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Abstract

Multi agent system (MAS) is one of the most dominant research wings which consist of several
agents who interact with each other to achieve a common objective. MAS has been developed for a
wide range of applications in power systems. Power system restoration is a main application of
that. Researchers present several architectures for fault identification, isolation and restoration of
the power system. This paper presents a complete literature review on available architectures for
power distribution restoration and future trends in MAS based power system restoration.
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1. Introduction

Power System has become very complicated with restructuring and excessive power demands. It has increased
more than ever with newly integrated net metering systems, electric vehicles and smart grid devices. A single
fault can result in massive cascading effects, affecting the power supply as well as the power quality [1]. Power
quality has become one of the most important factors to be considered by electricity distribution utilities. Avail-
ability is the most important factor when it comes to power quality.

System Average Interruption Duration Index (SAIDI) is the best and the most commonly used reliability in-
dicator. SAIDI measures the average outage duration for each customer served, and is calculated for certain lo-
cation by multiplying the durations of the interruption by interrupted customers to find customer-minutes, then
the total customer-minus will be found out by taking the summation of all interruptions. Then the total custom-
er-minutes will be divided by the total number of customers. SAIDI has a direct relation with “Customer Mi-
nutes of Interruption” (CMI) which represents the average annual outage minutes per customer served. In order
to develop SAIDI, faster restoration strategy is essential.
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Faults occurring in the distribution system reduce the availability of electricity and the time to clear that fault
is very critical. Therefore, distribution automation systems are introduced to automate the fault detection, isola-
tion and restoration process [2]. Various approaches have so far been proposed to obtain the target configuration,
such as expert systems, heuristics, soft computing and mathematical programming (MP) [3]. Nagta, T. et al.
give a brief description of each of those proposed systems and their advantages and disadvantages [3]. Heuristics
and expert systems have problems in achieving the optimal solution whereas MP is able to obtain the optimum
solution; however, more engineering judgmental to formulate restoration problem is needed and due to its diffi-
culty, its execution time is extended. In the case of Soft Computing, it is easy to implement, but it is difficult to
obtain the optimal solutions. And also, it takes lengthy computation time until the solution.

Each of above systems relies on SCADA systems. For large scale power systems, when all decisions are be-
ing taken by the control center, it will be very difficult to handle all these calculations and communications.
They are built upon proprietary communication and signaling protocols. Future power systems aim is to allow
for flexible integration of different power system equipment. However, the vendor specific control protocols
used in commercial SCADA systems for power systems restricts the interconnectivity and interoperability and
this results to increase deployment costs and prevent power system rollout.

Several definitions for an agent are given as per Wooldridge defines that agent is a software component which
has been given the autonomy that provides an interoperable interface to an arbitrary system and/or behaves like
a human agent, working for some clients in pursuit of its own agenda [4]. Multi agent systems (MAS) are made
up of multiple interacting intelligent agents. A collection of social, collaborative agents constitute a multi agent
system. All the agents will inherit a set of common goals, and react to change in the environment, make deci-
sions to achieve those goals, or help other agents in achieving their goals [4]. Other than a software agent MAS
is now being used as a physical agent.

Why multi agent systems are more suitable for restoration problem was a debatable question. It can be found
from the literature clearly why it is more suitable in this scenario. The definition of agency proposed by Wool-
dridge gives a good understanding on MAS [5]. By extending the autonomy in the definition of as agent to flex-
ible autonomy, Woodridge extends the concept of as agent into an intelligent agent [6]-[8]. When an agent has
become an intelligent agent it will comprises of following characteristics.

Reactivity: Agents are designed in such a way that they can recognize changes in the environment not only
that but they also can react and response to those in a timely manner. Most importantly they can take some ac-
tions depending upon those perceptions and functions which are designed to be accomplished.

Pro-activeness: Though changes happen in the environment agents will not deviate from its goals which
means agent will dynamically change its behaviors in order to achieve its objectives. This goal oriented behavior
is called pro-activeness. For example if an agent loses connection between an agent which should be communi-
cated to achieve his objective, he will contact another agent who can provide necessary information. Wooldridge
describes this pro-activeness as an agent’s ability to “take the initiative”.

Social ability: This emphasize that agents will act together to achieve common goals of the system. This be-
havior is not merely information sharing but it indicates that agents will be able to negotiate and interact in a
cooperative manner. That capability is normally supported by an agent communication language (ACL), which
allows agents to antithetical and cooperative rather than simply pass data.

Though a large number of surveys are being conducted [9] in the multi agent research wing lesser number of
surveys actually speak about power system restoration. Importance of multi agent systems in system restoration
and appropriateness of the MAS in system restoration are being analyzed by Acharya, D.S. et al. [10]. This pa-
per categorized types of restorations such as connectivity restoration [11], power system restoration [12] and
restoration of smart grid [13] and also presented several architectural features with some designs [12]-[14]. This
work attempted to present a survey of the various areas, in control engineering, where multi agent systems have
been successfully and efficiently implemented [10] [15].

A survey on multi-agent systems in control engineering was presented by Daneshfar, F. et al. [16]. As in most
of surveys related to MAS this paper also analyzes methods and architectures that are being used in MAS for
control engineering applications. This paper presented the essential terms and concepts that are associated with
multi-agent systems, deliberate why it is more popular among control engineering applications and they also
scrutinize recent publications and research works to find out and areas which MAS is much suitable. And they
also explain reasons why MAS is being used in power distribution applications. Though these papers provide a
good understanding of MAS none of those represents a comprehensive overview of available technologies and
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architectures.

This survey has been done following the method proposed by Kitchenham [17] [18] and the presentation tem-
plate used by Aleti, A. et al. [19]. In order to achieve its research objectives classification of the current research
topics on multi agent systems in power system applications was needed and current state of multi agent systems
in power system applications research with respect to this classification was needed to be identified.

The literature review has been done using widely accepted literature search engines for literature searching
mainly three key words are being used such as multi agent systems (MAS), distribution automation systems
(DAS), power system restoration, electric vehicle charging, smart grids. Key words were refined and extended
while the searching process. The concentration of this research is being given to multi agent based distribution
restoration. Papers related to micro grids were excluded because one of the main ideas of the research was to
identify more suitable architecture for MAS based restoration for a main grid. Due to the same reason as above,
shipboard power restoration was also omitted. But it was necessary to identify applications of MAS in power
system before comes in to the topic.

