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This paper introduces a number of methods for identifying disturbances on transmission 

lines and provides algorithms for classifying various disturbance types. working with the 

discrete wavelets transform (DWT) and various embedded systems techniques using a 

simulator to carry out digital simulations of system trials using the controlled technique, 

the nature of disturbance in distinct sub-systems is determined. The analysis of 

transmission lines using the wavelet transform is the main topic of this study, along with 

techniques for transmission line protection. These factors include channel capacity, 

channel length, simulation software, mother wavelet type, parameters, sampling 

frequency, and type of disturbance analysis. 
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INTRODUCTION 

Distributing electrical energy from generators to consumers 

through transmission lines frequently encounters disturbances 

that can affect the reliability of the distribution system itself and 

the quality of the end product obtained by the consumers [1]–[3]. 

The unreliability of the system would greatly impact the 

transmission system, particularly when there are disturbances that 

can damage the equipment [4]–[6]. In the transmission process, 

disturbances that often occur are caused by lightning, weather, 

and insulation failures [7], [8]. Moreover, disturbances also can 

take place in the ground line to ground, line to line, and three 

phases resulting in transient current and voltage disturbances [9]. 

Natural factors such as tree hits and birds can also trigger 

disruptions in the continuity of the system [10], [11]. 

Transmission line operations require immediate protection 

against all types of disturbances. These protections can be done 

immediately by determining protected zones, separating damaged 

lines from other networks, and terminating the power 

transmission process [4], [12]. The disturbance occurrence has 

become a great concern in recent years since more lightning 

strikes occur and it increases the number of power outages which 

can lead to the instability of the power grid and the unreliability 

of its operation [13]. 

 

 

Disturbances due to lightning strikes, harmonics, high impedance 

faults, and transmission line failures due to the use of manual 

equipment would lead to severe flashes that would trigger the 

fault in the transmission system by damaging the line conductors 

and line insulators [14], [15]. Therefore, detecting the fault and 

estimating the distance of the disturbance necessarily need to be 

done as fast and accurately as possible to reduce the number of 

interruptions. The faults in three-phase shunt and three-phase 

ground lines in the single line-to-line, line-to-ground, and line-to-

ground frequently occur on transmission lines in natural 

situations [11], [16]. 

 

Currently, the most popular method used in signal processing, 

data compression, and image processing is the wavelet transform. 

The wavelet transform is a transformation function that 

automatically cuts data into different components and studies 

each component with a resolution according to the scale so that 

the wavelet transform can analyze signals over time and in the 

frequency domain. This is what distinguishes it from the short-

time fourier transform (STFT). The fourier transform is limited to 

its use in the Fourier series, while the wavelet transform uses a 

flexible modulation window, which means it has adjustments to 

frequency and time. For this reason, the wavelet transform is 

widely used in power quality and power protection analysis [17], 

[18]. 

http://ajeeet.ft.unand.ac.id/
http://jnte.ft.unand.ac.id/
http://jnte.ft.unand.ac.id/
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The wavelet transform consists of two parts, namely the discrete 

wavelet transform and the continuous wavelet transform [19], 

[20]. The mother wavelet used is Ψ(t) so the form of the 

continuous wavelet transformation equation is as follows [21]: 

 

𝐶𝑊𝑇(𝑎, 𝑏) =
1

√𝑎
∫ 𝑥(𝑡)𝜑 (

𝑡−𝑏

𝑎
)𝑑𝑡

∞

−∞
   (1) 

 

where a is the scale factor and b is the translation factor, while 

CWT, t, a, and b are continuous systems [19], [20]. The discrete 

wavelet transform method can be written with the equation below 

 

𝐷𝑊𝑇(𝑚, 𝑛) =
1

√𝑎𝑏
𝑛 ∑ 𝑥(𝑘)𝑘
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In the application of continuous wavelet transform (CWT), it 

produces a lot of wavelet transformation coefficients, causing the 

resulting data to become redundant [1], [7], [8], [22]. This 

problem can be overcome by using a discrete wavelet transform 

(DWT), where the decomposition algorithm uses MATLAB, 

which is the basis of the DWT system, by separating 

(decomposing) two input waveform signals into a low frequency 

(low frequency), which is called approximation, and a high 

frequency (high frequency), which is called detail [2], [23]. 

