion the main strengths of this paper are two
folds: it provides a definition of difficulties on IT projects
from the literature and a dictionary, and it is to be classified
difficulty into three types. On the other hand, data of the
interview used by this research are limited. Interviews for
project cases, including a focus group of a project manager,
have taken in a total of 18 hours. Therefore the
comprehensive study for which these data were utilized is
needed for the future.
Number 27, which was discussed in section 6 was classified
as tradeoff type. In rapid project encountered to changes in
the economic environment, such as the Lehman crisis, is
inherent some budget reduction request from the customer
side. For that request, it is necessary to accurately and quick
response towards the cost down of such reducing function.
A proposal of documentation and communication solutions
for the difficulties of IT projects, it must be capable of
coping with changes of such rapid economic environment.
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ABSTRACT
One of the new issues that project teams are facing is the effect of
job stressors which consist of time pressure, workload and role
ambiguity on burnout. The purpose of this study is to review the
relationship among job stressors and burnout. This study only
aims to review the former researches in examining the
relationship among study variables. Moreover methods and
methodologies which are the most useful to examine relationships
between variables in this study have been recommended for future
works.
Keywords— – Time pressure, Workload, Role Ambiguity,
Burnout, Job Stressors
1. INTRODUCTION
Project teams play a major role and are integral parts of
organizations. However, providing successful projects, the project
teams confront too many challenges arising from their firms.
Although companies develop procedures and policies that project
teams have to follow, the projects can create requirements that are
not covered by the organizational procedures and policies. Today,
the quick shifts of technology and the rising complexity of lifestyles expose people to serious stressful conditions across all life
aspects [1].
The results of various researches have shown that stress has
essential costs for organizations because of its negative effects on,
intention to leave [2], absenteeism [3], job performance [4], and
organizational commitment [5]; thus, stress is an important
concept for managers to understand. It has been defined as an
occupational hazard for different professions, especially
managerial work, which is considered as an occupation with a
higher risk of stress because of the nature of the job [6].
The effect of stress in the firms could lead to decreased
productivity, increased turnover and absenteeism, health issues,
and violence that can impose costs to employers, companies, and
even the society [7]. The levels of retention and productivity of
the available workforce are an important concern in the
management of the human resources. Employee’s turnover is one
of the topics which are most studied in the organizational
psychology area [8]. Meanwhile, it is of interest to other
professionals like personnel researchers as well as the firms’
managers [9]. Stress and burnout are related but are different
topics in the field of human resource management. It is stated that
burnout is a chronic stress consequence [10]. Relevantly, burnout

and stress are also linked to turnover as researchers have
emphasized on turnover as a stress outcome [11].
Due to the negative contribution in organizational behavior,
myriad of researchers have examined job stressors in relation to
employees, productivity [12] and other organizational outcome as
well as behavioral outcome. It is evident that job stressors
significantly affect employee’s level of job satisfaction.
Project managers are the highest authority of a project whose
decisions directly affect the overall success of the project. Due to
the stressful nature of project environment, it is important to
identify the job stressors especially for project managers who
work in the oil and gas industry, as they have to deal with many
stressful situations such as deadlines, heavy workload and
ambiguity about their task.
As human resources are of crucial assets in any firm, so the
objective is to answer the following questions to enhance work
conditions for the project managers who work in the oil and gas
industry in Malaysia. Following are study research questions:
1. To review relationship between time pressure and burnout
2. To review relationship between workload and burnout
3. To review relationship between role ambiguity and burnout
In regard to the empirical significance, the present study provides
useful knowledge to the human resource managers in motivating
and managing their employees in better way. In fact project
managers are assisted and guided to manage and reduce the level
of job stress among their employees, whereas their own stress and
its roots and aftermaths are often neglected. It is evident that a
stressful project manager cannot lead the team member toward
minimizing job stress. So, it is critically important to find out the
most important factors which put project managers in stressful
situations. The findings of this research could assist firms in
developing strategies which might lead to minimizing job stress
by reducing workload, time pressure, and role ambiguity.
Therefore, the organizations will be able to decrease the levels of
burnout.
This section discussed about the negative impact of job stressors
on individual’s performance, which can also be costly for both
employees and organizations. It has been a driving force for many
researchers in area of stress management as discussed in this
section. In addition, the study considered time pressure, workload
and role ambiguity as the main source of a project manager’s
stress that is often neglected. The existing study is designed to
examine the relationship between the three independent variables
that are the most common stressors among project managers
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including: workload, time pressure, and role ambiguity as well as
one dependent variable which is burnout.

2. LITERATURE REVIEW
The existing section reviews the literature which constitutes of the
conceptual framework basis used to develop this research. In the
former section, three factors were recognized and considered as
the most common sources of occupational stress among project
managers and their connection with burnout. A review of the
literature on this area of research is provided the recognized
relationship between the proposed variables in the project team
and specially the project managers.
2.1 Burnout
For more than three decades, scholars have tested burnout among
various statistical populations, including educators, social
workers, mental and medical health workers, childcare workers,
lawyers, customer service representatives, and police officers [1].
Maslach, Jackson [2] mentioned that burnout is a term which is
used to explain an emotional exhaustion and cynicism syndrome
which occurs in reaction to the strains of professional life and
stressors. Burnout was defined originally by Freudenberger [3] in
a study entitled staff burnout as a particular psychological
situation in which employees feel a lack of individual
accomplishment, suffer from emotional exhaustion, and are
willing to depersonalize others. In this regard, Maslach, Schaufeli
[1] tried to update this definition by defining burnout as a
syndrome of depersonalization, emotional exhaustion, and
reduced individual accomplishment, which can happen among
people who work with others in some capacity. Furthermore,
Maslach, Jackson [2] filtered the burnout definition as job-related
and a delayed response to crucial interpersonal and emotional
stressors on the occupation [4].
Stress and burnout are related but different in that burnout is the
consequence of chronic stress as stated by Cordes and Dougherty
[5]. Indeed, burnout is a response to chronic stress that develops
when working very hard for a long period under high levels of
pressure. Stress and burnout are also connected to turnover as
researches have introduced turnover as a stress outcome [6, 7]. In
fact, high level of workers’ burnout has many adverse impacts on
firms and people like reduction in job satisfaction, job
performance or increasing in intention to leave the job,
organizational commitment, anxiety, depression, and absenteeism
[1, 6, 8-10].
O'Neill and Mattila [11] verified the connection between burnout
on one side and job satisfaction and turnover intention on the
other side. Burnout is connected with decreased levels of job
satisfaction as mentioned by Sharma, Gupta [12] and increased
levels of turnover intention researched by van der Aalst [13].
Burnout is now comprehended to be experienced by people in all
jobs and is made by the stress of the competition at work. Burnout
impacts on the firm’s bottom line in the shape of employee’s
compensation, absenteeism, healthcare benefits, and job errors [2,
14].
An adverse connection between burnout and job satisfaction is
shown and as burnout level increases, job satisfaction decreases. A
huge number of researchers have demonstrated a significant
adverse relation between burnout and job satisfaction [1]. In
addition, burnout and organizational commitment are known as
two closely related issues, which impact rates of retention and a
lot of other organizational outcomes. Several studies on human

service professionals, like teachers, nurses, public defenders, law
enforcement officials, and clergymen tested the results of low
organizational commitment and high burnout among people.
Generally, it is agreed that high burnout levels and low
organizational commitment levels result in poor performance, low
employees’ morale, tardiness and absenteeism, disruption of
services, high turnover rate, lack of quality care, and other
managerial and compliance problems [2, 15, 16].
2.2 Relationship between role ambiguity and burnout
Role ambiguity means that the individual does not know what s/he
is supposed to do. Indeed, a certain information amount is needed
for enough role performance. Firstly, the focal individual needs to
know her/his role work set and different expectations; her/his
rights, responsibilities and duties. Secondly, s/he has to know
what activities would meet those responsibilities. Thirdly, the
focal individual has to know the possible results of nonperformance or role-performance for herself/himself as well as for
her/his role set. More importantly, the individual needs to know
the behaviors types that are frustrating or satisfying for her/his
personal values and needs [17].
Role ambiguity is also defined as the shortage of a clear
instructions set for guiding an individual's actions in a specific
setting or to achieve a specific goal [18, 19]. When observed in
firms, role ambiguity could have an adverse impact on individuals
and their satisfaction levels in their job and with the firm [20-24].
Workers who do not know their role in the working team, how
much their work affects the team objectives or the particular
instructions for doing their tasks, often express dissatisfaction
with their occupation, face stress, and show a higher tendency to
leave their job or the firm for another organization [25].
Therefore, role ambiguity can have striking long-term
consequences for the employees and organization’s success[26].
Role ambiguity means inadequacy of information both about what
employee’s tasks are and how s/he can carry them out [27]. In this
regard, Baerga Cordero [28] mentioned that when individuals do
not know about the expectations other people have about them
and their roles, whether because of poor understanding or poor
feedback, they feel role ambiguity. In addition, Kahn and Quinn
[29] mentioned that role ambiguity might be connected to
responsibilities, activities, norms, and personal style. They argue
that role ambiguity is generated by the others’ actual expectations,
the expectations of the occupant’s role, and the expectations the
occupant gets and analyzes in the light of prior experience and
information. Relevantly, Lyons [19] verified that individuals who
suffered from ambiguity of role, experienced lower levels of job
satisfaction, a futility sense, higher job-related tension, and lower
self-confidence. Furthermore, the role ambiguity demonstrates the
uncertainty feelings or a lack of clarity about responsibilities,
duties, and aims of the individual’s work, which is a type of role
stress [30].
In this regard, Behrman and Perreault Jr [31] mentioned that role
ambiguity is recognized as being unsure about the requirements of
the task, or a certain occupation because of the lack of
information, hazy firm directives and unclear objectives and
responsibilities [32-35]. In this regard, Katz and Kahn [36]
defined role ambiguity as uncertainty about what the staff of an
organization is supposed to do. Additionally, House and Rizzo
[37]defined role ambiguity as a "shortage of predictability and
clarity of one's behavior outcomes ". Furthermore, Kerr and
Jermier [34] defined role ambiguity in the case of (a) the forecast
ability of the consequences or reactions to an individual’s
behavior, and (b) the clarity or existence of behavioral needs,
often in the case of environment inputs, that would guide behavior
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and provide knowledge which shows that the behavior is
appropriate.
2.3 Relationship between workload and burnout
Webb et al. (2010) showed that a great debate exists in
psychology concerning the meaning of the workload term. At a
more simplified level, workload can be recognized as the cost of
doing a task for an operator. The costs could include stress, errors
to name a few, and fatigue Wong, Gardiner [38]. Concerning the
model of information processing, the operator just has a limited
amount of identified resources, both mental and physical to
complete a task. A high task workload might require more
resources than that which exist, and task performance could
decline notably [39].
The workload experience is determined by the load of task and the
interaction of some factors including: expended effort, the
performance level, and task demands. Whenever time pressure is
accompanied in a project with limited of resources, team members
are normally obliged to increase their attempts and accept more
responsibilities. This condition is common in project-based firms
and imposes hard and heavy workloads to the project teams. It is
obvious that if the workload goes beyond people’s capacities,
stress is most likely to appear
In this regard, Mearns, Gutowski [40] explain job stress as an
interval between person’s actual capabilities and the expected
workload. The authors also discuss that job stress could appear in
both qualitative and quantitative workloads. Concerning the link
between workload and the responsibilities assigned to an
individual, it is forecasted that project managers encounter the
heaviest workload. Regarding the results of an interview based
study [41]that conducted by selecting a large group of project
managers, all of the project managers identified the heavy
workload as one of the important stressors. The aforementioned
study verified that performance of a project manager declines
seriously with heavy workload conditions. Relevantly, Sibbald,
Enzer [42] provided a reason why project managers cannot show a
suitable performance under the heavy workload situations,
overload causes a sense of being burnt-out normally and this sense
leads managers to stress.
Amabile, Mueller [43] discusses that a person’s workload or
demands experience, is an agreed contributor to stress, and
especially, to burnout. Indeed, workload is viewed as an integral
factor in the human factors and ergonomics literature, and is
essential to comprehension of the systems’ failures. Ergonomics is
the scientific discipline related to the comprehension of
interactions among people and other system elements, and the
profession, which applies principles, data, theory, and methods to
design optimized human well-being and overall performance of
the system (International Ergonomics Association, 2000). A
potential parameter contributing to the issue of ICU physician
burnout and stress, attracting and retaining intensives, might be
the result of the experienced workload by physicians-in-training
and physicians [43].
2.4 Relationship between time pressure and burnout
Amabile, Mueller [43] mention that both organizational literature
and business press have pointed out a “time famine” in which
workers feel that there are never enough hours within the
workday. Project manager’s responsibilities and tasks depend
highly on the culture, size, and the maturity level of the firm.
However, some common responsibilities are available which all
project managers have to undertake and do regardless of industry
or the company [44].

Meeting the deadlines of the project is one of the mentioned
common responsibilities based on the research conducted by
Sellers, Randall [45]. In this regard, Tukel and Rom [46] managed
a study among a group of ninety-one project managers and
verified that at minimum about 56% of the respondents had
exceeded the project deadline. The authors also found that the
majority of large scaled projects with more than 100 activities
could not be finished on time. Moreover, in some cases that a
contractor is employed to accomplish projects, delay penalties are
noted to limit it to exceed the mentioned deadlines. Companies
might lose their credibility seriously, in addition to receiving
financial penalties, when they cannot meet the projects’ deadlines.
In most companies, the project manager is directly responsible for
delays and penalties. As a result, time pressure is the most striking
source of job stress felt by the project managers [47]. In this case,
Eerde [48] assumes that time pressure differs from other stressors
types and therefore requires a specific focus. Sometimes, the high
stress levels caused by time pressure can cause passivity reactions
and avoidance [48]. The negative consequences of the time
pressure in the project environments could be moderated
effectively by applying social interaction procedures [49]. For
instance, by enhancing cooperation among the project’s
stakeholders, the sense of belonging and social support feelings
could be strengthened; that reduces the adverse job stress
outcomes automatically [50].
According to the discussions provided, the current study proposes
time pressure, heavy workloads and role ambiguity as the main
antecedents of job stress in the project environment. This
objective, leads to the design of current study’s conceptual
framework according the following model (Figure. 2.1).
H1

Time Pressure
H2
Workload
Role Ambiguity

Burnout
H3

Figure 2.1: Conceptual Framework
In this section, different studies were reviewed to identify the
relationship between the proposed variables as shown above. For
each factor, different studies were gathered to develop this study
and to better understand the relationship among time pressure,
workload, role ambiguity and burnout.
3. RESEARCH METHODOLOGY
3.1 Research Design
Research methodology is the entire procedure someone tries to
drive the procedure of problem solving research [51]. In this
regard, the following questions are addressed:
1. What methods and methodologies are the most useful to
examine relationships between variables in this study?
2. What are the reasons that justify using any specific method in
future research?
Crotty [52] suggested that the amount of reality assumption that a
specific methods brings into life in a specific research determines
the justification of a method implemented in a study. Therefore,
the questions above are two general questions, which need to be
fractured into more detailed and specific aspects. In order to
achieve this goal, as well as the proper design for this study, the
following suggestions would be taken into consideration [51]:
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• Type and nature of the study
• Sampling design
• Data collection methods
• Data analytic techniques used
Research methodology, procedures, and the favorable choices
justification are explained in this section in order to suggest a way
for future works in the most complete manner.
3.2 Variables and Measures
The research frame work of this study contains one dependent
variable: Burnout. The definition and recommended measurement
issues pertaining to this variable for future studies are discussed
below.
Based on Cordes and Dougherty [5], the aftermath of constant and
continual stress is called Burnout. In other words, burnout takes
place when an employee works very hard under a constant level of
pressure or stress. This study recommends four items for future
studies in order to measure the burnout level amongst project
managers. Scales are from study of Blair-Loy and Wharton [53].
Seven point likert scale will be used which measured from 1 =
“strongly disagree” to 7 = “strongly agree”. Table 3.1 represents
the items for measuring burnout level of project managers.
Table 3.1: Statement for measuring burnout level
No.
1.
2.
3.
4.

Items

Source

I avoid people at work and my private
life.
My attitude about work is “Why
bother?”
Community with other is a strain.

Blair-Loy
and
Wharton
[62]

The research frame work of this study contains three independent
variables: Time pressure, workload and role ambiguity. The
definition and recommended measurement issues pertaining to this
variable for future studies are discussed below. Seven point likert
scale will be used for all variables which measured from 1 =
“strongly disagree” to 7 = “strongly agree”
Role Ambiguity characterized as the deficiency of some
acceptable directions set for directing a person’s movements in a
particular setting or to attain a particular objective [18, 19].
Observing companies’ environment, there are some negative
influences imaginable on employees and their level of job
satisfaction, caused by role ambiguity
[24, 54, 55].
Recommended scale for measuring role ambiguity contains 5
items (Table 3.2) which was borrowed from [56], in terms of (1).
The monotony of the end result or behavioral responses, (2).
behavioral prerequisites existence or certainty, most of the times
related to environmental variables’ outcomes, serving in order to
drive personal manners or preparing background data verifying or
rejecting a specific behavior.

No.
1.
2.
3.

Items
I feel certain about how much
authority I have.
I am corrected or rewarded when I
really don't expect it.
I am told how well I am doing my
job.

Source
Hamner
and Tosi
(1974)

5.

I feel certain how I will be evaluated
for a raise or promotion.
I do not know if my work will be
acceptable to my boss.

The workload experience is resolved by the burden of assignment
and the communication of a few elements incorporating: spent
endeavor, the performance level, and project requests. Workload
is seen as a fundamental element in the human variables and
ergonomics written works, and is crucial to cognizance of the
frameworks disappointments. The workload level of project
managers is recommended to be assessed by the scale which was
borrowed from Gmelch [57], project managers were supposed to
compare their 1) actual capabilities and 2) expected capabilities
regarding 4 items (Table 3.3).
Table 3.3: Statement for measuring workload level
No
Items
1.
My job takes up most of the time I
should have for relaxation.
2.
All the time there is constant pressure
to work.
3.
I have a lot of responsibility in my job.
4.
My job requires that I keep learning
new things.

Source
Gmelch
(1982)

As Payne, Bettman [58] suggested, people are obliged to speed up
their creative and decision making potential, as well as
information procedures by time pressure. This phenomenon makes
individuals enhance their mental forces in order to finish the
project. Recommended scale for measuring the level of time
pressure was borrowed from Ramasodi and Benayana (2010)
which contains 3 items for measuring time pressure level (Table
3.4).

I work hard but accomplish little.

Table 3.2: Statement for measuring role ambiguity level

4.

Table 3.4: Statement for measuring time pressure level
No.
1.
2.
3.

Items
There are many tasks that I have to do
in a limited time.
I have enough freedom to decide how
I do my work.
I spend more time doing what could
be done by others with less experience
and training.

Source
Ramasodi
and
Benayana
(2010)

3.3 Questionnaire Design
In order for the questionnaire to fulfill the purposes and
objectives, the questions must meet the basic criteria of relevance
and accuracy. This questionnaire has avoided ambiguity and
double-barrelled questions; leading and loaded questions as a
major source of bias in question wordings have been avoided.
Recommended questionnaire in this study for future works was
not place the respondent in that sort of a bind by including an
implicit assumption in the question. Also, it was not assume that
the respondent had previously thought about an issue.
Previous studies have developed several standard questionnaire
formats, and there are several methods of designing a
questionnaire. Thus, questionnaire is obtained from previous
studies and it is pretested in order to check for any probable
incompatibility. As Amabile, Mueller [43] suggested, phrases are
fairly recognizable to every respondent after the argued procedure.
Added to this, driving and inducing questions should be banned,
because they empower the chance of bias answers [43]. General
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questions are asked before the specific questions in order to avoid
biased answers. In order to build the confidence and teaching
respondents’ role, designing easy to answer questions is highly
significant. Ultimately, based on previous literatures, the funnel
technique is used regarding the respondents’ recognition of
reference points, asking more detailed questions about the
respondent’s level of data and the strength of respective ideas
[43].
Questionnaire is designed to appear as short as possible because
good layout and physical attractiveness are crucial in selfadministered questionnaires. Further, to encourage information
section or arrangement of the information, a different framework
layout is utilized. Implementing a 7-point Likert scale, the
respondents will ask to estimate their agreement with the items,
beginning from 1 (strongly disagree) to 7 (strongly agree). Finally,
questions in the instruments will divide into two parts:
Section A: Items will be located in this segment. Every variable of
this study will have a heading to present the fundamental title of
every variable. This will help respondents to understand questions
better.
Section B: Items in this section are related to demographic factors
such as age, gender, nationality, salary and work experience.
This section discussed about the research methodology,
techniques as a guideline for future studies. A deductive or the
hypothetic-deductive system research has suggested in this study
in the regular environment where personally regulated surveys
have been executed and a survey instrument has been
reformulated as a composed set of enquiries to which respondents
record their answers.
This study suggests future studies to review the effect of burnout
on job satisfaction. Furthermore reviewing mediating effect of
burnout between job stressors (Time pressure, workload and role
ambiguity) and job satisfaction will be meaningful extension of
this study. Moreover, reviewing effect of job satisfaction of
organizational commitment and intention to leave will be a
valuable study.
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ABSTRACT
We are in the era where innovation is the norm. Focusing on
quality and price alone is no longer sufficient due to volatile
market and fierce competition. Shorter product lifecycle and
vast technological advancement leaves limited time for firms
to come up with the next innovation, hence the need for
Strategic Innovation and Business Model Innovation.
Available literatures discuss these two terms under separate
papers. Despite the wide use of the terms, however, there is
no clear distinction between Strategic Innovation and
Business Model Innovation, and this could lead to confusion
and complicate the implementation. Hence, this paper aims
to establish the difference between strategic innovation and
business model innovation, and observe the suitability of
usage for businesses in terms of new and existing businesses.
Keywords—
Innovation.

Strategic

Innovation,
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1. INTRODUCTION
In early 19th century Joseph Schumpeter [1] argued that
anyone seeking profit must innovate. Innovation is the
process of making changes, large and small, radical and
incremental, to products, processes, and services that results
in the introduction of something new for the organization
that adds value to customers and contributes to the
knowledge store of the organization [2]. In today’s business
environment, having a state of the art technology alone won’t
guarantee competitive advantage. Firms with the ‘best’
technologies are not always the most profitable firms or the
ones with the largest market shares [3]. This realization has
resulted in the emergence of the term Strategic Innovation
and Business Model Innovation.
According to McGrath [5], historically, strategy and
innovation have been thought of as two separate disciplines.
Whilst strategy was all about finding a favorable position in
a well-defined industry and then exploiting a long term
competitive advantage; Innovation was about creating new
businesses and was seen as something separate from the
business’s core set of activities. A firm’s strategy is its theory
of how to achieve high levels performance in the markets and
industries within which it is operating [6]. Combining
strategy and innovation, we have: a theory on how to achieve
high levels performance by making changes and introducing
something new that adds value to customers.

Semantics apart, the term strategic innovation also has its
definition. Markides [7] states that strategic innovation is the
strategy of breaking the rules. According to Govindarajan
and Trimble, Strategic innovation is a creative and
significant departure from historical practice in at least one
of three areas: Design of the end-to-end value chain
architecture; Conceptualization of delivered customer value;
And Identification of potential customers [8].
On the other hand, Osterwalder and Pigneur [9] state that a
business model describes the rationale of how an
organization creates, delivers, and captures value. A business
model is the heuristic logic that connects technical potential
with the realization of economic value [10]. According to
Johnson, Christensen & Kagermann [11], Business models
consist of four interlocking elements that taken together,
create and deliver value. These are customer value
proposition, profit formula, key resources, and key
processes.
The availability of literatures containing the formal
definition of business model innovation is quite limited. At
root, business model innovation refers to the search for new
logics of the firm, new ways to create and capture value for
its stakeholders, and focuses, primarily, on finding new ways
to generate revenues and to define value propositions for
customers, suppliers, and partners [12]. According to Teece
[13], the essence of business model is that it crystallizes
customer needs and ability to pay, defines the manner by
which the business enterprise responds to and delivers value
to customers, entices customers to pay for value, and
converts those payments to profit through the proper design
and operation of the elements of the value chain.
Both strategic innovation and business model innovation
involve fundamental change in the way of doing business.
Instead of focusing on outdoing the rival, strategic
innovation and business model innovation strive towards
delivering value in the quest to succeed. The lack of clarity
in understanding the meaning of strategic innovation and
business model innovation could lead to confusion, and
could affect the implementation progress. Hence, by
gathering the meanings and key elements, this paper aims to
establish the distinction between of strategic innovation and
business model innovation. It also aims to investigate the
element of value within the two terms. The intended
contribution of this paper is to bridge gaps between strategic
innovation and business model innovation, looking for the
relationship as well as accommodate future research in
relevant areas.
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2. MEANING AND KEY ELEMENT
2.1. The Meaning of Strategic Innovation

2.3. Key Elements of Strategic Innovation

Surfaced in the 1990s, there are a number of strategic
innovation definitions from available literatures. As
mentioned in the Introduction section, Markides defined
strategic innovation as the strategy of breaking the rules [7],
and; from Govindarajan and Trimble, strategic innovation is
a creative and significant departure from historical practice
in at least one of three areas: Design of the end-to-end value
chain architecture; Conceptualization of delivered customer
value; And Identification of potential customers [8].
Furthermore, strategic innovation is the fundamental
reconceptualization of the business model and reshaping of
existing markets (by breaking rules and changing the nature
of competition) to achieve dramatic value improvements for
customers and high growth for companies [15]. Markides
and Oyon [16] define strategic innovation as a creative and
significant departure from historical practice in at least one
of three areas - Design of the end-to-end value chain
architecture; Conceptualization of delivered customer value;
and Identification of potential customers. Strategic
innovation involves exploring the unknown to create new
knowledge and new possibilities. It proceeds with strategic
experiment to test the viability of new business ideas.
Strategic innovation aims at a re-conceptualization of
business models, the creation of uncontested market spaces,
and leaps in customer value [17]. Hamel [18] states that
strategic innovation is concerned with fundamental changes
to the way organizations operate.