Therefore in the next section applications of MAS in the power system other than restoration is briefed. Pa-
pers related to power system restoration was then analyzed and categorized according to the architecture in the
section 3 and their architectural features are thoroughly discussed. Optimization methods are then analyzed and
briefed in Section 4. Section 5 presents the conclusion and the future directions of this research wing.

2. Application of MAS in Power System (Other than Restoration)

Due to inherent features multi agent systems are widely being applied in the power system automation. Other
than the main features such as reactivity, proactive and social ability, Bellifemine, F. et al. emphasized some
other features such as self-governing, mobile, honest, benevolent, Rational, learn. Agents can their own without
direct human intercession and they have control over its activities and internal state, therefore agents are said to
be self-governing. Agents can also travel among different nodes in a computer network which can be called as
mobile. Since agents do not provide any false information intentionally they can be considered as honest. It can
be benevolent; always trying to achieve what is asked of it. It can be rational, agents always act in order to
achieve its designed objectives and never to thwart its goals being achieved. Most importantly they can learn by
themselves in order to acclimatize itself to fit its environment and to the desires of its users [20] [21]. From the
literature it can be found many applications and those are briefly described in the next section.

2.1. Distributed, Decentralized, Microgrids

A conventional distribution network transmits electricity from a central power sources to consumers, and the
power dispatch is centrally controlled [22]-[25]. In recent times however, technological progressions, security
apprehensions, regulatory policies and environmental considerations are changing the background of electricity
generation and transmission by decreasing the grid’s dependency on large centralized generation facilities
[26]-[29]. Resulting advantages such as reduced voltage drop and reduced power losses the concept of distri-
buted generators (DGs) and energy storing concepts have arisen as non-conventional power sources to the main
grid or the distribution network at a smaller and distributed scale. As a result several problems can also arise due
to uncertainty and unpredictability because most of those DGs are not utility owned and also characterized by
high degree of vagueness such as solar and wind [30]-[33] and the distribution network may perform differently
from the traditionally anticipated behaviors [34]-[37]. Animatedly and efficiently managing the power dispatch
in order to maintain the frequency by balancing supply and demand by considering the variability of DGs and
loads has become a substantial research topic [38]-[41].

Niannian, C. et al. proposes complete multi-level control architecture described for master-slave organized
microgrids with PE interfaced DGs [42]. Zhao, L. et al. presents an approach of using power line communica-
tion (PLC) technology, a multi-agent system (MAS)—based, decentralized, under-frequency load shedding
(UFLS) scheme is scrutinized in this study for smart distribution networks with the communication constraints
that each agent can only communicate with its neighboring agents [43] and proposed a decentralized reactive
power control scheme to optimally control the switched capacitor in the system in order to abate system losses
and maintain satisfactory voltage profile [44]. Also literature can be found on multi agent based designs for
reactive power management in smart grids with renewable power sources to enhance the dynamic voltage stabil-
ity, which is mainly based on controlling distributed static synchronous compensators [45]. Katherine, R. R. et
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al. proposes that prevailing and forthcoming devices at the inhabited level have the capability to deliver reactive
power. Good examples are inverters which connect distributed generation such as solar panels and pluggable
hybrid electric vehicles to the grid [19].

2.2. Electric Vehicles

A number of EVs are expected to grow rapidly within the next few years. The coordination and controlling of
charging of electric vehicles is one the emerging trends in MAS. Unrestrained charging of EVs can affect unfa-
vorably the normal operation of the power system, exclusively at the distribution level [46]. Karfopoulos, E. L.
et al. presents a distributed, multi-agent EV management system. The proposed system gratifies energy demand
of large population of electric vehicles by considering their owner’s and confirming the efficient operation of the
network. The proposed distributed control concept is a single-objective; non-cooperative, dynamic game which
congregates to a-Nash equilibrium under the circumstance of feebly coupled VC agents. Simulations on a con-
vincing MV feeder endorse the incapability of dumb charging and simple dual-tariff structures to assimilate a
large number of EVs without distressing unfavorably the power networks landscapes. The paper also suggests
that EVs can be used to smoothen the demand curve by “valley filling” by providing excess demand at the peak
and charging at off peak, leading to intensification of load factor and minimization of energy losses [47].

Several other literatures can also be found with different optimizations and control algorithms [48]. A mul-
ti-agent system that harmonizes EV charging in distribution network using a distributed control technique, with
search techniques and neural networks was described. The concept of feeding back the grid from EVS is made
easier with MAS and it is a part which has to be considered in the future with restoration process because it is
possible to use these storage as a backup power source for highly prioritized areas such as hospitals.

2.3. Electricity Market

Agent-based simulation has been a widespread method in modeling and analyzing electricity markets too [49],
[50]. It has been researched during the last decay and several agent based techniques are being presented and
separate reviews on this topic can be found [51]. In their paper Zhou, Z. et al. investigates several gener-
al-purpose agent-based simulation tools. Then, it reviews four widespread agent-based simulation packages de-
veloped for electricity markets and several agent-based simulation models reported in the literature.

2.4. Building Management

Intelligent building is defined as “One which integrates several systems to effectively manage resources in a
harmonized manner to maximize: technical performance, investment and operating cost savings, flexibility” [52],
[53]. One of the techniques to implement these systems is multi agent systems with reconfigurable hardware ac-
celerate responses because of parallel processing [54] [55].

2.5. Load Forecasting

Load forecasting is one of the most important functions when it comes to economic concern. MAS is being used
to find the unit commitment. A multi agent system for spatial electric load forecasting is particularly suited for
simulating the different social dynamics involved in distribution systems [56]. This methodology recovers the
spatial predicting procedures which usually consider the service zone as a static entity to model or simulate the
spatial electric load forecasting in a city.

2.6. Fault Detection

The first stage of the process is fault detection and in most of the cases it is being done by transforming the
wavelet [57] [58]. The wavelet transform usage is explicated by its high efficiency for the singularities discovery,
which is a power system fault characteristic [58].

