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1. INTRODUCTION

In recent years, electrical power system has been used in generation, transmission, distribution and
also for load systems. The need of electrical power system in daily basis, of course, to provide the electricity
for each work globally which includes the medication, construction, and schools [1]. However, when fault at
distribution network occurs, it will reduce the reliability and continuity of power delivery. Faults, as been
mentioned by [2]-[5] are the most undesirable condition in an electrical power system for which involving
the severe effect not only towards the system, but also affect the daily basis, human and environment itself.
So, it is important to maintain the reliability and continuity of power delivery.

In case of permanent fault occurs in transmission or distribution network, the protection devices are
not able to work since the fault is unable to make clearance by itself [6]-[8]. Hence, fault is in need to be
detected instantly to prevent the problem to happen. In determining the fault location, one of the most
essential thing is fault type classification [9]-[13].

On the other hand, many methods to identify the fault types have been introduced by the researchers
in [3], [9]-[14] which are Artificial Neural Network, Wavelet transform, and Fuzzy Logic. Artificial Neural
Network is widely used for its programming technique to solve the non-linear issues and also the problem
with fault detection and type classification in electrical power system [9]. It is equipped with distinctiveness
of parallel processing, non-linear mapping, associative memory, and also with the learning abilities either
online or offline [3]. Along with that, ANN has the great features of making it too be considerably used for
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fault type classification which are able to tolerate with the dynamic changes in electrical power systems and
gives the most accurate and quickest outcome [3]. Conquering all the advantages, ANN however is still
lacking in several issues. The issues may be coming from the selection of network type, criteria for
termination, the network architecture (involves the number of layers’ selection, activation functions selection,
and algorithm parameters learning) [13]. For this method, it covers for transmission network only, no further
research has been done to use ANN for fault type classification at distribution network.

Another method of classifying fault types is wavelet transform. From [3], wavelet transform is able
to select and analyse the data from transient signals not only in frequency domain, but also in time domain,
both in simultaneously. It can analyse the data for different type of fault conditions with different transient
voltage travelling waves. Besides, [13] mentioned that with the function of filtering, it is reliable enough to
filter and remove electrical noise. The tool which is commonly used for this method is Multi-Resolution
Analysis (MRA) that decomposes the original signal into a lower frequency signals (known as
approximations) and higher frequency signals (known as details) [11]. Moreover, wavelet energy is
considerably able to be a measure of hormal signals and faulty signals, in order to classify the faulty groups
and normal groups [13]. This method is usually combined with other method such as Neural Network and
Fuzzy Logic. The rate of accuracy for Wavelet Transform with combination of other methods may exceed
95% of accuracy, which can be said that it is reliable to be used as a method of fault type classification.
However, researches shows that this kind of method can be used for LG fault only, and further research can
be extended to identify other type of faults [11]. Above all, all of the methods focusing on the transmission
network and only few researches has been done to identify the type of fault at distribution network.
Hence, this research shows its interest in Fuzzy Logic, introduced by Dr. Lotfi Zadeh from University of
California back in 1960s. According to [15], Fuzzy Logic is one of the approach to compute the computer
language based on different degrees of truth besides the only “truth or false” by Boolean logic.
Most commonly, Fuzzy Logic is used for control systems such as car control system, aerospace vehicle
control systems, and kitchen appliances [16]. The reason for which the research is using Fuzzy Logic is that,
it is easy to be understand for its language and system, and also provide the most precise results [12].
Fuzzy Logic can give a precise and smoother result as it is using range in between ‘true or false’ to provide
multiple results for each different range.

Hence, Fuzzy Logic is one of the suitable methods to classify the type of faults for this research
[12]. So, due to the above reasons, Fuzzy Logic is used in this work. The aim of this research is to create a
better system to classifying the type of fault by using the ability of Fuzzy Logic. This research aims to
observe the behavior of the software in order to get the results; whether or not the system can be carried out
by using Fuzzy Logic.

