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Figure 2. Super-twisting sliding mode control scheme 

 
Remark 1. � will converge to zero in finite time if � and � 
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 respectively. Here Γ� 
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, 
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Hereafter, combined with the perturbation which is given in 
[25] to get a globally bounded of Eqn. (5), 
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���� �⁄ �
���� (11) 

 

where, � = �2� + �� − ���
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 � = Coefficient of Perturbation 
 
It is obtained that, 
 
�̇ ≤ − �

���� �⁄ �
���� ≤ 0 (12) 

 

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 
 
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. 
 

Table 1. Technical Description of Simulation 
Definition Other information 

Initial Point [1.5 0 − 1.2]��  
Initial Velocity [1.5 0 − 1.2]� �

�   
Reaching Point [10 0 0]� �  
Λ  [100 100 100 0 0 0]�  
Perturbations [�� �� ��]�  �

�
  

 
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.  
 

 
Figure 3. Tracking trajectory using SMC 

 
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 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). 
 

 
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.  

 
Figure 6. Moment of SMC 

 
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 

 
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 ����. 
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Figure 8. Error position of STMC 

 

 
Figure 9. Forces of STMC 

 

 
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  to  and  to  (hitting period). 

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 11. Total energy consumption 

 

 
Figure 12. Thrusters propulsion of SMC 

(a) Horizontal Thrusters, (b) Vertical Thrusters 
 

 
Figure 13. Thrusters propulsion of STMC  

(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, 
 
� = ����  (13) 
 
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, 
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where � = ��� �

�
�, � = 0.�81 m and �� = 0.508 m 

represent the distance from centre of vehicle to centre of 
vertical thrusters and distance from centre of vehicle to 
centre of horizontal thrusters, respectively [17]. The results 
of thrusters propulsion are shown in Fig. 12 for SMC and 
Fig. 13 for new approach. The thrusters were only activated 
when the AUV moved from predefine trajectory. 
 

5. CONCLUSION 
 
High order of sliding mode control, which is called super-
twisting 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 sliding-
mode 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 
  
 

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 

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]. 
 

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 one-
dimensional. 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 non-
financial 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 
 

Perspective Criteria 

Financial - The cost variation against 
budget 
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Perspective Criteria 

- Ratio of cost to the hours 
of operation 

- Productivity 

Customer 

- 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 

Internal process 

- Performance information 
system to support the 
delivery 

- Maintaining and updating 
customer information 

- Product recovery period 
- Reducing duplication in 

the manufacturing process 
- Correction of non-

conformities 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 

Learning and 
Growth 

- 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 

Perspective 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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