Several literature on fault detection suggest detecting the fault by calculating the entropy alongside with
transformation of current signals, categorize those faults and tracking down the fault. It is done by calculating
the entropy of wavelet coefficients of 3-phase current signals where various information related to the fault is
included in those transient components which ultimately led to identify faults or abnormities in the power dis-
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tribution network as well as whole power system. The main advantage is that it can be used to deal with the fault
and analyzing the reason behind [57]. EI-Zonkoly, A.M. et al. suggests multi agent based fault detection method.
In this technique he suggests relay agents at the borders of the network sections to measure the current signal
and to recognize the type of fault if it is three lines to ground (3LG), single line to ground (LG), double line to
ground (DLG) or a line to line (LL) fault and this is determined by taking the sum of absolute entropies of
wavelet coefficients of the Clarke components to determine the type of fault if it is 3LG, LG, DLG, or LL fault.
Moreover, it also gives information such as phases comprised in fault and the bus or line at which fault has ari-
sen by taking the sum of absolute entropies of wavelet coefficients of the three phase currents (la, Ib, and Ic).
Finally, the values of the sum of absolute entropies of wavelet coefficients of Clarke components are used to lo-
cate the fault. The mother wavelet used was “Symlets” in addition to Shannon entropy [57].

3. MAS Based Power System Restoration

Feasibility study in application of Al techniques in distribution networks is being carried out by Bouhouras. S. A
[59]. MAS has basic features such as reactivity, pro-activity, social ability and other features such as autonom-
ous, mobility, truthfulness, rationality, ability of learning [20]. As per the above discussion the conventional
power grid system is built in a centralized and radial topology where power is generated and delivered from one
end to the other. Unidirectional power flow analysis which is used in conventional approaches will no longer be
effective to control novel renewable energy sources implemented at the consumption sector efficiently; new
strategies are called for to facilitate the bidirectional power flow incurred by power production of the distributed
energy resource units. Intelligent distribution automation will be required by means of decentralized power
management as well as information and communication technologies to actualize smart grid modernization [60].
Therefore, MAS based power system restoration method has become more popular.

3.1.IEC 61850

The IEC 61850 standard permits for a structured grid automation system where acute tasks like grid protections,
renewable energy sources management, synchronized measurements, and monitoring applications share the
communication network [61] [62]. Papers related to IEC 61850 and MAS clearly describe how MAS can be
used in the distribution system automation in accordance with IEC 61850. The solution is based on the amalga-
mation of IEC 61850 object based modeling and interoperable communication with IEC 61499 function block
executable specification [63]. Using the developed simulation environment, Vyatkin, V. et al. demonstrates the
possibility of multi agent control to attain self-healing grid through collaborative fault location and power resto-
ration.

3.2.]Jade

Dealing with software agents is done with agent oriented software and programming and this involves using
agents as main unit of encapsulation [64]. There are several frameworks such as JADE, FIPAOS and Zeus
which is all open sources JAVA based frameworks. A humber of comparisons can be found from literature [65].
Most of features of JADE don’t stand out in comparison to FIPAOS and Zeus. Therefore JADE is more popular
than other two.

JADE (Java Agent Development Framework) is a software framework which make easy the development of
multi-agent applications in obedience with the FIPA specifications [4]. JADE can then be considered a mid-
dle-ware that put into effect an efficient agent platform and supports the development of multi agent systems.

3.3. Architecture

As per the definition of MAS, it is all about the coordination of a large number of agents to achieve a global ob-
jective [66] where several architectures are being developed for software agents. But when it comes to the topic
of power system restoration limitations such as communications and requirement of high performance devices
will create some constraints.

Two main architectures can be found from literature such as Hierarchical Model and Centralized model de-
pending upon the communication and coordination strategy. Figure 1 shows three different architectures. As
summarized in Table 1, there are both advantages and disadvantages associated with each architecture.
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Figure 1. Different architectures (centralized, hierarchical and hybrid).

Table 1. Comparison of different architectures.

Architecture

Centralized
Model
(Horizontal)

Hierarchical
Model
(Vertical)

Hybrid Model
(3D)

Features

Communication and coordination
will be done through a central
agent.

All agents will be in the same
level.

Defined hierarchy will be there
and agents will only communicate
with neighbors.

All agents will be in different
levels.

Features of both centralized and
hierarchical are included. Since it
has both dimensions it can also be
called as a 3D model.

There will be several levels so that
at least one level will be with more
than two agents.

Advantages

Less reaction
time

Simple in both
processing and
communication

Less reaction
time

Simple in both
processing and
communication

Disadvantages

High performance central computer and fast
communication link is needed

Very complexin both processing and
communication.

Vulnerable

High reaction time
Difficult to find the optimum solution due to
unavailability of information

Bit complexin both processing and communi-
cation.
Disadvantages from both are included.

3.4. Centralized

In this model in Figure 2, there is a central agent that will coordinate and communicate with each agent and
such a strategy usually contains a single central coordinator to control the entire system for system management,
maintenance, and restoration [67] [68]. The speed of the process will be much higher than the hierarchical me-
thod but the need for high performance central computer and data jams could be disadvantages of this method.
At the beginning this centralized coordination strategy was more popular than decentralized coordination where
a decentralized coordination strategy was suggested to overcome such limitations [69] [70].

3.5. Hierarchical

This is the most conventional and used architecture shown in Figure 3. In most of the papers this model is being
used as the architecture where the information gathered by a lower level agent is fed in to the upper level agent
[71] [72]. The main advantage of this method is that the complexity of communication is very low. The data jam
becomes low because sending of messages to the same agent by several agents will be avoided. The main dis-
advantage is that because of the hierarchy time consumption among communications will be increased and the
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Figure 2. Centralized architecture.

Figure 3. Hierarchical architecture.

overall performance will be slower.

The other main disadvantage: since they only communicate with neighboring agents they only have imme-
diate neighbor’s information and therefore it is difficult to find the optimum path because of incompleteness of
information.

3.6. Hybrid

Hybrid MAS structure shown in Figure 4 can take the advantages of both centralized and decentralized ap-
proaches and reach the optimal restoration plan [73]-[76]. In hybrid method they can make better decisions and
since they are not just relying on centralized data, even failures in accessing the centralized data do not affect the
MAS much [77]-[80].

4. Optimization

The new trend of MAS is optimizing the solution and optimization of architecture with genetic algorithm,
swarm optimization and etc... Though a number of architecture is being introduced optimum solution cannot be
achieved at the first instance to find out the optimum restoration path considering voltage levels, line capacities,
transformer capacities and etc... Therefore optimization algorithms are being introduced recently [81].

