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Abstract. Load balancing is an important feature that keeps the power system safe from overloading. Load details can be obtained from Circuit 
Breaker's Relay Meter and it is connected to computer. Power balancing and failure detection will be done using Fuzzy Rule, which is helpful for the 
operator to recover the power fault quickly. Because of this power sharing between the substations, in turn between feeders, the load balancing of 
the power system is maintained. This is applied in the real time system using tree topology to get the result more quickly than the existing Petri Net 
Model. 
 
Streszczenie. Przedstawiono możliwości wykorzystania logiki rozmytej do analizy obciążę i nierównowagi mocy systemu energetycznego. 
Analizowany jest rozdział mocy między podstacjami oraz sposoby równoważenia rozdziału mocy żeby zapobiec przeciążeniom. (Wykrywanie 
nieprawidłowości w  systemie energetycznym bazujące na logice rozmytej) 
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Introduction 
     An electric power system is a network of electrical 
components used to supply, transmit and use electric 
power. Since the power grid failure diagnosis method in 
practical application has problems such as adaptability of 
the diagnosis algorithm, acquisition of fault information, and 
fault tolerance of model, Petri Net (PN) model was used to 
pick out fault components. It is a powerful inference 
mechanism, but simulates all of the system states and all 
transition judgments by the token passing in a quite 
straightforward manner, the graphical representation for a 
moderate system shows very complex configuration. So it's 
more time-consuming and fault detection cannot be done 
quickly. Weather conditions can change the consumer 
usage and extreme weather conditions can cause 
overloading. Previously Petri net model was used to detect 
the fault in the Power System and the false tripping or 
operating information was picked out. When one area is 
overloaded, the loads can be transferred to the less loaded 
areas using switches. Grid balancing provides how much 
load has to be transferred to maintain system within limits. 
This helps in preventing the damage of electrical devices. It 
is implemented at the substation side at the power 
distribution level. In this paper, the design and 
implementation of Grid balancing and power failure 
detection is done using Fuzzy Rules Algorithm and 
calculated using Java Swing program in order to quickly 
detect the fault in the power grid system as it is a platform 
independent GUI framework for Java, which follows a 
single-threaded programming model. This is applied in the 
real time power system using tree topology and got the 
result more quickly than the existing Petri Net Model.   
 

Aims  
     To detect the Power Systems Failure in the Real Power 
Grid using Fuzzy Logic (FL) Algorithm and calculated using 
Java Swing Program which runs in Netbeans IDE, version 
6.9? To share the load between substations so that if a 
substation shuts down, those on either side continue to feed 
electricity to that substation using Fuzzy logic technique.  
 

Scope 
      The increasing requirements of power in day-to-day life 
in all fields make it necessary to maintain power delivery 
service with minimum interruption. The goal of power 
system fault analysis is to provide as quickly as possible an 
action to restore the power delivery by load balancing. 

Literature Survey 
      An electric power system is a network of electrical 
components used to supply, transmit and use electric 
power. Paper [1] proposes a hierarchical fault diagnosis 
model of a large scale power system adopting multi-agent 
system technology and based on dispatch integrated 
information platform. Paper [2] reports another diagnosis 
method by information fusion of multi-data resources. With 
the form of graphic representations, PN simulates the states 
and operations of a system transition. Load balancing is the 
process of improving the performance of a parallel and 
distributed system through distribution of load among the 
processors [3, 4]. Load balancing provides substations to 
meet extra load demands.  Load balancing of power is done 
by open/close tie-switches in the distribution feeders (F). 
Overloading of network is maintained by transferring load 
from heavily loaded feeders to the less loaded feeders. It 
allows smoothing the load demands by distribution, reduced 
feeder losses and increased network reliability [5]. In 
centralized load balancing schemes, all these information 
need to be stored at one location where load balancing 
decisions are made [21]. Up to now, many AI methods 
applied to fault diagnosis try to figure the full association 
map, such as MAS [6], artificial neuronal network [7], expert 
system (ES) [8,9] and so on. PN is a powerful inference 
mechanism and has been successfully applied in the areas 
of service restoration scheduling for distribution systems 
[10–12], fault section estimation, rule-based evaluation, and 
power system protection, but simulates all of the system 
states and all transition judgments by the token passing in a 
quite straightforward manner, the graphical representation 
for a moderate system shows very complex configuration. 
The two most important concepts within FL are that of 
linguistic variable and the fuzzy if-then rule [13]. Using the 
priority scheduling for MNP (mobile node packets) 
forwarded from old FA to new FA will reduce its waiting time 
in the old FA (foreign agent) [19]. Fuzzy logic is a superset 
of conventional (Boolean) logic that has been extended to 
handle the concept of partial truth, i.e. truth values between 
“completely true” and “completely false” [14]. Swing is a 
platform-independent, Model-View-Controller GUI 
framework for Java, which follows a single-threaded 
programming model [15, 16]. Enhance dynamic 
composition of business process for modeling the Web 
services discovery and selection process using PetriNet 
[22]. NetBeans IDE supports development of all Java 
application types (Java SE) [17]. It helps developers find 
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memory leaks and optimize speed [18]. With the form of 
graphic representations, PN simulates the states and 
operations of a system transition. Petri Net simulates all of 
the system states and all transition judgments by token 
passing in a quite straightforward manner, the graphical 
representation for a moderate system shows very complex 
configuration.        
 