 

Discrete wavelet transforms can determine the location of errors; 

this paper will present several methodologies that are suitable for 

classifying errors of different kinds that occur in transmission 

lines, particularly in the insulator breakdown voltages [24]. This 

wavelet transform theory is able to process the mathematical 

equations using the discrete wavelet transform (DWT), which can 

extract the transient features from three-phase currents, and the 

features obtained would be used to detect short circuit faults [25], 

[26]. 

 

This article will analyze the types of faults studied by researchers, 

including LG (line-to-ground) and SLG (single-line-to-ground 

fault), which are short circuits of one phase-to-ground that occur 

due to a flashover between the phase conductor and the ground 

(pole) [27] and Travers or ground wire on SUTM. This 

disturbance is temporary, there is no permanent damage at the 

point of disturbance. 

 

LL (Line to Line) is a phase-to-phase fault, and LLL (Three Phase 

Fault) is a three-phase short circuit fault classified as a 

symmetrical fault, where the current and voltage of each phase 

remain balanced after the disturbance occurs [1], [14]. So that a 

system like this can be analyzed using only positive sequences 

LLG (double line to ground or phase to phase to ground) is a two-

phase fault that causes a break in the middle phase wire on a 

transmission or distribution line with a vertical configuration, 

which can cause damage to the insulator in two-phase 

transmission or distribution at the same time [1]. LLLG (Three 

Phases to Ground Fault) is a Three-Phase-to-Ground Short 

Circuit Fault, which is a disturbance that occurs when the third 

phase is short-circuited to the ground [28]. 

METHOD 

In this paper, several topics related to faults in the electric power 

system. The literature for this study was collected from several 

websites, such as Google Scholar and Elsevier. 

 

There are several methods for determining faults on a 3-phase line 

using an approach based on the discrete wavelet transform 

(DWT). The collaborative methods used have their respective 

advantages. Some of the methods used are the traveling wave on 

the transmission line, such as fuzzy logic [29]–[31], artificial 

neural network (ANN) [8], [32], support vector machines (SVM) 

[33], [34], WT, and ANN [13], [35], WT and fuzzy logic [26], 

[36] and  combination of ANN and fuzzy logic. [13], [37], [38]. 

 

Interference and protection zones are selected based on the 

relationships governing radiation and reflections. Then, 

considering the features and relationships extracted from these 

waves, the interference caused by lightning strikes on the 

transmission line and conventional interference are classified, 

taking into account the mutual induction between the traveling 

wave and the phases of the transmission line [39]. This is 

important and useful for transmission lines with automatic 

closure. In the software, over 1100 faults of various conditions 

and locations were implemented on a 100-km line with a voltage 

level of 230 kV for fault detection, classification, and location of 

overhead transmission lines using the proposed discrete wavelet 

transform (DWT) based on the wavelet transform (WT) [15], 

[38]. 

 

Different system fault types, such as line-to-ground (LG), line-to-

line (LL), double line-to-ground (LLG), and three-phase fault 

(LLLG) types, applied to different system zones on a 

transmission line must be detected, classified, and found quickly 

[37], [38]. The proposed method is based on the voltage and 

current signal information from the power model in MATLAB to 

generate transient voltage and current signals in the time and 

frequency domain. The majority of studies conducted in the field 

of power systems use simulators that represent the main generator 

using digital simulation models such as Matlab Simulink, ATP-

EMTP, PS CAD, and GPS Timing. When the simulation is 

carried out, all-natural disturbances in the field are ignored, with 

the initial goal of this research being to provide fast, reliable 

analysis using uncomplicated mathematical methods, but this 

research has not produced the desired results because the 

responses obtained are not sensitive. for fault resistance and fault 

angle [31]. 

