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Abstract: This review paper focuses on the fault analysis regarding detection, classification and location 
for a better power system protection purpose. Out of many artificial intelligent (AI) methods, the 
application of AI based on artificial neural network (ANN) and fuzzy logic (FL) to detect and alleviate 
power system faults is surveyed and reported. Fuzzy-based method proposed to overcome the issues by 
implementing the techniques in fuzzy criteria signals, fuzzy settings and multi-criteria decision making. 
To emphasis the efficiency of the proposed concepts of FL and ANN applications, differential protection 
for power transformers has been selected as an important example. This paper also reviewed other related 
techniques regarding detection, classification and identifying location of fault from traditional to artificial 
intelligence in general. The information which appraisal the trends of methods according to the years will 
give fruitful knowledge to related researchers.  

Keywords: Power system operation and monitoring, Artificial intelligence (AI), Power flow analysis, Fuzzy 
Logic, Artificial Neural Networks (ANN) 
 

1. INTRODUCTION 

The artificial neural network (ANN) is a study related to basic 
neurons that associated in biologically inspired architectures. It 
is structured in a form of several layers. It is an information-
processing where each of input links will receive signal and 
has a weight assigned to it. The ANN when cooperated with 
back propagation training algorithm able to learn the 
significant signature of disturbance. This approach can 
implement in power system where information is very useful, 
especially during events that leads to disturbance. ANN has a 
huge advantage regarding pattern recognition, classification 
and generalization tools. 
 
Research on fault identification and classification related with 
ANN based algorithms is quite well known [1].  Information 
on impedance is not required by ANN as basic information.  
The training process during ANN helped this algorithm to 
recognize the features’ characteristic. Furthermore, ANN also 
can generalize, immune to noise and have a certain tolerance 
level to the fault. Therefore, any changes in a system 
parameter are less likely affect by the implementation based 
on ANN. 

 
By referring to the idea of captured waveform information, a 
fault classification scheme has been proposed [2]. The 
proposed method is ANN based approach that uses feed 
forward network (FFNN) and time delay network (TDNN) 
able to encode any temporal relationship that has been found 
in the given data. A novel approach on detection and 
classification of fault at double circuit transmission line has 
been proposed in [3]. The approach included a start with the 

preparation for the suitable training data set after considering 
all the possible criteria that need to be learned by  
the ANN. A suitable structure will be selected based on the 
possible criteria for training.  
 
Several test patterns have been employed to justify the 
capability of proposed scheme. The implementation FFNN in 
an optimization algorithm by Marquardt Levenberg has been 
study in [4]. In the proposed scheme, there are no 
communication devices between both ends are needed.  To 
complete the classification, the voltage sample, and the 
currents at the relay locations will be taken into 
consideration. According to the research findings, it can be 
concluded that a conventional ANNs are suitable for static 
patterns. However, they are less suitable for a pattern that 
will change with time. 

 
This paper was addressed as below: 
Section 1 describes the introduction of this paper. Section 2 
describes the methods of ANN, wavelet and fuzzy logic 
based, fuzzy logic system, issues related to ANN and FIS and 
ANFIS. Section 3 presents three important analysis in power 
system namely detection, classification and location. Section 
4 describes the trend of techniques in fault analysis. This 
section also summarizes the techniques in terms of figures for 
better observation. Section 5 concludes the work describes in 
this paper. 
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2. METHODS 

2.1 Artificial Neural Networks Based Methods  

ANN has its advantage to become an excellent tool in pattern 
recognition. Due to the advantages that have been discussed, 
this algorithm has commonly used in identification and 
classification of fault [5]. ANN needs no information on 
impedance as basic information. In this technique, it can 
generalize the features and unaffected by the noise. Thus, the 
implementation using ANNs has a very small chances or 
possibility to be affected by changes in system parameters.  
 