4.1. Genetic Algorithm (GA) & Particle Swarm Optimization

From the literature it can be found new directions towards GA to be used in MAS [3] [82] [83]. Generally, GA
has solid capability of optimal search. It has been used in the service restoration even with some shortcomings in
MAS genetic algorithm. It can be used to hunt the best Pareto solution for the multiple objects service restora-
tion problem, considering users’ priority [82]. MAS GA is an amalgamation of MAS and GA and it is easy to
realize. An individual in GA is treated as an agent having the capability of part perception, rivalry and self-
learning technique. The aim of overall optima comes real through interactions between agents and environment
as well as in the middle of agents. The competitive and self-healing comportments of agent are reflected by cha-
racters of survival of the most appropriate, diversity and self-learning [82] [83].

PSO shares several likenesses with evolutionary calculation methods such as Genetic Algorithms (GA). The
system is initialized with a population of random solutions and searches for optima by updating generations. How-
ever, unlike GA, PSO has no evolution operators such as border and mutation. In PSO, the prospective solutions,
called particles, fly among the problem space by following the current optimum particles [84]. It is also a new

wing of MAS to use PSO.
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Figure 4. Hybrid architecture.

4.2. Immune System Algorithm

These algorithms mostly are trying to solve the restoration problem by decentralized processing to survive in
case of single point of failures. In this case although agents have access to their immediate neighbor’s informa-
tion optimal solution cannot be reached because of incomplete information which is necessary to reach such de-
cisions. The immune system and the human body can be considered as the best example for a highly intelligent
multi agent system. The immune system is the defender if human system formed by millions of cells. Multi-
agent based systems are now being implemented based on the same principle as the immune system of a human
body.

Tang, X. et al. suggests a multi agent system which is capable of fault detection isolation and to discover an
optimal path to restore power. In the search for optimal path, the algorithm considers constraints such as voltage
violations, line capacities, and performs load shedding if necessary.

Similar to the immune system in a human body the suggested system also has the continuous learning capa-
bility through the integration of the power system [85]. This is the most important characteristic of immune sys-
tem in a human body which is capable of learning and memorizing over the time. By trying to mimic some of
the behaviors of immune system MAS for power reconfiguration and restoration can be designed.

5. Conclusion and Future Direction

Due to increments in complexities in the power system, MAS has become a dominant research wing. In this pa-
per, applications of MAS in power system are identified. Identified research wings from derived taxonomy are
then briefly described where power system restoration is a main topic. From the above analysis, it can be con-
cluded that MAS will be a solution for emerging complexities with bidirectional power flows in the power sys-
tem. In the later part of the paper, a systematic Literature Review of Multi Agent Based Distribution Restoration
which includes a number of different approaches. Based on the analysis, the methods used for fault identifica-
tion are discussed. The main different MAS architectures are identified and their advantages and disadvantages
are analyzed. From identified architectures and features, it can be concluded that innovative architectures are
desirable to be developed. The development of hybrid architecture will be more expedient especially for young
researchers. Most importantly from this study it has been identified that more research on the optimization of
MAS based restoration are needed today. There is a vacuum in this sector for optimizations.

For future directions, more research is needed for optimization of MAS based restorations and architectures.
Optimizations like ant colony optimizations, Bacterial Algorithms are necessary to be embedded with MAS to
accomplish the optimal solution. In addition, controlled charging of EVs using MAS to control load profile will
be a future research wing. Further interconnection of MAS based restoration and MAS based EV charging sys-
tems can also be a good research topic.

Acknowledgements

Avoid the stilted expression, “One of us (R. B. G.) thanks...”. Instead, try “R. B. G. thanks”. Do not put sponsor



S. L. Jayasinghe, K. T. M. U. Hemapala

acknowledgements in the unnumbered footnote on the first page, but at here.

References

(1]
[2]

(3]
(4]
(5]

(6]
(7]

(8]
(9]
[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Piagi, R.H. and Lasseter, P. (2004) Microgrid: A Conceptual Solution. Power Electronics Specialists Conference 2004,
Aachen, 20 -26 June 2004, 20-25.

Andreou, A.S., Labridis, G.T., Bakirtzis, D.P. and Bouhouras, A.G. (2010) Selective Automation Upgrade in Distribu-
tion Networks towards a Smarter Grid. IEEE Transactions on Smart Grid, 1, 278-285.
http://dx.doi.org/10.1109/TSG.2010.2080294

Sasaki, H. and Nagata, T. (2002) A Multi-Agent Approach to Power System Restoration. IEEE Transactions on Power
Systems, 17, 457-642. http://dx.doi.org/10.1109/TPWRS.2002.1007918

Caire, G., Greenwood, D. and Bellifemine, F. (2007) Developing Multi-Agent Systems with JADE. John Wiley &
Sons Ltd., Chichester.

Wooldridge, M. (2013) Intelligent Agents. In: Weiss, G., Eds., Multi-Agent Systems, 2nd Edition, MIT Press, Cam-
bridge, Massachusetts, 3-50.

Alonso, E. (2002) Al and Agents State of the Art. Al Magazine, 23, 25-29.

Tichyb, P., Slechtab, P., Discenzoa, F., Starona, R.J. and Maturanaa, K.H.F.P. (2004) Distributed Multi-Agent Archi-
tecture for Automation Systems. Intelligent Computing in the Petroleum Industry, 2, 49-56.

Armendariz, M., Vasilenko, O., Saleem, A., Nordstrom, L. and Eriksson, M. (2014) Multi-Agent Based Distribution
Automation Solution for Self-Healing Grids. IEEE Transactions on Industrial Electronics, 62, 2620 - 2628.

Yogesh, M., Hemachandran, M., Uvaraj, G. and Dinesh, J. (2013) Application of Multi Agent System. International
Journal of Computer Applications, 66, 46-50.

Nath, D.S. and Acharya, N.L. (2015) Applications of Multi Agent Systems in Control Engineering: A State-of-the-Art
Survey. International Journal of Innovative Research in Advanced Engineering (IJIRAE), 2, 113-118.

Yang, Y., Liu, G. and Mi, Z. (2011) HERO: A Hybrid Connectivity Restoration Framework for Mobile Multi-Agent
Networks. Proceedings of the IEEE International Conference on Robotics and Automation, Shanghai, 9-13 May 2011,
1702-1707.