 

The review focuses on discussing the ability of the wavelet 

transform to be able to analyze transmission lines based on 

channel capacity, channel length, simulation software used, 

mother wavelet type, parameters used, sampling frequency, and 

type of fault analysis, as well as support methods in the signal 

processing operation that uses the wavelet transform. 

RESULTS AND DISCUSSION 

The wavelet transform method can be combined with several 

other techniques, such as the discrete wavelet transform, ANN, 

SVM, fuzzy logic, artificial neural networks, and pure wavelet 
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transform methods, which give significant results for the accuracy 

of research results. This can be seen in figures 1 and 2 below 

 

 
Figure 1. Accumulated of reviewed researches 

 

 
Figure 2. Used technique by researches 

 

Wavelet Transform Using Discrete Wavelet Transform 

One of the major factors to ensure the reliability, sustainability 

and efficiency of power delivery operations is by spotting the 

location of faults occurring in transmission lines [10], [40]. These 

faults may lead to a prolonged blackout. Having accurate data on 

where the faults take place in the transmission lines helps the 

maintenance crew to promptly get the faults fixed. The fault 

resistance, load flow, and compensated lines can affect the 

accuracy of applying the impedance–based fault location 

methods. There are 2 methods for locating the disturbance, which 

is Impedance – Based Method [1]. and Traveling Wave (TW) -

Based Method[1], [2]. The method also can be classified by its 

fault location as a single-end method and a double-end method 

[4]. The method of the single end means that the data are derived 

only from one ending part of the line. On the other hand, when 

the data are derived from both ending parts of the line, it is called 

Double-End method. In the latter method, synchronizing the data 

from both ends will take more time than the one which doesn't. 

Moreover, this synchronization phase will make it less accurate 

and less costly than the TW-Based methods [9], [41]. However, 

if it is compared to the single-end method, the double ends still 

have better accuracy but more cost. Identifying the fault type and 

locating the fault in each of the types requires the logic of the 

supplement [7]. 

 

Locating the fault that occurs in the transmission line either in the 

single or double end was done using TW fault Method and 

wavelet transform by simulating it in MATLAB-SIMULINK. 

[4], [8], [12]. Attaining the resolution of the frequency time of 

any signal in the signal processing was done by applying the 

wavelet transform. Calculating the time of the TWs arrival at the 

line end was required due to the high TWs frequencies at 10 kHz 

to 600 kHz in the transmission line and 50 Hz in the system 

frequency.  Using the Wavelet was suited well to the application. 

The Discrete Wavelet transform function (dwt) was used 

combined with Daubechies mother wavelet db2 [30], To degrade 

the actual signal into approximate coefficients and detail 

coefficients was done using DWT. The approximate coefficient 

was a signal convolution in the filter with the low pass and the 

detail coefficient was a signal convolution of the signal in the 

filter with a high pass. 

 

The relay of distance error was at 1930 meters. It was found at 

the substation of Patnos, which similar fault of error simulation 

of the single-end TW method at 50 meters. Nevertheless, the 

method indicates significant accuracy compared to the distance 

relay even though the length of the transmission line of the 

Patnos-Ercis HV was 46587 km, considered to be a short one. 390 

meters is considered to be the lowest number of error occurrences 

in the distance relays. The same number of errors at 50 meters 

also appears in the fault simulation of the Double-End TW 

Method. The method did work more successfully in the long line 

of over 250 km than that in the short one. The simulations indicate 

that both TW fault Location Methods show more accuracy 

compared to the impedance-based method. 