2. SIMULATION

The circuit constructed with 18 nodes for the data reference. Each of the nodes represent a point where
the fault occurrence takes place. Each of the nodes has different distance from each other in order to
determine the effect of fault location to the simulation results. A simplified circuit configuration for fault
analysis is as shown in Figure 1.
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Figure 1. Simplified circuit configuration for a fault test

For this research, each of the nodes were simulated for different fault resistance value; 0.01Q, 10€,
30Q, 5092, and 70Q. The tested data of the voltage and current from the simulation were recorded in an excel
file. These recorded data will be used in the Fuzzy Logic Toolbox as the inputs data for the fault type
classification simulation.
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3. FUZZzZY LOGIC DESIGN

The block diagram was illustrated in Figure 2. is the general process for fault type classification.
From the block diagram, the input data will be sent to Fuzzy Logic as voltage and current values. For these
inputs, they will be the reference for Fuzzy Logic Toolbox rules design of each fault type. The Toolbox has
the membership function for the rules setup and set the range data of the inputs. For this research,
the membership functions will be set as the voltage and current for each phases during fault occurrence in the
form of different states. This membership function act as the ‘input filter’ for which the rules condition was
set up for the membership function to decide whether the input values satisfies the rules condition.

Single Line to
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Voltage Sag Toolbox Double Line Fault

| | (Setthe basic
rules for fault type

o Double Line to
classifyin
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Three Phase Fault
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Figure 1. Fuzzy logic block diagram

3.1. Membership Function

Membership function in the toolbox categorizes the inputs according to its rules condition.
Membership function was organized based on the range values of the inputs voltage and current that were
analyzed for a certain measure. These range values were the pattern behavior of each fault type for a different
fault resistance values. The observation through data analysis recorded the pattern behavior of each fault that
satisfies the fault calculation theory. Figure 3 and Figure 4 shows the design of membership function for the
input voltages and currents for each fault resistance.
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Figure 3. Membership function design of input voltages for each fault resistance
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Figure 4. Membership function design of input currents for each fault resistance
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Additionally, Figure 5 shows the additional inputs that has been designed for 0.01Q fault resistance only.
Since both double line and double line to ground fault are having the similarity in pattern behavior, the
additional inputs were designed in the membership function.

input variable "Ea-Eb°

Figure 5. Membership function design of additional inputs for 0.01Q fault resistance; ea-eb, eb-ec, & ec-ea

3.2. Rules Structure

The toolbox was designed according to the rules structure. It is important in designing the toolbox
because the simulation results are depending on the inputs and rules condition of the toolbox. The rules
condition can only be decided with pattern behavior in determining the fault type. Each type of fault has their
own rules condition that will decide their type. The numbers from 0-9 represents the output results of fault
type classification.

Fault resistance 0.01€Q is considered as a low fault resistance. For a low fault resistance, the pattern
behavior of voltage and currents are almost similar for each type of fault but with a bigger difference in terms
of value number between each phases (phase a, b & c¢). Hence, the rule structure for a low fault resistance
was different from the other fault resistance. Table 1 shows the rules structure of a 0.01Q fault resistance that
has a similar pattern behavior between double line and double line to ground fault.

Table 1. Rules Structure for 0.01Q Fault Resistance
Rules of the Module

Voltage Current Fault Type Classification
Ea Eb Ec la b Ic
Min Max Max Max Zero Zero 0 AG
Max Min Max Zero Max Zero 1 BG
Max Max Min Zero Zero Max 2 CG

4. RESULT

In conducting the Fuzzy Logic approach, this approach has shown its ability in detecting all type of
faults. Overall, there are 18 nodes set as the reference point for each of the inputs in this research. The study
foreseeing the relationship of different fault resistance, R; value and the fault distance towards the simulation
results. Fault resistance is an error initiated at one point in a power system protection and fault location
design during a fault occurrence that may cause disoperation in the system design and affect the current and
voltage value. Meanwhile, the fault distance is the exact location where the fault takes place.