Proposed System  
     Colored Petri Net (CPN) concept along with fuzzy logic 
is used in Real System for detecting the Power fault and 
maintaining the load balancing in the power substation. In 
CPN, a place node owns several colors to represent 
different states and based on the colors the judgment 
functions in a transition node check the states of the 
incoming place nodes. The characteristics dramatically 
simplify the graphical representation of the traditional Petri 
Net and also improve the execution efficiency. 
 

System Architecture of Power Grid 
     The system architecture of power grid is shown in Fig 1.  
It contains one PDS (Power Delivering Station) and two 
PRS (Power Receiving Station). In Fig. 2, F1 and F2 denote 
Feeders F1 and F2, SW denotes switches, LD denotes load 
delivering station and TR denotes transformer. If fault 
occurs in F2 due to overload the SW2 will be opened by 
manual operation. After this SW3 will be closed (normally 
open condition) to deliver the power to the affected area of 
F2. If fault occurs in F1 the vice versa will happen. Because 
of this resource sharing is taking place which makes the 
balancing of the power system’s load. 

 

 

 

 
 
 
 
 
Fig. 1. System architecture of power grid 
 
Modules 
This paper is done with the following four modules: 

1. Power grid system 2.Power fault 3.Power fault 
analysis and 4. Load balancing process 

 
 
 
 
 
 
 
 
 
Fig. 2. Diagrammatic representation of Fully Automated Power 
Failure Detection Modules 
 
The diagrammatic representation of modules is given in 
Fig.2. 
 
Power grid system  
It includes a number of substations interconnected together 
and each substation is having power transformers, breakers 
and isolator switches through which power sharing is done.   

For each PDS, there is a corresponding T node. For each 
element in the PDS such as feeder, bus bar, switch, and 
transformer, there is a corresponding P node. The 
relationship among the elements, the bi-directed arcs are 
created between P nodes and T nodes. 
 

Power fault 
Power fault may occur due to human operational mistakes, 
overload of the current, machine fault, etc. 
 

Power fault analysis 
Each electrical equipment and line has a limited amount of 
current. If the amount is exceeded power fault will occur 
which will be analyzed using Petri net model, genetic 
algorithm, fuzzy logic, etc. In this project fuzzy logic is used 
for analyzing the power fault. 
 

Load balancing 
Load balancing is a very important feature that keeps the 
system safe from overloading. The flowchart for load 
balancing is given in Fig. 3 and the load balancing process 
is explained in Fig. 4.  

 

 

 

 

 

 

 

 

 
 
 
 
Fig. 3.  Flow chart for load balancing 

 

 
 
 
 
 
 
 
Fig. 4. Representation of Load balancing process 

 
Fuzzy Rule 
In Fig 5, Fuzzy Rule is used for fault detection and load 
balancing to achieve resource sharing between substations.  
 

