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Abstract — To enhance the evaluation of the reliability 

recently featured many of the approaches linking the 
probability and fuzzy logic, the multi - agent system can 
provide a connection between fuzzy logic and probability. In 
this article represents a new application of multi-agent model 
for evaluating the reliability indices of generation power 
system. Using agents of the probability for determining 
capacity and agents of the fuzzy inference control to estimate 
the operation or failure probability evaluation. The simulation 
results show the agents for fuzzy reliability indices give a near 
values compared to results used in analytical approach and 
provide a speedy decision of the integration fuzzy logic 
technique with computational probability due to the use of 
multi-agent model will facilitate the incorporation of smart 
grid in the Malaysian power system. It was implemented using 
the Jade package and fuzzy java tools. 

Keywords - Probability, Fuzzy Logic, Multi-agent system, 
Generation Reliability Indices, Jade package. 

I.  INTRODUCTION  

   Nowadays, agents are the focus of intense attention in 
many areas such as computer science and artificial 
intelligence. In facts, agents are being used in an 
increasingly wide variety of applications [1]. A multi-agent 
system is a system composed of multiple interacting 
intelligent agents and wide used in other branches of 
engineering and computer science [2]. Also,  many 
applications of the fuzzy logic approach to electric power 
system engineering were discussed. One of These 
applications are assessed reliability generation based on the 
loss of energy indices.  Reliability of the generated power 
system is afflicted with the load curve characteristics, Peak 
duration load and variety between levels of the peak at each 
hour, day and month of each season of a year. Various kinds 
of customers might have different load curve charts[3]. 
Probability based models have already been advanced for 
precisely reflects the stochastic nature of generators 
behaviour and determines its reliability interpretation 
[4].Probability methods  alone  are  not sufficient  to deal 
with the problems of reliability and it can best be used  
fuzzy logic[5], he fuzzy logic algorithm is used to determine 
uncertainty processing to improve reliability by one of the 
important factors in taking inference procedures and 
decision-making and fault detection in power system is the 
membership functions [6]. 

This template provides authors In [7] has used fuzzy 
logic to provide powerful factors for some uncertainties 

available to assess reliability Indices by probability 
methods. Also fuzzy logic depends on the probabilities 
which deal with uncertainty when it is designed , In fact, 
The probability theory and  the fuzzy logic are usually 
conjugated and completely each other[8].  

In paper [9] Probability simulation by mathematical 
model Randomness and Fuzzy logic have been used in this 
paper. The fuzzy set is the focus of intense attention in 
many areas to solve power system reliability. Reference [10] 
has presented a new fuzzy operative the area under the load 
duration curve model for evaluating reliability indices of 
composite power systems based on probability and fuzzy set 
methods. Reference [11] has used fuzzy load description in 
generation, transmission power system reliability using 
Monte Carlo method. Narasimhan and Asgarpoor [12] 
proposed a new hybrid approach to evaluate generation 
system reliability using fuzzy clustering approach for 
modeling the loads .In [13] also proposed genetic 
algorithms guided by fuzzy numbers to evaluate power 
system reliability. A multi-agent system is a system 
composed of multiple interacting intelligent agents and wide 
used in other branches of engineering and computer science 
[14]. 

For the distributed approach using the multi-agent 
approach for solving power system problems, the power 
system network can be decomposed by dividing the system 
into subsystems with respect to the voltage levels [15]. For 
consistent service to the electricity consumers, power 
system must remain intact and be able to endure a wide 
variety of disturbances. It should be operated in normal and 
secured condition. As a result, the system must be designed 
and operated so that the more possible contingencies can be 
sustained with no loss of load [16]. In order to efficiently 
manage and control the power network, multi-agent systems 
(MASs) have been employed to solve the challenges in 
power networks, and are being developed for a range of 
applications including fault diagnostics, system monitoring, 
system restoration, system simulation, and system control 
[17]. 

As JADE (Java agent development framework) is 
written totally in Java [18]. JADE is a software package to 
easily create the development of multi-agent techniques in 
compliance with the Foundation for Intelligent Physical 
Agents (FIPA) described [19]. Many classes expand the size 
of the reliability table stored and kept by an agent, so 
expanding memory and computing necessities [20].In paper 



NADHEER A. SHALASH et al; MULTI-AGENT APPROACH TO RELIABILITY ASSESSMENT OF . . . . 