 

The method of one end can locate the protection zone, classify 

faults that occurred at the back of the relay in the transmission 

lines and then provide an algorithm to categorize kinds of faults 

which includes a lightning strike hitting the phases and the wire 

of the shield. Therefore, the wavelet Transform (WT) and 

traveling wave (TW) current in level one were split up at the 

radiation of all bus-connected lines. These waves made it possible 

to extract the faulty line and its correlation. The recognition of 

faults caused by either lightning strikes or conventional ones was 

feasible considering the mutual effect in TWs on the transmission 

line phases [42]. It is vital for single-phase tripping and auto-

reclosing mechanisms of the transmission line. Evaluating and 

testing the proposed method were done by PSCAD software 

which inserted more than 1100 faults varied in their conditions 

and locations on a line of 100 km in the level of the voltage level 

at 230 kV. This massive simulation successfully managed to 

confirm that the method was valid, efficient, and accurate [12].  

 

The performance and ultra-high-speed protection algorithms of 

transmission lines may be disturbed only by neglecting the fault-

including TW mutual inclusion. Consequently, this method is 

needed as it is an efficient, reliable, and simple method without 

using a complex mathematical calculation but only by applying 

the first TW current class. At last, the simulation results which 

are only the major data presented in this paper indicate that it is 

sensitive to fault resistance and inception angle and it performs 

well on the transmission line with recloses and a single-phase cut-

off mechanism. Furthermore, the Pts limitation of the frequency 

bank allows the only utilize the TW current for the decision-

making of the algorithm [43]. 

 

In research on the transmission line fault location discussed in the 

journal with a high voltage line capacity of 154 kV, 220 kV, 230 
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kV, and a line length of 50 KM to 177.4 KM respectively. This 

research is a simulation using PSCAD software, namely power 

system computer-aided design which is an interactive program to 

analyze the magnitude of the electric power system, in the form 

of voltage dividers, wave rectifiers, autotransformers, and 

converters. EMTDC (electromagnetic transient DC) software is 

used to monitor the output results in electrical quantities. In 

addition, other simulator tools used are MATLAB software, or 

MAtrix LABoratory, which is a complex calculation and analysis 

programming software that can be implemented in an easier 

program [12]. 

 

Furthermore, the wavelet type for signal processing uses discrete 

and continuous types where the discrete wavelet transform 

(DWT) is a function to assist the processing of discrete signals or 

signals that have a value when multiples of the sampling time. 

Meanwhile, continuous wavelet transform (CWT) is a continuous 

signal processing or a signal whose magnitude is in real-time and 

is calculated by changing the scale of the analysis window and is 

well localized temporally or spatially [44]. 

 

The mother wavelet or the basic function used in the wavelet 

transform through translation and scaling, the mother wavelet will 

determine the characteristics of the resulting wavelet transform. 

In this study the mother wavelet used is Daubechies's type, this 

type is a mother wavelet used to reduce the size of data to produce 

a dense digital representation, but can still represent the quality of 

the information contained in the data. In this study Daubechies 

(db) wavelet is considered as a mother wavelet because it has 

better features for protection applications [45]. There are four 

types of Daubechies called db1, db2, db3, and db4. The 

decomposition is at Level 1 for each study with the wavelet 

parameters used in the form of 3-phase voltage, with a frequency 

of 50Hz, 500KHz, 2.04 MHz. fault detection analysis is on LG, 

LLG, and SLG. 

Wavelet Transform using Smart System 

The world population growth rate has dramatically increased over 

time. The more population the world has the more demand for 

energy, particularly electrical energy.  A power system must 

guarantee a stable and sufficient power supply to the consumers. 

However, this aim is unfortunately subjected to natural 

phenomena such as lightning, storm, and other natural disasters 

which unavoidably can create faults [1], [10]. Faults are any 

abnormal flow of current in a power system's components. There 

are two kinds of faults occurring in the transmission lines, which 

are balanced and unbalanced faults. The three-phase fault is 

considered to be the balanced one. Meanwhile, the single-phase-

to-ground, double-phase, and double-phase-to-ground faults are 

naturally unbalanced faults [13].  