Strategic innovation focus on capturing high growth and
generating significant value through the redefinition of
markets, customers, and business and operating models [8].
Schlegelmilch, Diamatopoulos and Kreuz [15] highlight
three key elements of strategic innovation: Fundamental
reconceptualization of business model; Reshaping of
existing markets, and; Dramatic value improvement for
customers. Fundamental reconceptualization of business
model involves asking basic questions about business model
and then become aware of the tacit industry rules. Reshaping
of existing markets is done by breaking the tacit industry
rules and changing the nature of the competition. And, the
third key element – dramatic value improvements for
customers involve a strong emphasis on value placed on
customers, and not the competition.
Other scholars also have similar opinions with
Schlegelmilch, Diamatopoulos and Kreuz. Common aspects
of strategic innovation revolve around three key elements: a
fundamental re-conceptualization of the business model,
reshaping existing markets, and substantial value
improvements for customers [24] [25].
According to Afuah [26], strategic innovation is a gamechanging innovation in products/services, business models,
business processes, and/or positioning vis-à-vis competitors
to improve performance. From this, key elements of strategic
innovation include: New game strategies; Value creation and
appropriation; and, Cooperating to create value and
competing to appropriate it. A new game strategy is a set of
activities that creates and/or appropriates value in new ways.
A firm creates value when it offers customers
products/services whose perceived benefits to customers
exceeds the cost of providing the benefits. And, firms
cooperate with suppliers, customers, complementators and
sometimes rivals to create value, and compete with them to
capture value. Afuah goes further by explaining the
cooperation in value creation and competing in value
appropriation.
Another key characteristic of strategic innovation lies in its
cross functional activities. The essential core of strategy is
cross functional or cross activity integration [27]. Cross
function traits lead to expanding market share, gaining
competitive advantage and capturing and delivering value.
The key elements of strategic innovation mainly evolves
around creating value and appropriating value from the
valued delivered to customers, using new ways shifting away
from historical practice. Strategic innovation involves the
whole organization; it is stimulated within an organization
when the organizational culture is engrained on creating
competitive advantage.

2.2. The Meaning of Business Model Innovation
A good business model creates and delivers value to
customers, and, at the same time, collect a fair share of this
in the form of revenue. From Lindgardt, Reeves, Stalk and
Deimler [20], business model consists of two essential
elements – Value proposition and Operating model. Value
proposition includes three sub-elements: Target segment,
Product/Service Offering and Revenue model. Whilst,
operating model consists of three sub-elements as well:
Value chain, Cost model and Organization. Innovation
becomes business model innovation when two or more
elements of a business model is reinvented to deliver value
in a new way [20]. While according to Markides, to qualify
as an innovation, the new business model must enlarge the
existing economic pie, either by attracting new customers
into the market or by encouraging existing customers to
consume more [21].
Mitchell and Coles propose that business model innovation
involves the ‘who’, ‘what’, ‘when’, ‘why’, ‘where’, ‘how’ or
‘how much’ involved in providing products and services to
customers [22]. Business model innovation itself can be a
pathway to competitive advantage if the model is sufficiently
differentiated and hard to replicate for incumbents and new
entrants alike [13]. Santos, Spector &Van Der Heyden [23]
define business model innovation as a reconfiguration of
activities in the existing business model of a firm that is new
to the product/service market in which the firm competes.
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2.4. Key Element of Business Model Innovation

2.5. Strategic Innovation and Value

A mediocre technology pursued within a great business
model may be more valuable than a great technology
exploited via a mediocre business model [28]. Successful
organizations combine technology change and business
model change to create innovation. Davila, Epstein and
Shelton [29] describe the six levers of innovation, whereby
three of them are elements of Business Model Innovation;
Value proposition, Supply chain and Target customer. Value
Proposition is the product or service offered to customer.
Supply chain is parties involved in creating and delivering
value proposition to the market. And, Target customer is to
whom value proposition is delivered.
Close to the idea, Johnson, Christensen, and Kagermann [30]
state that successful companies already operate according to
a business model that can be broken down into four elements:
a customer value proposition that fulfills an important job for
the customer in a better way than competitors’ offerings do;
a profit formula that lays out how the company makes money
delivering the value proposition; and the key resources and
key processes needed to deliver that proposition.
Amit and Zott [31] state that Content, Structure and
Governance are the three design elements that characterize a
company’s business model. Content refers to what is being
exchanged; Structure refers how the exchanges are linked;
and Governance refers to issue of control and who performs
the exchanges. These three elements describe the
architecture of business model.
Furthermore, business model innovation elements that
describe sources of value creation include: Novelty, Lock-in,
Complementarities and Efficiency [32]. Novelty involves
adoption of new activities (in business model) or new ways
linking activities; and/or new ways of governing the
activities. Lock in can be described as the power to keep third
parties attracted as business model participants. While
complementarities are present whenever bundling a system
of activities provides more value than running activities
separately. And, efficiency is when firms aim at achieving
better efficiency in their activities in business model.
Teece [13] explains, that figuring out how to deliver value to
customer – and to capture value while doing so – are the key
issues in designing a business model: it is not enough to do
the first without the second. He also points out that
technological innovation often needs to be matched with
business model innovation if the innovator is to capture
value. From the various explanations and literature review,
business model innovation encourages systemic and holistic
thinking, instead of concentrating on isolated individual
choices.

Customer’s needs remain the same, but customer’s priorities
change [7]. Therefore, different customer priorities would
lead to different values to be explored by firms. In order to
capture value, strategic innovation requires thinking beyond
the industry standards; beyond how things are normally
done. However, because strategic innovation involves a
creative and significant departure from historical practice
[16], in terms of value creation, it is more than doing similar
things in an improved way. It means stop doing old things
and either start doing new ones or do similar ones in a
fundamentally new way, while pursuing differentiation and
low cost simultaneously [33]. Tesla - the electric car maker,
doesn’t restrict their business to automotive industry.
Instead, they define themselves to be in the technology
business. Hence, besides manufacturing and selling electric
cars, they are also involved in technology licensing, earns
revenue through emission credits and in battery business (for
its electric car) as well.
In relation to value, Kataria [14] distinguished two strategic
innovation typologies: Incremental and Disruptive. For
incremental strategic innovation, value improvement is made
on existing customers and existing markets. Whilst for
disruptive strategic innovation, value creation is made on
new customers and newly developed markets, where
competitors don’t exist. Strategic innovation aims towards
value creation done in new ways, whereby value leads to
sustaining competitive advantage.
2.6. Business Model Innovation and Value
A business model is geared towards total value creation to
all parties involved [31]. This include suppliers, firms and
customers. Value creation will eventually lead to value
appropriation; however, in the context of business model
innovation, focus is also put towards value appropriation,
and not just value creation. According to Roos [34],
“Business model innovation falls under the heading of value
appropriating innovations as either a standalone innovation
or as a necessary complement to value creating innovations”.
To understand the value appropriation as a standalone
innovation, take Dell for example; they innovate their supply
chain, eliminating the use of dealers to sell personal
computers, selling them directly through the internet. Value
appropriation is achieved by cutting cost of dealers.
In examining the relationship between business model
innovation and firm performance, Giesen, Berman, Bell and
Blitz [35] identified three types of business model
innovation, which are: Industry models (innovations in
industry supply chain); Revenue models (innovations in how
companies generate value); and Enterprise models
(innovations in the role the structure of an enterprise plays in
new or existing value chains). The business model
innovation types determine which area to innovate to
generate value. Business model innovation also allows
employment of more than one business model as a valuable
ways to serve its market. It serves the need to keep on gaining
revenue, as well as find new ways to create value.
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3. THE DISTINCTION BETWEEN STRATEGIC
INNOVATION AND BUSINESS MODEL
INNOVATION

4. DISCUSSION

From Zott, Amit and Massa [36], there are two main factors
differentiating strategy and business model. Firstly, strategy
emphasize on competition, value capture, and competitive
advantage, while business model on the other hand seems to
focus more on cooperation, partnership and joint venture
value creation. Secondly, business model is more focus on
value proposition and a generalized emphasis on the role of
customer; whilst these are less pronounced in strategy
literature as compared to business model. So, the traditional
root meaning of strategy and business model themselves
have different focus.
In terms of innovation, strategic innovation construct
represents the bigger picture, while business model
innovation represents a more refined and detailed construct.
Strategic innovation focus on breaking the rules of the game,
involving new or reconceptualization of business model,
value-chain architecture, value creation for customers, new
uncontested markets or new potential customers [7] [15] [16]
[17]. On the other hand, business model innovation refers to
the search for new logics of the firm, new ways to create and
capture value for its stakeholders, and focuses, primarily, on
finding new ways to generate revenues and to define value
propositions for customers, suppliers and partners [12].
From its meaning, in the quest for new value creation,
business model innovation underlines the value proposition
and revenue generation part, which implies that it is realizing
what the firm has and how can the firm earn more. In
contrary, strategic innovation meaning implies a broader
meaning; emphasizing on capturing high growth, generating
dramatic value improvement and aiming at new market and
reconceptualization of business model.
In terms of value, business model innovation emphasize on
value appropriation as standalone, whilst strategic
innovation doesn’t (Up to my knowledge, this is not in
strategic innovation literatures). Both strategic innovation
and business model innovation aim at creating and delivering
value. The normal approach to this is: value creation will
eventually lead to value appropriation. However, on top of
that, business model innovation goes into detail by
highlighting the value appropriation part as standalone. This
surpasses the thinking of value creation will eventually lead
to value delivery. Hence, promoting more value creative
ways of value appropriation, enhancing the firm’s value
overall.
Also, from the literatures, the term ‘business model’ can be
found in a few strategic innovation meanings and key
elements. E.g.: Strategic innovation aims at a reconceptualization of business models, the creation of
uncontested market spaces, and leaps in customer value [17].
However, there is no mention of the term ‘strategy’ in
business model innovation meanings or key elements.
To summarize this section, even though at first, on the
surface there seem to be a vague difference between strategic
innovation and business model innovation, three main
distinctions are found from the literatures. The discussion on
this will be detailed in the next section.

While the terms strategy and business model seem to have
different focus, innovation has been the factor to connect
these terms towards the same direction. The aim of both
strategic innovation and business model innovation is
towards firm’s growth as well as survival in volatile or
fluctuating market. Despite the vagueness of understanding
between the two constructs, this review managed to establish
three main difference between strategic innovation and
business model innovation by gathering the meanings, key
elements and the value elements within. The first one is; in
comparing constructs, strategic innovation represents the
bigger picture whilst business model innovation represents a
more refined and detailed construct. Secondly, in terms of
value, business model innovation emphasize on value
appropriation as standalone, whilst strategic innovation only
discusses value creation and delivering value, assuming
value creation will eventually lead to value appropriation.
And thirdly, there is no mention of the term strategy in
business model innovation meanings or key elements; whilst
in strategic innovation the term business model can be found
in its meanings or key elements.
Despite the differences, some kind of relationship seem to be
established. Strategic innovation is the bigger picture, and
business model innovation is a refined part of it. With that
being said, business model innovation will always be a part
of strategic innovation. On the other hand, strategic
innovation could function as a standalone, without business
model innovation. In conjunction with this, Schaltegger,
Ludeke-Freund and Hansen [37] seem to have a same school
of thought; scholars seem to agree that the business model is
not only a facilitator of technological and organizational
innovations, but can become itself subject to strategic
innovation in order to share and leverage resources such as
knowledge, managerial and entrepreneurial skills, or to
enable reconfigurations of the underlying value chain or
value network.
Implementation of strategic innovation and business model
innovation involve systematic and holistic thinking and
fundamental changes to organization. Top management
teams are the ones responsible to initiate strategic innovation
and business model innovation. The typology dictates degree
of changes required for implementation. For instance,
disruptive strategic innovation involve a whole lot changes
than incremental strategic innovation. Same goes for
business model innovation; Industry models, Revenue
models and Enterprise models yields different changes
required in organizations in order to implement business
model innovation.
Further in terms of implementation, strategic innovation is
the bigger construct, and the applicability seems to suit new
and existing businesses and as well. Because strategic
innovation involves exploring the unknown, predicting the
future is impossible, so, risk is unknown; experimentation is
the only way to find out if strategic innovation is a success
or not. With the growing trend of e-businesses and Internet
of Things (IoT), it is easy to set up new businesses, without
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the need to have many fixed assets. Hence, strategic
innovation is suitable for new businesses, with less to be put
at stake. Uber Technologies Inc. is an example of success
story. The company develops, markets and operates the Uber
mobile app, which allows consumers with smartphones to
submit a trip request which is then routed to Uber drivers
who use their own cars. Founded in 2009, and, by May 28,
2015, the service was available in 58 countries and 300 cities
worldwide. Since Uber's launch, several other companies
have copied its business model, a trend that has come to be
referred to as "Uberification". By mid-2015, Uber was
estimated to be worth $50billion [38].
On the other hand, the literature review on business model
innovation seems to imply that business model innovation is
suitable to be implemented for existing businesses. The
definitions and meanings are leaning towards existing
businesses. As mentioned in section 1; At root, business
model innovation refers to the search for new logics of the
firm, new ways to create and capture value for its
stakeholders, and focuses, primarily, on finding new ways to
generate revenues and to define value propositions for
customers, suppliers, and partners [12]. The more detailed
construct indicates that business model innovation is taking
into account company’s value proposition, and revenue
generation for stakeholders, hence lead to a perception that it
is more suitable for existing businesses. Also, business
model innovation can be implemented without affecting the
current business, by creating a new business unit. A detailed
construct of business model innovation also indicates that
there is already a starting point, and existing details, as
opposed to strategic innovation whereby, details is hard to
produce because of the unexplored unknown areas. Amazon
is an example; it started off as an online bookseller, and them
it realized its value proposition and soon emerged to
becoming the most valuable retailer in the United States by
market capitalization in 2015, surpassing Walmart [39].
However, be it in terms of construct, key element or value,
the aims of strategic innovation and business model
innovation are the same: Delivering value using new ways to
expand market share and customer base; Sustaining
competitive edge by making competition irrelevant, and;
moving towards company growth.
5. CONCLUSION AND RECOMMENDATION
The established distinctions between strategic innovation
and business model innovation leads to the conclusion of:
(1) Business model innovation is always a part of strategic
innovation. (2) Strategic innovation does not always have
relate to business model innovation (3) Strategic innovation
and business model innovation have the same goal of
expanding customer base and market share, as well as
sustaining competitive advantage (4) Strategic innovation is
suitable for both new and existing businesses, while business
model innovation is more suitable for new businesses.
In continuance to this paper, future research could be done in
other innovations that form strategic innovation, apart from
business model innovation. Also, the suitability of
application of strategic innovation and business model
innovation could be further investigated.
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ABSTRACT

Concave-convex structure of lotus leaf is used not only
umbrella but also coatings and so on.

This paper proposed a construction method of biomimicry
design methodology via learning from nature plants and
animals. There are many machines for treating materials
from mineral sources such as coal, iron ore, etc. Creatures
who living and feeding inside or under the ground have
optimized body to realize digging functions. An
conceptoual design support method inspirated from
digging animals, planets, and its substructures is proposed
and evaluated. Some design principles are extracted via
proposed construction processes. Actual design example
which treats wet dirt constantly is validated. As a result,
current design problem is surely improved by some found
analogies which are acquired by mole and mole cricket.
Keywords— biomimicry, animal, nature, conceptual desing,
design methodology, digging function
1. INTRODUCTION
1.1. biomimicry
Creatures have evolved to survive from the harsh
environment and struggle of the survival. For example,
Body hairs of polar bears living in the land of extreme cold
are hollow structure, and design to act like greenhouse
glass. In this way, to adapt to different situations and
environments, creatures have acquired the structure and
function to obtain a high degree of optimization, efficiency
idea or technique advanced the design of engineering
systems using biological functions, movement, structure,
and mimic the shape is called biomimicry (JANINE 1997).
Therefore, biomimicry calls biological simulation and
ecological imitation.
Currently, biomimicry has been utilized in various fields.
The fields are Mechanical engineering, material science,
medicine, energy engineering. One of the most famous
examples, There is the umbrella that using the water
repellency of lotus leaf. (Shimomura 2010) . Scientist
Wilhelm Berthelot of German found that lotus leaf have the
effect to keep cleaning the surface and repel water in 1982,
and the umbrella is developed by using that. Surface of the
lotus leaf are a lot of small protrusions, the shape are form a
concave-convex structure. And it has secreted compounds
of the hydrophobic nature, such as waxes. (Fig.1)

Fig.1 Case of biomimicry
1.2. Optimization of shape in the design
In the optimization of the shape of the design,
sophistication of design support by computer using finite
element method is progressing. For example, we use CAE
as finite element method. The CAE is the abbreviation of
Computer Aided Engineering. It is a FEM system to
calculate product design, Computer Aided Design(CAD),
the design target of the strength and heat resistance. And it
calls Technical information management, experimental data
processing (Kuriyama 2008). We can now discover a defect
of the conventional development process by using the CAE,
and the repetition of the experiment and trial to correct the
defect, And it is possible to replace the repetition of trial
and experiment to correct the defect in the computer
simulations. By replacing in this way, it has become
possible to check the various situations, such as product
functionality, performance and operation.
Currently, by using the precise shape information and
details, and it reached a level capable of performing a
prediction of deformation and stress distribution in a
practical level. As a result, it becomes possible to allocate
the resources that were used for the improvement and cost
reduction and traditional trial and experimental
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development speed other, it becomes possible to improve
the product quality. However, despite the sophistication of
the computer, such as CAE, The boundary conditions and
the degree of freedom of the policy to be set in the early
stages of the design is a great influence on the development
process (Nishiwaki 2001). In designing the upstream stage,
it is still important to determine a policy to support the load.
Especially in recent years, because mechanical products has
been complicated sophisticated, Improvement of design
quality in the early stages of the design is important.
In reality, the perception of the scene designer of
enterprises, it is said that optimization CAE is only at the
end of the tune, to be not intended fundamentally
determines the quality of the design.
Therefore, to improve product quality ,this study
contributes to the design plan creation in design upstream
stage, or to try to build a methodology for obtaining
improved proposal for the current design solution.
1.3. Existing research
In recent years, regarding the optimization of shape in
biomimicry and design, it has been researched many studies.
As a representative example, there is a TRIZ in the design
proposal creation, and there is Transformer in biomimicry
(Singh et al. 2009). Transformers are product or technology
with several functions by deformation. Transformers have
been developed mainly inspired from the organism. The
maximum object of transformers, the same product or
structure is to have multiple functions. Folding chair has
been developed by using function of Blowfish.
Blowfish can bulge and shrink. folding chairs also have a
structure that has combined two functions to sit and housed.
TRIZ is a technique to do problem analysis and to do
improvements and construction of the system, based on the
principle that has been codified do the patent analysis of 2
million. This study propose a new construction step of
structure idea support by biomimicry refer to these
development.
2. PURPOSE of this study
Devising an organism do always is not able to help
designs. Because creatures and artifacts are different from
elements constituting and mechanism.Therefore the
purpose of this study is to learn a variety of devising from
nature and to develop a new design proposal. Also, it does
verify whether not applicable nature of wisdom to the
actual design. First, in reference to the Transformers and
TRIZ method of development. And finally, the goal is to
construct design technique of various products and parts
such as water-repellent structures lotus leaf.

2.
3.
4.

To derive principle and facilitators
To classify principle and facilitators
To proposal approach to working on the process
4.APPLICATION TO THE DESIGN
APPROACH OF SHOVEL

This chapter is to examine whether can not adapt to the
reality engineering challenges. The distal end portion of the
shovel is adapted by biomimicry. Shovel can not be spread
when we sprinkle compost. For that reason, we consider
whether not be added to shovel the ability to evenly spread
the compost, to adapt the biomimicry without losing even
shovel of the original function.

Fig.2 Adaptation to reality engineering challenges
First, we discover the analogy from the organism of
observation. Shovel function is to diffuse in the field
digging compost. So that, we discover the analogy is to
explore the biological with the ecology that is similar to a
shovel of function. Thus we explore the organisms that dig
a hole. To dig a hole is to dig by piercing the nails or
divided scratching the soil. It considered claws at the tip of
the shovel and to have a similar function and features and
ingenuity of organisms that dig a hole and (Kuhr 2010).
Specific search method are books and the Internet, such as
a picture book. In particular this time, it searches for a
feature to burrow from books or the Internet.
Organisms that dig a hole are shown in the Table1.

3.CONSTRUCTION STEP

Mole

Table 1 Organisms that dig a hole
woodpecker ant
spider

Atractylodes

armadillo

To observe animal, insect, such as the observation
plant
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elephant

bugs
Aardvark

wombat

rat

rabbit

anteater

meerkat

Beetle

Turtle

It shows the construction step of the structure idea support
by biomimicry. This sequence is shown below.
1.

pill

larvae
Earthworm

Echidnas

Salam

megapode
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Source: Sugiyama Madoka, architectural form creation
from the nature, - with the aim of rational and beautiful
structure of the building -

ander
Badger

centipede

frog

ant lion

Table of organisms are just one part, the organisms that
dig a lot of holes exist. This time, we will explore the
analogy from the organism in this table. We will be
carefully selected by such as by studying these ecological
and having a high frequency to dig a hole or group of
organisms. Standard of frequency determine the purpose of
digging a hole. Group of organisms to dig a hole was often
mammals and birds and insects. It is shown features of
organisms to dig a hole below.
1.Mole
Ecology: It makes a nest in the place of about one meter
from about a few tens of centimeters in the basement.It eats
the larvae of worms and insects that live in the ground.
Features:It has a shovel-shaped front legs, and dig
scraping the soil. The pawl is shaped like a quadratic curve
from the side.
Search strategy: search for "mole" from cinii and
AskNature (AskNature)
Source: Sugiyama Madoka, architectural form creation
from the nature, - with the aim of rational and beautiful
structure of the building –

Fig.4 Atractylodes
Table 2 Analogy of digging way
Analogy

features

Type to dig

This type

the soil like

moves the hand

breaststroke

as breaststroke

organism names

Mole, Atractylodes

This type
Type to dig
while
scraping the

Fig.3 Mole
2.Atractylodes
Ecology: It inhabits by creating a burrow in the ground.
Their burrow is a deeply dug vertical hole which is a lair,
and the lateral hole to look for food.
Features: The front legs thick solidly developed, have few
of the projections and are shaped like a forefoot of the mole.
It travels through the soil by wade through the soil in the
previous leg.
Search strategy: search for " Atractylodes " from cinii and
AskNature (AskNature).
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soil

moves the hand
up and down,
and goes in
digging while
scraping the
soil

Aardvark, anteater,
badger, meerkat,
echidnas, wombats,
armadillo
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Type to dig

Because there

catching

is no strong

pebbles

nails and

and soil in

forefoot, they

the chin

use chin

Face the

C

Centipedes, ants

Spoon type
nails

Type to dig

while grasping

pushing

the pebbles and

the body

soil using

A thick

Earthworm,
D

centipede

finger
under the
nail

This time, considering the shape of the parts to adapt, it is
difficult to adapt ” Type to dig catching pebbles and soil in
the chin” and “Type to dig pushing the body”. Thus, by
focusing on the characteristics of an organism with " Type
to dig the soil like breaststroke "and, " Type to dig while
scraping the soil ", we explore the analogy of physical
characteristics. Analogy of physical characteristics is
showed below.

tip

B

wombat,

spoons and

Mole

in the 45-

Atractylodes

Mole,

nail, finger

Badger,

to support

aardvark

that it is

are growing
like a human

E
Mole,

with a sharp

Those claws

Tip angle of
the claw is

dig a hole

thick

Table 3 Analogy of physical characteristics
organism
Number
analogy
features
names

of the nail

recessed as

In order to

the chin

A

Aardvark,

shovel

This proceed

The angle

claws are

position of

on top of the

the nails

finger

are
different

Those claws
are growing

60 °

from the tip

The entire

of the finger

The nails

nail is

of the

curved,

quadratic

it has

curve type

formed a
long nail

Anteater,
badger,
meerkat,
echidna,
armadillo

Aardvark,
meerkat,
echidnas,
wombats

Anteater,
badger,
armadillo,
Mole,
Atractylodes

Now it is the end. Next, we consider whether not
applicable analogy with abduction approach. We refer to
the five analogy of Table 3. And one improvement idea is
assumed. It is "Surface is curved like a spoon-shaped, conic
shape from the side and the angle of the tip 60 degrees".
This assumption has the aim to have three roles. The first is
a quadratic curve. The reason is  the improvement of
stress concentration. The second is a spoon-shaped. The
reason is the improvement of falling a large amount of
compost at once. The third is to the point angle of 60
degrees. The reason is to dig easier.
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Fig.5 Proposal of improvement idea
Improvement idea satisfies this assumption was
reproduced in CAD. Surface area and height is equal to the
conventional design proposal.

Fig.7 Improvement idea by biomimicry
-Analysis condition (above), stress distribution
(medium), displacement (bottom)Next it compares with the improvement idea and the
conventional tip. The table below shows the respective
maximum stress value and the mass.
Table 4 Comparison of conventional and
improvement idea
Maximum stress
Mass [kg]
value [kPa]

Fig.6 Improvement idea by biomimicry
This improvement idea was performed stress analysis.
Constraint, external load and analysis results are shown in
the following figure.