Kong, B., Liu, F., Gong, X., Shen, X. and Chen, X.J. (2013) System Service Restoration of Distribution Network
Based on Multi-Agent Technology. Proceedings of the Fourth Conference on Digital Manufacturing and Automation,
Qindao, 29-30 June 2013, 1371-1374.

Sampaio, R.F., Leao, R.P.S., Melo, L.S., Barroso, G.C. and Barros, J.V.C. (2013) A Multiagent Approach to Automat-
ic Restoration of Distribution Network. Proceedings of the IEEE PES Conference on Innovative Smart Grid Technolo-
gies Latin America (ISGT LA), Sao Paulo, 15-17 April 2013, 1-7.

Davidson, E.M., Catterson, V.M., Dimeas, A.L., Hatziargyriou, N.D., Ponci, F., Funabashi, T. and McArthur, S.D.J.
(2007) Multi-Agent Systems for Power Engineering Applications—Part I: Concepts, Approaches, and Technical Chal-
lenges. IEEE Transactions on Power Systems, 22, 1743-1752. http://dx.doi.org/10.1109/TPWRS.2007.908471

Davidson, E.M., Catterson, V.M., Dimeas, A.L., Hatziargyriou, N.D., Ponci, F., Funabashi, T. and McArthur, S.D.J.
(2007) Multi-Agent Systems for Power Engineering Applications—Part 1l: Technologies, Standards, and Tools for
Building Multi-Agent Systems. IEEE Transactions on Power Systems, 22, 1753-1759.
http://dx.doi.org/10.1109/TPWRS.2007.908472

Bevrani, H. and Daneshfar, F. (2009) Multi-Agent Systems in Control Engineering: A Survey. Journal of Control
Science and Engineering, 2009, Article ID: 531080.

Kitchenham, B. (2004) Procedures for Performing Systematic Reviews. Technical Report TR/SE-0401, Department of
Computer Science, Keele University, UK.

Ploix, S., Abras, S., Oliveira, G. and Joumaa, H. (2011) A MAS Integrated into Home Automation System, for the
Resolution of Power Management Problem in Smart Homes. Energy Procedia, 6, 786-794.
http://dx.doi.org/10.1016/j.eqypro.2011.05.089

Klump, R., Khurana, H., Aquino-Lugo, A.A., Overbye, T.J. and Rogers, K.M. (2010) An Authenticated Control
Framework for Distributed Voltage Support on the Smart Grid. IEEE Transactions on Smart Grid, 1, 40-47.
http://dx.doi.org/10.1109/TSG.2010.2044816

Poggi, A., Rimassa, G. and Bellifemine, F. (2001) Developing Multi-Agent Systems with JADE. Intelligent Agents VI,
89-103.

Davidson, E.M., McArthur, S.D. and Catterson, V.M. (2012) Practical Applications of Multi-Agent Systems in Electric
Power Systems. European Transactions on Electrical Power, 22, 235-252. http://dx.doi.org/10.1002/etep.619



http://dx.doi.org/10.1109/TSG.2010.2080294
http://dx.doi.org/10.1109/TPWRS.2002.1007918
http://dx.doi.org/10.1109/TPWRS.2007.908471
http://dx.doi.org/10.1109/TPWRS.2007.908472
http://dx.doi.org/10.1016/j.egypro.2011.05.089
http://dx.doi.org/10.1109/TSG.2010.2044816
http://dx.doi.org/10.1002/etep.619

S. L. Jayasinghe, K. T. M. U. Hemapala

[22]

[23]

[24]
[25]
[26]
[27]
[28]

[29]

[30]
[31]

[32]

[33]

[34]
[35]

[36]

[37]
[38]

[39]

[40]

[41]
[42]

[43]

[44]

Lasseter, R.H. and Piagi, P. (2006) Autonomous Control of Microgrids. Proceedings of the IEEE Power Engineering
Society General Meeting, Montreal, 18-22 June 2006.
http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=1708993&abstractAccess=no&userType=inst

Liu, B. and Dou, C. (2014) Hierarchical Management and Control Based on MAS for Distribution Grid via Intelligent
Mode Switching. International Journal of Electrical Power & Energy Systems, 54, 352-366.
http://dx.doi.org/10.1016/j.ijepes.2013.07.029

Hatziargyriou, A.L. and Dimeas, N.D. (2005) Operation of a Multi Agent System for Micro Grid Control. IEEE
Transactions on Power Systems, 20, 1447-1455. http://dx.doi.org/10.1109/TPWRS.2005.852060

Hatziargyriou, N. and Dimeas, A. (2004) A Multi-Agent System for Microgrids. Proceedings of the IEEE Power En-
gineering Society General Meeting, Denver, 6-10 June 2004, 55-58.

Laura, E.B., Gordon, P., Wayne, W.W. and Abhilash, K. (2015) Survey of Multi-Agent Systems for Microgrid Control.
Engineering Applications of Artificial Intelligence, 45, 192-203. http://dx.doi.org/10.1016/j.engappai.2015.07.005
Shen, W.M., Tambe, M., Yokoo, M. and Modi, P.J. (2005) Adopt: Asynchronous Distributed Constraint Optimization
with Quality Guarantees. Artificial Intelligence, 161, 149-180. http://dx.doi.org/10.1016/j.artint.2004.09.003
Hemapala, K., Gopura, R. and Kulasekara, A. (2013) Dual Layered Architecture for Multi Agent Based Islanding and
Load Management for Micro Grids. International Journal of Smart Grid and Clean Energy, 2, 29-42.

Zabet, |. and Montazeri, M. (2010) Decentralized Control and Management Systems for Power Industry via Multiagent
Systems Technology. Proceedings of the 4th International Power Engineering and Optimization Conference (PEOCO
2010), Shah Alam, 23-24 June 2010, 23-24. http://dx.doi.org/10.1109/peoco.2010.5559254

Zhang, M., Soetanto, D., Su, X. and Ren, F. (2013) Conceptual Design of A Multi-Agent System for Interconnected
Power Systems Restoration. IEEE Transactions on Power Systems, 27, 732-740.