DOI 10.5013/IJSSST.a.17.32.18                                            18.2                             ISSN: 1473-804x online, 1473-8031 print 

[21,22] has been presented Multi-Agent system distributed 
architecture with privatized fuzzy control inference learning 
agents. In article [23]has used fuzzy logic to predict the 
reliability of the distribution network and the prospect of 
adding new fuzzy sets to the existing algorithm. 

Reliability assessment of power system generation is 
depended on the success or failure probability evaluation, 
meanwhile the probability value vanishes after the end of 
the event. For this reason there are many methods to assess 
the reliability. Fuzzy logic is a one of these methods which 
is preparing a confidential agent for characterizing the 
probability. Moreover, fuzzy maintaining its value even 
after the end of the event. Multi-Agent systems have a high 
potential in solving complex and ill-defined problems. 
Therefore, this article is focused on the application of Multi-
Agent approach to reliability assessment of power system, 
using agents of the success or failure probability evaluation 
of determining capacity and agents of the fuzzy inference to 
assess  the reliability indices in power system,. A case-study 
based on a Malaysia distribution network (DISCO-Net). It is 
developed by Jade package and fuzzy logic tools. 

Although the use of analytical methods when they 
become available, but it is too complex. While the MCS is 
not used comprehensively, and it can get a good 
approximation of findings [27]. The Monte Carlo has been 
defined as one of the stochastic techniques [25,26], that is 
based on the use of random numbers and the calculations 
the possibilities for investigating the problems. But it takes 
longer time in calculations and more frequent operation 
possibilities. Recently, several artificial intelligence 
concepts, such as genetic, particle swarm optimization and 
fuzzy number has been inserted for the development of 
solutions given to assess the reliability of power systems. 

This article is organized into seven segments. Segment 
1)depicts a main problem to assess the reliability of 
generation power system. Segment 2) gives a summarize 
historical of multi agent systems. Followed by Segment 3), 
which discusses a detailing of the proposed methodology of 
multi agent system to evaluate the reliability indices of 
generation power system using the probability of 
determining capacity and fuzzy logic system. Segment 4) 
appears virtually the case study used for evaluating the 
reliability indices based on multi agent system and is using a 
Jade package with the fuzzy logic environment. In Segment 
5) shows the discussion of the simulation results. Finally, in 
Segment 6) summarizes the conclusions in this article. 

 

II. THE PROBLEMS TO ASSESS THE RELIABILITY OF 

GENERATION POWER SYSTEM. 

 
Uncertainties in the power system are divided into two 

types: randomness and fuzziness [28]. The reliability 
indicators can be probabilistic according to power demand, 
reserve margin, obtainable historical data and load 

forecasting while fuzzy methods are based on probabilities 
of these variables. 

This means that the problem of the variables affecting 
the reliability is changing with the times, which give 
inaccurate results for system operators, to solve this 
problem, the reliability must be assessed in its real-time. 

 Existing techniques used for solving power system 
problems indicate, that there is a need to develop an 
accurate technique, practically, for the real time applications 
which is more complicated. In other words, it could be used 
to strengthen the decision making process by the operators 
and choose the best reconfigurable when there are some 
generators in  an outage. A thorough investigation on the 
various modeling of reliability indices in power system 
generation is necessary in order to develop effective 
detection technique for variables affecting the reliability. 
We proposed a new approach such as make linking between 
computational intelligent technique as fuzzy logic with the 
success or failure probability evaluation based on Multi-
Agent is used to assess the reliability indices. 

 

III. MULTI AGENT SYSTEM 

 
One of the suggested solutions are (MAS) also known as 

Multi Agent System. MAS has essentially been a group of 
agents that understand the changes in the system and behave 
accordingly to perform its objectives. In general, MAS is a 
computational system in which several agents interact or 
work together to achieve goals or perform particular tasks. 
So the four following elements should be defined when 
MAS is used to solve problems [28]:  
 The meaning and the purpose of each agent in MAS  
 An environment where all agents live. 
 The definition of a local environment. 
 A set of behavioural rules, governing the interaction 

between the agents and their environment. They are 
the laws of the agent universe. 