 

 

 
 
 
Fig. 5. Fuzzy Rule based Power Failure Monitoring System 
 

Fuzzy logic is a superset of conventional (Boolean) logic 
that has been extended to handle the concept of partial 
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truth, i.e. truth values between “completely true” and 
“completely false”. Fuzzy logic offers an alternative 
technique to the design of such a control system making 
decisions based on human expertise, thus avoiding 
complex calculations [26]. Fuzzy Petri Nets (FPN) 
technology is used for accurate fault diagnosis in power 
system when some incomplete and uncertain alarm 
information of protective relays. It is shown from several 
cases that the faulted system elements can be diagnosed 
correctly by use of these models. By the suggested method, 
it is possible to decline diagnosis time according to 
traditional methods. Finally, the suggested method can 
easily be adapted to different power system networks. It is 
practicable an impressive for fault diagnosis in power 
system [27]. Combining the Generalized Stochastic Petri 
nets (GSPN) properties and high level Petri nets facilities, a 
structural simplified model Logical Explicit Stochastic Petri 
Nets (LESPN), having the same modeling power as GSPN, 
is built. LESPN primitive architectural modules are used in 
repairable power systems dependability modeling [28]. 
 

Fuzzification 
Firstly, a crisp set of input data are gathered and converted 
to a fuzzy set using fuzzy linguistic variables, fuzzy linguistic 
terms and membership functions. This step is known as 
fuzzification. Fuzzy Set: Two valued set (0, 1) 
 

Inference 
An inference is made based on a set of rules, i.e.  IF    ….   
THEN rule 
 

Defuzzification 
The resulting fuzzy output is mapped to a crisp output using 
the membership functions. 
 

Algorithm 1 
Step 1: Define the linguistic variables and terms 
(initialization) 
Step 2: Construct the membership functions (initialization) 
Step 3: Construct the rule base (initialization) 
Step 4: Convert crisp input data to fuzzy values using the 
membership functions (fuzzification) 
Step 5: Evaluate the rules in the rule base (inference) 
Step 6: Combine the results of each rule (inference) 
Step 7: Convert the output data to non-fuzzy values 
(defuzzification) 
 

Linguistic variables 
∞ Quantification variables (All, Many, None) 
∞ Usability variables (Sometimes, Frequently, Always) 
∞ Likelihood variables (Possible, Likely, Certain)     

 

Membership function 

 

 
 
 
 
 
 
Fig.6. Membership function 
 

a = 0,  b = 25, c = 50, d=75, e=100, f=125, g=150, h=175 

(1)   e}  xd , {1  = d)Normal(Loa   

(2)  g}  xf , {1  = (Load) High  

(3) h  xg g)}-Load)/(h-{(h  = (Load) tooHigh
 

(4)   x= load  
 

Algorithm 2 
1. Read the all sub station’s load values connected with X 
substation via remote metering method. 
2. Compare the load values to find which is the smallest 
3. Connect the X substation to Substation that is having    
smallest load values. 
 

Fuzzy Rule 
Fuzzy Logic or Rule is a logical system, which is an 
extension of multi-valued logic that is intended to serve as 
logic for approximate reasoning.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 7. Model diagram of power delivering from substation (SS)-1 
 

The two most important concepts within Fuzzy Logic (FL) 
are Linguistic variable and fuzzy if-then rule. 
In this paper I have used the fuzzy if-then rule. 
1. IF (load is more than too-high) THEN command is fault. 
2. IF (load is too-high) THEN command is Reduce the Load. 
3. IF (load is Normal) THEN command is no-change. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 8. Model diagram of power delivering from SS-2 to SS-1 due to 
feeder 1 fault in SS1 

 

 

 

 

 

 
 
Fig. 9. Model diagram of power delivering from SS-3 to SS-1 due to 
feeder 1 fault in SS1 
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Figure 8 represents the model diagram of power 
delivering. Additional requirements on modulation scheme 
for AC Converters include true grid synchronous operation 
with Phase-control of the switching frequency harmonics, in 
order to interlace all converters onboard, and topology 
specific requirements related to the parallel/series 
configurations of the line-side converters for traction drives 
and auxiliary power supply converters) [20]. 
 

Tree Topology 
    Tree topology integrates the characteristics of Star and 
Bus Topology. In this topology, the numbers of Star 
networks are connected using Bus. This main cable seems 
like a main stem of a tree, and other star networks as the 
branches. Workflow composition systems are designed for 
enabling users to assemble components into workflows 
based on Petri Net model [23]. When a fault happens, the 
component connecting topology trees were used for 
creating the Petri Nets model of possible fault components 
[24]. The digital information is transformed to fuzzy fault 
degree through fuzzy Petri nets and the analogue 
information is transformed to wavelet fault characteristics 
through the wavelet analysis [25]. 
 