Flueck, A.J. and Nguyen, C.P. (2012) Agent Based Restoration with Distributed Energy Storage Support in Smart Gr-
ids. IEEE Transactions on Smart Grid, 3, 1029-1038. http://dx.doi.org/10.1109/TSG.2012.2186833

Elsaid, M., Elgamal, M. and Elmitwally, A. (2014) Multi-Agent-Based Voltage Stabilization Scheme Considering
Load Model Effect. International Journal of Electrical Power & Energy Systems, 55, 225-237.
http://dx.doi.org/10.1016/j.ijepes.2013.08.026

Kling, W.L., Myrzik, J.M.A. and Nguyen, P.H. (2010) An Application of the Successive Shortest Path Algorithm to
Manage Power in Multi-Agent System Based Active Networks. European Transactions on Electrical Power, 20, 1138-
1152. http://dx.doi.org/10.1002/etep.390

Cho, S., Shin, H. and Kim, J. (2013) Advanced Power Distribution System Configuration for Smart Grid. IEEE
Transactions on Smart Grid, 4, 353-358. http://dx.doi.org/10.1109/TSG.2012.2233771

Khushalani, S., Schulz, N.N. and Solanki, J.M. (2007) A Multi-Agent Solution to Distribution Systems Restoration.
IEEE Transactions on Power Systems, 22, 1026-1034. http://dx.doi.org/10.1109/TPWRS.2007.901280

Rajesh, R., Bajaj, K.K., Vijayaraghavan, V. and Purusothaman, S.R.R.D. (2013) Implementation of Arduino-Based
Multi-Agent System for Rural Indian Microgrids. Proceedings of the IEEE Innovative Smart Grid Technologies—Asia
(ISGT Asia), Bangalore, 10-13 November 2013, 1-5.

Lim, Y., Kinoshita, T. and Kim, H. (2012) An Intelligent Multi Agent System for Autonomous Micro Grid Operation.
Energies, 5, 3347-3362. http://dx.doi.org/10.3390/en5093347

Liu, T.Q., Liu, X.P. and Zhou, X.Y. (2012) Multi-Agent based Microgrid Coordinated Control. Energy Procedia, 14,
154-159. http://dx.doi.org/10.1016/j.proeng.2011.12.686

Feroze, H., Rahman, S. and Pipattanasomporn, M. (2009) Multi-Agent Systems in a Distributed Smart Grid: Design
and Implementation. Proceedings of the Power Systems Conference and Exposition (PSCE’09), Seattle, 15-18 March
2009, 1-8.

Kumar Nunna, H.S.V.S. and Doolla, S. (2013) Multi Agent-Based Distributed-Energy-Resource Management for In-
telligent Micro Grids. IEEE Transactions on Industrial Electronics, 60, 1678-1687.
http://dx.doi.org/10.1109/T1E.2012.2193857

Jin, S., Jiang, G., Bo, Z. and Dou, C. (2009) Multi-Agent Based Control Framework for Micro Grids. Proceedings of
the Power and Energy Engineering Conference, Wuhan, 28-31 March 2009, 1-4.

Cai, N.N. and Mitra, J. (2014) A Multi-Level Control Architecture for Master-Slave Organized Microgrids with Power
Electronic Interfaces. Electric Power Systems Research, 109, 8-19. http://dx.doi.org/10.1016/j.epsr.2013.11.027

Liu, W., Zhu, J., Zhao, B., Wu, Z., Luo, Z., Yu, J. and Gu, W. (2014) Adaptive Decentralized Under-Frequency Load
Shedding for Islanded Smart Distribution Networks. IEEE Transactions on Sustainable Energy, 5, 886-895.
http://dx.doi.org/10.1109/TSTE.2014.2310291

Shatshat, R.E., Salama, M.M.A. and Elkhatib, M.E. (2012) Decentralized Reactive Power Control for Advanced Dis-



http://ieeexplore.ieee.org/xpl/freeabs_all.jsp?arnumber=1708993&abstractAccess=no&userType=inst
http://dx.doi.org/10.1016/j.ijepes.2013.07.029
http://dx.doi.org/10.1109/TPWRS.2005.852060
http://dx.doi.org/10.1016/j.engappai.2015.07.005
http://dx.doi.org/10.1016/j.artint.2004.09.003
http://dx.doi.org/10.1109/peoco.2010.5559254
http://dx.doi.org/10.1109/TSG.2012.2186833
http://dx.doi.org/10.1016/j.ijepes.2013.08.026
http://dx.doi.org/10.1002/etep.390
http://dx.doi.org/10.1109/TSG.2012.2233771
http://dx.doi.org/10.1109/TPWRS.2007.901280
http://dx.doi.org/10.3390/en5093347
http://dx.doi.org/10.1016/j.proeng.2011.12.686
http://dx.doi.org/10.1109/TIE.2012.2193857
http://dx.doi.org/10.1016/j.epsr.2013.11.027
http://dx.doi.org/10.1109/TSTE.2014.2310291

S. L. Jayasinghe, K. T. M. U. Hemapala

[45]

[46]

[47]

[48]

[49]

[50]
[51]
[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

tribution Automation Systems. IEEE Transactions on Smart Grid, 3, 1482-1490.
http://dx.doi.org/10.1109/TSG.2012.2197833

Mahmud, M.A., Pota, H.R., Hossain, M.J. and Rahman, M.S. (2014) Distributed Multi-Agent Scheme for Reactive
Power Management with Renewable Energy. Energy Conversion and Management, 88, 573-581.
http://dx.doi.org/10.1016/j.enconman.2014.09.002

Hatziargyriou, N. and Karfopoulos, E. (2013) A Multi-Agent System for Controlled Charging of a Large Population of
Electric Vehicles. IEEE Transactions on Power Systems, 28, 1196-1204.
http://dx.doi.org/10.1109/TPWRS.2012.2211624

Jayaweera, C., Kanchana, T., Jayasinghe, S., Jayawardana, D. and Wickramarachchi, N. (2014) Intelligent Water
Management System with Remote Access and Monitoring. International Journal of Simulation Systems, Science &
Technology, 15, 23-28.

Jenkins, N., Cipcigan, L.M., Grau, I., Zabala, E. and Papadopoulos, P. (2013) Coordination of the Charging of Electric
Vehicles Using a Multi-Agent System. IEEE Transactions on Smart Grid, 4, 1802-1809.
http://dx.doi.org/10.1109/TSG.2013.2274391

Ketter, W., Saar-Tsechansky, M., Collins, J. and Peters, M. (2012) Autonomous Data-Driven Decision-Making in
Smart Electricity Markets. Proceedings of the European Conference, ECML PKDD, Bristol, 24-28 September 2012,
132-147.