JADE is typically the most famous representative 
middleware which accessories an agent program and a 
development package. JADE emerged in 2000 by the 
Research and Development department of Telecom Italia 
[29]. JADE gives the development of unparalleled software 
agents that can perform a control task, and helps 
decentralize control architectures [30]. Developing JADE 
agents are, by developing a Java core class that runs and 
applying the setup method. This approach is where in 
actuality the agents are inputted. The supposed efficiency of 
an agent is applied through its behaviours, generally can be 
found in the message moving stages the get agent identifier 
approach to the Agent class retrieves the local recognition of 
the specific agent. Agent Communication Language is the 
most crucial function in MAS, and contacting send 
approach, messages could be delivered to different agents 
easily. The receiving agents may get the message and 
information by contacting receives method. All the 
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messages are certified with Foundation for Intelligent 
Physical Agents–standards for implementation of intelligent 
agents (FIPA) criteria by using FIPA Agent Management.  

IV. FUZZY LOGIC PROBABILITY AGENTS 

In reliability schemes the operational transitions between 
success and failure states are not swift, which presents a real 
expression of system's execution (very good, good,..., etc.) 
[3]. Generating unit outage is presented in a tabular 
classification of the values probability according to the 
success or failure of each capacity unit, here in this section 
has the following properties:- 

1.Consider that unit success probability is a good and 
unit failure probability is a bad. 

 	
 

 

 
 
 
2.  Classify the capacity levels of the system. 
3. Consider that satisfaction levels according to available 

and unavailable generating units. For example, consider we 
have three generating units, the size of unit 1 is 25 MW, unit 
2 is 50 MW and unit 3 is 100 and failure and success 
probability of each unit 0.15 and 0.85 respectively (see 
Table I. 

 
 
TABLE I .  ENUMERATION OF PROBABILITY OUTAGE STATE 

 

 
     This Table I is represented through creating a fuzzy logic 
probability agent consists of several sectors see Fig. 1:- 

A. These memberships depends on the characteristic of the 
system input / output variables. Input data sector: The 
purpose of  input sector is to insert the input and output 
data of the variables and build up a set of guided 
membership functions for each variable,  the fuzzy 
probability agent in this article Includes number of 
generators , capacity levels as input memberships and  
probability as output membership.  

B. Rules sector: The purpose of rules sector is to restrict      
rules righteously by relations incomprehensible to be 
appeared by subtle arithmetic models . It is done by 
receiving the data from the input sector and applying logical 
connectors (and/or/not) .For example 
RULE 01: IF NO.of generators  is Little and Capacity levels 
is  LowMedium Probability is Good  
RULE 02: IF NO.of generators  is Large and Capacity levels 
is Medium THEN Probability is Very Good , 

 

 
 
 

RULE 03: IF NO.of generators is Large or Capacity levels       
is Very High THEN Probability is Acceptable 
RULE 04: IF NO.of generators is Large and Capacity levels 
is Extra high THEN Probability is Excellent,  

 
C. Output sector: This sector can communicate with 

other agents for sending a result as the actual output after 
defuzzification of fuzzy logic probability to evaluate 
reliability indices . 

                                    

V. EVALUATING  THE FUZZY  RELIABILITY INDICES 

BASED ON MULTI AGENT SYSTEM  

There are several of reliability indices evaluated by 
fuzzy sets for generation systems as LOLP and LOLE, these 
indices depend on capacity outage probability combined 
with the peak load on the day or year. In this part, we will 
present the proposed approach for generating capacity 
indices evaluation which takes the fuzzy logic probability 
agent as assistant agent with the load duration under curve 
as a new agent called the load fuzzy agent to obtain the 
possibility distribution of LOLE at different levels by using 
two cases:   

1. When the peak load greater than capacity levels.  
2. When the peak load less than capacity levels. 
 
 
 
 
 
 
 

No.gen
.     (i) 

Units in service Capacity    
levels (i) 