4.1. Fault Resistance Effects in Classifying Fault Type

The variety of fault resistance values shows different simulation results for which only 0.01Q of
fault resistance results are differ from the others. Results will cover the percentage of accuracy based on the
18 nodes data; whether or not the toolbox can detect the fault type for all the 18 nodes. An average
calculation was used to find the average percentage of the fault type detected.

For a single line to ground fault, it consists of three different conditions that represents the
connection of each phases and the ground; phase A to ground fault, phase B to ground fault and phase C to
ground fault.
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Figure 6. Percentage of accuracy in detecting single line to ground fault for each fault resistance

Figure 6 shows the accuracy of the toolbox in detecting the type of fault for the 18 nodes of each
fault resistance. The bar chart shows that single line to ground fault has 100% of accuracy in fault type
detection. The accuracy is depending on its input values which is meeting the rules requirement. Each type of
single line to ground fault has been detected by using Fuzzy Logic method.

Table 5. Percentage of Accuracy for Fault Type Classification by Utilizing Fuzzy Logic Toolbox
Percentage of Accuracy (%)

Fault Num. of

Rf= Rf= Rf= Rf= Rf=
Type Node 0.01Q 10Q 30Q 50Q 70Q
AG 18 100 100 100 100 100

BG 18 100 100 100 100 100

CG 18 100 100 100 100 100

AB 18 100 100 100 100 100

AVERAGE 100%  100%  100%  100%  100%

Table 5 shows the percentage of accuracy for the toolbox in classifying each type of fault in total for
different case of studies. High fault resistance shows the highest percentage with 100% compared to a lower
fault resistance that has 100% accuracy in total.

4.2. Fault Distance Effects in Fault Type Classifying’s Accuracy

The study proves that the toolbox can detect all type of fault with 100% of accuracy. Although the
Toolbox was simulated with multiples inputs from different fault resistance, it can detect the fault type
without any confusion. This study came across to see the effect of fault distance on the simulation results and
the relation of it with fault resistance. Figure 6 shows the graph of different type of fault for a 0.01Q fault
resistance of the 18 nodes. For reference, an O-sign means the fault type of that particular fault location
(nodes) is classified accurately and vice versa for a X-sign that represent the incorrect fault type was
classified for that particular fault location.
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Figure 7. Fault distance impact on accuracy of fault type classification for 0.01Q, 10Q , 30Q fault resistance
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Figure 8. Fault Distance Impact on Accuracy of Fault Type Classification for a 50Q and 70Q Fault
Resistance

From the shown graph in Figure 7 to 8, the distance or fault location does not affect the ability of
Fuzzy Logic in determining the type of fault.From both figures shows that the ability of toolbox in
classifying the fault type for a 10Q, 30Q, 50Q and 70Q fault resistance does not depends on the fault
location. This means that Fuzzy Logic can still detect the type of fault with a 100% accuracy though the fault
location is still unidentified. As well as a higher fault resistance will not affect the percentage of accuracy in
fault type detection, the 18 different fault location shows no effect on the simulation results.

Based on the observation, the fault distance does not affect the simulation results entirely. The error
from which shown for a fault resistance 0.01Q only due to the effect of fault resistance in fault type
detection. For the research, there is no relation between fault resistance and fault location and it does shows
that a fault location is not as crucial as fault resistance effect in determining the fault type.

5. CONCLUSION

This research proposed Fuzzy Logic method that able to determine the type of faults based on the
input values of voltage sag and current swell. The output results of the simulation give an outstanding result
where all of the fault type can be detected by using the proposed method. In addition, the research objective
to test the ability of Fuzzy Logic to gives accurate results and to see which type of fault has the highest
accuracy in Fuzzy Logic detection was a success. The average accuracy for the simulated results achieved
100% accuracy in fault type classifying.

Focusing on Fuzzy Logic as the only method in identifying and classifying the type of fault would
have limited the scope of the research. So, for future study, the research can actually be expanded by using
many methods which has been suggested such as wavelet transform, or combining Fuzzy Logic with other
method such as wavelet transform and Artificial Neural Network (ANN). The combination of Fuzzy Logic
and other proposed method might improve the accuracy and simplicity of the research.
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