Conventional tip

4400

75

improvement idea

360

69

Focusing on the maximum stress value, improvement idea
shows one-tenth of the conventional. Mass also was
successful weight loss of nearly 10%.  Next, the
experiment to check whether or not to spread the compost
was conducted. First, conventional tip and improvement
plan were prepared by the 3D printer. We observed
whether or not how to fall 0-270 degrees. It shows a scaleddown model below.
Experimental procedures are shown below.
1.
2.
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weight of compost is measured, it is placed evenly.
model is manually rotated from 0 degree to 270
degrees.
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These results are shown in the bar chart. The vertical axis
is the percentage of the drop volume and the horizontal axis
is the angle when dropped.

Fig.8 Drop page and angle
There are two things can be seen from this graph.
Dropping page of bias is no longer. And stress
concentration was also improved.

REFERENCES
[1]JANINE M. BENYUS., 1997, “BIOMIMICRY :

INNOVATION INSPIRED BY NATURE (TRANSLATED)”,
OHMSHA.
[2]SHIMOMURA, M., 2010, “A NEW GENERATION LEARN
BY BIOLOGICAL DIVERSITY NEW TRENDS IN
BIOMIMETIC MATERIALS TECHNOLOGY (IN JAPAN)”,
SCIENCE & TECHNOLOGY TRENDS.
[3]Singh, V., Skles, S.M., Kranger, J.E., Wood, K.L., Jensen D.,
Innovations in Design Through
[4]Transformation: A Fundamental Study of Transformation
Principles, Journal of Mechanical Design, Vol. 131, pp.
181010-1 - 181010-18, 2009
[5]Kuhr, R., CONCEPT OPPORTUNITY DIAGRAMS, A
VISUAL MODELING METHOD TO FIND
MULTIFUNCTIONAL DESIGN CONCEPTS, 2010.
[6]2010 JSME Conference.
[7]AskNature, A project of THE BIOMIMICRY 3.8
INSTITUTE.

5.CONCLUSION
In this study learned devised the design from naturally,
aim to build a methodology for performing the idea support
andorganize the construction step of structure idea support.

Fig.7 scaled-down model: Traditional model㸦left㸧, and Improvement idea (right)
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ABSTRACT
Although metallic materials generally show low light
absorbance particularly in infrared wavelengths, their light
absorbance is enhanced by introducing complex concaveconvex surface microstructures. We have found that the
oxidation-reduction treatment is a simple and convenient
method to fabricate surface asperity on metals homogeneously and significantly enhance its light absorbing
ability. Because metallic materials originally have high
levels of thermal conductivity, those with surface asperity
could be used as the radiative energy absorbing materials
which transfer the absorbed energy as heat for storage or
being transformed into electricity. In this paper, the
oxidation-reduction treatment was introduced to prepare
surface asperity structure on metallic materials, and the
degree of light absorbance improvement was evaluated.
Then, using these metals with surface asperity, significant
absorption of solar energy was attempted for accelerated
heat storage or high electromotive force generation by
combining with thermoelectric material.
Keywords— light absorbance, metals, surface asperity,
oxidation-reduction treatment, radiative energy.
1. INTRODUCTION
For sustainable energy supply to civilization, it has been
required to develop the way to utilize eco-friendly energy
source that can be continuously used without depletion and
much CO2 emission. As well as exploring new way for
energy generation, it is necessary to efficiently absorb and
utilize radiative energy, such as solar energy or radiated heat
discharged from high temperature industrial processes (e.g.
steelmaking or waste melting processes).
Fig. 1 shows a schematic diagram of absorbing radiative
energy and using it as heat or electricity source. To
efficiently use the radiative energy, it is necessary to prepare
a material that has (1) a high degree of light absorbance, and
(2) high thermal conductivity enough to transfer the
absorbed energy from light-absorbing surface to the other
side as heat. By combining this material with a heat storage,
the absorbed energy can be used elsewhere as an ulternative
heat source. Alternatively, the transferred heat energy
indirectly warms the other side of the light-absorbing
material, then electromotive force can be generated using
thermoelectrical device or thermohotovoltaic (TPV) method.

Figure 1 Concept of absorbing, transferring, and storing
radiative energy, or converting it into electrical energy. [1-3]
To satisfy the above requirements, we have focused on the
use of metallic materials due to its high thermal conductivity.
Although metals exhibit low light absorbance particular for
infrared light wavelengths, it has been found that the
preparation of asperity structure on metal surface is benefit
to enhance its light absorbance as a result of multiple
reflection of incoming light and multiple light absorption on
metal surface. [4] For example, nanoscale fibrous structures
on tungsten surfaces created by plasma irradiation enhance
infrared light absorption. [5] However, a simple and
convenient method is required to fabricate fine and homogeneous asperity microstructures on large metal surface.
The authors have examined the spontaneous formation of
surface asperity microstructure on some metal substrates by
oxidation-reduction treatment, and its contribution to the
significant increase of light absorption by these metal
substrates. [6-7] This oxidation-reduction treatment is
regarded as a simple and convenient method to make surface
asperity on metal substrates homogeneously beneficial to the
enhancement of light absorbance.
In this paper, our recent trials are introduced on the
significant enhancement of light absorbing property of
copper substrates by surface asperity formation using the
oxidation-reduction treatment. Copper shows particularly
high thermal conductivity among metallic materials,
therefore, it can be a candidate of the base for the radiative
energy absorbing material by increasing its light absorption
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property. A porous structure with micro- or nano-scale pores
is spontaneously formed on the surface of copper substrate
by the oxidation-reduction treatment, and this porous surface
layer contributes to enhance light absorbance. In addition,
the reoxidized Cu substrate with porous surface layer
contributes further increase of light absorbing ability due to
both complex porous surface structure and the formation of
thin oxide layer on the top of porous surface layer. Then,
using the copper substrate with porous surface layer, we
examine the enhanced absorption of radiated energy from
halogen heater or sunlight, and accelerated heat storage into
low melting point paraffin which was set at bottom of the
copper substrate. In addition, our another trial to utilize
sunlight radiation energy is also presented, where enhanced
absorption of sunlight radiation by the copper substrate with
porous surface layer is combined with thermoelectric device
for higher electromotive force generation.

Porous surface layer

2. EXPERIMENTAL
In this study, a metallic copper substrate of 99.5% pure
(Nilaco Corp., Japan) was used. Size of the substrates was
50×50×0.1 mm. Before the oxidation-reduction treatment
was conducted, the substrate was first polished with
waterproof abrasive papers with different roughness and
buffed with 0.3-micron alumina powder to prepare a flat
surface. Then, the substrate was washed with ethanol to
remove organic contamination.
First, the copper substrate was oxidized in air atmosphere.
The oxidizing temperature was predetermined between 673
– 773 K, because a thin oxide layer (micro-scale thickness)
was formed in the above temperature condition, and its
thickness was enough to make porous surface layer by
reducing process for increasing the light absorbing property
of the copper substrate. Second, the reduced process was
conducted to the oxidized copper substrate under purified H2
atmosphere at 473 K, to form porous surface layer by the
reduced copper on the substrate. Microstructures in the
porous layers formed on the surface of the reduced copper
substrate was observed with a HITACHI TM-1000 scanning
electron microscope (SEM) to verify the formation of the
porous surface layer.
Light absorption property of the copper substrates described
above were evaluated by measuring the relative reflectance
spectra using a Shimadzu UV-3600 ultraviolet-visibleinfrared spectrometer and pressed BaSO4 powder as a
reference. The integrated sphere was used to collect the all
reflected light by the substrate. The absolute reflectance was
then determined using that of BaSO4 powder in the literature.
[8] Finally, to evaluate absolute light absorbance of the
copper substrates, the absolute reflectance was subtracted
from unity because transmission is assumed to be zero.
3. LIGHT ABSORBING PROPERTY OF COPPER
SUBSTRATE WITH SURFACE ASPERITY
Fig. 2 shows surface and cross-sectional micrographs of
copper substrate after oxidation-reduction treatment. A fine
porous microstructure with nano-scale pores was homo-

Figure 2 (a) Surface micrograph, (b) cross-section
micrograph of copper substrate after oxidation-reduction
treatment (oxidation at 673 K for 0.5h, reduction at 473 K
for 0.25 h).

Figure 3 Light absorbance of Cu substrate after oxidationreduction treatment and re-oxidation. Measurement was
conducted at room temperature.
geneously formed on the surface of copper substrate, and it
was confirmed that thickness of this porous surface layer was
around 5 μm.
The light absorbing property of the copper substrate after the
above oxidation-reduction treatment is shown in Fig. 3 as
black soild line, demonstrating that the light absorption
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property by copper substrate with porous surface layer was
significantly higher than that with flat surface (shown as
black broken line) over wide wavelength range, about 5
times higher in infrared wavelength range. To further
increase light absorbing ability of copper substrate over wide
wavelength range, we decided to re-oxidize the copper
substrate with the porous surface layer at 473 K, 0.25 h in air
atmosphere. Fig. 3 also shows the light absorbing property
of the copper substrate after re-oxidation as black dashdotted line, indicating that its light absorbance in visible and
near-infrared wavelengths is very high, which is probably
attributed to the thin oxide layer formation on the top of the
porous surface layer formerly formed on the copper substrate
by the oxidation-reduction treatment.
4. RADIATIVE ENERGY ABSORPTION BY METAL
SUBSTRATE WITH SURFACE ASPERITY AND ITS
ENERGY UTILIZATION
It has been verified that formation of porous surface layer on
copper substrate can contribute to enhanced light absorbing
property. Subsequently, using the copper substrate with
porous surface layer, we attempted enhanced absorption of
radiated energy from halogen heater or sunlight, and the
absorbed energy utilization by the following ways: (1)
accelerated heat storage into low melting point paraffin, and
(2) high degree of electromotive force generation by
combining with the thermoelectric device made of Bi2Te3.
4.1. Accelarated heat storage using high absorption
capability of radiative heat by copper substrate with
porous surface layer
We attempted the enhanced absorption of radiated heat from
halogen heater by the copper substrate with porous surface

Paraffin

Copper substrate (mirror-polished, or
with porous surface layer)

Thermocouple

Teflon
crucible
Figure 4 Picture of experimental setup to absorb radiated
heat by copper substrate and to transfer the absorbed heat
into paraffin as heat storage material.
layer made by the oxidation-reduction treatment, and
accelerated heat storage into paraffin, which is regarded as a
phase change material (PCM). The photograph of the present
experimental set up is represented in Fig. 4: the copper
substrate of 50×50×0.1 mm in size was placed on a Teflon
crucible, inside of which was filled with paraffin particles
(melting point is around 323 K). A very thin thermocouple
(diameter: 0.50 mm) was inserted in the middle of the
crucible to monitor temperature of paraffin particles. This
setup was then exposed to the radiated heat from halogen
heater, so that the radiated heat is absorbed by the copper
substrate and the paraffin particles are indirectly warmed by
transferred heat from the substrate. The melting of paraffin
particles was detected by decreased rate of temperature
elevation, and integrated time needed for paraffin melting
(described as t1 and t2 in Fig. 5) was evaluated when the
copper substrate with flat surface or that with porous surface
layer was used as the light-absorbing material.

Figure 5 Change of paraffin temperature used as heat storage material when the copper substrate after mirror-polished
or that with porous surface layer is coexisted as the absorbing material of radiated heat from halogen heater. t1 and t2
represent the required time for reaching paraffin melting temperature.
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Fig. 5 shows the change of temperature in paraffin indirectly
warmed by the absorbed radiative energy from the copper
substrate with flat surface or that with porous surface layer,
as a function of measuring time. The change of room
temperature was also monitored and shown in this figure,
clearly indicating that room temperature itself around the
experimental setup did not change much. This means that
paraffin was not warmed by heat transfer from surrounding
environment but surely warmed by the absorbed radiative
energy by the copper substrate. Compared with the result
when the copper substrate with flat surface was used as the
light-absorbing material, the temperature change of paraffin
was much more significant by using the copper substrate
with porous surface layer. As a result, the required time for
paraffin melting became approximately half compared with
that when the copper substrate with flat surface was insteadly
used, indicating that almost double speed was achieved to
collect heat up to paraffin melting due to the significantly
enhanced absorption capability of radiative heat by the
copper substrate with porous surface layer.
4.2. Electromotive force generation using copper
substrate with porous surface layer as light-absorber and
Bi2Te3 thermoelectric device

The degree of thermoelectromotive force is proportional to
the temperature difference between both sides of the
thermoelectric device. Therefore, to capture temperature
deviation between the upper side of the thermoelectric
device and room temperature, a very thin thermocouple
(diameter: 0.25 mm) was inserted between the copper
substrate and the thermoelectric device.
The enhanced absorption of sunlight energy using the copper
substrate with porous surface layer is expected due to its high
light absorbing property compared with that after mirrorpolished, therefore higher heat supply may be induced,
resulting in the significantly increased thermoelectromotive
force generation from the thermoelectric device. This is
because, although electromotive force by the Bi2Te3
thermoelectric device is generally small when 5 K
temperature deviation is prepared at around room
temperature, the tenth higher thermoelectromotive force can
be extracted when 50 K higher heat-storing space than
outside room temperature is prepared on the thermoelectric
device.
The experimental result is indicated as follows: first, when
the two experimental sets with the mirror-polished copper

In this study, we furthermore attempted the thermoelectromotive force generation using the copper substrate as
the light absorber and a thermoelectric device to transform
heat energy into electromotive force. The schematic diagram
of the present experimental setup is represented in Fig. 6: the
copper substrate after mirror-polished or that with porous
surface layer was attached on the thermoelectric device made
of a Bi2Te3 semiconductor.
When the above experimental apparatus is exposed to
sunlight, its radiative energy is partly absorbed by the copper
substrate, and the absorbed energy is quickly transferred to
the other side as heat due to high thermal conductivity of
copper. Then, the space between the substrate and the
thermoelectric device is indirectly warmed to make a large
temperature deviation from the outside of the thermoelectric
device, which is finally transformed into electromotive force.

Figure 7 Comparison between generated thermoelectromotive force (E) when the Cu substrate with
porous surface layer or that after re-oxidation is used as
the light absorber, and that obtained when mirrorpolished Cu substrate is alternatively used. Increasing rate
of thermoelectrmotive force when the Cu substrate with
porous surface layer is calculated by the following:

Figure 6 Schematic diagram of the experimental setup to
absorb the solar energy by copper substrate as the light
absorber and to generate thermoelectromotive force using
thermoelectric device.
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substrate and that with the copper substrate with porous
surface layer are identically exposed to sunlight for a few
hours, it was found that the by the use of the copper substrate
with porous surface layer as the light absorber,
approximately 20 K higher temperature was achieved in the
heat-storing space between the copper substrate and the
thermoelectric device compared with that when the mirrorpolished Cu substrate was alternatively used. This result was
attributed to the enhanced light absorbing property of the
copper substrate with porous surface layer. Second, the 30 %
higher thermoelectromotive force was obtained from the
thermoelectric device when the copper substrate with porous
surface layer was used as the light absorber, as shown in Fig.
7. This was probably resulted from higher temperature heatstoring space prepared when the copper substrate with the
porous surface layer was used.
In addition, further high thermoelectromotive force
generation was attempted by the use of the re-oxidized
copper substrate as the light absorber. Because the reoxidized copper substrate with porous surface layer showed
very high light absorbance in visible and near-infrared
wavelengths as shown in Fig. 3, the further high amount of
sunlight energy absorption and then higher tempature in the
heat-storing space was expected. As shown in Fig. 7,
approximately 50 % higher thermoelectromotive force was
obtained from the Bi2Te3 thermoelectric device when the reoxidized copper substrate with porous surface layer was used
as the light absorber. Therefore, it was concluded that the
formation of thin oxide layer on the top of the porous surface
layer probably did not affect heat transfer through the
substrate.

The above enhanced light absorbing property of copper
substrate with porous surface layer was then applied for the
absorption of radiative energy from halogen heater or
sunlight, and its absorbed energy was used for the
accelerated heat storage and for high degree of
thermoelectromotive force generation. When the copper
substrate as the light absorber was combined with low
melting point paraffin as heat storing material, it was verified
that obviously quick heat charge is achieved by use of the
copper substrate with porous surface layer as the light
absorber, compared with the case where the mirror-polished
copper substrate was alternatively used. In addition, when
the copper substrate was combined with the thermoelectric
device, it was then verified that significantly higher
thermoelectromotive force was obtained by the use of the
copper substrate with porous surface layer as the light
absorber. These results were both attributed to the high light
absorbing property of the copper substrate with porous
surface layer compared with that after mirror-polished.
Furthermore, by the use of the re-oxidized Cu substrate with
porous surface layer as the light absorber, even higher
thermoelectromotive force was obtained from the
thermoelectric device, which was probably due to even high
temperature heat storing space prepared between the
substrate and the thermoelectric device.
Thus, it has been indicated that the metal substrate with
surface asperity such as porous surface layer made by the
oxidation-reduction treatment, can be effectively used as the
absorber of the radiative energy, and its absorbed energy
could be used elsewhere in different ways.
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PERFORMANCE ANALYSIS OF ADAPTIVE FILTER FOR EYE BLINK ARTIFACTS
REMOVAL IN ELECTROENCEPHALOGRAM SIGNALS
Faridah Abd Rahman, Mohd Fauzi Othman, Nurhanna Abdul Aziz

ABSTRACT
The interference of eye blink artifacts can cause serious
distortion to electroencephalogram (EEG) signal which
could bias the analysis result. This will lead to false
interpretation of brain activity and very unfavorable in
particular for clinical applications. Thus, the algorithm to
detect and remove the artifacts from EEG signals is highly
required. In this paper, we demonstrate an performance
analysis of adaptive filter in removing the eye blinks from
EEG signals. We compare the performance of the filter
using three different algorithms, namely LMS, RLS and
ANFIS, on real EEG dataset. To evaluate the results, the
SNR, MSE and correlation coefficient values are calculated
based on the results obtained by using one of the widely
used method for blinks removal, independent component
analysis (ICA). The results show that RLS algorithm
provides the best performance when comparing with the
ICA method.
Keywords— electroencephalogram (EEG), adaptive filter,
eye blink artifacts, LMS, RLS, ANFIS
1. INTRODUCTION
The ongoing development brought the use of
electroencephalograph (EEG) to a broader applications,
from clinical studies [1] to real time applications such as
neurofeedback [2] and brain-computer interfaces (BCI) [3].
However, the EEG signals suffer from the contamination of
artifacts from biological sources including electrooculogram
(EOG) artifacts. EOG artifacts are caused by the eye
movements and blinking, which are one of the major
problem in EEG signals [4]. In fact, the magnitude of eye
blinks can go up to hundreds times larger, thus could cause
serious distortion to the EEG signals [5]. Hence, the
preprocessing stage to detect and eliminate the artifacts is
vital in order to obtain reliable information from the signals.
Recent focus on portable EEG demands for real time
processing which also brings the needs for automatic
artifacts removal.
Independent component analysis (ICA) is the widely used
method for artifact removal in EEG signal [6]. ICA has
been widely accepted for its superior ability in separating
the component of artifacts from the EEG signals. However,
it requires multichannel data to perform the artifact
separation, and also needs a visual inspection to select that

particular artifact components [7]. Therefore, a real time
and automatic artifact removal using ICA found to be rather
difficult. One of the alternatives for online processing is by
using adaptive filtering method. Adaptive noise cancellation
(ANC) system in adaptive filtering [8] provides noise
removal scheme which is available for single channel EEG.
The simple algorithm and easy implementation are also the
advantages of using adaptive filtering. However, this
approach requires a reference signal, which is the additional
sensor representing the artifact-source signal. Recently, the
approach of using camera or eye tracker as artifact
reference have been proposed [9], [10], and have been
prove to provide a great performance in removing eye
blinks artifacts compared to other conventional methods. In
this paper, we present a comparison study on adaptive
algorithms of adaptive filter for eye blink artifacts removal.
We evaluate the reliability of each algorithms by comparing
the results with the results obtained from ICA. This paper is
organized as follows. Section 2 discusses the overview of
adaptive noise cancellation system in adaptive filtering and
the algorithms used in this paper, followed by the
description on dataset preparation which is presented in
Section 3. The result is then presented in Section 4. Finally,
Section 5 concludes all the findings.
2. ADAPTIVE FILTERING ALGORITHM
Adaptive noise cancellation (ANC) system in adaptive
filtering [8] provides a noise removal technique which can
be operated on real time. Figure 1 illustrates a schematic of
adaptive filtering for adaptive noise canceller system. From
the diagram, the primary input is the original recorded EEG
signal with blink artifacts, d(n). The adaptive filter aims to
estimate clean EEG signal e(n), by predicting the artifacts
(blinks) components, y(n) from the measured EEG signal,
d(n). For this, we require a reference input, x(n) which
correlates with the blinks artifact tend to be removed.
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2.1. LMS
The least mean square (LMS) algorithm is an example of
the most commonly used linear algorithm for adaptive
filtering. The advantages of LMS are in its computational
simplicity, low memory usage, and easy to implement. The
LMS algorithms adjust the filter coefficients to minimize
the error. Filter coefficients W are updated by adaptive
algorithm to optimize the filter response, while input x(n) is
filtered (weighted) to produce the output y(n). The output
y(n) is defined as
(1)
y(n) = WT(n)⋅X(n)
where X(n) is the input vector, and W(n) is the weight
vector. The adaptive algorithm updates the coefficients to
minimize the error e(n). The error e(n) is defined as
e(n) = d(n)-y(n)
(2)
(3)
e(n) = d(n)- WT(n)⋅X(n)
where d(n) is the desired signal. The weight is updated such
that
W(n+1) = W(n) + µ(n)e(n)⋅X(n)
(4)
µ(n) is the step size.

Layer 1: Fuzzification. Every node in this layer is
an adaptive node. Membership grades of a fuzzy set that
specify the degree of a linguistic value are generated by
each node. For a Gaussian (bell) shape function, it is
defined as:
1
(5)
µ ( x) =
Ai

2 bi

where x is the input to node i; Ai is the linguistic value of
the ith node; and [a i , bi , c i ] is the parameter set that alters
the shapes of the membership function.
Layer 2: Rules nodes. Every node in this layer is a
fixed node. Each node output represents the firing strength
of a rule. The firing strength of a rule is calculated through
simple multiplication:
wi = µ Ai ( x ) µ Bi ( y ),

i = 1,2

2.2. RLS

wi
w1 + w2

i = 1,2

(7)

Layer 4: Defuzzification. Each node in this layer is
an adaptive node with node function:

wi f i = wi ( pi x + qi y + ri )

i = 1,2

(8)

where wi and pi , qi , ri are the output of layer 3 and the
parameter set respectively.
Layer 5: Output. The overall output is computed
by the summation of all incoming signals:

2.3. ANFIS

f =  wi f i

Adaptive neuro-fuzzy inference system (ANFIS) is a
combination of FIS and ANN, consisting of a set of IFTHEN rules which carries the learning ability of ANN to
approximate non-linear function. The membership functions
of Sugeno FIS are updated by the learning algorithm using
the training I/O data. Here, we consider the simplest case
with two inputs [x,y] and one output f in FIS. The
architecture of ANFIS model is presented in Figure 2. The
structure of ANFIS consists of five layers. A circle in this
figure represents a fixed node and a square represents an
adaptive node. From the diagram, the ANFIS implementing
two fuzzy rules while each input is represented by two fuzzy
set. A common rule set with two fuzzy if-then rules for a
first order Sugeno fuzzy system can be represented as:

(6)

Layer 3: Normalized. The nodes are fixed nodes
labeled as N, which gives normalize firing strength:
wi =

The recursive least square (RLS) algorithm requires higher
computational complexity compared to LMS, but offers a
greater convergence rate. The RLS algorithm is well known
for its excellent performance and stability especially when
working on non-stationary signals. In RLS, the update
process of filter coefficient involves the inversion of matrix
which make it more complex. There are two important
parameter in RLS, which are the forgetting factor λ and
filter order, M.

1 + ( x − ci ) / a i

(9)

ANFIS minimizes the Sum of Square Error (SSE) by using
hybrid learning algorithm, which combines the least squares
and back propagation gradient descent methods together.