 

Thus, a properly -coordinated protection system is vitally needed 

to detect any abnormal current flow in the power system and the 

type of fault more accurately and promptly. Several fault 

detection and classification techniques have been experimented 

with. They are wavelet transform [2]–[5], fuzzy logic [29], [30], 

artificial neural network (ANN) [8], support vector machines 

(SVM) [9], [10], WT, and ANN [13], WT and fuzzy logic [26] 

and combination of ANN and fuzzy logic [13], [37], [38].  

 

 

Identifying the characteristic quantities is mostly done using the 

Wavelet transform; meanwhile, classifying characteristic 

quantities is done using ANN [13], [46]. The analysis of fault 

characteristic quantities in the transmission lines involves the 

decomposition and energy of the coefficients themselves, the 

maximum or minimum fault current rate, e.g. wavelet coefficients 

of different phase currents, the maximum and minimum detailed 

coefficients level rate [14], and the current wavelet coefficient 

energy [30], Despite its effectiveness to detect the transient signal 

triggered by the faults, it has a drawback, particularly in 

identifying the optimum mother wavelet for applications. That is 

to say, different results would appear if it applies a different 

mother wavelet although it is use the same signal. 

 

Developing novelty in techniques for detecting and classifying 

the actual fault occurrence using discrete wavelet transform and 

artificial neural network is the main objective of this paper.  The 

simulation of fault condition was simulated in MATLAB (8.2) on 

the transmission lines of 220 kV. Degrading the fault signal was 

done up to level five using DWT to extract the feature. The 

feature extraction through processing the discrete wavelet 

transform was in maximum and minimum detail coefficient rate 

of three-phase current signal at level 4 and level 5. These were 

considered inputs to the artificial neural network.   

 

The Wavelet type                           : one – Dimensional   DWT 

The chosen Family             : Daubechies 

The Filter             : DB6 

The level of the Resolution Level    : 5 

 

The extraction of features derived from the discrete wavelet 

transform can reach the maximum and minimum detail 

coefficient rate at level five of the decomposition levels (d1, d2, 

d3, d4, d5). The maximum and minimum detail coefficient rates 

at level 4 and level 5 are examined in this study. They are 

evaluated for all different fault types, e.g. faults of single phase to 

ground, double phase, double phase to ground fault, and three 

phases using a wavelet toolbox 

 

ANNs are a computing system inspired by a biological neural 

network which is first introduced in 1960. ANN consists of many 

computational processing elements called neurons or nodes. The 

nodes themselves operate in parallel [13].  The connection of the 

nodes is made through topologies that loosely model the 

biological neural system [37]. ANN can be divided into three 

types of layers the input layer, the hidden layer, and the output 

layer. Patterns are added to the network via the input layer, which 

passes them to one or more hidden layers where the actual 

processing occurs [38]. 

 

The simulation of applying fault detection and classification 

using the combination of DWT and ANN techniques was carried 

out with MATLAB 8.2. It defined the current signal of three 

phases in the transmission line up to level five and to obtain 

feature extraction, DWT was employed. The maximum and 

minimum detail coefficient rates in d4 and d5 from the extraction 

feature process of the discrete wavelet transform were also used 

for detecting and classifying the faults. Mother wavelet after 

being cautiously selected played an important part in extracting 

the information that was beneficial for fault detection and 

classification [47]. To classify the faults, a feed-forward BP-ANN 
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structure using a scaled conjugate gradient algorithm was 

required. That is to say, classifying the precise fault type in the 

transmission line was best done by ANN as the highest accuracy 

rate was at approximately 90.60. It is suggested in the further 

experiment that the study will be focused mainly on investigating 

the fuzzy logic for more complicated transmission line protection.  

This scheme can be applied for aquatic implementation since it is 

easily comprehensible, deterministic, and feasible to use it [31], 

[48]. 