Sierra, C., Jennings, N.R. and Faratin, P. (2002) Using Similarity Criteria to Make Issue Trade-Offs in Automated Ne-
gotiations. Artificial Intelligence, 142, 205-237. http://dx.doi.org/10.1016/S0004-3702(02)00290-4

Chan, W.K., Chow, J.H. and Zhou, Z. (2007) Agent-Based Simulation of Electricity Markets: A Survey of Tools. Ar-
tificial Intelligence Review, 28, 305-342. http://dx.doi.org/10.1007/s10462-009-9105-x

Li, H., Wang, S.W. and Wong, J.K.W. (2005) Intelligent Building Research: A Review. Automation in Construction,
14, 143-159. http://dx.doi.org/10.1016/j.autcon.2004.06.001

Langerak, W., Meerstra, G., Nieuwenburg, N., Pape, F., Telgen, D., Puik, E., Meyer, J. and Moergestel, L. (2013)
Agents in Domestic Environments. Proceedings of the 19th International Conference on Control Systems and Com-
puter Science (CSCS), Bucharest, 29-31 May 2013, 487-494.

Meybodi, M.N., Moghaddam, T.N.F. and Naji, H.R. (2011) Intelligent Building Management Systems Using Multi-
Agents: Fuzzy Approach. International Journal of Computer Applications, 14, 9-14.
http://dx.doi.org/10.5120/1890-2254

Ploix, S., Abras, S., Oliveira, G. and Oumaa, H. (2011) A MAS Integrated into Home Automation System, for the
Resolution of Power Management Problem in Smart Homes. Energy Procedia, 6, 786-794.
http://dx.doi.org/10.1016/j.eqypro.2011.05.089

Ferrari, P., Flammini, A., Rinaldi, S., Sisinni, E. and Giustina, D.D. (2013) Automation of Distribution Grids with IEC
61850: A First Approach Using Broadband Power Line Communication. IEEE Transactions on Instrumentation and
Measurement, 62, 2372-2383. http://dx.doi.org/10.1109/T1M.2013.2270922

Qiao, W., Sun, H., Wan, H., Wang, J., Xia, Y., Xu, Z., Zhang, P. and Li, F. (2010) Smart Transmission Grid: Vision
and Framework. IEEE Transactions on Smart Grid, 1, 168-177. http://dx.doi.org/10.1109/TSG.2010.2053726

Vyatkin, V. and Zhabelova, G. (2012) Multiagent Smart Grid Automation Architecture Based on IEC 61850/61499 In-
telligent Logical Nodes. IEEE Transactions on Industrial Electronics, 59, 2351-2362.
http://dx.doi.org/10.1109/T1E.2011.2167891

Martin, L.G., Reed, L. and Steven, P.F. (2002) Agent Behavior Architectures a MAS Framework Comparison. In:
Proceedings of the First International Joint Conference on Autonomous Agents and Multiagent Systems, ACM Press,
New York, 86-87.

Aler, R., Castro, C., Molina, J.M. and Camacho, D. (2012) Performance Evaluation of Zeus, Jade, and Skeleton Agent
Frameworks. Proceedings of the IEEE Systems, Man, and Cybernetics Conference, Seoul, 14-17 October 2012.
Carreno, E.M., Padilha-Feltrin, A. and Melo, J.D. (2012) Multi-Agent Simulation of Urban Social Dynamics for Spa-
tial Load Forecasting. IEEE Transactions on Power Systems, 27, 1870-1878.
http://dx.doi.org/10.1109/TPWRS.2012.2190109

El-Zonkoly, A.M. (2011) Fault Diagnosis in Distribution Networks with Distributed Generation. Electric Power Sys-
tems Research, 81, 1482-1490. http://dx.doi.org/10.1016/j.epsr.2011.02.013

Oliveira, K.R.C., Filomena, A.D., Resener, M., Bretas, A.S. and Salim, R.H. (2008) Hybrid Fault Diagnosis Scheme
Implementation for Power Distribution Systems Automation. IEEE Transactions on Power Delivery, 23, 1846-1856.
http://dx.doi.org/10.1109/TPWRD.2008.917919

Andreou, G.T., Labridis, D.P. and Bouhouras, A.S. (2010) Feasibility Study of the Implementation of A.l. Automation
Techniques in Modern Power Distribution Networks. Electric Power Systems Research, 80, 495-505.



http://dx.doi.org/10.1109/TSG.2012.2197833
http://dx.doi.org/10.1016/j.enconman.2014.09.002
http://dx.doi.org/10.1109/TPWRS.2012.2211624
http://dx.doi.org/10.1109/TSG.2013.2274391
http://dx.doi.org/10.1016/S0004-3702(02)00290-4
http://dx.doi.org/10.1007/s10462-009-9105-x
http://dx.doi.org/10.1016/j.autcon.2004.06.001
http://dx.doi.org/10.5120/1890-2254
http://dx.doi.org/10.1016/j.egypro.2011.05.089
http://dx.doi.org/10.1109/TIM.2013.2270922
http://dx.doi.org/10.1109/TSG.2010.2053726
http://dx.doi.org/10.1109/TIE.2011.2167891
http://dx.doi.org/10.1109/TPWRS.2012.2190109
http://dx.doi.org/10.1016/j.epsr.2011.02.013
http://dx.doi.org/10.1109/TPWRD.2008.917919

S. L. Jayasinghe, K. T. M. U. Hemapala

[65]
[66]

[67]

[68]
[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

(7]

[78]

[79]

(80]

[81]

(82]

(83]

[84]

http://dx.doi.org/10.1016/j.epsr.2009.10.028

Ansari, N. and Lo, C. (2012) The Progressive Smart Grid System from Both Power and Communications Aspects.
Proceedings of the IEEE Communications Surveys & Tutorials, 14, 799-821.

Tao, Y., Fujita, H. and Nagata, T. (2004) An Autonomous Agent for Power System Restoration. Proceedings of the
Power Engineering Society General Meeting, Denver, 6-10 June 2004, 1069-1074.

Shi, L., Yao, L., Ni, Y., Bazargan, M. and Yan, X. (2014) A Multi-Agent Based Autonomous Decentralized Frame-
work for Power System Restoration. Proceedings of the International Conference on Power System Technology
(POWERCON 2014), Chengdu, 20-22 October 2014, 871-876.

Chuang, H., Chen, C., Li, C., Ho, C. and Lin, C. (2009) Fault Detection, Isolation and Restoration Using a Multia-
gent-Based Distribution Automation System. Industrial Electronics and Applications, 2528-2533.