The idea of using FFNN and TDNN can encode temporal 
relationship found in the given input data. A new technique 
proposed in [3] involved in the scheme started with preparation 
of appropriate training data set. These training sets need to 
consider all possible criteria that ANN might need to learn. 
Then, a suitable structure is selected based on the provided 
information for training. The final stage is evaluation of the 
trained ANN. Several test patterns have been selected to 
identify the performance of the scheme. The implementation of 
an optimization algorithm, Marquardt Levenberg with FFNN is 
investigated in [4]. In this scheme, communication devices 
between the two ends are not required and the fundamental 
components of current and voltage are employed. 

 
A wavelet transform was designed specifically to provide 
localized information of a signal in terms of frequency 
components that presented at the real time [6]. Due to its 
capability in the analysis of transient waveform as compared to 
other transform approach, wavelet transform received a lot of 
attentions from the researchers [7]. Another novel approach for 
fault classification has been proposed [8]. The proposed 
approach utilized the wavelet transform to analyze the power 
system transients.  Types of fault will be identified using an 
incorporated Probabilistic Neural Network (PNN) after the 
detail coefficients have been obtained by decomposing the 
fault signal.  The detail coefficients for each fault will be 
justify and then classified by PNN. 
 
2.2 Fuzzy Logic Based Method 
 
Instead of modeling a system mathematically, fuzzy based 
classification technique employed a simple, rule-based IF X 
AND Y THEN Z approach to represent the controlling 
purposes. No training is required thus, it is much faster as 
compared to other methods of the fault classification based on 
the ANN methods. Discrete Fourier Transform (DFT) has been 
combined with the Fuzzy Logic to detect and classify the type 
of faults. This approach has been discussed in [9]. It used a 
split sequence of symmetrical components belong to 
fundamental frequency. This advantage has encouraged the 
researchers in [10] to propose a new scheme of classification in 
electrical power system. 
 
In [11], they combined the Fourier liner with information in 
fuzzy expert system. By using their proposed algorithm, the 
normalized peak amplitude of the voltage signal and its 

amendment rate can be estimated. The input signal of the fuzzy 
expert system is converted from the retrieved information.  The 
proposed approach can be used in different types of 
disturbance signal for example, normal and sag. Another 
approached has been proposed in [12] where an adaptive 
resonance theory (ART), has been combined with the fuzzy K-
NN decision rule. The proposed algorithm can distinguish and 
classify the type of faults. In such a series compensated 
transmission line, fuzzy logic system is also able to be 
combined with the discrete wavelet transform as mentioned in 
[13] to identify the type of fault.  

Fuzzy logic is an extension of multi valued logic systems 
invented by Zadeh Lotfi in 1965 [14]. It uses a linguistic 
variable with membership to represent the uncertainty in 
human reasoning. A “fuzzy set” is a simple extension that can 
be defined as a set of ordered pairs as referred in equation 2.1 
[15]: 
 

        - Eq 2.1 
 
Where (x) A is called membership function for the fuzzy set A. 
It maps each x to a membership grade between 0 and 1. As 
referred in fuzzy rule;  
- If x is A then y is B where A and B linguistic values 

defined by fuzzy sets. 
- “x is A” is called “antecedent” or “premise”, 
- “y is B” is called the “consequence” or “conclusion”.  

 
Clustering techniques are mostly unsupervised methods in a 
fuzzy inference system.  It aims to separate a vast data into 
groups by referring the based-on correspondence among the 
individual data items. The potential of clustering algorithms 
can be exploited in a wide variety of applications such as 
modeling, pattern recognition, image processing including 
classification, and identification [16]. The clustering algorithm 
depends on the execution is the key of the success. 
Theoretically, it hasn’t been verified by any algorithm that it 
has the best performance in every related characteristic. It is 
simply by referring the condition of problem and organization 
of data.  Three potential types of fuzzy clustering algorithm are 
explained Fuzzy C-Means (FCM) Adaptive Fuzzy Clustering 
(AFC) and Gustafson-Kessel (GK). As a basic of fuzzy logic 
implementation, a dedicated problem must have these criteria;  
• The problem can be able to resolve in terms of heuristic 

rules is available. 
• Hard to use mathematical form. 
• If multiple assumptions need to be made when modeling 

of mathematical problem, therefore, there’s a chance of 
creating an inaccurate model. 
  