Rule 1: if x is A1 and y is B1, then f1 = p1x + q1y + r1
Rule 2: if x is A2 and y is B2, then f2 = p2x + q2y + r2

Figure 2. The ANFIS architecture
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3. EXPERIMENT
3.1. Dataset Preparation
The performance measure of adaptive filter algorithms were
conducted on real EEG dataset which was obtained from
Mitsukura Laboratory of Keio University. The recordings
was performed using a cap type multi channel EEG, g.tec
with 256 [Hz] of sampling frequency. The device measured
14 points of EEG channels, while reference and ground
electrode were set at A1 and Fz, respectively. 1 vertical
EOG signal was measured simultaneously. All the
recordings were performed followed the 10-20 international
standard system. The example of measured EEG signals at
Fp1 channel and EOG signal is shown in Figure 3. In this
paper, the dataset from 10 participants were used. During
the experiment, the participants were asked to sit still and
relax to minimize the movement artifacts. They were
instructed to synchronize their eye blinks with the
metronome sound that will be played every 5 seconds. The
duration of the experiment is 55 seconds which includes 5
seconds of margin.
To test the algorithms, we used the measured EEG signals
from Fp1 location. This channel was selected as it is located
very near to the eyes, and thus blinks artifacts severely
affected the signals in this channel.
In order to measure the ability of the filter to remove the
blinks component in Fp1 channel, we first remove the
blinks artifacts using ICA method. The estimated Fp1
signals obtained from ICA are then used as a reference for
artifact-free signals. To perform the artifact rejection in
ICA, all 14 EEG channels and 1 vertical EOG signal were
used. The signal were extracted in regard to Fp1 channel as
target to obtain an equivalent comparison with the adaptive
filtering methods. The example of estimated Fp1 signal
after blink artifact rejection by ICA is shown in Figure 4.
The experimental setup for each algorithm is as follows:
iiiiii-

LMS: µ = 0.02
RLS: M = 3, λ = 0.99
ANFIS: step size = 0.2,
membership function = 2

Amplitude [uV]

Measured EOG
Measured EEG (FP1)

0
-400
-800

0

1

2
Time(s)

3

Estimated FP1 by ICA

20
10
0
-10
-20
-30

0

100

200
300
Sample

400

500

Figure 4. Example of estimated Fp1 by ICA

3.2. Performance Analysis
In order to provide a quantitative measure of the
performance, first, we used signal-to-noise ratio (SNR) and
mean square error (MSE) by comparing the value before
and after the filtering. SNR and MSE values are calculated
as follows:
SNRdB

N

x 2 (n)


= 10 log N n =1

2
  ( x (n) − x (n) )
 n =1

MSE =

1
N

N

 ( x( n) − x ( n ) )

2








(10)

(11)

n =1

where x(n) is the target EEG signal (corrected Fp1 signal
by ICA) and x (n) is the corrected EEG signal by adaptive
filter (for SNR before filtering, original measured Fp1
signal is used). N represents the length of the signal.
Next, to measure the degree of similarity between the
corrected EEG signals by adaptive filter and ICA method,
we calculate the cross-correlation between both signals
using Pearson correlation coefficient ρ. We compared the
value of ρ between Fp1 signals of all the three algorithms.

4. RESULTS

800
400

Amplitude [uV]

30

4

Figure 3. The example of recorded EEG at Fp1channel
and recorded EOG signal

The filtering result of adaptive filter for each algorithm
compared in this paper is shown in Figure 5. The figure is
an example of corrected EEG signal at Fp1 channel by
LMS, RLS and ANFIS while compared to target reference
signal. From the figure, ANFIS shows the fastest
convergence rate, where we could see that the estimated
Fp1 signal by ANFIS follow the estimated of target value
even before the sample 50. Meanwhile, the RLS algorithm
corverge slower and follows the target signal with lower
accuracy compared to ANFIS, but with higher rate and
accuracy when compared to LMS.
Next, we analyze the filter performance using quantitative
evaluation based on SNR and MSE value. the SNR value
here is defined as the power ratio of the target reference
signal to the estimated signal. The changes of SNR values
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100

A m plitude [uV ]

100
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before and after filtering is shown in Figure 6. From the
figure, RLS outperforms other methods by producing the
highest changes in SNR values for almost all of the
subjects, except for subject 1, subject 7, and subject 10.
ANFIS shows higher SNR value with a slight different
(average of 0.3017 higher) compared to RLS for all these 3
subjects. Figure 6 shows the comparison on MSE values.
The results on MSE is the reflection from the result of SNR
where RLS performs the best performance producing the
lowest MSE for all subjects except for subject 1, subject 7
and subject 10. ANFIS shows the lowest MSE for these 3
subjects with average of 1.1559 difference with RLS. LMS
presents the lowest performance across all subjects.
Finally, we analyzed the result using correlation coefficient
at zero lag to measure the similarity between the reference
signal and the estimated signals from the filters. The
correlation coefficient indicates the similarity degree
between two signals where one is the highest correlation for
normalized data. The coefficient values are presented in
Figure 8. From the figure, the estimated FP1 from all the
three algorithms present high correlation (above 0.7 across
all subjects) with reference FP1 by ICA. This indicates that
the filters successfully removed the blink components and
the estimated value follows the target value with high
accuracy. RLS shows the best performance with highest
correlation followed by ANFIS, and lastly LMS. Table 1
represents the mean values of performance measure across
all the subjects according to adaptive algorithms.

100

Table 1. Mean value of performance measure across all subjects

Performance
measure
SNR
MSE
Correlation
coefficient ρ

LMS
5.3793
27.0046
0.8443

Adaptive algorithm
RLS
ANFIS
7.9863
7.1659
16.0697
20.5001
0.9091

0.8898

Figure 6. Comparison on SNR
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Figure 7. Comparison on MSE
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Figure 5. Filtering result by LMS, RLS and ANFIS

Figure 8. Performance on correlation coefficient value ρ
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5. CONCLUSION
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INVESTIGATION OF MIRROR-LIKE SURFACE FINISH IN OPTICAL GLASS (BK7)
LAPPING

Muhammad Faiz Wahab, Aung Lwin Moe, Ahmad Aizuddin Abd Aziz,
Asri Mohamad Yusof, Myintzu Phyo Aung

ABSTRACT
Surface quality of optical glass is crucial for application in
high precision products. This paper aim to investigate the
surface roughness improvement and the limit surface
roughness of the BK7 optical glass for mirror-like surface
finish. Due to the brittleness of workpiece, lapping pressure
need to be controlled diligently to prevent crack and brittle
fracture from occurring. At first, the new lapping tool is
installed on the collect chuck of the CNC milling machine
and lapping is performed by the table movement in X and Y
direction by NC control. Then, suitable lapping parameters
are carefully selected for ductile mode machining in
mirror-like finishing process. According to results, the
mirror-like surface is achievd with proposed lapping
method especially in low lapping pressure of 25MPa.
Keywords—lapping pressure, ductile mode machining
,surface roughness, optical glass
1. INTRODUCTION
In general, glass has high hardness but low fracture
toughness. This results in poor machinability of
glass. Under loading, for a brittle material like glass, crack
initiation might occur from a flaw in the structure of glass
that propagates under continuous loading. This may cause
brittle fracture after reaching the critical value of the crack
size. Since glass has low fracture toughness, the critical size
of crack for brittle fracture to occur is very small because of
its low fracture. In addition, if in the cutting zone high
cutting stresses is developed, brittle fracture can happen
easily.
On the other hand, loose abrasives are used in lapping for
finishing the surface. Slurry containing abrasive grain is
introduced between worpiece and lapping head. Then, the
workpiece is moved under pressure which come from the
pressing of lapping head onto the surface of workpiece.
Since glass is a brittle material, for obtaining a very smooth
surface finish, fracture must be avoided. Even microfracture
could lead to the degradation of the performance of the
optical glass especially one that has a very specific function
such as lens used in camera and microscope. Therefore, in
order to avoid brittle fracture from occurring during the
machining process, the glass workpiece must be machined

in ductile machining mode. In this mode, material removal
happens mainly by plastic deformation and any cracks are
prevented from extending into the machined surface.
This research aim to predit the lapping parameters for
mirror-like surface finish on the optical glass (BK7) using
proposed lapping method. At first, three lapping pressure is
proposed and their effect on limit surface roughness is
examined. Other suitable parameters are applied form
previous research [1 to 6]. The relationship between surface
roughness improvement and lapping time is investigated
experimentally.
2. MACHINING OF BRITTLE SURFACES
Theoretically, to make cutting possible in this lapping
process, abrasive grain must be harder than workpiece it
need to cut. However, the lapping head hardness can be
lower than that of the abrasive grain. However, due to the
brittle nature of the glass, machining parameter must be
carefully selected so that brittle fracture will not occur. In
brittle machining mode, material removal occur by brittle
fracture which involve radial cracking and lateral cracking.
In addition, the larger and harder the abrasive grains, the
rougher will be the finish [7]. On the other hand, the finer
the abrasive grains, the smoother will be the finish [8].
There is a limit to the smoothness that can be obtained by
lapping, even when very fine abrasive grains are used. This
limit is called the limit surface roughness. Below the
critical depth of cut, brittle to ductile transition occur and
result in the ductile machining mode. In ductile machining
mode of brittle material, material removal occur mainly by
plastic deformation [9]. Most of the material removal occur
due to shearing stress between the rolling abrasive and
surface of the material. Thus, fracture and micro-fracture is
avoided. Material breakdown behaviour due to localized
loading for ductile and brittle materials [10] is as shown in
Table 1. On the same surface of brittle material, ductile and
brittle modes of deformation can happen and by changing
the machining parameters, the transition between them can
be controlled [11]. For ductile mode machining, the regime
in which the deformation takes place in the form of simple
plastic flow is favourable [12]. Besides that, process
condition and crystallographic directions have effects on
ductile mode machining of brittle material. In addition, for
ductile mode grinding of hard and brittle materials, the
critical depths of cut changed depending on the machining
directions and coolant fluids used [11].
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2.1. Brittle to ductile mode machining
The challenge faced in machining brittle material such as
glass is how to ensure that the material removal occur by
plastic deformation rather than characteristic brittle fracture
[13]. Generally, all materials including glass are able to be
machined in a ductile manner under a specific value of
depth of cut. This cutting depth is called critical depth of
cut. This is because below its critical depth of cut, transition
occur from brittle to ductile machining region for glass
material. Since, fracture need to be avoided, glass have to
be machined in ductile machining mode. In this mode, the
chip formation process is comparable to that of metal
grinding. It mainly involves plowing, scratching and chip
formation. Hence, to avoid micro-fracture and subsurface
damage, ductile machining mode is required for the lapping
process and material removal occur mainly by plastic
deformation. Thus, in order to machine brittle material in
ductile mode machining, suitable parameters for machining
and appropriate cutting tool need to be selected.
2.2. Critical depth of cut
Critical depth of cut is defined by equation shown below.
Based on the equation, there are several factors that affect
the value of the critical depth of cut which are fracture
toughness, Kc, material hardness, H, and mcodulus of
elasticity, E. It is also called as critical penetration depth for
initiation of fracture. Below this critical value, brittle
material will undergo transition from brittle to ductile
machining mode. This transition can be described in terms
of energy balance between surface and strain energy. Since
fracture is to be avoided when machining brittle material
such as glass, the depth of cut must be ensured to be below
its critical depth of cut.
K
d c  b c
 H

2

 E
  
 H 

(1)

2.3. Two body and three body abrasive wear
Wear can be defined as progressive loss of material from a
solid surface. This is due to relative motion between
contacting substances and the surface in contact. There are
five main types of wear which are fatigue wear, fretting,
erosion, adhesive and abrasive, which are commonly
observed in practical situations [14]. Among the five,
abrasive wear is the most important due to it contribution
which accounted about 63% of the total cost of wear [15]. It
happens when hard particles or hard protuberances are
forced onto a solid surface and and move along it
.Generally, abrasive wear is divided into two groups which
are two-body and three-body abrasive wear [16].In lapping
process which use free abrasive there are two-body and
three-body mechanisms as shown below in figure 3.
This mechanism describes whether the abrasive particles
are free to slide or roll (three-body) or bound (two-body).

Figure 1. Three-body and two-body abrasive wear model
Wear in two-body abrasion is caused by abrasive grains
which are embedded in the second body. On the other hand,
three-body abrasion refers to wear caused by free and loose
abrasive particles existing in between a lapping plate solid
and workpiece. Hence, more stock removal would be seen
in two-body mechanism than that of three-body.
3. LAPPING SYSTEM USING CNC MACHINE
The lapping tool used was installed on 25mm chuck of the
CNC milling machine. Workpiece, BK7 glass cylinder, was
fixed on the table of the milling machine by using lathe
machine chuck. This is done to ensure that the glass
cylinder can be hold firmly in secure position during the
lapping process. Basically, the lapping system consist of
lapping tool and nozzle for supplying the lapping slurry.
After each cycle finished, the lapping head need to be
dressed with lapping slurry and cleaned again alternately.
The lapping tool was hold stationary at the spindle of
milling machine without any rotation. The table that was
holding the workpiece only moved in translational motion
in X and Y axes direction of the milling machine and cover
a lapping area of 100mm2. Lapping speed was produced by
the table movement in X and Y axes direction. Material
removal occurred due to rubbing action between the
pressed lapping tool head and area of contact on the
workpiece which resulted in the cutting of material. The
lapping system used is as shown in figure 2.
Milling machine used has the positioning of 5 micrometres
which is very good in terms of the repeatability of the
lapping process inside the lapped area. Moreover, this
machine work table has the stability and capability of
conducting rapid movement in X and Y axes direction. This
feature is really important for the experiment to generate
the lapping speed.
While spindle rotation was not needed during the
experiment, movement of the stationary spindle in Z axis.
Table 1. Material properties of workpiece
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Table 3. Experiment parameters for lapping process
Mechanical properties BK7
E

Modulus of elasticity

82GPa

Lapping slurry



Poisson ratio

0.206

Grain size

HV

Vickers hardness

535
(5247N/mm2)

Workpiece material
Lapping head material

Direction of
Lapping

Slurry layer on
lapped area

PP Lapping
head
BK7

Figure 2 Lapping tool setup on CNC milling machine
Table 2. CNC milling machine specification
Machine brand

BRIDGEPORT

Machine model

VMC 2216xv

Machine dimension (mm)
Machine weight (kg)
Positioning accuracy (µm)
Table Load (kg)
Machine travels X,Y,Z (mm)

2460 x 2500 x 2600
2993
+/- 5.0
341
560(X) x 406(Y) x
508(Z)
12

was indeed important to move the lapping tool downward.
This movement will cause the spring on the lapping tool to
compress and thus created the pressure for the lapping
process.
4. EXPERIMENTAL DETAIL
In this experiment different diamonds grain size which are
#320, #1200 and #2500 are used. After reaching the limit
surface roughness, the grains size is changed.
Polypropylene was selected as lapping head material for

Polypropylene (PP)
3500

Lapping pressure (MPa)
Grain catching pressure
(MPa)
Lapping pitch (mm)

25, 30, 35

Lapping area (mm )
Supply the
slurry

BK7 Glass

Lapping speed (mm/min)

2

Direction of
supplying pressure
and cathing grain
in-side slurry

Main motor (hp)

0.5% (PEO) and 99.5%
distilled water (wt%)
#320, #1200, #2500

35
0.1
100

long time and high precision lapping. When the static
spindle of CNC milling machine move downward, lapping
force was generated from the compression of the spring
onto the contact area between lapping head and workpiece.
By using this arrangement, lapping force could be
controlled easily. Since the contact made between the
10mm spherical lapping tool head and the flat surface
lapped area are point contact, it was analysed based on
Hertzian contact mechanics. Besides that, Hooke’s Law
equation is also used for determining the required spring
compression value. The soft 87 mm long coil spring with a
spring constant of 1.5 N/mm was used for generating
lapping pressure.
Since, it is easier to control the minimum spring
compression at 1 mm, 25 MPa was selected as the
minimum lapping pressure used for the lapping process.
Three different lapping pressure were selected to observe
how it affect the surface of workpiece after lapping. Area
selected for lapping measures 100mm2. It is in this area that
the diamond grain was catched by the lapping head and
rubbed against the surface of glass. During lapping process,
removal of material was done by the active grain which
located in between the lapping head and workpiece.
Lapping speed is a result of relative motion between the
lapping head and workpiece. It is also the feed rate used for
machining and depends on the tool and workpiece motion.
Therefore, for this experiment, lapping speed is generated
from the table movement. The table speed was set to 3500
mm/min in the CAD/CAM program both for X direction
and Y direction lapping. Each program took 45 seconds to
complete. Slurry was dressed or pour on the BK7 glass
workpiece before a complete cycle of lapping program was
run. After the cycles completed, the remaining slurry were
cleaned completely from the lapped area.
In order to cover the lapping area, the table was moved by a
pitch value of 0.1mm in a direction perpendicular to the
rubbing direction. This pitch value was used because the
lapping tool has ball shape lapping head. lapping head is
10mm in diameter and form a point contact when pressed
against the lapped surface. Due to its spherical shape, it can
reach uneven surface better and lapping can be done more
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Lapping pitch
(0.1mm)

10mm

Y lapping
direction

Y
X

0.1

30MPa

0.08

35MPa

0.06
0.04
0.02
0

Figure 3. Lapping tool pass on work surface

effectively. Figure 3 below shows the lapping path travelled
by the tool during lapping process in y direction. Another
lapping path is in x direction which is perpendicular to the
path depicted in the above figure. This path also has the
same pitch and travel through the same distance which is
10mm. After each cycle finished, the lapped area was
measured to obtain the value of the roughness of the
surface. Measurement was done using Mitutoyo Surface
Roughness Tester. This roughness tester measure the
surface by using probe. Reading was taken at fives different
places in X and Y lapping direction. In addition, the lapped
area was observed under Keyence 3D microscope to study
how the lapping pressure affect the BK7 glass surface and
the surface nature after lapping.
5. RESULTS AND DISCUSSIONS
5.1. Rate of material removal
Rate of material removal depends on the diamond grain
size. Theoretically, when lapping is done with bigger
diamond grains, the rate of material removal should be
high. As the surface roughness of the lapped area improves,
a smaller size of diamond grain need to be used to machine
the surface, the rate of material removal gradually decrease.
It is assumed that for the same grain size, the rate of
material removal is the same until the lapped area reaches
its limit surface roughness.The removal rate is also affected
by the number of active grain, which is the grain that
actually involve in cutting whether through rolling or
sliding mode. This is because there might be grains which
are smaller in size than the average grain size that are
moving freely in between the lapping head and lapping
areas and thus do not involve in cutting.At the beginning of
lapping process, bigger grain size, #320, was purposedly

used for removing the cutting lines and groove that had
formed previously during the cutting of glass cylinder.
After that, a smaller grain size, #1200 was used to get a
smoother surface and repaired the lines left behind by #320
diamond grain. Then, lapping process was continued using
#2500 in order to achieve smoother surface and thus lower
the surface roughness.
In this experiment, the rate of material removal is
calculated for every diamond grain size used. It is obtained
by dividing the difference between surface roughness value
at the beginning of lapping until it reaches the limit surface
roughness value with time taken for lapping using that grain
size. The material removal rates are as shown in figure 4.
According to the results, material removal rate is higher for
higher lapping pressure and bigger grain sizes.
5.2. Limit surface roughness
If a surface reaches its limit surface roughness, increasing
the lapping pressure and the friction distance will not cause
the processing surface roughness to improve. Generally,
grain properties and lapping pressure have direct effect on
the surface roughness value. Limit surface roughness is
observed at every diamond grain size. The surface
roughness value is accounted as limit surface roughness
1.2
Surface roughness, Rz (µm)

.

25MPa

0.12

Grain sizes
#320
#1200
#2500
Figure 4. Material removal rate of different grain size at
different lapping pressure

Z
10mm

0.14
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#320

1

#1200

0.8

#2400

0.6
0.4
0.2
0

25
30
Lapping pressure (MPa)

35

Figure 5. Limit surface roughness vs lapping pressure
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when it does not change even after lapping process is
continued. In this experiment, three limit surface roughness
are identified for #320, #1200 and #2500. Figure 5 shows
the limit surface roughness value for all grainsa sizes and
different lapping pressure.Limit surface roughness for
#1200 and #2500 are lower especially in smaller grain size
and able to reach the mirror-like surface finish at 25MPa
lapping pressure. Moreover, the limit surface roughness
value under 30 and 35 MPa can not achieve the mirror-like
surface finish. It can be seen that different lapping pressure
results in different limit surface roughness for each grain
size under same experiment conditions. This result might
have been affected by the vibration of lapping tool during
process as the lapping pressure is increased, the surface
roughness value increased.
5.3. Surface roughness improvement with lapping time

After reach the limit surface roughness, even lapping
process is continued using diamond grain of the same size,
the surface roughness value will not decrease any more.
One can get an accurate estimation of the thickness of the
damage layer that need to be removed by subsequent
lapping operations from the measurement of surface
roughness.
In addition, the results reveal the ability of achieving the
intended surface roughness for that particular lapping
pressure used. Only, 25MPa lapping pressure can achieve
mirror-like surface finish with developed lapping system.
Higher lapping pressure may not be a good option at the
mean time as it has some possibility of damaging the glass
surface. Compare with the other work materials study for
mirror-like surface finish [1 to 6] , to achieve the roughness
value (Rz) lower than 0.1 µm is more challenging in glass
lapping process. It may be many other influencing factors
that are needed to be considered and examined.

1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0

Surface Roughness, Rz (µm)

Surface roughness , Rz (µm)

Lapping condition for mirror-like surface finish is listed in
Table 4.As shown in the figure 6,7,8, for each grain size,
the surface roughness continue to decrease as the lapping
time increase. Roughness improved until the limit surface
roughness for the specific diamond grain size is reached.

#320
#1200
#2500

#320
#1200
#2500

1.2
1
0.8
0.6
0.4
0.2
0

0

4

8

12 16 20 24
Lapping time (min)

28

32

Figure 8. Surface roughness improvement with lapping
time for 35MPa lapping pressure
0

4

8

12

16

20

24

28

32
Table 4 Lapping condition for mirror-like surface finish

Lapping time (min)
Figure 6. Surface roughness improvement with lapping
time for 25MPa lapping pressure
Surface roughness, Rz (µm)

1.4

Lapping pressure

25MPa

Lapping speed

See table 3.

Lapping pitch (mm)

0.1

#320

Lapping slurry (wt%)

Water 99.5% + PEO 0.5%

1

#1200

Diamond grain (wt%)

2%

0.8

#2500

Grain size

#320

#1200

#2500

0.6

Lapping time (min)

4

16

12

0.4

Total time (min)

1.4
1.2

32

0.2
0

0

4

8

12 16 20 24
Lapping time (min)

28

6. CONCLUSIONS

32

Figure 7. Surface roughness improvement with lapping
time for 30MPa lapping pressure

In conclusion, mirror-like surface finish is possible to be
obtained using the proposed lapping process for optical
glass (BK7). Since this experiment was conducted to pre
determine the lapping parameter for mirror-like finish.
Optimization of the lapping process by the suitable
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combination of all lapping parameters are needed to be
claried in future experiments.
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ABSTRACT
This paper proposes a novel cross-layer dynamic
spectrum allocation for cluster-based cognitive radio ad hoc
network. A primary focus is on the cluster formation and
maintenance. The proposed clustering mechanism divides
the network into clusters based on three values: spectrum
availability , power level of node and current speed of the
node. Therefore, clusters form with the highest stability and
flexibility to avoid frequent re-clustering in the network.
Moreover, the proposed method integrates the spectrum
sensing at physical (PHY) layer with the packet scheduling
at MAC layer to be more robust to Primary Users (PUs)
activity as well as node mobility in a network. The simulation
results show that the proposed protocol outperforms the
conventional protocols in terms of throughput, power
consumption and packet transmission delay.
Keywords— cognitive radio network, cognitive radio ad hoc
network, dynamic channel assignment, mobility
management
1. INTRODUCTION
Due to the expansion of wireless communications, it is
almost impossible to cope up with allocation of spectrum as
it is limited and finite resource. Therefore, it is vital to ensure
the best usage of this limited resource to meet the recent
demand of radio frequency. The traditional spectrum
allocation methods that are authorized by different regulators
are not intelligently handled. It is observed that the licensed
spectrum remains unoccupied most of the time [1] where the
regulator body is unable to allocate the frequency for
upcoming new wireless devices. To utilize these unoccupied
band, resolve the spectrum scarcity for new wireless
application and make spectrum allocation more dynamic,
cognitive radio (CR) technology is introduced [2, 3]. This
intelligent technology has introduced opportunistically
access of secondary or unlicensed user, known as SU, to use
licensed band without interfering the primary or licensed
user known as PU.
Cognitive radio network (CRN) can be classified as the
infrastructure-based CR network and the Cognitive radio ad
hoc networks (CRAHNs) [4]. The infrastructure-based CRN
has a central network entity to manage the network such as
base-station (BS) in cellular network. Instead, CRAHN does
not have any infrastructure backbone and each CR user can
communicate with other CR users through ad hoc
connection. In contrast with infrastructure-based CRN, a
distributed cognitive radio network can be a more
appropriate selection because of its lower system

complexity, faster align positioning, and lower cost of
implementation.
2. RELATED WORKS
In recent years designing an efficient MAC protocol for CRN
has taken a lot of attention and many researches have been
proposed to attain this goal [5-8]. CogMesh proposed by
Chen et al. [9], is a most well-known cluster-based MAC
protocol CRN which opportunistically utilizes different
spectrum holes for smooth peer-to-peer communication.
CogMesh forms clusters with nodes sharing local common
channels, where multi-channel multi-access network is
considered. A node forms a cluster using the common
channel of the cluster, which is called the master channel,
and invites the neighboring nodes which have the same
channel to join the cluster. For intra-cluster communication,
CogMesh MAC protocol uses guaranteed access period and
random access period for control message exchange.
Although CogMesh shows promising performance in
statistic CRN, due to lack of mobility handling mechanism it
face performance degradation in dynamic network. Due it
popularity, we will consider it as the conventional candidate
of our proposed scheme for performance comparisons.
3. SYSTEM MODEL
In this paper cognitive radio sensor network is considered.
We assume each node is aware of its location and each node
has single half-duplex cognitive radio transceiver which is
capable of detecting and utilizing spectrum holes in a
distributed and efficient way. A given number of nonoverlapping orthogonal channels are available and each
channel has a unique channel ID.
Channel availability for each node is related to the node
physical location. Similar to IEEE 802.22 standard,
secondary users (SUs) use available channel only when it is
not occupied by primary users (PUs). By detecting PU
presence, SU vacate the channel. For avoiding interference
between PUs and SUs a simple interference avoidance model
is used in proposed network.
This paper consider the clustering architecture for CRAHN.
We do not consider the global control channel for the
network. However, after clustering the network, each cluster
has its own control channel. Nodes forming the cluster
become Cluster Head (CH), which is responsible for intercluster communication as well as intra-cluster channel access
control. Inter-cluster communication is relayed by Gateway
nodes (GW). Gateways are the nodes which are in the
boarder of two neighboring cluster and can hear both cluster
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beacons. Two SUs node consider 1-hop neighbor if they are
within transmission range of each other.