Sidhu, T.S., Choi, M., Lee, S., Hong, S., Lim, S, Lee, S. and Lim, I. (2013) Design and Implementation of Multia-
gent-Based Distributed Restoration System in DAS. IEEE Transactions on Power Delivery, 27, 585-593.

Choi, M., Lee, S., Kim, T.W. and Lim, I. (2009) Intelligent Distributed Restoration by Multi-Agent System Concept in
DAS. Proceedings of the 15th International Conference on Intelligent System Applications to Power Systems, Curitiba,
8-12 November 2009, 1-6.

Zhang, M., Sutanto, D. and Ren, F. (2013) A Multi-Agent Solution to Distribution System Management by Consider-
ing Distributed Generators. IEEE Transactions on Power Systems, 28, 1442-1451.
http://dx.doi.org/10.1109/TPWRS.2012.2223490

Okamoto, K. and Nagata, T. (2014) A Decentralized Distribution Power System Restoration by Using Multi-Agent
Approach. Proceedings of the 2014 International Electrical Engineering Congress (iEECON), Chonburi, 19-21 March
2014, 1-4.

Chouhan, S., Choudhry, M.A., Feliachi, A. and Ghorbani, J. (2013) Hybrid Multi Agent Approach for Power Distribu-
tion System Restoration. Proceedings of the 2013 IEEE Energytech, Cleveland, 21-23 May 2013, 1-5.

Bai, L., Biswas, S., Ferrese, F., Dong, Q. and Ren, Q. (2014) A BDI Multi-Agent Approach for Power Restoration.
Proceedings of the 7th International Symposium on Resilient Control Systems (ISRCS), Denver, 19-21 August 2014, 1-
6.

Fukunaga, S. and Nagata, T. (2011) An Autonomous Distributed Agent Approach to Power System Restoration. Pro-
ceedings of the 16th International Conference on Intelligent System Application to Power Systems (ISAP), Hersonissos,
25-28 September 2011, 1-5.

Pisanupoj, S., Ongsakul, W., Pipattanasomporn, M. and Khamphanchai, W. (2011) A Multi-Agent Based Power Sys-
tem Restoration Approach in Distributed Smart Grid. Proceedings of the International Conference and Utility Exhibi-
tion on Power and Energy Systems: Issues & Prospects for Asia (ICUE), Pattaya City, 28-30 September 2011, 1-7.

Tahara, Y., Kunisa, D., Fujita, H. and Nagata, T. (2006) A Distributed Autonomous Approach for Bulk Power System
Restoration by Means of Multi-Agent System. IEEJ Transactions on Electronics, Information and Systems, 126, 187-
193. http://dx.doi.org/10.1541/ieejeiss.126.187

Tahara, T., Fujita, H. and Nagata, T. (2005) An Agent Approach to Power System Distribution Networks. Proceedings
of the IEEE International Symposium on Circuits and Systems, Kobe, 23-26 May 2005, 4737-4742.

Chen, Y., Shen, G., Fan, Y. and Liu, D. (2005) A Multi-Agent Based Approach for Modeling and Simulation of Bulk
Power System Restoration. Proceedings of the IEEE/PES Transmission and Distribution Conference & Exhibition:
Asia and Pacific, Dalian, 14-18 August 2005.

Dou, C.-X., Liu, B. and Guerrero, J.M. (2014) Event-Triggered Hybrid Control Based on Multi-Agent Systems for
Microgrids. IET Generation, Transmission & Distribution, 8, 1987-1997. http://dx.doi.org/10.1049/iet-gtd.2013.0869

Soo, V., Tsai, M., Peng, Y. and Yu, W. (2011) Coordinating a Society of Switch Agents for Power Distribution Service
Restoration in a Smart Grid. Proceedings of the 16th International Conference on Intelligent System Application to
Power Systems (ISAP), Hersonissos, 25-28 September 2011, 1-7.

Sun, L. and Zhang, L. (2011) Multi-Objective Service Restoration for Blackout of Distribution System with Distri-
buted Generators Based on Multi-Agent GA. Proceedings of the International Conference on Smart Grid and Clean
Energy Technologies, Chengdu, 27-30 September 2011, 253-262.

Hamagami, T., Shinji, H., Tanabe, T., Funabashi, T., Hirata, H. and Kodama, J. (2007) Multi-Agent-Based Autonom-
ous Power Distribution Network Restoration Using Contract Net Protocol. Electrical Engineering in Japan, 166, 24-
30.

Feliachi, A. and Belkacemi, R. (2010) Multi-Agent Design for Power Distribution System Reconfiguration Based on
the Artificial Immune System Algorithm. Proceedings of the 2010 IEEE International Symposium on Circuits and
Systems (ISCAS), Paris, 30 May-2 June 2010, 3461-3464.



http://dx.doi.org/10.1016/j.epsr.2009.10.028
http://dx.doi.org/10.1109/TPWRS.2012.2223490
http://dx.doi.org/10.1541/ieejeiss.126.187
http://dx.doi.org/10.1049/iet-gtd.2013.0869

S. L. Jayasinghe, K. T. M. U. Hemapala

[85] Zhang, H., Cui, Y., Gu, L., Deng, Y. and Tang, X. (2014) A Novel Reactive Power Optimization Solution Using Im-
proved Chaos PSO Based on Multi-Agent Architecture. International Transactions on Electrical Energy Systems, 24,
609-622. http://dx.doi.org/10.1002/etep.1717



http://dx.doi.org/10.1002/etep.1717

	Multi Agent Based Power Distribution System Restoration—A Literature Survey
	Abstract
	Keywords
	1. Introduction
	2. Application of MAS in Power System (Other than Restoration)
	2.1. Distributed, Decentralized, Microgrids
	2.2. Electric Vehicles
	2.3. Electricity Market
	2.4. Building Management
	2.5. Load Forecasting
	2.6. Fault Detection

	3. MAS Based Power System Restoration
	3.1. IEC 61850
	3.2. Jade
	3.3. Architecture
	3.4. Centralized
	3.5. Hierarchical
	3.6. Hybrid

	4. Optimization
	4.1. Genetic Algorithm (GA) & Particle Swarm Optimization
	4.2. Immune System Algorithm

	5. Conclusion and Future Direction
	Acknowledgements
	References