In a practical transmission line, the fault will be detected by the 
fault detector and it will be feed into the fuzzy inference 
system. The system will be used to gain the clear output of 
fault diagnosis. ANN can be used to improve the performance 
of the line by the advantage of adjusting with the values of line 
parameters. Table 1 shows the comparison of ANN and FL in 
power system analysis. 
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2.3 Issues of ANN and FIS 

When there are any changes occur in the system, ANN 
algorithm needs to be retrained. It is difficult to ensure the 
stability of ANN and ability on learning new data sets of 
input/output data [17]. Many iterations are needed in ANN to 
execute training phase. However, there is no guarantee on the 
correct answers.  Generally, the starting point vector is quite 
important compared to other aspects of the network [18]. One 
of the solutions for the problems is to modify the structure of 
ANN composing the polynomial equation based on weights to 
fit the stability constraints before the training step [19]. 
Unfortunately, the modification is rather complicated.  Another 
option is by using adaptive neuro-fuzzy inference system [20]. 
In this system, ANN will utilize the complete I/O data space of 
a fuzzy logic system for training. When there are multiple 
aspects of uncertain knowledge representation, fuzzy sets can 
perform well [12].  
 
A neural network that implement a fuzzy rule-based system 
from input/output data to improve the learning capabilities is 
called fuzzy neural network (FNN). In [21], ANN and FIS 
have been combined due to the advantages of both techniques 
to create a hybrid intelligent system. The combination ensured 
ANN to be trained on the complete I/O data space of a fuzzy 
logic system. Another issue with implementing ANN is their 
possibility on occurrence of overfitting during the training 
phase. Even though the network is already familiar with the 
training examples, it has not learned how to deal with the new 
information [21]. Fortunately, the integration of ANN, FIS and 
optimization algorithm can prevent overfitting in ANN [18, 
22]. 
 

Table 1: Comparison of ANN and FL in Power System 
Analysis 

 Approach  

Feature ANN FL 
 
Knowledge 
used 

 
Obtained 
Information using 
training set of 
cases  

 
Dedicated criteria 
presented the 
knowledge  
 
 

Try and error 
on relay 
performance 

Difficult to be 
analysed 

Convenient to be 
analyzed  
 

 
Self-learning 

 
Natural 

 
High potential 
 

Handling un-
clear cases 

Natural Natural 
 
 

Strength Difficult to ensure Simple to ensure 
 
Relay 
arrangement 

 
Required a large 
number of data for 
simulation 
purposes 

 
Suitable. Able to use 
knowledge and 
simulation  

   
Computations Devoted hardware Simple 
   

 

2.4. Adaptive Neuro-fuzzy Inference System (ANFIS) 
 
ANFIS is like a fuzzy inference system (FIS) [23]. The targets 
are one output from several given inputs that have been 
attained from the performance of the membership function 
curve based on the data input. The weight values via the 
products in between of the created learning rules can justify the 
curve parameters. The ratio between the individual and overall 
weighted values is possible to be calculated by using the 
parameters of the output membership function.  The targets of 
producing an overall gained will then been predicted by the 
ANFIS as the output.  Membership function parameters in the 
input and output sides are then be adjusted to get the targeted 
value as a learning process. ANFIS uses a hybrid algorithm 
that consists of back-propagation and least-square estimation 
technique. ANFIS usually implement TS type fuzzy inference 
system. There are two possible outputs which is; a linear 
combination of input variables or a constant term.  

 
There are 2 main stages in the problem solved using TS type of 
fuzzy modeling:  

i. Identification of structure  
ii. Optimization of parameter [20].  

 
Structure identification is a process of determining the input-
output space partition and the number of rules needs to be used. 
Parameter optimization is normally used to identify the 
optimum values of all the parameters involved in the system. 
ANFIS very similar to fuzzy inference systems on 
functionalities wise [24]. It is as a TS system mapped into a 
neural network.   
 