Probabil
ity 

0 G1(bad), G2(bad), G3(bad)       0_24 0.003375 

1 G1(good),G2(bad),G3(bad)      25_49 0.019125 

1 G1(bad),G2(good),G3(bad) 50_74 0.019125 

2 G1(good),G2(good),G3(bad) 75_100 0. 108375 

1 G1(bad),G2(bad),G3(good) 100_124 0.019125 

2 G1(good),G2(bad),G3(good) 125_149 0. 108375 

2 G1(bad),G2(good),G3(good) 150_174 108375 

3 G1(good),G2(good),G3(good) 175_more 0.614125 
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                Figure 1.  Architectures of the fuzzy logic probability agent for number of generators and capacity levels. 
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To compare the peak load with capacity levels, we have 

two membership grade of capacity states are used in 
synchronism with the left and right values of the load, 
which are characterized as follows: 

 
1. Membership grade of capacity levels greater than 

peak load and it sketched in Fig. 2. 
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2. Membership grade of capacity levels less than peak 

load and it sketched in Fig. 3.  
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            Figure 2.  Membership Grades of capacity with a decreasing state



NADHEER A. SHALASH et al; MULTI-AGENT APPROACH TO RELIABILITY ASSESSMENT OF . . . . 

DOI 10.5013/IJSSST.a.17.32.18                                            18.5                             ISSN: 1473-804x online, 1473-8031 print 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Membership Grades of capacity with a increasing state 

 
 

To calculate indices reliability (LOLP, LOLE) creating a 
fuzzy Indices Agent sees a Fig. 4 , this agent can obtain 
LOLP by evaluating summation of probability to each level 
of capacity and according to load using the following eq. (3). 

                                                                                                                                                                                                                   

                                (3) 

 
                     (4) 

 
 
Where D= number of the days, N= number of capacity 

levels.µ(Pj) = Membership Grades of capacity level j., Pj= 
available unit capacity levels j. P(Pj < ri  ) = probability 
fuzzy logic. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
There are two techniques for evaluating power system 

reliability: analytical and simulation methods. The 

simulation methods can be utilized to fix the issue of the 
distribution evaluation, assess the reliability indices by 
simulating the particular process and unplanned behaviour 
of the system as randomly [24]. Monte Carlo Simulation 
(MCS) method is latterly receiving considerable interest as 
the simulation method [25]. Therefore, the MCS has been 
employed to approximate the required calculations for 
generation reliability assessment when the system is 
complicated. 

In Fig. 2. the membership is a decreasing capacity levels 
which are used to decrease capacity levels that are less than 
peak load , while in Fig. 3. The membership is an increasing 
capacity level which is used to increase capacity levels 
greater than peak load , these results are compared with 
analytical methods of each , for example the bus no (2) may 
send messages such as increase or decrease LOLE , so the 
load agent will compare the peak load according to capacity 
levels then send the results to fuzzy indices agent to 
calculate possibility  of  LOLE  according to  increase  or 
decrease LOLE . 

The architectures agents in Fig. 4. shows that the load 
fuzzy agent can be characterized by a trapezoidal 
membership function of the peak load in each day and 
compared the value of the load with the capacity level states 
to assess two values of the LOLP by a fuzzy indices agent 
then the fuzzy LOLE is calculated by combining the two 
values of fuzzy LOLP with two values of capacity outage 
probability (analytic and fuzzy logic).  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

VI. THE DISCUSSION OF THE SIMULATION RESULTS. 

The main step down substation (in Malaysia normally 
called main intake substation) is connected to the grid at 

r1i
α r2i

α 

µ(P) 

Pj 

Load Fuzzy 

     Agent  

Fuzzy Indices 
Agent 

Capacity levels ≤ load  Capacity levels ≥ load  

  Fuzzy probability    
logic agent 

Figure 4. Architectures of the evaluation reliability indices based on multi agent technical. 
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nominal voltage of 132kV. The 132kV is stepped down to 
11kV using 2 x 30MVA transformers and to 33kV using 2 
x45 MVA  transformers whose parameters are also 
indicated in Fig. 5. (Network of DISCO-Net) [31] .This 
system has 33 buses with a 32 load bus, 45 transmission 
lines and 2 generating units 2x75MW with distributed  
generator 6 MW. The total installed generating capacity is 
156 MW and the peak load of the system is 120 MW. This 
system was selected as a case study to implement the 
developed coding in order to analysis and determine 
reliability indices of generation power system by agent 
fuzzy logic and compared with an analytical method.  