To carry out this objective, we have introduced a parameter
named Cluster Head Election Value (CHEV), where CHEV
of a node is the product of neighboring nodes and idle
common channel found from the biclique. Every CR
calculates CHEV based on Equation 1 as follow:
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶 =

Figure 1: Connectivity graph of a Cognitive Radio Network
with available channel list in brackets.
4. CLUSTER FORMATION AND MAINTENANCE
Once the neighbor discovery phase is completed, cluster
formation phase starts. The proposed clustering mechanism
divides the network into clusters based on three values:
spectrum availability, power level of node and current speed
of the node. In the proposed clustering scheme, clusters are
formed with the neighboring nodes in an ad-hoc topology.
The procedure is explained in the rest of this section.
Nodes in the proposed architecture exchange their available
channels list (ACL) based on the sensed spectrum
availability and generates its neighbour list Ni where i =1, 2,
3,…,  n. Afterwards the cluster formation phase starts. Since
EMCS tries to make less amount of cluster, cluster formation
is defined as a maximum vertices biclique problem to include
more nodes inside each cluster while make sure of existing
enough number of idle channels for intra-cluster
communication. At first, based on neighbour list, Ni and
accessible channels set, every CR i creates an undirected
bipartite graph Gi (Ai , Bi , Ei). Graph G (V,E) is called
bipartite if vertices set V can be splited into two disjoint sets
A and B where A∪B = V, such that all edges in E connect
vertices from A to B. Here, Ai = CRi∪Ni , and Bi = Ci where,
Ci is the ACL of CRi. An edge (x, y) exists between vertices
x ∈ Ai and y ∈ Bi if y ∈ Ci , i.e., channel y is in the available
channels of CRi. Figure 1 shows the connectivity graph of a
CRN with available channel list in brackets. The set of
vertices Ad corresponds to the 1-hop neighbors is Ad= a, b, e,
k, j, while the set of vertices Ba corresponds to the accessible
channels set of CRd, is Bd= 1, 2, 3, 4,5, 8. Here, vertices 1, 2,
3 are common to all vertices in Ad. With neighboring nodes
(a, b, e, k, j) and channels (1, 2, 3), node d forms its maximum
vertices biclique. Thus, every node in the network constructs
its own maximum vertices biclique graph.

��������
��������

× 𝐶𝐶𝐶𝐶�� log( 𝑁𝑁��� )

(1)

where, Ecurrent is the current energy level of node, Vcurrent is
the current speed of the node, Nngh is the number of 1-hop
neighboring nodes of CRi and CHsh is the number of shared
channel with all the 1-hop neighbors found from the biclique
for CRi.
Node with higher CHEV value comparing with its neighbors
forms the cluster and becomes the cluster head (CH). For
example both node a and d has 3 shared channel while node
d has higher number of neighbors compare to node a.
Therefore, considering both nodes are static and havering
same amount of power node d would have higher number of
CHEV and becomes CH. If the CHEV value of a node
CRi is lesser than its neighbor, CRi joins the neighbor,
which has the highest CHEV value, as cluster member
(CM). Once the clusters are formed, CHs prioritize other
cluster members based on CHEV for the reserved cluster
head (RCH) selection. CM with the highest CHEV becomes
the RCH for the cluster. The RCH takes charge of the
cluster if current CH moves out, which shrinks the
possibility of re-clustering. The proposed cluster formation
process is described in Figure 2.

Figure 2: Cluster formation flowchart.
After the cluster formation, CH determines and maintains list
of operating frequencies for the cluster. Member nodes then
check neighbor list to find the existence of any other
cluster heads in the neighborhood. If located, member node
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informs the CH about having a neighbor from different
cluster. CH will receive this information from all the nodes
and then assign the node with higher CHEV as a gateway
node (GW) with each particular cluster to maintain the intercluster communication. As clusters in the architecture are
formed in a distributed way and independently, it is possible
of having loops in the architecture. Loops increases the
robustness of the architecture in case of link failure.
4.1. Neighbor discovery
Following the cluster formation procedure, the network is
formed and divided into several clusters. Neighboring
clusters are connecting through gateway nodes.
Figure 3 illustrates the topology management flowchart. We
define a bit for node status known as in-cluster bit, to
differentiate the nodes those already are in the clusters and
those are joining the clusters. If in-cluster bit is TRUE then
node tunes to cluster control channel to receive the cluster
beacon. If a node receives the beacon from a CH, then the
node engages in cluster action. If a node does not receive any
beacon in the cluster CCC, it starts channel hopping among
the cluster's common channel by a sequence which is already
defined by CH (CnHS). If a node receives beacon in any of
those channel, it engages in the cluster action otherwise it
changes the in-cluster bit to false and goes to neighbor
discovery phase.
In the neighbor discovery phase, a node starts channel
hopping to hear beacon in any of its free channel. If the node
receives any beacon from any CH, it compares its own set of
free channel with the information it receives from the CH
through the beacon packet. If the node has at least $\gamma$
common channels with the cluster then it requests to join the
cluster. If there is a free mini-slot for new joining node then
CH accepts the request and define a mini-slot for new node,
otherwise CH reject the request.
If the node does not receive any beacon in that particular
channel or does not have 𝛾𝛾 common channel with the cluster
or its request get rejected by CH, it tune to the next free
channel to detect appropriate cluster in its neighborhood. The
value of 𝛾𝛾 can be changed based on the application or QoS
requirements. Finally if node cannot join any cluster it forms
its own cluster and broadcast its beacon.
Thus, proposed architecture reorganizes the ad-hoc
architecture and divides the network into clusters where
clusters consist of Cluster Heads (CHs), Secondary Cluster
Heads (SCHs) and Cluster Members (CMs). Within a
cluster, single-hop communication exists among the CMs
and CH. Two clusters are connected by the Cluster Gateways
(GWs). In other words, GWs are the communication hub for
clusters. Communication within a cluster is done through the
cluster head using local common control channels.
5. TOPOLOGY MANAGEMENT
5.1. Nodes join the network
A node starts by channel hopping to receive beacon message.
If the joining node receives any beacon from a cluster, first
it compares its own free channel set with the information
obtained from beacon. If a joining node has at least 𝛾𝛾
common channels with the cluster, it sends a request to join

the cluster. CH defines a mini-slot to the new node if it has
free slot available, otherwise it rejects the new nodes'
request. If the request gets rejected by a CH, the node has to
change its channel and listen to other channel until it gets a
beacon message from one of the channel. If it cannot join any
existing cluster, it forms a new cluster and become a CH.

Figure 3: Topology management flowchart.
5.1. Nodes leave the network
Nodes leave management in our proposed scheme is
relatively simple. There are three types of movement that can
occur in each cluster. (i) CH moves out of the cluster, (ii)
GW node move out of the cluster, (iii) CM move out or move
in the cluster. In the rest of this part we explain how EMCS
handles each situation.
 CH moves out of the cluster: When a CH node detects
movement of itself, it informs all the nodes about this
movement and it assigns the RCH as a new CH. It also
informs the neighboring cluster through the GW node
about its approach to new cluster.
 GW move out of the cluster: When a GW starts moving,
it informs the CH about its leave. The CH then appoints
another CM as a GW node to maintain the connection
with neighbor cluster. CH removes the outgoing nodes
timeslot from the intra-cluster phase. It also informs the
neighboring cluster about the new node that
approaching to that cluster.
 CM move out of the cluster: When a CM starts moving,
it informs the CH. CH then removes its timeslot from
the intra-cluster phase and informs the neighboring
cluster about the new node that approaching. The host
cluster treats the entire new upcoming node as a CM
node and it define a timeslot for the upcoming node. By
using this scheme mobile nodes do not get disconnected
from the rest of network.
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Figure 4: Impact of nodes speed and network dynamics on the throughput of protocols.

Figure 5: Impact of nodes speed and network dynamics on the power consumption of protocols
5.1. Spectrum holes of a node change
If in the sensing phase nodes detect that their channel
availability is changed, they inform CH about this changes.
If one of the main channels of the cluster is not available for
one node, CH removes that channel from ACL and no
communication performs on that channel. By using this
mechanism we can avoid hidden terminal problem in the
network. Otherwise, since we form the cluster using
maximum number of shared channel, we reduce the chance
of reclustering due to channel occupancy by PUs.
6. SIMULATION RESULTS
To evaluate the proposed protocol, comparison study has
been done using simulation in MATLAB with a clusterbased approach known as CogMesh. Three major metrics for
MAC protocol (energy efficiency, throughput and delay)
have been considered in the simulation.
To simulate the protocols 100 CRAHNs are randomly
deployed in a 100m×100m area. The communication range
of each node is set to 10 meters and the available primary
radio channels is equal to 10. The simulation duration is 1000

seconds (100 superframes) and the result is averaged of 50
runs.
Figures 4 to 6 show the impact of nodes speed as well as
network dynamicity on the performance of protocols.
Network dynamicity has been defined as the changes in
number of mobile nodes in the network.
As it can be seen in Figure 4 by increasing the speed of
mobile nodes from 2 to 10 m/s throughput of CogMesh and
EMCS protocols drop 13% and 7%, respectively. EMCS yet
shows better performance since it uses adoptive data period
to handle upcoming nodes in the cluster. Figure 4 shows by
increasing the number of mobile nodes in the network
throughput is fallen sharper for CogMesh while EMCS
perform better. The reason is EMCS uses adoptive
scheduling to handle the mobile nodes in the network.
Figure 5 illustrates the effect of node speed on the energy
consumption of nodes. As it has shown CogMesh shows
higher energy consumption (17% in static network and
around 30% in high speed) compare to EMCS. By increasing
the node speed it is more likely a cluster head move out of
cluster and reclustering have to be performed. Moreover, due
to this movement the previous common channel might not be
available for all nodes so nodes need to do channel sensing
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Figure 6: Impact of nodes speed and network dynamics on the packet transmission delay of protocols
and neighbor discovery more often which can cause higher
energy consumption. Since EMCS is using RCH and higher
number of common channel as well as informing
neighboring cluster about approaching mobile nodes it is
consuming less energy. It can be seen also EMCS also can
outperform the CogMesh in terms of energy consumption
(up to 20% less power consumption) especially in higher
network dynamicity.
In terms of delay, Figure 6, frequent reclustering in higher
speed as well as high number of nodes in each cluster, cause
up to 25% (3 millisecond) higher delay in CogMesh protocol
compare to that in EMCS protocol. It also shows EMCS can
outperform the CogMesh in terms of transmission delay (up
to 10% less delay) especially in higher network dynamicity.
As it can be seen from the results by either increasing the
speed of mobile nodes or having higher number of mobile
nodes in the network performance of CogMesh dropped
more compare to slight performance degradation in EMCS.
As it can be seen from the figure, EMCS could improve
CogMesh throughput, power consumption and delay, up to
5%, 30% and 25%, respectively. Results show the both
protocols can handle the low speed and low mobility in the
network, while EMCS outperform CogMesh in the more
dynamic network.
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ABSTRACT
Electromagnetic simulations are effectively used for
clarifying electromagnetic performances of antennas. Here,
we must be careful of calculated result accuracies.
Previously, electromagnetic performances of a normalmode helical antenna were successfully clarified in free
space conditions by using the method of moment (MoM)
scheme. However, in the case of antennas placed in
dielectric or magnetic materials, MoM calculation
accuracies are not ensured. In this paper, MoM calculation
results are compared with those of finite element method
(FEM). For calculations, a commercial electromagnetic
simulator FEKO is employed. Very good agreements
between MoM and FEM results are obtained.

2. NMHA IN FREE SPACE
A configuration of NMHA is shown in Fig. 1. HA, DA, N
are length, diameter and number of turns of antenna,
respectively. The diameter of the antenna wire is noted by
d. An equivalent current model is shown in Fig. 1(b). A
spiral current is divided to a strait current and a loop
current. The strait current corresponds to a small dipole
antenna and has an input impedance of RrD - jXD. Here, XD
is a capacitive reactance. The loop current corresponds to
small loop antenna and has an input impedance of RrL + jXL.
Here, XL is an inductive reactance.

Keywords— FEM, MoM, Normal-Mode Helical Antenna
1. INTRODUCTION
Recently, electromagnetic simulators become very
powerful and convenient to use. From calculation results of
antennas by electromagnetic simulators, physical
performances such as electric and magnetic field
distributions, current distributions and input impedances can
be adequately recognized. However, we must be careful for
accuracies of calculated results. Authors used the method of
moment (MoM) scheme of a commercial electromagnetic
simulator FEKO [1] for analyzing a normal-mode helical
antenna (NMHA) in a free space condition [2]. By using
electric and magnetic near field results, antenna design
equation was deduced [3]. Normal-mode helical antennas
are well-known that can achieve rather high antenna
efficiencies at very small sizes almost 1/100 wavelength [3].
So, this antenna is applicable for vaio sensors of human
body [4] [5] [6]. In this case, antenna design method in
electric and magnetic materials should be developed.
In this paper, fundamental studies of electromagnetic
field distributions and self-resonant structures in dielectric
and magnetic materials are made. In order to clarify
simulation accuracies, calculated results by MoM and finite
element method (FEM) are compared. However, calculation
time and memory those are considered to meet the
computer’s resources are different. Simulation model is also
selected suitable to estimate the differences between MoM
and FEM.

(a) Antenna parameters

(b) Equivalent current model

Fig. 1 Configuration of normal-mode helical antenna
Antenna input impedance is expressed by the following
equation:
(1)
Zin  RrD  RrL  Rl  j ( X L  X D )
Here, RrD is the radiation resistance of the small dipole; RrL,
the radiation resistance of the small loops; and Rl is the
ohmic resistance of the antenna wire.
A self-resonant condition of a NMHA is given by XD =
XL. The next equation is deduced by authors [3].
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Self-resonant structures of NMHA in free space are
shown in Fig. 2. Solid and broken lines indicate results of
MoM simulation and equation (2), respectively. From good
agreements of two methods, the correctness of Eq. (2) is
ensured.
Simulation

0.040

Equation

0.035

N=5

A

D/

0.030

N=7

materials, surface equivalent principle (SEP) is applied. In
FEM calculation, calculation object is enclosed by a volume
whose surface is composed of absorbing boundary.
Electromagnetic fields inside the calculation volume are
obtained as a solution.
The simulation model is shown in Fig. 4. In this
structure, special care is made so as not to contact antenna
wire and material. Small spaces are placed around the
antenna wire. Material size is determined by taking into
account sufficient degradations of electromagnetic fields
shown in section 5. Material diameter and height are set
almost 60 mm.
Table. 1 Features of MoM and FEM

0.025

N=10

0.020

Scheme
MoM

0.015

Calculation method


900 MHz, d= 0.5mm
0.010

0.02

0.04

0.06

0.08

0.10



H/

Fig. 2 Self-resonant Structures of NMHA in free space

FEM

Electric and magnetic fields at a self resonant structure
shown by A in Fig. 2 are shown in Fig. 3. Electric fields
show unique distributions having diverging and converging
field areas at antenna end positions. Diverging and
converging areas correspond to +Q and –Q charges,
respectively. By using Q value, expression of XD in Eq (2)
is deduced.
[dBV/m]





Calculate
surface
currents
(2D distribution)
Surface is divided
into small meshes
Calculate
spacial
electromagnetic fields
(3D distribution)
Space is divided into
small volumes
Abosrbing boundary
is needed






Computer
resources
Rather
small
memory
Rather
short
calculation time
Large computer
memory
Long
calculation time

[dBA/m]
44.2 dBA/m

86.8 dBV/m

Z=30 mm

H0

E0

Z=30 mm

Inner cylinder

(a) Electric field
distributions

Outer cylinder

(b) Magnetic field
distributions

Fig.3 Electric and magnetic near field of NMHA in free
space
3. SIMULATION METHODS
Previously, authors tried to obtain slef-resonant
structures of NMHA placed in dielectric and magnetic
materials by MoM of FEKO simulator [7]. Here, in order to
ensure accuracies of MoM results, calculation results by
finite element method (FEM) are obtained. Features of
MoM and FEM are summarized in Table. 1. In MoM
calculation, surface currents of calculation objects are
achieved as a solution. For dielectric and magnetic

Spaces at
inside and
outside
antenna

Fig. 4 Simulation model
Simulation parameters are summarized in Table. 2.
Significant differences of MoM and FEM are shown in the
material modeling. In MoM scheme, electromagnetic fields
inside a material are converted to surface fields of the
material by the surface equivalent principle (SEP). In the
FEM scheme, no equivalent concept is needed. One more
significant point is antenna calculation. In MoM scheme,
antenna calculation is achieved normally. In FEM scheme,
antenna results by MoM are diverted. Calculation memory
size and time become very large in FEM scheme.
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Item
Simulator
Frequency
d
Number
of
turns
Metallic wire
Material
modeling
Mesh size of
Antenna
Mesh size of
Material
Dielectric
Constant
Magnetic
Constant
Memory
Calculation
time

50j

MoM

Table. 2 Simulation parameters

25j

MoM

FEM

FEKO
7.0
(MoM)
900 MHz
0.5 mm
N = 5; 7; 10

FEKO 7.0 (FEM)

Copper (σ = 58 x
106 [1/Ωm])
Surface
Equivalent
Principle (SEP)
1/300
wavelength
1/60 wavelength

Copper (σ = 58 x
106 [1/Ωm])
No
Equivalent
method

r= 1; 5; 10

r= 1; 5; 10

Free space
Dielectric
Magnetic

100j

1000 MHz
10j

900 MHz
0.5 mm
N = 5; 7; 10

250j

10

25

50

100

250

-10j

-250j

Resonant
frequency of
900 MHz -25j

800 MHz
-100j
-50j

(a) MoM results

Use results of
MoM
1/60 wavelength

Free space
Dielectric
Magnetic

50j

FEM

100j

25j

1000 MHz

250j

10j

µr= 1; 5; 10

µr= 1; 5; 10

64 MB
40 s/ simulation

1039 MB
305 s/ simulation

10

25

50

100

250

-10j

-250j

Resonant
frequency of
-25j
900 MHz

800 MHz

-100j
-50j

(b) FEM results

4. SELF RESONANT CONDITIONS
When we consider a very small antenna of H/λ = 0.06,
although the resistance part of Eq. (1) has a value of 2.02 Ω,
the reactance part (XL-XD) has values of 0.15 Ω. So, very
strict cancellation of XL and XD is needed so as to achieve
XL-XD = 0 (self-resonant condition). The process of finding
out self-resonant structure will be explained by utilizer the
Smith chart of Fig. 5. When antenna diameter (D/λ) is
changed at fixed H/λ and N condition, the 900MHz position
moves to X= 0 is self-resonant diameter. By repeating
above process for different H/λ and N condition, selfresonant structure graph will be obtained as shown in
chapter 6. Comparisons of MoM and FEM results are
shown in Fig. 5(a) and (b). Input impedance locus of MoM
and FEM agree very well in the case of free space,
dielectric and magnetic material conditions. As a result,
MoM calculation can be considered correct.

Fig. 5 Antenna input impedances shown on Smith chart
5. ELECTROMAGNETIC FIELD DISTRIBUTIONS
A. Inside dielectric materials
Calculation results of electromagnetic field
distribution by MoM and FEM are compared in the case
of NMHA is placed inside a dielectric material. Electric
field distributions are shown in Fig. 6. The dash line area
indicates the material boundary shown in Fig. 4.
Calculated results of MoM and FEM agree very well.
Electric field intensities outside the broken line seem to
be degraded sufficiently. So, the material size of Fig. 4 is
considered
sufficient
for
estimating
electric
characteristics of NMHA inside a dielectric material.
Magnetic field distributions are shown in Fig. 7.
Calculated results of MoM and FEM agree well.
Magnetic field intensities outside the broken line are
degraded sufficiently.
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Fig. 6 Electric field distributions
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Fig. 9 Magnetic field distributions
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6. SELF RESONANT STRUCTURES
A. Inside dielectric materials

(a) MoM

Based on the chapter 4 process of finding self-resonant
structures, self-resonant graphs are obtained. Relations of
H/λ and D/λ in different dielectric constants (r) are
shown in Fig. 10 (a) to (c) for N= 5; N= 7 and N= 10,
respectively. Structural curves obtained by MoM and
FEM agree very well. By increasing r value, D/λ is
decreased.

(b) FEM

Fig. 7 Magnetic field distribution
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Comparisons of electric field distributions are shown in
Fig. 8. Calculated results of MoM and FEM agree very
well. In the case of magnetic field distributions shown in
Fig. 9, calculated results of MoM and FEM also give a good
agreement.
As a result of electromagnetic field distributions of
NMHA placed inside dielectric and magnetic materials,
calculations by MoM can be reliable.
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Fig. 11 Self-resonant structures of NMHA in magnetic
material
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7. CONCLUSION
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Self-resonant structures of NMHA in magnetic
material are also investigated by MoM and FEM.
Calculated self-resonant structures of NMHA are
shown in Fig. 11. Antenna structure changes with
antenna diameters (D/λ) are decreased in increasing of
relative permeability (µr). As calculated results, selfresonant structures given by MoM and FEM also agree
very well. Therefore, calculations by MoM and FEM
can be reliable.
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Fig. 10 Self-resonant structures of NMHA in dielectric
material
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Electrical characteristics of normal-mode helical antenna
embedded in dielectric or magnetic materials can be
conveniently calculated by MoM scheme of FEKO
simulator. However, calculation accuracies are not ensured.
Therefore, calculated results by MoM are compared with
those of FEM. Following results are ensured.
 Input
impedance
characteristics
and
electromagnetic field distributions agree very well
between MoM and FEM results.
 Self-resonant structures have good agreement.
 As a results, accuracies of MoM results are
ensured.
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NEWLY DESIGNED WAVEGUIDE PROBES FOR ULTRASONIC
PULSE-ECHO MEASUREMENTS
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Graduate School of Nagaoka University of Technology, Nagaoka 940-2188, Japan1
Department of Mechanical Engineering, Nagaoka University of Technology,
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ABSTRACT

In ultrasonic pulse-echo measurements with a long waveguide (also known as a buffer rod), it is
necessary to prevent the generation of unwanted spurious echoes (often called trailing echoes)
overlapping with the main ultrasonic pulse echo because such overlapping deteriorates the signal-to-noise
ratio (SNR) of the main echo. In our previous work, a new method to prevent such trailing echoes is
proposed and the effectiveness of this method had been demonstrated numerically and experimentally. In
the method, the cross-sectional shape perpendicular to the axial direction of the waveguide is a regular
polygon having odd angles, in which any side of the waveguide is not parallel to any of the other sides, so
that trailing echoes will be hardly generated because of geometrical effect of the cross-sectional shape.
However, it has been found that small trailing echoes are still generated even for such polygon waveguide.
To overcome such problem, the use of irregular polygons is proposed and examined for several types of
polygons. Since it is known that regular heptagon is appropriate for effectively eliminating trailing echoes
and results in improving the SNR, irregular heptagon is first designed and investigated numerically and
experimentally. It has been found that the SNR of irregular heptagon is four times higher than that of
regular one. Thus, the effectiveness of irregular polygon waveguides has been demonstrated.

Keywords — Waveguide, buffer rod, trailing echo, signal-to-noise ratio (SNR).
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S.N Jalaludin1, N.A Mohd Zaidi2,Muhamad Kamal M.A.3
Bio-iST Research Lab1,2,3
( Electronic Systems Engineering Department, MJIIT, Malaysia,
nurasma434@gmail.com 1 , asyikimzaidi90@gmail.com 2 , mkamalma@utm.my 3)
ABSTRACT
Image segmentation is the one of the most important
medium of conveying information in the field of image
analysis and computer vision. Segmentation is a main part
in analysing images by simplifying the representation of an
image into something that is more significant and easier for
computer to evaluate. Image segmentation is a mechanism
used to separate the image into multiple segments (sets of
pixels, also known as super pixels) and to differentiate
between object and background. This paper presents a
survey on some of the most common segmentation
techniques like thresholding, edge detection, based region
and clustering. This short survey compiles various image
segmentation techniques, evaluates them and presents its
advantages as well as the drawbacks.
Keywords— Image segmentation, computer vision,
technique, pixel.
1. INTRODUCTION
Image segmentation is a critical problem in computer
vision, as there is no single method that can be applied to
all types of images. The segmentation is a process that
subdividing an image into its identical regions whose pixels
share similar features. It is done on the basis of three
properties of image, i.e., color, intensity, and texture of that
image. Therefore the selection of any image segmentation
technique is done after observing the problem domain [5].
Each section will represent the statistics in the form of
color, intensity, or texture. Hence, it is significant to
separate the boundaries of any image in the form of its
segments [4]. Segmentation plays a useful tools to applied
in computer-aided diagnosis schemes, image understanding,
object recognition systems, pattern recognition, medical
diagnosis, remote sensing, robotics, content-based
information retrieval, and search engines.
Over the last few decades image analysis has made several
advances from algorithms have been created by researcher
in segmentation based on pixel classification, edge
detection, region growing or clustering to extract
information from a certain image. The extraction has to be
dependable and strong to be able to meet the demands of
the application in computer vision. However there is still
growing of research work on image segmentation in
different application fields. It is beyond the scope of this

work to provide a brief survey of the several techniques
developed to date in different application fields.
2. SEGMENTATION TECHNIQUES
There are several segmentation techniques are present in
the research, but there is no particular method which can be
considered good for each images. All methods are not
compatible for a specific type of image. Thus, each
algorithm development for one class of image may not
necessarily be applied to other class of images. Hence, there
are many challenging issues like development of a unified
approach to image segmentation which can be applied to all
type of images, even the selection of an appropriate
technique for a specific type of image is a difficult problem
[8]. In spite of several years of research, it is found that
there is no perfect method for image segmentation because
the result of image segmentation is influenced on many
factors such as pixel color, similarity of images , texture,
intensity, image content, homogeneity of images, texture
and problem domain. Based on different technologies,
image segmentation approaches are currently divided into
following categories, based on two properties of image.
• Detecting Discontinuities
It means to subdividing an image based on unexpected
changes in intensity [1], this includes image segmentation
algorithms like edge detection.
• Detecting Similarities
It means to segmenting an image into regions that are
similar according to a set of pre defined principle [1], this
includes image segmentation algorithms like region
growing, thresholding, region splitting and merging.
2.1. Clustering Technique
Clustering is an unsupervised learning task, where one
needs to classify a finite set of groups known as clusters to
identify pixels [11]. Criteria of clustering is maximizing the
intraclass similarity and minimizing the interclass
similarity. Clustering is done based on different features of
an image such as size, color, texture etc. The purpose of
clustering is to get significant result, effective storage and
fast retrieval in different areas [7].
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2.1.1. K-means

Fig. 1 Clustering

K-Means algorithm is an unsupervised clustering algorithm
that categorises the input data points into various classes
based on their characteristic distance from each other. In K
means algorithm data vectors are clustered into predefined
number of grouped. The centroids of the predefined clusters
are initialized at the beginning randomly. The dimensions
of the centroids are same as the dimension of the data
vectors. Each pixel is allocated to the cluster based on the
closeness, which is determined by the Euclidian distance
measure. Then the mean of each cluster is recalculated after
all the pixels are clustered. This procedure is repeated until
no major changes result for each cluster mean or for some
fixed number of iterations [10].