Advantages of Tree Topology 
1. Expansion of network is possible and easy. 
2. Here, we divide the whole network into segments (star 
networks), which can be easily managed and maintained.  
3. Error detection and correction is easy. 
4. Each segment is provided with dedicated point-to-point 
wiring to the central hub.   
5. If one segment is damaged, other segments are not 
affected 
 

Advantages of Proposed Work 
1. No need for manual reading and fault calculation. 
2. Even ON/OFF indication and fault trip alarm failure 
occurs due to battery and aging problem, fault can be 
identified and the load can be balanced through this project 
calculation method. 
3. Fault identification and fault recovery is very quick. 
4. Using this project Resource sharing and load balancing 
can be done easily. 
5. The algorithm can be applied in the Real Power system, 
whereas in previous Petri Net model and colored pertinent 
model this is not possible. It is used only as graphical 
representation model/Simulation model. 
6. This fully automated power failure Detection Grid service 
can be accessed from anywhere at any time through grid 
portal.  
 

Experiments 
This is the first page for running the Java swing program for 
which Net Beans IDE   version 6.9 is used.  
 
 
 
 
 
 
 
 
 
 
 

This is the load-setting page for breakers and 
transformers. In Fig. 10, Values are assigned as given in 
the Screen shot. In this box A, B and C denote Feeder 

Breakers. A1–A5, B1–B3 and C1–C4 denote the 
corresponding transformers. For all the feeder breakers the 
maximum power of 200 Ams is assigned. After setting the 
load in the box the below substation diagram (Fig. 11) is 
obtained. The values are reflected in the diagram. 
 

 
 
 
 

 

 

 
 
 
 
Fault is created in Source A and power is supplied to the 
affected area of Source A by resource sharing from Source 
B. Source C will be overloaded if affected area of Source A 
is connected to Source C. 

 

 

 
 
 
 
 
 
 
 
In this screen shot, we can see the comment if Source A is 
connected to Source C it will be overloaded because the 
power need for Source A is 137Ams and Source C already 
has 86 Ams so if Source A is connected to Source C then 
total Ams will be 223Ams, which is overload. Because of 
this Source A should be connect to Source B. 
 

Table explanation 
¤ Voltage: incoming voltage of Sources A, B, C 
¤ Ams: summation of total transformer current/3 
¤ MW: Voltage X Ams  
¤ Status: displays the Ams value converted into fuzzy 

logic command.  
Voltage in column one of table indicates the incoming 
voltage of Substation A, i.e., source A, Ams indicates how 
much load is utilized by the connected area of Source A. 
The Ams is calculated by adding all transformers current 
values divided by 3 which means if the current in the 
breaker relay shows 1 Ams the line will carry 3 Ams. But in 
the actual substation if the line carries 300 Ams the current 
in the breaker relay shows 1 Ams. The Ams present in the 
table will be compared each and every time with the Feeder 
Breaker Relay Ams wherein Fuzzy calculation is 
implemented to estimate the line current to reduce the fault, 
Load and share the load to the affected area. It helps the 
Operator for quick Operation and avoids the Power 
interruption and Power Losses. MW is calculated by 
multiplying the voltage and Ams it informs the operator how 
much amount of MegaWatt is delivered /received to/from 
the affected area. Status column indicates the present 
status of the load from which the operator can easily take 

 
Fig. 10. Initial load-setting page for breakers and transformers 

 
Fig. 11. Load- reflected in substation  

 
Fig. 12. Fault Occur in the Source A 
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the decision. Fault is created in Source A and power is 
supplied to the affected area of Source A by resource 
sharing from Source C. Source B will be overloaded if 
affected area of Source A is connected to Source B. 
 

 

 

 
 
 
 
 
 
 
 
 

In above screenshot (Fig. 13), we can see the comment 
if Source A is connected to Source B it will be overloaded 
because the power need for Source A is 120 Ams and 
Source B already has 83 Ams so if Source A is connected 
to Source B the total Ams will be 203 Ams, which is 
overload. Because of this Source A should be connected to 
Source C. Membership function is calculated in the status 
bar of the following substation diagram (Fig. 14). 
 