3. FAULT ANALYSIS IN POWER SYSTEM 

3.1 Fault Detection in Power System  
 
During the detection phase, the type of structure in ANN 
implements multilayer perceptron. The backpropagation 
algorithm later will be used as training [1]. The weights will 
then be updated according to the error created from the 
comparison of neural output and the target output. Healthy and 
faulty condition through the low pass filter will be identified. 
Information on weight and bias will be used to detect the fault 
signal after the training process.  The basic structure of ANN 
learning procedure is presented in figure 1. 

 
Figure 1: Basic structure of ANN learning procedure 

 
 Fundamental frequency and transient signals are required for 
fault detection in a conventional approach [22].  In 
fundamental frequency, it can be categorized into three-detail 
method.  One of the methods is the identification of harmonic 
current comparison. In the presence of harmonic, when the 
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value of inductive is increasing, the value of capacitive will 
decrease. The zero-sequence current will be referred.  
Normally, the capacitive current flowing in the normal feeder 
is much larger than the inductive current.  
 
To identify the injected signal, specific detector will be setup at 
each feed. Without any abnormalities, signal magnitude of 
every feeder is indirectly ratio to their capacitance to earth. On 
the other hand, in a grounding fault conditions, signal will be 
flowed from the signal source to the faulty point, at the same 
time, the signal magnitude of each normal feeder is close to 
zero. The injected signal magnitude can be measured to 
identify the faulted feeder.  

 
3.2 Fault Classification in Power System  
 
When the electrical transmission line has become faulty, 
distance relays are able to identify the type of fault. 
Nevertheless, the circumstance may below or over reach. In 
this condition, a few factors to be refereed are; 

i. pre-fault loading,  
ii. fault resistance and  
iii. remote end in-feeds.  

 
The rise of obtained estimated speed can be reduced by the 
impedance estimated by the digital distance relay reduces. 
Therefore, it is impossible to run an impedance relay with a 
certain value of setting with high speed [3]. A study in [18] 
used measurement of phase angles between the positive and 
negative sequence components of the current phasors. The 
relative magnitudes of the zero and negative sequences 
quantities present in the current waveforms also been measured 
by the algorithm to classify between grounded and ungrounded 
faults. Due to the changes in the power system, [25] has 
proposed a characterizing method for power system using rms 
voltage measurement. Discrete measurements of the time 
interval between two following rms values in one cycle will be 
considered. For the classification purposes, the features of the 
value will be measured. 
 
3.3 Fault Location in Power System 
 
In the study of fault location, it is aimed to obtain the 
calculation of fault distance as closed as possible to actual 
location. The fault locator is mainly connected with protection 
relays. Distance relays at transmission-line protection provide 
can help the researcher to acknowledge the possible area of 
fault. However, they are not able to pinpoint the exact location. 
Furthermore, the task on obtaining information from the 
instrument transformers by processing the same current and 
voltage signals recorded at the substation, line protection can 
be achieved. In any protection scheme, fault-location 
estimation is a desirable feature.  

General conventional approach of fault location in a power 
system is referring to impedance. In this method, the 
impedance of voltage and current data at many points along the 
transmission line using per unit length will be measured. They 
can be categorized as one-ended impedance algorithms [26] 
and two-ended algorithms [27 and 28] according to the 
availability of the fault locator input signals. By using voltages 
and currents acquired at the end of line, one-end algorithms 
can estimate a distance to fault. This technique is easier since 
there is no necessity of communication with the remote end 
[29]. 
 
The calculation of fault distance can be obtained once the line 
impedance per unit length has been recognized. For grounded 
fault, fault resistance will be high.  The result of fault location 
will be affected. On the other side, fault resistance will not able 
to affect the precision of the fault location if the fault is 
ungrounded. Two-end algorithms [27 and 28] process signals 
from both terminals of the line. Therefore, larger amount of 
information is utilized. As compared to the one-end 
approaches, performance of the two-end algorithms is 
generally better. Two-end fault locators will use different input 
signals. Generally, information from currents and voltages or 
quantities from impedance relays at the line terminals will be 
used [30, 31].  
 