Fig. 2 K-means

Fig. 3 Fuzy c-means
2.2. Edge Based Technique
Edge detection is a common step for image segmentation
process [9]. It splits an image into object and its
background. Edge detection divides the image by observing
the change in intensity or pixels of an image. Gradient and
gray histogram are two main techniques for edge detection
on image segmentation [10].
Edge-based segmentations depend on edges found in an
image by edge detecting operators.These edges mark image
locations of discontinuities in gray level, color, and texture.
There are many algorithm for edge detection, but most of
them can be grouped into two categories, search based and
zero-crossing based. The search-based methods identify
edges by first computing a measure of edge strength,
usually a first-order derivative expression. The zerocrossing based methods search for zero crossings in a
second-order derivative expression computed from the
image in order to find edges. [2].
2.2.1. 1st order Derivative

2.1.1. Fuzzy c-means
Fuzzy c-means (fcm) is a clustering technique in which a
dataset is clustered into n groups with every datapoint in the
dataset belonging to every cluster to a certain degree [7].
Fuzzy clustering technique can be considered to be superior
to those of their hard counterparts since they can represent
the relationship between the input pattern data and clusters
more naturally. Fuzzy c-means is a common soft clustering
method, its effectiveness is largely limited spherical
clusters. Fuzzy c-means is one of the most capable fuzzy
clustering method. In most cases, it is more flexible than
the corresponding hard-clustering algorithm [8].

First-order derivatives generally produce thicker edges in
image
2.2.1.1. Prewitt operator
It is a discrete differentiation operator, computing an
approximation of the gradient of the image intensity
function. At each point in the image, the result of the
Prewitt operator is either the corresponding gradient vector
or the norm of this vector. The Prewitt operator is based on
convolving the image with a small, separable, and integer
valued filter in horizontal and vertical directions and is
therefore relatively inexpensive in terms of computations
[2].
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2.2.1.2. Sobel operator
It is a discrete differentiation operator, computing an
approximation of the gradient ofthe image intensity
function. At each point in the image, the result of the Sobel
operator is either thecorresponding gradient vector or the
norm of this vector. The Sobel operator is based on
convolving theimage with a small, separable, and integer
valued filter in horizontal and vertical direction and is
thereforerelatively inexpensive in terms of computations
[2].

background is generally one gray level and occupies most
of the image. Therefore, its gray level is a large peak in the
histogram. The object or subject of theimage is another
gray level, and its gray level is another, smaller peak in the
histogram.

2.2.1.3. Canny operator
The Canny edge detector is an edge detection operator that
uses a multi-stagealgorithm to detect a wide range of edges
in images. It was developed by John F. Canny in 1986.
Cannyalso produced a computational theory of edge
detection explaining why the technique works [2].

Fig. 4 Thresholding image
2.4 Region Based Technique

2.2.2. 2nd Order Derivative
Second-order derivatives have a stronger response to fine
detail, such as thin lines, isolated points, and noise. It’s also
produce a double-edge response at ramp and step transition
in intensity.The sign of the second derivative can be used to
determine whether a transition into an edge is from light to
dark or dark to light [2].

Segmentation algorithms based on region are relatively
simple and more resistant to noise compared to edge
detection method [6]. Region based methods, partition an
image into regions that are similar according to a set of
predefined principles [3]. Region based technique include
following methods:
2.4.1 Region Growing

2.2.2.1. Laplacian operator
There must exist a point where there is a zero crossing.
That point is the edge’slocation. Edge detectors that are
based on this idea are called Laplacian edge detectors [2].
2.2.2.2. Zero-crossings
In the field of Digital Image Processing, great emphasis is
placed on operators whichseek out edges within an image.
They are called 'Edge Detection' or 'Gradient filters'. A
gradient filter is a filter which seeks out areas of rapid
change in pixel value. These points usually mark an edge or
a boundary. A Laplace filter is a filter which fits in this
family, though it sets about the task in a different way. It
seeks out points in the signal stream where the digital signal
of an image passes through a pre-set '0' value, and marks
this out as a potential edge point. Because the signal has
crossed through the point of zero, it is called a zerocrossing [2].

Region growing is a procedure that group’s pixels in whole
image into sub regions or larger regions based on
predefined criterion. The first step in region growing is to
select a set of seed points. Seed point selection is based on
some user criterion (for example, pixels in a certain graylevel range, pixels evenly spaced on a grid, etc.). The initial
region begins as the exact location of these seeds. The
regions are then grown from these seed points to adjacent
points depending on a region membership criterion. The
criterion could be, for example, pixel intensity, gray level
texture, or color [2].
2.4.1 Region Splitting
It segments an image by splitting the image into smaller
regions and merging them into larger ones with k-means, knearest neighbourhood or some other clustering method.
Merging or grouping criteria may be based on criteria such
as color, proximity, gray level, homogeneity or texture [2].

2.3 Thresholding Technique
Histogram thresholding is used to segment the given image;
there is certain pre-processing and post-processing
techniques required for threshold segmentation [17].
Thresholding methods are the simplest methods for image
segmentation. These methods divide the image pixels with
respect totheir intensity level. These methods are used over
images having lighter objects than background. The
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3. COMPARISON OF IMAGE SEGMENTATION TECHNIQUES
Table 1. Comparison Of Image Segmentation Techniques
Image
segmentation
techniques

Edge-based

Region-based

Thresholding

Clustering

Description

Advantages

Based on the
detection of
discontinuity, which
divides an image
into object and its
background by
observing the
change in intensity
or pixels of an
image.
Cluster pixels into
similar regions.
Including region
growing, region
splitting, region
merging or their
combination

a) Major structures can
be extracted from the
edges of an image
(e.g., corners, lines,
curves).

a) Does not work
well with images in
which the edges are
hard to defined or
there are too many
edges;
b) Sensitive to noise

Medical Imaging
Face and object
detection and
recognition

a) Can divided the
image using the
principles decided,
such as mean or
variance of segment
pixel value.
b) Merging principles
could be different to
the splitting principles.
a) Does not need
previous information
of the image.
b) Less computational
difficulty

a) Create the blocky
segments.
b) Quite expensive
both in computational
time and memory.

Neural network
edge pattern, pixel
Aggregation
3D Reconstruction
of Shape and
Piecewise
Constant Radiance

a) Hard to classify
important peaks and
valleys in the image.

Medical imaging

a) The method and
relationships of
categorized clustering
can just be recognized
by checking the
dendrogram.
b) The result of
hierarchical clustering
presents high
correlation with the
features of original
database.
c) Simple and easy to
implement

a) Determining pixel
of membership is not
easy
b) Does not utilize
spatial information

Measure tissue
volumes, Face and
object detection
and recognition

Requires that the
histogram of an
image has a number
of peaks, each
correspond to a
segment
Assumes that each
section in the image
forms a separate
group in the feature
space. Common
techniques are
k-mean and fuzzy c
mean.
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4. CONCLUSION
Throughout this survey of image segmentation techniques,
various image segmentation are defined and discussed. It is
clear that no universal method is sufficient for every image
type as the result of image segmentation is influenced on
many factors such as pixel color, similarity of images ,
texture, intensity, image content, homogeneity of images,
texture and problem domain. Therefore, image
segmentation still has a challenging future on image
processing and computer vision.
In our current projects on image segmentation of object
recognition on mobile robot and face recognition we aimed
to analyse the results based on the clustering technique. It
focuses in identifying and transforming redundant
information in the analysis. The clustering technique is
expected to provide better and competitive results when
compared to other techniques.
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ABSTRACT
To reduce the interface state density in Ge MOS gate-stack,
GeO2/Ge passivation is essential. Thermal oxidation of Ge
substrates in dry O2 is the most direct process to grow high
quality oxide layer. However, the quality of the oxide layer
and the oxide/Ge interface is highly dependent on the
oxidation conditions. Thermal desorption of oxide in the
usual oxidation temperatures can result in morphological
degradation of the oxide. Minimization of such degradation
is essential to achieve high quality Ge gate-stack. In this
study, the effect of oxidation conditions on the oxide surface
and oxide/Ge interface morphology and stoichiometric
composition have been investigated in the temperature
range of 380oC to 500oC and oxidation time of 1 to 15 min.
Morphology of the oxide surface was found to depend on
both oxidation temperature and time. In addition strong
temperature dependence of oxide stoichiometry and oxide
desorption was found.
Keywords— GeOx, thermal oxidation, surface roughness,
oxide stoichiometry.
1. INTRODUCTION
Over the last four decades, performance improvement of
microprocessors have been possible primarily through the
continuous
miniaturization
of
Si
metal-oxidesemiconductor (MOS) transistors. However, Si transistor
dimension is now reaching a physical limit where the
fundamental transistor operation breaks down. Thus, to
continue the performance improvement, alternative channel
materials are aggressively being sought after. Ge is an
attractive alternative as it possesses 2.5 times the bulk
electron mobility and 4 times the bulk hole mobility
compared to Si [1-4]. The most crucial issue in developing
high-performance Ge MOSFET is the difficulty in attaining
high-quality dielectric/channel interface. The poor
performance of initial Ge native oxide based MOS devices
in the late fifties and early sixties had put development of
Ge MOS integration on hold. With the advent of high-k
dielectric (Al2O3, HfO2, etc.) based MOS devices, a new
possibility to achieve Ge MOS integration emerged.
However, the performance was still unsatisfactory because
of high interface state density (Dit). Very recently, it has

been discovered that a GeO2/Ge interface is essential in
achieving the lowest Dit. Significant improvement was seen
in Ge MOS device performance by employing GeO2 as an
interfacial layer between Ge channel and high-k dielectric
[5-6]. Several techniques such as thermal oxidation [7],
ozone oxidation [8], plasma post oxidation [3], etc. have
been used to fabricate the interfacial GeO2. Among these
techniques, thermal oxidation is the simplest and is shown
to achieve the highest quality oxide layer. However,
desorption of suboxide species during thermal oxidation
process can dramatically affect the interface quality. A
minimum value of Dit , lower than 1011 cm-2 eV-1, was
achieved by thermal oxidation under high pressure to
minimize desorption [9]. In addition it has been discovered
that the stoichiometric composition of thermally grown Ge
oxide greatly depends on oxidation temperature. Thereby,
fine tuning the oxidation conditions is essential in achieving
stoichiometric GeO2 while minimizing morphological
degradation due to desorption.
In this study, we undertake a thorough investigation of
oxide morphological and stoichiometric dependence on
thermal oxidation conditions of Ge. The roughness of the
oxide surface and the variation of oxide composition under
different oxidation conditions are systematically
investigated with controlled wafer cleaning and oxidation in
dry O2 followed by atomic force microscopy (AFM) and Xray photoelectron Spectroscopic (XPS) measurements.
2. EXPERIMENTAL PROCEDURE
2.1 Substrates Cleaning
Thermal oxidation is performed on (100) oriented p-type
Ge substrates with resistivity of ~13.5 ohm-cm. for accurate
measurement of surface roughness and oxide composition,
complete removal of foreign contaminants and naturally
grown oxide from the substrate surface is essential.
Particulate and organic contaminants are removed by
sonication in acetone for 10 minutes followed by ethanol
rinse and further sonication and rinse in milli-Q water.
Afterwards, the substrates are dipped in 10% HCl for 10
min followed by cyclic HF:H2O(1:50)/H2O rinse with a
total 5 min of emersion in HF to remove natural oxide and
achieve an H-passivated surface to prevent rapid regrowth
of natural oxide. The HF treated substrates are blow dried

－554－
–1–

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

with pure N2 and kept in pure N2 environment until
oxidation.

confirm the removal of the natural oxide, we used XPS
scans of the Ge 3d region. In the spectrum obtained before

2.2 Growth of Germanium Oxide

(a)

The growth of GeO2 is carried out in an infrared rapid
thermal furnace in dry O2 at atmospheric pressure. The
setup schematic is shown in Figure 1. The arrangement
allows precise control over oxidation time and temperature.
Immediately after the HF treatment, the substrate is loaded
into the furnace chamber and kept in pure N2 flow. Prior to
oxide growth, the substrate is heat treated at 550oC for 10
min to remove any remaining volatile oxide. Afterwards,
the furnace temperature is quickly ramped up to the desired
oxidation temperature. Once the temperature is stabilized,
dry O2 flow is started with a preset flow rate and N2 flow
adjusted as necessary. After oxidation, the infrared lamp
and O2 flow are turned off and N2 flow is increased to
prevent further oxidation. The substrate is allowed to cool
down naturally.

(b)

Figure 2. AFM surface topography Ge substrates (a) before
HF cleaning and (b) after HF cleaning.
cleaning, shown in Figure 3(a), we see the Ge elemental
peak centered around 29.4 eV binding energy along with a
significant oxide peak centered around 32.5 eV. In the
spectrum obtained after cleaning, we see in Figure 3(b) that
the oxide peak has disappeared. Therefore, the oxide is
effectively removed by the cleaning process. In the spectra
presented in Figure 4, the baseline arising from scattered
photoelectrons has not been subtracted.
Figure 1. Rapid thermal oxidation system.

Ge 3d

(a)

2.3 Characterization
Surface morphology and RMS surface roughness of
samples are measured by AFM performed on 2x2 µm2
regions using tapping mode. Oxide composition is
determined by photoelectron spectral analysis using an
ULVAC-Phi Quantera-II XPS system with Al kα source
(1486.6 eV). Samples are kept in vacuum desiccator after
processing until measurement.
3. RESULT AND DISCUSSION

Ge 3d

(b)

GeOx

36

34

32

30

28

Binding Energy (eV)

26 36

34

32

30

28
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26

Figure 3. XPS Ge 3d spectra for Ge substrates (a) before
HF cleaning and (b) after HF cleaning.

3.1 Effects of Cleaning
Effective removal of naturally grown oxide from the Ge
substrate surface without causing surface roughening is
essential in achieving high quality MOS gate-stack. In this
work, the Ge substrates are HCl and HF treated for natural
oxide removal and achieving H-passivation of surface. HF
induced Ge surface roughening has previously been
reported [2]. We carefully measured the oxide surface
roughness of the substrate before and after HF treatment as
shown in the AFM topographies in Figures 2(a) and 2(b),
respectively. No significant roughening due to the HF
treatment is found. The RMS roughness values before and
after cleaning were 0.234 and 0.240 nm, respectively. To

3.2 Effects of Oxidation Temperature
We investigated two primary aspects that are influenced by
oxidation temperature. Firstly, Morphological degradation
and surface roughness of the oxide layer can result mainly
due to decomposition and desorption of oxide species.
Secondly, we considered roughness appearing at the
oxide/Ge interface due to non-uniform oxidation process at
the surface. A perfectly gown oxide layer should have a
roughness comparable to the roughness of the Ge substrate
after cleaning. AFM measurements performed on oxide
surface after oxidation at 380oC, 400oC, and 500oC show
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that the rms surface roughness increases significantly from
substrate roughness. Also, there is clear trend of increasing
roughness with higher oxidation temperature. The oxide
surface topographical maps of Figure 4 and the trend plot of
Figure 5 illustrate these results.
(a)

Table 1. RMS surface roughness of Ge surface before and
after oxidation.
Sample condition

RMS roughness (nm)

500⁰C/2 min/1L/min O2 ; with
oxide

1.787

500⁰C/2 min/1L/min O2 ; oxide
removed

0.283

Un-oxidized HF cleaned

0.240

The thermal growth of GeOx is assumed to occur in a layer
by layer progression. Any dependence of the uniformity of
the oxidation process on temperature will be translated to
increased oxide/Ge interface roughness. To evaluate the
dependence, the oxide layer from a Ge substrate oxidized at
500oC for 2 min in 1.0 l/m O2 flow was removed by
emersion in HF solution to expose the Ge substrate.
Subsequently, the roughness of the exposed Ge surface was
measured by AFM. When compared to a un-oxidized Ge
substrate, we see there is no significant change in rms
roughness of the Ge surface after oxide growth. Therefore,
the oxidation process can be assumed to be uniform and the
roughness introduced by oxidation is due to desorption of
oxide components only.

(b)

(c)

(a)

Ge3d5/2
Ge4+

Figure 4. AFM surface topography of the Ge substrates
oxidized at (a) 380⁰C, (b) 400⁰C and (c) 500⁰C for 5 min in
1/0 l/min O2 flow.

Ge3+ Ge2+Ge1+
35

34

(b)

33
Ge4+
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35
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(c)

33
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Figure 5.
RMS surface roughness vs. oxidation
temperature trend for GeOx after 5 min oxidation in 1 l/min
O2.
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Figure 6. Deconvoluted XPS spectra of Ge 3d region for
Ge substrate oxidized at (a) 380oC for 10 min, (b) 400oC for
10 min, and (c) 500oC for 1 min.
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To understand the change in oxide composition with
oxidation temperature, we performed X-ray photoelectron
spectroscopic (XPS) analysis of oxides formed at 380, 400
and 500oC. The XPS spectra were deconvoluted to reveal
the component peak intensity of different oxidation states
of Ge, as shown in Figure 6. The oxidation states Ge1+,
Ge2+, Ge3+, and Ge4+ as can be seen in the figure correspond
to the oxide species Ge2O, GeO, Ge2O3, and GeO2,
respectively. The deconvolution was done in accordance
with previously published reports [10, 11]. We see that at
380oC, the oxide peak envelop consists of four different
oxide components with GeO2 significantly higher than the
others. At 400oC the oxide envelop peak intensity increases
mostly with the increase of GeO2 component intensity.
Further increase of the oxide envelop intensity occurs at
500oC oxidation. Interestingly, the suboxide components all
but disappear at 500oC leaving only GeO2. The
disappearance of the suboxide species from the surface may
have resulted from desorption.

3
30 x 10

(a)

GeOx

25

20

20

15

15

CPS

CPS

25

3
30 x 10

10

10

Ge 3d

5

Ge 3d

(c)

20

CPS

CPS

Ge 3d

35

35 33 31 29
Binding Energy (eV)
x 103

Ge 3d

(d)

So far, we have seen the strong dependence of oxide
surface morphology on oxidation temperature. Observation
of desorption effects indicate that oxidation time should
also have impact on the oxide morphology. To determine
the effects of time, we oxidized two Ge sampled at 380oC
for 5 min and 15 min under an oxygen flow of 0.6 l/min.
The as-grown oxide surface morphology is determined by
AFM. The oxide surface topography obtained from these
samples are given in Figure 8. The RMS roughness was
found to increase from 1.55 nm for 5 min oxidation to 1.95
nm for 15 min oxidation. Photoelectron spectral analysis
show increase of GeO2 content with increasing oxidation
time. The results indicate that despite desorption being
small at temperatures below 400oC, extended oxidation
time can worsen the oxide morphology and degrade the
quality of oxide/Ge interface.
(a)

25

25
15
5

(b)

0

30

30

10

3.2 Effect of oxidation time

5

0
36 34 32 30 28
Binding Energy (eV)
x 103

35

GeOx

photoelectron spectra obtained from these annealed
substrates are given in Figure 7. We can see that at 400oC,
there is a small decrease of oxide peak intensity compared
to Ge elemental peak from the unannealed substrate,
indicating a minimal amount of desorption. However, we
find dramatic decrease of the oxide peak compared to Ge
elemental peak at temperatures of 450 and 500oC. The
results reveal that desorption is significantly high at
temperatures exceeding 400oC. Deconvolution of the
spectra after annealing at 450 and 500oC show significant
decrease in GeO2 peak intensity with some traces of
suboxide species (data not shown). It is known that GeO2 is
thermally stable at these temperatures. The significant
decrease in GeO2 possibly results from the decomposition
of GeO2 into suboxides through reaction the Ge substrate,
whereupon the suboxide components desorb. Such
desorption explains the observed increase in roughness of
the oxide surface with increasing oxidation temperature.

GeOx

0
35 33 31 29
Binding Energy (eV)

20
15
10

5 GeOx

(b)

0
34 32 30 28
Binding Energy (eV)

Figure 7. XPS spectra of Ge substrate (a) oxidized at 500oC,
(b) N2 annealed at 400oC for 10 min, (c) N2 annealed at
450oC for 2 min, and (d) N2 annealed at 500oC for 1 min.

Figure 8. AFM surface topography of the Ge substrates
oxidized at 380⁰C for (a) 5 min (b) 15 min.

To further understand the effect of temperature on oxide
desorption, we annealed oxidized Ge substrates in pure N2
atmosphere at temperatures of 400, 450, and 500oC for
durations of 10, 2, and 1 min, respectively. The
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4. CONCLUSION
Understanding oxide growth behavior during thermal
oxidation of Ge is essential to optimize process conditions
for high-quality MOS interface. In this study we
demonstrated the dependence of oxide surface morphology
and stoichiometry on oxidation temperature and time in
thermal oxidation of Ge(100) substrate in dry O2. The oxide
surface roughness is found to increase with increasing
oxidation temperature. Oxide composition analysis shows
significant increase of GeO2 at temperatures above 400oC.
However, thermal desorption is also found to increase
dramatically above 400oC. Increasing the oxidation time is
shown to further worsen oxide surface roughness.
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ABSTRACT
Ankle Foot Orthoses is a supportive equipment attached to
the lower part of the leg to support patient’s walking
posture, gait. It has been developed for several years using
many kinds of actuator that can be controlled
electronically. In this paper, a controller development for
Passive Control Ankle Foot Orthoses is presented. A Fuzzy
Logic Controller is proposed to control the system due to
its ability to model human decision process. The proposed
inputs to control system are the EMG biosignal for state
identification and the angle for torque identification. The
controller is expected to produce sufficient current for
Magnetorheological(MR) brake to change its stiffness in
order to support patient’s gait.
Keywords— Orthoses, Passive Control, EMG biosignal,
Fuzzy Logic Controller
1. INTRODUCTION
Walking is important activity in human life as it is the
simplest way for humans to move their body, symbolizes
human mobility [1]. Walking has strong influence on
several aspects in human healths. Hence, it is important for
post stroke patient to regain back their walking posture, gait
through rehabilitation.
In post stroke rehabilitation, the patients use a supportive
device such as orthoses to help their training. Orthoses is a
supporting device that attaches to surface of human body.
Ankle Foot Orthoses, AFO is orthoses that attached to
lower leg part as shown in Figure 1, which used to support
human’s gait.

In the development of AFO, an electronic actuator has took
their part, creating room for control system to improve the
whole system. The control system for AFO should deal with
a possible lack of coordination between the user and the
orthoses (unwanted muscle reaction, reflect). There are two
types of AFO’s control systems: active control system and
passive control system.
The differences between active control and passive control
can be seen from the actuator. Active control system usually
uses actuator that can actuates movement like motor and
pneumatic valve. On the other way, actuators that restrict
movement such as damper, brake, or spring are used in
passive control system. As reported in [2], there are a lot of
developments in active control system, but not for passive
control system.
In this study, we develop AFO using the MR brake as the
passive element. The MR brake can change its brake
degree, stiffness due to applied current. Figure 1 shows the
big picture of this study. An EMG biosignal and angle is
proposed as the input for control system. EMG will
determine the gait state, while the angle will identify torque
needed. It will be processed by Fuzzy Logic Controller
(FLC), the main focus in this paper shown in green box in
order to produce sufficient current which will be applied to
the MR brake.
2. LITERATURE REVIEW
2.1. Intelligent Ankle Foot Orthoses (I-AFO)
In this study, we adopt the I-AFO introduced by
Kikuchi et al. [3] – [6] as an example. It is the only passive
controlled AFO as reported in [2].