In a first study, we propose a fuzzy logic agent to 
calculate the probability generating outage, from the data, 
we can represent in terms of linguistic variables of number 
generators and capacity levels as input triangular 
memberships see the Tables II and III. And the probability 
outage state   as output a triangular membership see Table 
IV. These memberships’ inputs and output are depicted in 
Fig. 6. with the initialization procedures of the output of 
JADE run-time environment with fuzzy logic tools. 

 
TABLE II. THE INPUT MEMBERSHIP FUNCTION OF CAPACITY LEVELS 

AND THEIR IDENTICAL DEGREE OF CAPACITY 
 

 
TABLE III.  THE INPUT MEMBERSHIP FUNCTION OF UNITS IN SERVICE 

AND THEIR IDENTICAL DEGREE OF UNITS. 
 

Satisfaction 
    level 

No.gen.  
     (I) 

Points of  
Membership 
function 

Maximum  
degree of 
membership 

Too Little  1 (0, 1) (0.3, 1)(0.5,0) 0.3 

Little 2 (0.3,0)(0.6,1)(0.8,0) 0.6 

Large   3_more (0.7,0)(0.9,1)(1,1) 0.9 

 
 
 
 
 
 
 
 
 

TABLE IV. THE OUTPUT MEMBERSHIP FUNCTION OF PROBABILITY 

OUTAGE STATE  AND THEIR IDENTICAL DEGREE OF PROBABILITY. 

 

 

Figure 5. Single Line Diagram of Malaysia Network of DISCO -Net 
power system. 

 

Satisfaction 
level 

Capacity 
levels 

(i) 

Points of 
Membership 
function 

Maximum  
degree of 

membershi
p 

Very  low 0 (0, 1) (0.2, 1)(0.3,0) 0.2 

Low 25 (0.2,0)(0.3,1)(0.4,0) 0.3 

LowMedium 50 (0.3,0)(0.4,1)(0.5,0) 0.4 

Medium 75 (0.4,0)(0.5,1)(0.6,0) 0.5 

MediumHigh 100 (0.5,0)(0.6,1)(0.7,0) 0.6 

High 125 (0.6,0)(0.7,1)(0.8,0) 0.7 

Very high 150 (0.7,0)(0.8,1)(0.9,0) 0.8 

Extra high 175_more (0.8,0)(0.9,1) 1 

 
 
Probability 

 
Satisfaction 
level 

 
Points of  

Membership  
function 

    Max  
Degree 
of 
Memb
ership 

Not 
acceptable 

0_0.0009 (0, 1) (0.0009,1)(0.001,0) 0.0009 

Acceptable 0.001_0.0089 (0.0009,0)(0.009,1)(0.01,0) 0.009 

Good 0.009_0.0809 (0.009,0)( 0.081,1) (0.1,0) 0.081 

Very good 0.081_0.7289 (0.081,0)( 0.73,1)(0.8,0) 0.73 

Excellent 0.729_0.999 (0.8,0)(0.99,1) 1 
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Figure 6. Initialization procedures and the output of the fuzzy logic 
probability agent. 

The Second step in our study , estimate Load 
duration curve for DISCO-Net, in our system (Network 
of DISCO-Net)  we  describe load uncertainties as 
trapezoidal fuzzy numbers (0.88 peak load , 0.9 peak load 
,1.01 peak load, 1.03 peak load) with various α from 0 to 1. 
The index LOLP reliability results are shown in the tables 
(5) and (6) for daily peak load = 120 MW and α = 0 , in 
Table V  the result 0.103072 when capacity levels less than 
or equal peak load with a probability of  analytical  while 
0.100308 when capacity levels less than or equal peak load 
with probability fuzzy logic. In some cases in Table VI. the 
result 0.896938 when capacity levels greater than or equal 
peak load with a probability of analytical while 0.899693 
when capacity levels greater than or equal peak load with 
probability fuzzy logic.  