 
 
 
 
 
 
 
 
 
 

Fig. 15, Fault is created in Source B and power is 
supplied to the affected area of Source B by resource 
sharing from Source A. Source C will be overloaded if 
affected area of Source B is connected to Source C. 

 

 

 

 

 

 

 

 

 

 

The Fault created in Source B is shown below and the 
power is supplied to the affected area of Source B by 
resource sharing from Source C. In Fig. 16, Source A will 
be overloaded if affected area of Source B is connected to 
Source A. 

Fig. 17, shows the Fault created in Source C and power 
is supplied to the affected area of Source C by resource 
sharing from Source B. Source A will be overloaded if 
affected area of Source C is connected to Source A. 

 

 

 

 

 
 

The screen shot shows that the Fault is created in 
Source C and power is supplied to the affected area of 
Source C by resource sharing from Source A. Source B will 
be overloaded if affected area of Source C is connected to 
Source B. 
 
 
 
 
 
 
 
 
 
 
 

As shown above (Fig. 18), in all the screen shots we can 
observe which transformer is overloaded and in which 
feeder the fault has occurred.  
 
Table 1. Sample test results 
Sub 
Station 

A B C Fuzzy Remarks 

Amps 

Too 
Low 

Over 
Load 

Normal Substation B 
Connected with 

substation  A 
Low Low Over 

Load 
Substation C 

Connected with 
substation  A 

Over 
Load 

low Too 
Low 

Substation A 
Connected with 
substation  C 

Over 
Load 

Normal high Substation A 
Connected with 

substation  B 
Normal High Over 

load 
Substation C 

Connected with 
substation  A 

High Overload Normal Substation B 
Connected with 
substation  C 

 
Since by using FL method we can detect the location of 

fault exactly it saves the time of the operator and the fault 
can be quickly rectified and the power can be supplied to 

 
Fig. 13. Resource Sharing from C to A 

 
Fig. 14. Calculate the Membership function and Resource 
Sharing from B to C

 
Fig. 15 Fault Occur in the Source B and Resource Sharing from 
A to B 

Fig. 16. Resource Sharing from C to B 

 
Fig. 17. Resource Sharing from B to C 

Fig. 18 Resource Sharing from A to C  
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the affected area immediately from the area where there is 
excess of power available by means of resource sharing.  

MW = CosAmpsVoltage *** 3  

Mega Watt = MW 
Cos indicates Power factor  
Power factor should Maintain 0.9 to 1.0 
a =too Low Load = 25 amps to 50 Amps 
b = Low Load = 50   to 75 Amps 
c = Normal Load = 75 to 100 Amps 
d = High Load = 100 to 150 Amps 
e = too high load = 150 to 200 Amps 
Above 200 Amps fault 
Substation A total Load =( a1 + a2 + a3 + a4 )/3 
Substation B total Load =( b1 + b2 + b3 )/3 
Substation C total Load =( c1 + c2 + c3  + c4 + c5)/3 
If total load < 50   = too low 
If total load < 75 = low 
If total load < 100 = Normal 
If total load < 150 = High 
If total load < 200 = too High 
If total load < 200   = Over load 
Total Load should not increase above 200 Amps then 
system will get fault. 

Summary and Conclusions 
As fuzzy logic is simple and quick in detecting the power 

fault in the power system it is used in this project. In this 
project the location of fault is detected quickly and exactly 
so it saves the time of the operator and the fault can be 
rectified quickly and the power can be supplied to the 
affected area immediately from the area where there is 
excess of power available by means of resource sharing. 
Normally each and every power grid substation is 
connected with Load Control Centre. Load Control Centre 
will be monitoring those of Substations every second. If fault 
occurs in one Substation that will be obtained by Load 
control Centre through SCADA (Supervisory control and 
Data Acquisition) and informed to healthy substations which 
are connected with the faulty Substation, then only power 
will be shared to faulty substation. In which Data Traffic is a 
major drawback because at the same time many 
substations may fail when communication delay will be 
happened so that resource recovery and load balancing will 
be delayed, people will be affected without power, cost loss. 
This Project will overcome the present status of power 
sharing and fault diagnosis power system method through 
the following steps. Each and every Grid substation 
connected with more than two substations, if fault occurs in 
one among the substations, share the load from low load 
substation to affected substation through LAN connected 
with Substation computer. So there is no need for Load 
Control Centre. 
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