Figure 1. Overview of this study
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The devices use Compact Magnetorheological Fluid Brake
(CMRFB) to generate torque in order to hold the gait. IAFO has linkage mechanisms to amplify the torque
generated by CMRFB. There is also spring unit to push the
foot during plantar flexion. Figure 2 shows the picture of IAFO.

biosignal in clinical diagnosis, rehabilitation, and prosthetic
orthotic control.
Although there is a problem in time lag and noise, EMG can
provide an intuitive interface and be used for every patients
who are not paralyzed [10]. Even if the muscle is not strong
enough, the signal of intended motion can still be recorded.
Several studies have considered using both EMG sensors
and mechanical sensors for locomotion mode recognition. It
does prove that the EMG added considerable information
rather than adding another mechanical sensor [11].
A proportional myoelectric control as proposed in [12]
showed a pneumatic muscle controlled by a surface EMG of
soleus muscles. Another work in [13] also highlighted how
the EMG is used to predict intended motions for active
control orthoses. The previous works showed that the EMG
biosignal can be used in controlling ankle foot orthoses.
2.4. Fuzzy Logic Controller (FLC)

Figure 2. Intelligent Ankle Foot Orthoses, I-AFO [3]

The device is controlled based on human gait. Figure 3
shows the I-AFO gait classification which classified into
three states and they are:
 State 1 from Initial Contact (IC) to the Foot Flat (FF)
 State 2 from FF to Heel Off (HO)
 State 3 from HO to IC

Figure 3. I-AFO Gait Classification [3]

I-AFO is controlled using Finite State Machine (FSM)
method. The CMRFB stiffness will be different for each
state and the process will move from one state to another
state after certain condition or judgment is met.To detect the
gait accelerometer and potentiometer is attached to the IAFO. The accelerometer is used to identify the start of state
1 as they observe rapid changes of acceleration at IC. In this
study, the accelerometer is replaced with a muscle sensor to
read the muscle activity as the muscle activity can be used
to classify the gait [7] into two states. It will be shown in
section 3.
2.3. EMG Application
Electromyography or an EMG biosignal is signal produced
by muscle activity measured in voltage unit and range from
100 µV to 10 mV peak to peak. Usually the data
recorded at a sampling rate 1000 Hz [8]. EMG provides us
information to detect phases of human gait [7]. Because of
that, EMG can be used to imply people’s movement action
30 – 100 ms in advance [9] lead to widely used of EMG

In recent years, the use of FLC becomes popular due to its
ability being able to model human decision making process
[14]. The theory behind FLC is to represent precision value
into significant value and it has proven to be successful in
many applications.
The most common FLC application is a traffic light control.
Mario et al. in his work showed how 4 traffic lights are
controlled using FLC which constructed in parallel resulted
in better performance, fault tolerance, and specific phase
management [15].
In biomechatronics application, FLC has been used to
control finger force on prosthetic hand [16]. The controller
objective is to move finger joints angles representing
grasping motion which the initiation is evaluated via a
surface EMG measured from the fore arm of the user. The
results showed the FLC has good performance to follow the
reference trajectory closely.
In this study, the FLC is proposed to control the current
induced ankle foot orthoses using EMG and angle as the
input. As the input behavior is not periodic, but quasi
periodic, FLC is a good choice with this kind of input signal
rather than a classic PID controller.
3. METHODOLOGY
In this paper, the focus is on designing the FLC to produce
sufficient current for the MR brake. Firstly, the controller
purposes are defined. Secondly, a torque definition and gait
classification are defined based on the inputs. Finally, the
FLC is defined with reffering back to our gait classification.
3.1. Controller Purpose
Post stroke patients might have gait impairment which is
drop foot [17]. It is a condition where the foot has
inappropriate dorsiflexion during swing phase lead to toe
contact at beginning of the stance phase (supposed to be
heel contact first). Figure 4 shows a scenario of the drop
foot.
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determine the torque needed for a certain degree. The foot
is assumed to be homogen and the center of mass is taken to
calculate torque resulted from it. Figure 6 shows how the
torque is defined. W is the weight of the foot center of mass.

Figure 4. Drop Foot

Therefore, the controller purpose is to prevent the drop foot
with details at:
- the stance phase, the device should advance
smooth gait transition.
- the swing phase, the device should lock the
foot in such a way the toe is higher than the
heel, so the heel will contact the ground first.
Based on that, the device should generate high enough
torque at the swing phase to lock the foot, but low to
moderate torque at the stance phase.
3.2. Torque Identification and Gait Classification
Data collection of ankle’s angle and EMG biosignal from
walking activity of healthy people has been done to identify
the torque and to classify the gait. The sensor is connected
to data acquisition (DAQ) which is integrated with
LabVIEW. Then, the data were recorded using read
measurement function in LabVIEW.
The angle is recorded using a quadrature rotary encoder
with a resolution of 500 pulse per revolution (ppr) attached
to the right ankle. The measurement is taken from three
steps walking, and zero degree angle is assumed as the
angle resulted from standing. When the ankle rotates
forward, it becomes positive, and vice versa.

Figure 6. Foot Torque Definition

For maximum angle, the torque calculated is 0.996τ and for
minimum angle is 0.2588τ, where τ is the foot torque at zero
degree. It can be concluded that the torque to support the
ankle is gradually increasing from minimum angle to
maximum angle.
On the other hand, the EMG biosignal is recorded using a
muscle sensor. The output of the sensor is not a raw EMG,
but amplified, rectified, and smoothed signal which works
well with microcontroller. The signal is amplified again in
the LabVIEW for signal overlapping purpose. Figure 7
shows the EMG biosignal recorded for walking activity of
healthy people. The signal is measured by placing the
electrode at gastrocnemius muscle following the
recommendations and procedures by SENIAM [18].

Figure 7. Recorded EMG biosignal of Walking

Figure 5. Ankle Angle Walking

From Figure 5, the maximum value for ankle angle captured
is more positive 5 degree and the minimum value is less
negative 15 degree. A simple modelling is done to

As shown in Figure 7, it is found that when touching the
ground or stance phase, the value of EMG suddenly goes up
meaning the corresponding muscle is in contraction, but it
stays near the lowest value during the swing phase. The
EMG biosignal then is defined into two types: I is when the
foot touches the ground, and II is when the foot is swinging.
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Based on this, the gait is classified into two states:
1. Stance phase (I), when the foot touches the ground,
from IC until HO.
2. Swing phase (II), when the foot does not touch the
ground, from TO until IC.
Figure 8 shows the proposed and simplified gait
classifications for our controller design.

high current for locking mechanism. Then a set of
membership functions is defined for the inputs and output
as depicted in Figure 10.

(a)

Figure 8. Proposed Gait Classification

Then the signal is overlapped to identify the relation
between angle and EMG. As shown in Figure 9, at the start
of stance phase (I), the angle is at a minimum position then
increased gradually until the top, and it goes down again to
start the swing phase (II).

(b)

(c)
Figure 10. Membership functions of (a)EMG, (b)Angle and (c)Current

Figure 9 Angle and EMG relation

At the swing phase, it is observed that the angle does not
stay at the same value indicates that the locking feature by
the ankle foot orthoses is needed. By locking the foot during
the swing phase, the angle can be expected to stay in a
positive value before the initial contact, prevent the drop
foot.

EMG is classified into stance and swing to identify the gait
state while Angle is classified into forward, stand, and
backward. The output current value is classified into low,
medium, and high with assumption that the current value is
proportional to the torque value.
In this paper, the control system differentiates each
membership functions for a certain range. Table 1 shows the
range for each input and output membership functions. The
membership function is chosen to be trapezoid-like because
it is suitable for system that using interval range. It is easy
to determine the necessary parameters for trapezoid
membership function, which is good for preliminary stage
of control system development [19].

3.3. Fuzzy-based Controller Design
In this study, the Ampere current and torque have a
proportional relationship. As smooth gait transition at
stance phase is wanted, the AFO controller should generate
Amperes that gradually increase from low to high as
referred to the previous conclusion that the torque is
gradually increasing from a minimum angle to maximum
angle. For the swing phase, the device is wanted to lock the
foot at a forward degree so the controller should generate a
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Table 1 Membership Function Range

Variable
Angle
(θo)
EMG
(mV)
Current
(A)

Membership Function
Forward
Stand
Backward
Stance
Swing
Low
Medium
High

Range
0 to 25
-5 to 3
-4 to -25
1 to 10
0 to 2
0 to 0.4
0.3 to 0.7
0.6 to 1
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After the membership functions were defined, the rules
applied to the system were next to be defined. The rules
involve all possible combinations of input, but have extra
two rules to emphasize the different between stance phase
and swing phase. The following two extra rules are:
 If EMG is Stance , then Current is Low
 If EMG is Swinged, then Current is High
Note that the current is high at the swing phase only at
forward angle in order to prevent the drop foot. On the
other hand, the current is gradually increased at the stance
phase. Table 2 shows the rest of the rules.
Table 2 Output Current

EMG

Stance
Swing

Angle
Forward Stand
Backward
High
Medium Low
High
Low
Low

The total rules are eight, the consequent implication method
used is an AND (minimum) method and a defuzzification
method used to get the output is the Center of Area (CoA)
method. The relationship between inputs and output in the
form of surfac is shown in Figure 11. It is observed that a
portion where the maximum value of current is staying
around 0.5 when EMG is stance.

Figure 12 Output Current During State II (Swinged)

4. RESULT AND DISCUSSION
The controller was simulated by using the previous angle
and EMG signal data. The simulation was done using
LabVIEW and everything was set according to our previous
consideration. Figure 13 shows the inputs and output of the
controller.

Figure 13 Current, Angle, EMG

Figure 11 Output Current During State I (Stance)

Meanwhile, when EMG is swinged, for the same value of
angle of 10 degree, the current will be high at 0.8662 A as
shown in Figure 12. The significant different between the
stance phase and swinged phase in the surface fuzzy is the
results of the two extra rules added to the system to
emphasize the differences.

The current behaves as desired. It is on the low region when
the muscle contracts, and oppositely on the high region
when the muscle does not contract. At the end part of
walking, the current stays at the low region because the
subject was stopped walking shows that the system can
recognize when the subject is stand or walking.
However, in this simulation, the system failed to reach a
high region. It just barely stays around 0.5 A where it is
supposed to reach above 0.6 A. The change of membership
functions are needed to improve the controller behaviour,
also additional of membership functions to make the
functional system more precise.
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5. CONCLUSION
In this paper, a preliminary work on the development of
controller for AFO is presented. FLC is used to generate
Ampere which will be applied to the MR brake based on the
input’s value, EMG and angle. The purpose of control
system was defined as to prevent the drop foot. In addition,
the gait classification was defined based on the observation
of angle and EMG signal during walking which was
recorded using LabVIEW. The rules for the FLC are
constructed according to the gait classification and the FLC
is expected to generate gradually increasing current at the
stance phase and a high current at the swing phase for
forward angle. Simulation has been done in LabVIEW and
the behavior of the current during walking activity was
observed. Improvement on the FLC is needed, either
changing the parameters or even adding the membership
functions due to the system failure to reach a high region of
current.
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FFT IMPLEMENTATION ON OPTICALLY RECONFIGURABLE GATE ARRAY
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ABSTRACT
Optically reconfigurable gate array (ORGA) is a type of
multi context field programmable gate array (FPGA). It has
achieved a nanosecond-order reconfiguration capability as
well as attaining numerous reconfiguration contexts. ORGA
system consists of laser array as a light source,
holographic memory to store reconfiguration context and
an ORGA-VLSI with photodiodes to be programmed
optically. The development is progressing towards highspeed dynamic reconfiguration and high dependability in a
high radiation environment. This paper outlines the
architecture and methods that effectively used in ORGA in
several applications.
Keywords— FPGA, Dynamic reconfiguration, ORGA,
FFT.
1. INTRODUCTION
High-speed reconfigurable devices such as Field
Programmable Gate array (FPGA) are widely used in
various areas such as wireless communication, medical
instrumentation, high performance computing, automotive
as well as aerospace and defense. The main difference of
Application Specific Integrated Circuit (ASIC) compared to
FPGA is that FPGA can configure programmable structure
to implement any combination of digital function after
manufacturing leading to flexibility, integration, reliability,
reusability, time-to-market and cost [1][2].
The performance of FPGA has been increasing over the
years when dynamic reconfiguration was introduced.
Dynamic reconfiguration of an FPGA which is also known
as Multi-Context FPGA [3][4], allows some functions to be
active while others are inactive and merely stored at any
given time. Therefore, it gives a benefit in terms of
reduction of device count, improving system cost and
lowering power consumption [5].
The main concern of dynamic reconfiguration is its
configuration time which mostly in the order of
milliseconds. FPGA has slow reconfiguration time because
it is configured using JTAG serial interface. Therefore,
optically reconfigurable gate array (ORGA) have been
developed to overcome this problem and to improve the
performance of programmable devices [6]–[8]. ORGA with
a parallel programming capability does support high-speed
dynamic reconfiguration with numerous reconfiguration

contexts. However, ORGA has limited resources in terms
number of logic blocks and complex wire segments
compared to usual FPGA. Reducing the size of an ORGAVLSI is a critical issue that needs special considerations,
especially on place and route of the logic block
interconnections.
This paper proposes an application on the optically
reconfigurable gate array. ORGA’s basic construction,
architecture and improvement features are highlighted in
Section 2, the investigations of ORGA in rich-radiation
environment and a proposed methodology to implement
Fast Fourier Transform (FFT) in ORGA-VLSI architecture
is outlined in Section 3. Conclusions are drawn in Section
4.
2. ORGA ARCHITECTURE
2.1. System Configuration
The innovation of ORGA originated from the development
of 3-D FPGA VLSI, which uses through-silicon via (TSV)
as an interconnection between layers. However, 3-D
integrated circuit comes with major issues regarding
thermal dissipation and power distribution when operating
at high frequency [9][10]. This is where 3-D FPGA
interconnects are replaced with optoelectronics connection
[11] and the study of Optically Programmable Gate Array
(OPGA) in [12][13] started. OPGA was first developed to
reach microseconds of reconfiguration, where as ORGA
has successfully achieved a nanoseconds reconfiguration
time.

Figure 1: Basic architecture of ORGA [14]

A basic ORGA architecture is shown as in Figure 1. ORGA
basically consists of laser diodes array, holographic
memory and gate array VLSI. The laser array reads out the
configuration contexts. The holographic memory located in
between laser diode array and ORGA VLSI, can store
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numerous configuration contexts. In an ORGA VLSI,
photodiodes array is implemented together with
programmable gate array and receives the diffraction
pattern as a configuration context from the holographic
memory.
In each of the ORGA-VLSI gate array, the configuration
context is stored in toggle-flip-flops and specified to each
programming element. The gate array operates based on the
configuration context until a next configuration context is
optically programmed. Figure 2 shows an experimental
setup of an ORGA system. For example, when one of the
lasers in the laser array in turned on, the laser beam will
irradiates a holographic memory at a certain incident angle
and the holographic memory will generates a twodimensional diffraction pattern. The diffraction pattern is
served as configuration context and captured by
photodiodes array of ORGA-VLSI. If another
reconfiguration context needed, then another laser will be
selected and turned on. The incident angle of the laser beam
propagation toward the holographic memory differs from
the first laser. Therefore, as in the case of the first laser, the
holographic memory generates a different configuration
context, which is programmed onto the gate array of
ORGA-VLSI. These are the optical reconfiguration
procedures. Due to the structure of gate array architecture,
it enables multiple reconfiguration contexts.

each I/O block includes four I/O bits that is controlled using
nine photodiodes. The I/O block has a weakness of not
constantly to be dynamically reconfigured since the I/O
blocks are always executed only during power-on.

Figure 3: Block diagram of a gate array with 2 x 2 logic blocks
[16]

Figure 4: Block diagram of an optically reconfigurable logic block
[16]

Figure 2: ORGA experimental setup [15]

2.2. ORGA-VLSI
2.2.1. Gate Array Structure
Figure 3 shows a part of a whole block diagram of a gate
array structure having 2 x 2 logic blocks. The gate array
structure of an ORGA VLSI is basically identical to that of
standard FPGAs, which is an island-style FPGA. The
structure design of the ORGA VLSI consists of optical
reconfigurable logic blocks (ORLB), optical reconfigurable
I/O blocks (ORIOB), and optical reconfigurable switching
matrices (ORSM). Each configuration bit of these blocks is
connected to the reconfiguration circuit with a photodiode.
Figure 4 shows an ORLB block diagram. The logic block
consists of a look-up table (LUT), delay flip-flop with a
reset function and multiplexers, which optically reconfigure
simultaneously using photodiodes. Figure 5 shows a fourdirectional switching matrices block diagram. The ORSM
contain transmission gates that are connected with a
photodiode through the differential reconfiguration circuit.
In this architecture, logic blocks and switching matrices can
be programmed simultaneously where the information is
supplied from a holographic memory. The I/O block is also
capable to be reconfigured optically. Figure 6 shows that

Figure 5: Block diagram of an optically reconfigurable switching
matrix [17]

Figure 6: Block diagram of an optically reconfigurable single I/O
bit [16]
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2.2.2. CMOS Technology Implementation
The ORGA VLSI chips that have been designed and
fabricated are using 0.18µm [13][16] and 0.35µm [17][19]
standard complementary metal oxide semiconductor
(CMOS) process technology. Most of the transmission
gates and photodiode cells are designed as customs cells
referring to size of standard cells. The supply voltages are
using 1.8V for the core and 3.3V for I/O. Table 1 shows a
two different CMOS technology specification of an ORGA
VLSI. In comparison between these two process
technologies, the number of gate counts and photodiodes
shows a tremendous increase of 30 times higher for a
0.18µm process technology.
Table 1 Specifications of the ORGA VLSI
Reference
Technology
Chip size
Photodiode size
Number of
photodiodes
Gate count

[18]
0.18 µm doublepoly 5-metal
CMOS process
5.0 x 2.5 [mm]
4.40 x 4.45 [µm]

[20]
0.35 µm doublepoly 3-metal
CMOS process
4.9 x 4.9 [mm]
25.5 x 25.5 [µm]

10,322

340

2,720

68

2.3. Holographic Memory Fabrication
A conventional holographic memory system is constructed
using a vertical-cavity surface-emitting laser (VCSEL) as a
light source and a liquid crystal spatial light modulator (LCSLM) as a holographic memory. In [7], it uses projection
TV panel as the LC-SLM, a 90 nematic device with a thin
film transistor. Programming for the LC-SLM is executed
by displaying a holographic memory pattern on a computer.
The optical polarization controllable device of a
holographic memory is essential to achieve high diffraction
efficiency. A holographic polymer-dispersed liquid crystal
(HPDLC) memory formed by volume gratings was
fabricated to record multi-context information based on the
various circuit contexts [21]. The author of [22] has
replaced the TV panel with a digital mirror device (DMD)
chip which was first design by Texas Instrument [23]. The
holographic configuration context stored on a MEMS
device can be programmed onto the ORGA-VLSI in an
extremely short time by exploiting two-dimensional optical
connections between the MEMS device and ORGA VLSI.
The DMD device can be remotely controlled by wireless
communication.
3. DEPENDABILITY-INCREASING ORGA
3.1. High Radiation Effect
Embedded devices that are used in spacecraft, satellites,
space stations and nuclear plant are vulnerable to the effects
of high-energy particles in this radiation environment.
Dependability
system
will
ensure
reliability,
maintainability, safety for each embedded devices [24].
Encountering this problem will provide an ORGA system
that extremely robust which are expected to be useful even

in high radiation environment. Author [25] has presented an
ORGA architecture that enables remote reconfiguration
using optical fiber network. However the constraint in this
work is on the large number of fibers used in the optical
configuration.
Soft errors will be the main problem for ORGA in
terrestrial applications. When a radiation particle passes
through a semiconductor device, electric charge is
generated by ionization in an important node of a logic
element. It is called single event upset (SEU), which will
cause unexpected transition and damaged of circuit
information [26][27]. Being the reflection of reliability, bit
error rate (BER) is an important index in evaluating the
radiation impact. A study has been done on radiation
impact on photo-detector that contributes to the BER [28],
where the author analyzes degradation of PIN photodetector irradiated by gamma-ray, electrons and protons.
The estimation of Soft Error Rate (SER) is becoming a
major consideration for dependability aspects for
investigating and understanding technology sensitivity, also
to extrapolate the trends for future technology. A larger
chip area tends to be exposed to higher radiation. In [29],
the study shows that a reduction of 3.6 times for alpha
particle emission level of a 65nm technology SRAM
compared to the 130nm SRAM.
Dynamic reconfiguration can also increase the robustness
of an ORGA. Triple Module Redundancy (TMR) is a fault
tolerant technique to increase dependability by avoiding
errors in integrated circuits [30][31]. It uses three identical
logic blocks performing the same task in parallel with
corresponding outputs being compared through majority
voters.
3.2. Application Implementation
According to the scaling rule, when CMOS technology
progresses from 0.35µm to 0.18µm, the layout area
becomes about four times smaller than before [16].
However, the photodiode size does not show a significant
decrement. The photodiode could not be scale too small due
to sensitivity issue. The smaller the photodiode size, the
lower its sensitivity. By having the same size of photodiode
and smaller chip size will cause a high integration density
in ORGA-VLSI. Therefore, the number of logic blocks are
not able to be maximized and having complex wire
segments.
The place and route need more careful attention to achieve
successful design closure while reducing wirelength. Each
routing track of an FPGA is divided into wire segments
with different wirelength. Studies have shown that the mix
of segment lengths used in different routing tracks have a
significant impact on interconnect performance and hence
the overall FPGA performance [32].
Versatile Place and Route (VPR) is a tool that allows
circuits to be placed and routed on a wide variety of FPGAs
and facilitate comparisons of different architectures. In
[33], the author has characterized the operation of modern
routers and used it to formulate an interconnect estimation
method to place in FPGA circuits. The interconnect
estimation match closely with VPR’s detailed router on
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both global and local levels. A study in locating nearoptimal solutions in designing FPGA routing architectures
have been investigated by [34]. It uses stochastic method to
explore FPGA channel segmentation and switch patterning
for a particular island-style FPGA architecture. Table 2
shows a comparison number of general-purpose input
output (GPIO), logic blocks, and I/O blocks between
FPGAs (Xilinx and Altera products) with ORGA.

x[0]

x[4]

Altera (Cyclone V) [35]
Xilinx (Kintex 7) [36]
ORGA [15]

Logic blocks

480
400
32

150,000
162,240
336

Number
of wire
segments
10 to 20
10 to 20
8

FFTs are algorithms for a faster calculation of Discrete
Fourier Transform (DFT) of a data vector. The FFT is a
DFT algorithm which reduces the number of computations
needed for N points from O(N2) to O(Nlog2N). There are
two different radix N-point FFT algorithms, the Decimation
in Time (DIT) and Decimation in Frequency (DIF)
algorithms. The block diagram in Figure 7 shows a 2-point
FFT where it needs a long routing connection between the
outputs of radix-2 butterfly to the register input. The higher
number of N-point FFT will have longer connections.
Hence long delay in operation.
We proposed a routing technique that implement Fast
Fourier Transform (FFT) to achieve a reduction number of
wire segments and wirelength in an ORGA. Figure 8 shows
the signal flow graph of DIT algorithm for the computation
of the FFT for 8-points. This proposed technique is to
reduce the unit distance between registers, which will be
done by changing the orders for N-point FFT and swapping
nodes as shown in Figure 9. Referring to the first stage of
butterfly signal flow graph for 2-point FFT in Figure 8, the
data from the first register is added with the adjacent
register. In the second stage, for each register has two units
distance for next register to be connected. While in the third
stage, the wirelength has four units distance of registers,
which the total wirelength unit distance of register is 32.
In Figure 9, the third stage of the proposed signal flow
graph having three and four unit distance of registers. Table
3 shows that the proposed technique is expected to have
12.5% reduction in total wirelength distance compared to
the conventional 8-point FFT.
x[0]
x[1]

x[1]

N/2
Radix-2
Butterfly

N/2
Register

(a)

-1

x[6]

WN0

-1

X[1]
WN0

-1

WN2

-1

x[1]

3.2. FFT Impelementation

x[0]

WN0

x[2]

Table 2 Comparison of I/O, logic blocks and wiring channel
GPIO

X[0]

(b)

Figure 7 A 2-point FFT (a) butterfly signal flow and (b) block
diagram

x[5]

WN0

-1

x[7]

WN0

-1

X[3]
WN0

-1

WN1

-1

-1

-1

0

-1

WN2

WN2

-1

WN3

WN

x[3]

x[2]

X[4]

x[5]

X[6]

x[7]

Figure 8 Signal flow graph of DIT decomposition of 8-point FFT
computation
x[0]

X[0]

x[4]

X[1]

x[2]

x[2]

x[6]

X[3]

x[1]

X[4]

x[5]

x[5]

x[3]

X[6]

x[7]

x[7]

Figure 9 Proposed signal flow graph
Table 3 Comparison of I/O, logic blocks and wiring channel
Type of flow graph
Conventional 8-point FFT
Proposed 8-point FFT

Total wirelength distance
32
28

The future work is targeting to achieve a more robust
ORGA-VLSI in a radiation-rich environment. The research
will focus on protection of digital circuits against soft errors
which will improves the system reliability.
4. CONCLUSION
This paper reviews the concern for fast reconfiguration time
and high dependability of an ORGA system. Many points
such as high-speed dynamic reconfiguration and routing
interconnection in a programmable gate array are very
important to achieve nanosecond-order reconfiguration
capability even in a high radiation environment. The
research in this area is still on going. The focus is now on
the processor performance and more advanced
dependability-increasing technique. In the future, there will
be indistinct boundary performance between ORGA, FPGA
and 3-D integrated circuit.
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ABSTRACT