Meanwhile, Fig. 7. shows fuzzy agents’ communications 
in JADE package in order to evaluate reliability indices 
when fuzzy logic agent starts, sending the results of the 
probability of generated outage to fuzzy indices agent. 
concurrently, fuzzy load agent compared  the peak load with 
capacity levels thereby  sending  the results to the fuzzy 
indices agent to calculate the possibility  of  LOLE  
according to  increase  or decrease LOLE , we carry out the 
fuzzy possibility LOLE at different levels according to 
various α combining the different peak load levels with two 
methods analytical probability and fuzzy Logic probability   
and it is plotted in Figures (8) and (9) respectively. 

 
 

 
 

Figure 7. Virtualization of fuzzy agents’ communications. 

                     Figure 8. Possibility distribution of LOLE when capacity 
levels less than or equal peak load 

                      Figure 9. Possibility distribution of LOLE when capacity 
levels greater than or equal peak load 

 
Finally , Figures (10) and (11) can be used to 

determine LOLE, in which decrease as in Fig. 10. or 
increase as in  Fig. 11. for  the LOLE with respect to 
the peak load. Two methods (i.e., probability 
analytical and fuzzy logic probability) were evaluated  
with promising results .  it was realized  that the results 
of the LOLE by Fuzzy logic Somewhat close to the 
analytical method. 
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VII. CONCLUSIONS 

The intelligent agents of testing fuzzy logic probability 
which offered in this article is a new approach to assess 
power system reliability has been by Jade package and fuzzy 
logic tools. This approach includes the analyze and 
enforcement of : 1) fuzzy logic agent composite fuzzy 
probability  designing models for agent  component from  
number of generators  and Capacity levels .2) Reliability 
indices (LOLP, LOLE) agent  has been appropriately 
assessed depending on fuzzy number method  for the peak 
load with two memberships of  capacity generators outage 
probability .3) Subsequently,  A multi-agent system has been 
used  probabilistic results extracted from the fuzzy logic in 
assessing the reliability indexes of  load and compared with 
the analytical results . So such  these points given solution 
allow for engineers to evaluate the reliability power system 
indices and  make the right decisions in cases of increased 
load or in  cases capacity outage  generator  and  It  seems to 
be more  near compared to results  used in analytical 
approach, therefore; in  further,  we can increase the 
proposed system to find other indices calculated depends on 
generator failure probability. 
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Figure 11. Comparison of fuzzy LOLE obtained by different 
 method when capacity levels greater than or equal peak load. 

Figure 10. Comparison of  fuzzy LOLE obtained by different 
method when capacity levels less than or equal peak load.
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Capacity 

level (i) 

Analytical 

Probability 

Fuzzy 

probability 

Logic 

The fuzzy 

probability of 

capacity levels less 

than load 

LOLP Peak 

Load  =120 

Analytical 

LOLP 

Peak Load  

=120 

Probability 

Logic 

0 0.001 0.0 0.000 0.00 0.0 

25 0.009 0.0091 0.000 0.00 0.00 

50 0.009 0.0095 0.000 0.00 0.00 

75 0.09 0.0787/0.0086 0.000 0.0 0.00 

100 0.081 0.0881 0.04762 0.00385722 0.00419532 

125 0.081 0.0883 0.791685 0.06412648 0.06990578 

150 - more 0.729 0.7178 1 0.729 0.7178 

   LOLPα=0 0.7969837 0.79190110 

Capacity 

level (i) 

Analytical 

Probability 

Fuzzy 

probability 

Logic 

The fuzzy 

probability of 

capacity levels less 

than load 

LOLP Peak 

Load  =120 

Analytical 

LOLP Peak 

Load  =120 

Probability 

Logic 

0 0.001 0.0 1 0.001 0.0 

25 0.009 0.0091 1 0.009 0.0091 

50 0.009 0.0095 1 0.009 0.0095 

75 0.09 0.0781/0.0086 1 0.081 0.0787 

100 0.081 0.0881 0.95238 0.07714278 0.08390467 

125 0.081 0.0883 0.208315 0.01687351 0.01839421 

150 - more 0.729 0.7178 0.000 0.000 0.000 

   LOLPα=0 0.19401629 0.19959888 

TABLE V. RESULTS FOR LOLP INDEX WHEN CAPACITY LEVELS ARE GREATER THAN OR EQUAL PEAK LOAD

TABLE VI. RESULTS FOR LOLP INDEX WHEN CAPACITY LEVELS ARE LESS THAN OR EQUAL PEAK LOAD 