Another conventional method is based on traveling wave. By 
using this method, an electrical pulse is projected to the fault 
propagates along the transmission line on both sides away from 
the fault point. The total time acquired by pulse return 
preserved as the distance to the point of fault. This method is 
preferable for a long and standardized line. However, the 
drawback of this method is that system parameters and system 
configuration can affect the propagation. Other than that, faults 
close to the bus or faults that occurred near zero voltage 
inception angles are also harder to be located.  
 
Misreading of the fault can be caused by the error on wave 
detection results [32]. With the improvement in data 
acquisition, Global Positioning System (GPS) time 
synchronization, and communication systems, traveling wave 
methods could be improved. Table 2 summarizes the 
advantages and disadvantages of travelling wave and 
impedance-based approaches. 
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TABLE 2: Advantages and disadvantages of Traveling Wave 
and Impedance Based 

 Traveling Wave Impedance Based 
 
Advantages 

 
-Possible to perform 
accurate fault 
location 
-The error does not 
depend on the 
distance from the 
fault 
 

 
-Simpler since there is 
no necessity of 
communication with 
the remote end 
-Easy to install and 
operate  
 

Disadvantag
es 

-Need to be handled 
by skilled operator 
-Require a high-
speed 
communications 
channel for accurate 
time measurement 
-Accuracy is highly 
dependent on the 
sampling rate, 
estimation of line 
length and time-
stamping 

-Need to be handled 
by skilled operator 
-Affected by mutual 
coupling.  

   

 

4. THE TRENDS OF FAULT ANALYSIS IN POWER 
SYSTEM 

Since 1960’s, the first installation of digital computer for 
relaying has been started. It gave the possibility in storing the 
obtained information.  With this approach, relay engineer can 
control the reach characteristics of a distance relay. This action 
can help to confirm the suitability regarding application and 
develop fault location algorithms [33, 34]. However, for 
calculation of fault distance, it requires some simplifying 
hypothesis. The one terminal approach is simple and easy to 
implement [35-37]. But the two-end algorithms, are superior 
and much better in comparison to the one-end approaches [38]. 
 
In the 70’s, the focus of the research is on “ultrahigh speed 
protection” based on the travelling wave. High frequency 
transient waveforms exist in the waveforms during the first or 
second cycle after the occurrence of a fault. According to the 
analysis of these transient state signals, within a few 
milliseconds of the fault origination the fault location can be 
calculated. Other algorithms related to the technique using 
travelling wave distance protection are reported by [39-41].   
 
In the late 80’s, real time protection was achieved by 
implementing the synchronized measurement. GPS play an 
important role to help in collecting different digital 
measurement at multiple line terminals. A few factors such as 
aging of line, symmetrical of line and environments are 
possible parameters that can give effect to the accuracy of 
distance relaying algorithms. The Phasor Measurements Units 
(PMU) is widely used for synchronized measurement devices. 
The measurements which are synchronized with respect to a 
GPS clock and PMU-based fault locators are more accurate 
than the method based on unsynchronized phasors [34].  

In recent years, techniques for the detection, classification and 
location of faults have been studied by the researchers in 
applied mathematics and signal processing. Measuring 
algorithms that can adapt dynamically to the system operating 
conditions such as changes in the system configuration; source 
impedances and fault resistance is not needed.  
 
A summary of most methods in power systems for fault 
detection, classification and location are illustrated in figure 2, 
3 and 4. 
 

 
Figure 2: Illustration of summary for fault detection in power 

system 
 
 

 

Figure 3: Illustration of summary for fault classification in 
power system 
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Figure 4: Illustration of summary for fault location in power 

system 
 

 

5. CONCLUSION 

This paper reviews the AI application for power transmission 
line system protection. The paper focuses on the applications 
of ANN and different techniques in fuzzy logic. Several 
studies from previous researchers have been presented. 
Furthermore, the studies also included about fuzzy logic and 
ANN approach in transformer protection, transient correction 
issue, and fault-type classification. The illustration of AI 
methods and their features have been presented. A review of 
methods in fault detection, classification and location also has 
been discussed.  
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