The high risk of involving human resource in underwater
activity raised the usage of underwater vehicle. However,
small amount of natural perturbations, for instance wind,
wave and ocean current, can interfere the vehicle's
movement and make it to be unstable. Thus, this paper
proposes a robust control, called Super Twisting Sliding
Mode Control (STSMC), which can attenuate the influence
of external perturbations for Autonomous Underwater
Vehicle (AUV). Different from conventional sliding mode
control, STSMC acts on second order of system deviation.
Furthermore, it engages both discontinuous and continuous
signal, therefore high frequency of switching condition in
output signal do not affect the inner system. The proposed
approach contributes to minimize the chattering effect and
preserves the robustness as well. For the result, it obtained
global asymtotically stable which is proved by Lyapunov
function and depicted by some simulation results. In
conclusion, STSMC for an AUV produces more efficient
movement than conventional approach.
Keywords── Autononomous underwater vehicle, highorder sliding mode control, external perturbations
1. INTRODUCTION
A huge benefit of using Autonomous Underwater Vehicle
(AUV) in underwater activity encourages many researchers
to explore its technology especially on control system. The
AUV is employed to replace dangerous human involve in
underwater activity [1]. However, a precision is urgently
needed to ensure its efficiency. In fact numerous external
perturbations such as wind, wave and ocean current exist
then disturb the AUV's stability [2]. Consequently, these
disruptions can delay the underwater project. Hence, the
development of advance robust control is required to be
done.
Currently, a huge number of robust control system have
been introduced even though not all are compatible to be
implemented on the AUV. Sliding Mode Control (SMC) is
one of control system which is regularly applied in robust
control scheme, especially for dynamic positioning and
motion control of underwater vehicles under external
disturbances [3]-[5].
The idea of SMC is driving the system onto definite
surface, called sliding surface, in the state space. Once it is

obtained, SMC keeps the system close to the sliding surface
[6]. The drawback of SMC is the existence of chattering
effect. Chattering appears due to switching condition when
try to reach sliding surface. During this time, the
performance will be unstable [7]. It is perceived as
oscillates motion and tended to be sensitive to the
inaccurate mathematical model.
Then, to cover the chattering problems, researchers
combined SMC with other control. The commonly
combination is SMC with fuzzy [8]-[10]. Fuzzy was
applied to tune the gain of SMC. As a result, SMC with
fuzzy could achieve good condition after arranged many
rules. These method required long data processes, therefore
it needed more time to accomplished the task.
From this issue, researcher expanded the formulation of
SMC into High Order Sliding Mode Control (HOSMC)
[10]-[12]. HOSMC was aimed to remove the chattering
effect which was produced by the conventional SMC and at
the same time improve the efficiency. It worked on the
second order of system deviation, causes insensitive to the
noise in output signal which is produced in switching
condition. Furthermore, SOSMC more robust then SMC.
The purpose of this paper is to perform super-twisting
sliding mode controller for an autonomous underwater
vehicle under external disturbances. By removing the
chattering effect, super-twisting sliding mode control
ensures the robustness of an AUV in the presence of
external disturbances. The proposed control guarantee a
global asymtotical stability. The rest of this paper follows
the order as: Section 2 describes the kinematics and
dynamic properties of 6-DOF underwater vehicle. Section 3
states the robust control. The stability analysis in terms of
the Lyapunov technique is also given in this section.
Section 4 presents the simulation result and it is compared
with other approach. Finally, Section 5 contains the
conclusion.
2. KINEMATICS AND DYNAMICS SYSTEM
OF 6-DOF AUV
Studying kinematics and dynamics system of 6-DOF
underwater vehicle are necessary to be involved to
formulate a robust control system. Here, kinematics model
is used to determine the equilibrium point of vehicle both at
rest and move with certain velocity, while dynamics model
is used to determine the acceleration value of vehicle
motion.
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The formula of kinematics and dynamics model are related
to body fixed frame and earth fixed frame (see Fig. 1).
Furthermore, study of these were mainly discussed in [13].

definite, i.e.: �� (�) = �� (�)� > 0.
 Prop. 2 : �� (�� �) is the skew-symmetric matrix such
that �� (�� �) = −�� � (�� �).
 Prop. 3 : The hydrodynamic damping matrix �� (�� �) is
positive definite, i.e.: �� (�� �) = �� � (�� �) > 0.
3. CONTROL METHOD

Super twisting sliding mode control is proposed to reduce
the chattering effect as well as build a robust vehicle from
external disturbances. It is formulated by two components.
First is discontinuous time derivatives of system. Second is
continuous function of sliding variable. Before determining
the proposed control, first let make a state space function 6DOF dynamic model,
�� = � ⟹ �� � = ��
�� = �� ⟹ �� � = ��

Figure 1. Body fixed and earth fixed frame references

(3)

where,

2.1. Kinematics model

�� = ���� � − ��� (�� �)�� � �� (�� �)�� � �� (�� )�� �� �� (�)

Kinematics model discusses about inertial frame and bodyfixed velocity of vehicle. The model is expressed by using
Jacobian matrix �(�� ) as [13],

The state space model is arranged by changing Eqn. (2)
based on nonlinear model as,

where �� = [� � �]� ∈ ℝ� and �� = [� � �]� ∈ ℝ�
represent vehicle position and vehicle orientation which are
described in Euler angles formation, respectively.
Moreover, �� = [� � �]� ∈ ℝ� denotes linear velocity
vectors, while �� = [� � �]� ∈ ℝ� denotes angular
velocity vectors.

Now determine the main approach, super-twisting sliding
mode control,

� (� ) 0��� ��
��
� �� = � � �
� � � � �� = �(�� )�
�� �
0��� �� (�� ) ��

(1)

2.2. Dynamics model

The following form shows the dynamics model relatives to
the earth fixed frame [14][15],
�� (�)�� � �� (�� �)�� � �� (�� �)�� � �� (�� ) = �� ��

(2)

where, �� ∈ ℝ� denotes the inertia matrix including the
added mass, �� (�� �) ∈ ℝ� indicates coriolis matrix and
centripetal terms including the added mass, �� (�� �) ∈ ℝ�
represents the hydrodynamic damping and lift force matrix,
�� (�� ) ∈ ℝ� is gravitational force and moment vector
(restoring forces), while �� ∈ ℝ� stands for generalized
forces vector which acts on the vehicle (control input).
It is stated from Eqn. (2) that the dynamics model requires a
great deal of known parameters. However, this can be
minimized by preserving some practical properties which
are implemented to reduce the complexity of the dynamic
model. The properties consist of,
 Prop. 1 : The inertia matrix � is symmetric and positive

�� = �� � ��
�
��
�
� � � = �� �� �−��� � �� −�� � ��� � ��� �� �1� ���� (4)
�� �
0
�
1
0
��� = �� � ��

(5)

where, �� = Discontinuous time derivative
�� = Continuous function of sliding variable

Then, define derivative of �� yields,
��� = −� ��� (�)

(6)

� = �� − (�� � � �� ) − Λ�

(7)

where, � denotes control parameter. The value of �� can be
obtained after integrating Eqn. (6). Moreover, � denotes a
sliding vector and its value is proposed as,
where, Λ ∈ ℝ� = Constant for error response
�
=
�� − �
= Desire position
��

After that, determine Continuous function of sliding
variable (�� ),
�� = −�|�|��� ��� (�)

(8)

where � is a constant value. The whole process of final
control is resumed in Fig. 2.
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As long as � � 2� and � � �(5�� + �� � )(2(� −
2�))�� , the value of � will be greater than zero. It means
that � is bounded. Since � is bounded then � is also
bounded. By applying Barbalat's Lemma, it imply that
� � 0 and �̇ ≤ 0. In other word, �̇ is negative definite.
4. SIMULATION RESULTS

Figure 2. Super-twisting sliding mode control scheme
Remark 1. � will converge to zero in finite time if � and �
�ΦΓ (��Φ)
Φ
satisfy � � Γ and � � ≥ Γ� Γ� (��Φ) respectively. Here Γ�

The proposed control, super twisting sliding mode control,
is applied on the ODIN vehicle (AUV) [16]. It is a 6 DOF
holonomic AUV which has spherical shape. Further
information can be seen in [16]. Here, an AUV is ordered to
follow a certain trajectory as a straight line. In the middle of
tracking activity, the AUV is suddenly attacked by some
perturbations. The perturbations are given as velocity and
its value are deterministic.
Further specifications regarding simulation are explained in
Table 1.

� �

�

and Γ� are determined as 0 ≤ Γ� ≤ �(�� �) ≤ Γ� .

Theorem. Super-twisting sliding mode control guarantee
the global asymtotically stable of close-loop control system.
Proof. Define a positive definite function that satisfy as a
Lyapunov candidate,
�

�

�

� = 2�|�| + � �� � + + � ��|�|� ��� (�) − �� �
� = � � ��

�

(9)

�

�
�

where, � = �|�| ��� (�) �� �
�
�
−� �
� = � ��� + �
−�
2
�

Then, differentiate � with respect to time yields,
�
�(���)
�̇ = − ���⁄�� � � �� + �� �⁄�� �� � �

Definition
Initial Point
Initial Velocity
Reaching Point
Λ
Perturbations

Other information
[1.5 0 − 1.2]� �
�
[1.5 0 − 1.2]� �

[10 0 0]� �
[100 100 100 0 0 0]�
[��

��

��]�

�
�

where ��, ��, and �� are assumed as wind velocity, wave
velocity and ocean current velocity, respectively. Its value
is adjusted on 0.5 �⁄� . The perturbations will hit twice in
between 50 � to �0 � and 100 � to 110 � (hitting period is
about 10 � of each existence).
First, an AUV was determined to use sliding mode control
and given the value of its constant as 5. Then the simulation
result in 3D view is depicted in Fig. 3.

�
−� �
�2� + �
�
−�
1
�
�
= �2� + � � � − � ��

where, � =
�� �

(10)

Table 1. Technical Description of Simulation

�

Hereafter, combined with the perturbation which is given in
[25] to get a globally bounded of Eqn. (5),
�
�̇ = − ����⁄�� � � ��

(11)
��

2� + � � − � + �� � −� + 2�
�
�
where, � = �
−� + 2�
1
� = Coefficient of Perturbation
It is obtained that,

�
�̇ ≤ − ����⁄�� � � �� ≤ 0

Figure 3. Tracking trajectory using SMC

(12)

From Fig. 3, it was clear that an AUV could not track the
trajectory properly. In the beginning, an AUV tracked the
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line well, however its stability was disturbed after the
presence of perturbations. An AUV did not come back to its
trajectory even though the perturbations disappear. After
that, its error of �� � and � position are shown in Fig. 4.
From this picture, it is depicted that the error did not
converge to zero since the perturbations hit an AUV.

Figure 6. Moment of SMC

Figure 4. Error position of SMC
This simulation result also presented energy usage in Fig. 5
and Fig. 6 as forces spent and moment spent, respectively.
More energy was required in between �0�� to �0�� and
100�� to 110�� (hitting period).

In the second simulation, super-twisting sliding mode
controller was employed as a control stability of an AUV.
Similar to first simulation, the value of ��, ��, and �� are
given as 0.�� �⁄�, while the value of � and � are 0.1 and
4, respectively. The result in 3D view of this case is
presented in Fig. 5.

Figure 7. Tracking trajectory using STMC

Figure 5. Forces of SMC
Before hitting period, the forces oscillated tightly. However
after �0��, it oscillated distantly. Different from forces,
moment spent oscillated tightly since the beginning of
tracking trajectory.

Contrary to the first case, an AUV performed satisfactory
result by using super-twisting sliding mode control. The
result showed that an AUV moved from its trajectory when
the perturbation existed. Nevertheless, it came back to
desire trajectory after 10�� of first hitting period. This
condition was also occurred in the second hitting period.
Furthermore, the error of �� � and � position are displayed
in Fig. 8. From this picture, it is shown that the error
oscillated about �0�� before converged to zero. Moreover,
the error peaked at �0�� and existed in the time of ����.

–4–
－573－

Proceedings of
the Malaysia Japan Joint International Conference 2015
Ube, Yamaguchi, Japan, November 13-15, 2015

However, the range value of force and moment were lower
then first simulation.
From two simulations, the total energy consumption is
formulated by norm calculation of forces and moment in all
time. Then it is depicted in Fig. 11.

Figure 8. Error position of STMC
Figure 11. Total energy consumption

Figure 9. Forces of STMC
Figure 12. Thrusters propulsion of SMC
(a) Horizontal Thrusters, (b) Vertical Thrusters

Figure 10. Moment of STMC
Meanwhile, the energy usage are plotted in Fig. 9 as forces
spent and Fig. 10 as moment spent. As same as the first
simulation, in this simulation more energy was required in
between ͷͲ ݏto Ͳ ݏand ͳͲͲ ݏto ͳͳͲ( ݏhitting period).
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(a) Horizontal Thrusters, (b) Vertical Thrusters
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By using the total energy demand, the result of eight
thrusters propulsion can be got. The calculation is presented
as following formula,

[3]

(13)

[4]

� = ����

where � is ��� . � denotes thrusters configuration matrix,
while ��� is vector of thrusters forces. To get thrusters
propulsion (��� ), it is necessary to inverse � then multiplied
by �. The value of � is equal to,
�
⎡�
⎢0
�=⎢0
⎢
⎢0
⎣��

−�
�
0
0
0
−��

−�
−�
0
0
0
��
�

�
−�
0
0
0
−��

0
0
0
0
−1 −1
�� ��
�� −��
0
0

0
0
−1
−��
−��
0

0
⎤
0 ⎥
−1 ⎥
−��⎥
�� ⎥
0 ⎦

[7]

5. CONCLUSION
High order of sliding mode control, which is called supertwisting sliding mode, is proposed in this paper. The
proposed controller was aimed to make a robust AUV from
external perturbations. Then, some simulations were
conducted to analyze the effectiveness of proposed scheme.
An AUV could not track the desire trajectory under slidingmode controller, while under proposed approach, an AUV
could complete its mission well. In the term of energy
consumption, SMC required less forces than super-twisting.
Meanwhile for moment, SMC required more amount than
super-twisting. Although super-twisting needed more
forces, the thrusters propulsion showed less effort to keep
the AUV on its trajectory. It can be obtained because the
value of moment demand is smaller then SMC. It means
that the perturbations encouraged an AUV to keep on its
angular position. In conclusion, compared to conventional
approach, the proposed controller can bring the AUV to
track the trajectory under perturbations and save the
thrusters effort as well.
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ABSTRACT
Supply chain management is one of the prevailing
philosophies of the past two decades, which have caused
enormous changes in the industrialized countries.
Performance evaluation can be a great help in managing
the supply chain management.
Applying Balanced
Scorecard is one of the new approaches in this field which
will explore the strategies for supply chain management.
Balanced Scorecard does not only control the criteria to
describe the past performance but also its measures for
explaining the strategies and with integration and
coordination of activities at different levels, it makes
possible to achieve organizational goals. In this paper, the
literature of supply chain management is examined then
some of the models for performance evaluation of supply
chain management are introduced. At the end, it is
concluded that the Balanced Scorecard model compared
with other models is superior and in addition, some
indicator has been proposed for evaluating the
performance of supply chain management.
Keywords— Supply Chain, Supply Chain Management,
Performance Evaluation, Balanced Scorecard

transportation, warehouses, retailers and even consumers
are encompassed [3].
Supply chain management is the management of the flow of
goods and services. It includes the movement and storage of
raw materials, work in process inventory, and finished
goods from point of origin to point of consumption. One of
the challenges that the authorities related logistics and
supply chain in companies are facing, is how to identify
problems in the field of logistics and supply chain. The
variety and number of issues raised in supply chain
management philosophy, make complex in choosing the
best corrective actions to improve supply chain performance.
Considering that the first step in the review and
improvement of the supply chain is fault finding thus
identification methods, including fault finding and
analyzing the supply chain is important for people who
work in this field.
The most complete and comprehensive methods which has
been very well received in the current era and major
companies such as SHELL, HP, MOBILE have
implemented and used the achievement of this method is the
balanced scorecard, that based on strategy all components
of performance is controlled and monitored and the success
rate of output and progress in achieving strategic objectives
is measured and evaluated [4].

1. INTRODUCTION
Due to the extensive reorganization and business processes
and changing environment, the concept of supply chain and
its management is so important [1]. In this approach,
organizations instead of having the best performance in all
fields, can apply the core competencies of other
organizations in order to optimize their capabilities and
increase the effectiveness and improve their customer
satisfaction levels. This partnership requires a careful and
systematic monitoring which with neglecting the
organization is doomed to decline [2]. Supply chain is
included all direct and an indirect step that is involved in
completion of customer request (order). Supply chain is not
only related with the manufacturer and supplier but also

2. PERFORMANCE EVALUATION OF SUPPLY
CHAIN MANAGEMENT
One of the most fundamental questions that have been
raised about the performance of organizations is, to what
extent each of the organizations have been able to act as
they function in accordance with expectations[21]? Due to
the different views on the scope of the use of performance
assessment, this process can be also used in the supply
chain. The proper functioning of the supply chain has a key
role in the success of an organization and achieves
sustainable profitability goals. In this regard the
establishment of a continuous improvement in supply chain
performance measurement system is recommended. Many
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researchers believe that continual improvement is only
based on performance evaluation.
Performance assessment is a tool for companies to know
whether their supply chain have been improved or
plummeted. In order to evaluate the performance of the
supply chain and related processes it is necessary to
accurately performance information be available.
Collecting and sharing information among members of the
supply chain is one of the most important tasks in the supply
chain management. Generally, after the development of the
supply chain decision-making must be based on accurate
performance information and the classification of such
information is required to be made by the key member of
the supply chain [5]. In the following the models and
methods in the field of supply chain performance evaluation
will be presented.

3. SUPPLY CHAIN PERFORMANCE EVALUATION
MODELS WITH THEIR STRENGTHS AND
WEAKNESSES

Score Model
Model (SCOR) developed by the Supply Chain Council (cf.
Stewart, 1995) provides a useful framework that considers
the performance requirements of member firms in a supply
chain. The SCOR model views activities in the supply chain
as a series of interlocking inter organizational processes
with each individual organization comprising four
components: plan, source, make, and deliver. Each of these
components is considered a critical intra organizational
process in the supply chain with four measurement criteria:
(1) supply chain reliability, (2) responsiveness/flexibility,
(3) costs, and (4) assets. This model allows companies to:
- Comparing the performance with companies in
inside and outside the industry
- Following certain competitive advantages
- Using these assessments to prioritize its activities
Although this model has strengths and advantages of the
above, but some weaknesses can not be neglected:
- Inadequate training and development across the
organization
- Lack of cause and effect analysis tools and
problem solving at the macro level and the lack of
adequate capabilities in identifying root causes of
models
- Lack of attention to issues such as markets,
customers, future employees, relationships
between members, etc.
- Poor infrastructure program in order to organize
and manage the project at the same time [6].

Activity-Based Costing (ABC)
-

This technique is for the costing product. In 1996
the ABC method has been introduced by Torni.
The main strength of this method is concentrating
on the information, services, processes, activities,

distribution channels, etc. However, the main
disadvantage of this method is that it is onedimensional. Therefore, for better understanding of
an organization this method should be applied with
another method to get the better result [7], [8].

Quick Scan Method
This approach is a systematic approach for gathering and
analysis of qualitative and quantitative data from the supply
chain. The strengths of this approach include:
- A relatively quick and efficient process.
Giving a holistic view of the structure of the supply chain
- By a third party and with minimal impact to
existing operations is done
Weaknesses of this approach are:
- The staff has very limited opportunities to
participate as team members for fault finding
- It needs a considerable extent on prior knowledge
of members [9].

The Logistics Scoreboard
In this way the organizations evaluated in four areas:
- Financial performance indicators such as cost
- Productivity indicators such as the estimated
number of orders in an hour
- Quality indicators, such as the amount of waste
- Operation Period indicators such as order
fulfillment time
The drawback of this method is the lack of integrity in the
supply chain and only considers the logistics aspects of
supply chain [1].

Performance Pyramid
Lynch and Cross 1991 have developed the Performance
Pyramid model. The Performance Pyramid presents ten
significant interference sections factored from state-wide
area permanent development involvement plans, Ohio
Operating Standards, and research-based practice. The
advantages of this model is its efforts to integrate goals with
operational performance indicators but this approach does
not provide any mechanism to identify key performance
indicators as well as the concept of continuous improvement
in this model does not exist [10].

AS – IS Method
The process achievement of specified performance criteria
and performance evaluation of supply chain management
with a focus on the customer is done in this way and their
steps are as follow:
- Firstly identifying the current status of a supply
chain entitled The process of analysis, technology,
organizational practices and procedures
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-

Determining the details of supply chain and its
loops
- Current status and future standards of cost, quality,
time and customer satisfaction
After identifying the criteria in the supply chain the overall
assessment which reflect the performance of the chain, is
obtained. The most important strength of this method is the
integrity of final indices but since each of these criteria are
generally the result of various criteria thus the
disadvantages of this model is the lack of the quantivity of
indicators [2].

Balanced Scorecard Method

Kaplan and Norton (1992) presented BSC model to
evaluate corporate performance in four types of approaches:
the financial, the internal business process, the customer as
well as learning and growth. Although the balanced
scorecard method has been developed primarily for
companies but recently further studies has been done for
applying in the supply chain. Among the strength point of
this model it can be mentioned to strategy-focused and
driven operations, communicate with all models of
performance evaluation and simplicity of use and
understandable for all employees. Strengths of the BSC
are:
- powerful concept in the translation and
implementation of organization strategies
- To strive for tangible the organization strategies
across the organization
- create a snapshot of past and present status and
trends and possibility of foresight the affair
- linking various goals through cause and effect
relationships
- Easy to priorities activities, processes and
organizational tasks
- Aligning the workers to general objectives
- Enhanced association and attention to the strategy
[5], [11], [12], [13], [16].

4. THE PROPOSED MODEL TO ASSESS SUPPLY
CHAIN PERFORMANCE
Evaluating the performance is one of the main tasks of any
organization and one aspect of performance management. In
recent years, many methods have been proposed to
Evaluating the performance of supply chain management
but most of them have been examined the supply chain from
the financial perspective unfortunately, assessment methods
based on financial measures are not suitable for the latest
supply chain management applications So identification and
development of appropriate model will lead to the better
assessment of supply chain. Gunasekaran [14] and
Gunasekaran and Kobu [15] state that problems in
performance measurement of supply chain include:
- Incompleteness and inconsistencies in performance
measurement and metrics.

-

– Inability to represent a set of financial and nonfinancial measures in a balanced framework, some
measures concentrating on financials, others
concentrating on operational measures.
– Large number of metrics makes it difficult to
identify the critical few among trivial many.
– Inability to connect the strategy and the
measurement.
– Biased focus on financial metrics.
– Too much inward looking.
Regarding to the problem of others model and the
advantages of balanced scorecard in the present research
this method is introduced as a best model for the evaluating
the performance of supply chain management.
5. THE PROPOSED CRITERIA FOR EVALUATING
THE PERFORMANCE OF SUPPLY CHAIN
MANAGEMENT
Key performance indicators are often used for evaluating
the present condition of the organization[22]. To achieve
the expected performance of supply chains, it is required to
evaluate the management performance [17]. Seven
principles is provided in designing, implementing and
evaluating the performance of the supply chain system as
the basis for supply chain management There are as follows:
Segmentation of customers based on their expected
service.
Set the logistics network, taking into account
customer needs and profitability of the company.
According to information obtained from the market,
with forecasts of planned and demand in
the supply chain.
Changes in the supply chain in order to bring
products or services to customer feedback.
Strategic management of supply sources in order to
reduce the cost of materials and accrued services.
Designing an IT strategy that is able to support
different decision-making levels.
Select comprehensive measure for measuring the
performance success[18].
Regarding to importance of determining criteria for
evaluating the performance some of the proposed criteria
for evaluating the performance of supply chain management
based on the researchers idea and balanced scorecard
perspectives are as follows [19], [22]:
Table I: Criteria for Evaluating the Performance of Supply
Chain Management
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Perspective
Financial

Criteria
-

The cost variation against
budget
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Perspective
Customer
-

Internal process
-

-

Learning and
Growth

Perspective

Criteria

-

Ratio of cost to the hours
of operation
Productivity
Customer satisfaction with
the quality of products
delivered
Customer satisfaction of
the
demands
and
expectations
Reducing the time and
cost to meet the changing
needs of customers
Rate respond to requests
for immediate delivery
flexibility the service
system to meet the
specific needs of the
customer
Achieve seamless delivery
Performance information
system to support the
delivery
Maintaining and updating
customer information
Product recovery period
Reducing duplication in
the manufacturing process
Correction
of
nonconformities construction
in the shortest time
possible
Organization membership
in
Forum
and
participation
in
conferences and seminars
Encouragement
and
appreciation
of
the
creative and innovative
staff
Motivating and delegating
project management to the
project team
Evaluation of suppliers in
terms of labor costs
Evaluation of suppliers in
terms of quality work
Stable supply cooperation
The ability of suppliers in
response to quality issues
The ability of suppliers to
functionality
and
adaptation to possible
changes in the design

Criteria
-

Regular and scheduled
meetings with suppliers in
order to measure progress
targets

6. CONCLUSION
Evaluating the performance is one of the most essential
elements of effective decision-making, planning and control.
In recent years, many methods for evaluating the
performance of supply chain management have been
proposed but most of them have been examined the supply
chain from fiscal aspect. Balanced Scorecard model with
regard to the financial and non-financial indicators will
provide a comprehensive assessment than the previous
models. The present research beside defining a
comprehensive model for evaluating the performance some
indicator for improving the performance of supply chain has
been proposed.
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