 

Based on the journal [8], [13], [14] with a 220 kV and 400 kV 

channel system by analyzing the transmission lines tested using 

MATLAB/SIMULINK and detecting errors and locations 

correctly and classifying all possible errors and location based on 

local information for source terminal to a remote terminal. The 

method used is a one-dimensional Discrete Wavelet Transform 

using an artificial neural network (ANN). An artificial neural 

network (ANN) consists of many computational processing 

elements called neurons or nodes. These nodes operate in parallel 

and are connected via a topology loosely modeled after the 

biological nervous system. ANN has three layers namely the 

input layer, hidden layer, and output layer. Patterns are presented 

to the network via input layers, which communicate with one or 

more hidden layers where the actual processing takes place[34], 

[49]. 

 

Discrete wavelet transform and multi-layer percepton (MLP) 

neural network with Bayes and baive Bayes classifying methods 

where the multi-layer perceptron network (MLP) is a model of 

artificial neural network (ANN) which has random weights from 

backpropagation training (BP) [50], [51]. Meanwhile, Naive 

Bayes is a machine learning algorithm for classification 

problems. It is based on Bayes' probability theorem [52]. It is used 

for data classification involving high-dimensional training data 

sets. Auto regreeive (AR) wavelet transform and minimum 

entropy Decononlution technique (MED). The wavelet transform 

uses an entropy calculation system, whereas Autoregressive is a 

forecasting method that uses past data series. Continue Wavelet 

Transform CWT fault analysis is fast, reliable, accurate, and also 

easier to implement and provides less computation time and 

resources required compared to continuous wavelet transform. 

Wavelet Transform using GPS Timing 

The main focus of fault research in the last few decades is mostly 

to find the location of faults in transmission lines accurately since 

it helps greatly both the consumers and network provider [53]. A 

transient or permanent fault frequently occurs in transmission 

lines. These incidents have led to the invention of the varied 

model of power network models in laboratories. It is done by 

simulating it under the circumstances that there will be noise, 

distortion, and attenuation [1], [54], [55].  

 

Bewley first introduced the analysis techniques of traveling 

waves (TW) in the 1930s [2]. Meanwhile, in the 1960s Barthold 

and carter came along with their digital solutions [3]. The 

increased number of applying traveling wave-based techniques in 

power systems is due to the innovation in accurate time 

synchronization based on GPS and the availability of digital data 

communications. TWs can reach almost a speed of light in 

overhead transmission lines, circa 3x108 and the application of 

GNSS shows a nearly precise number (less than 1 microsecond) 

in data acquisition [8], [51]. 

 

Several subsequent studies, namely Fault location techniques in 

power systems based on traveling wavelet analysis and GPS 

timing, Wavelet-based method for transmission line fault 

detection during power swing with a channel similarity 

classification of 400 kV, with a channel length of 200 KM, 

provide a solution by combining the wavelet transform with 

Global Position System / GPS Timing where this system provides 

easy and accurate analysis time as well as the ability to 

synchronize over a wide area such as that covered by the power 

system network. The simulation uses ATP – EMTP software, 

namely the Electromagnetic Transients Program, which is 

software used in the analysis of electromagnetic transients and 

isolation problems in power systems. By still using the Discrete 

Wavelet Transformation method and traveling waves, with 

Daubechies's mother wavelet. the wavelet parameters used are 

three phases with a sampling frequency of 1 MHZ and the failures 

analyzed are at LG, LL, and LLG [35], [56]. 

Wavelet Transform using Other Methods 

Wavelet-based fault location on power transmission lines using 

real-world traveling wave data. With a channel length of 50 KM 

and a sampling frequency of 250 HZ, the analysis uses 

simulations from ATP – EMTP software, Mother Bhyorthogonal 

wavelet where the interactive process of applying the 

Biorthogonal wavelet transform provides a developed and 

flexible multi-resolution of the recorded data which provides the 

most accurate results compared to other methods available. used 

in this article [57]. The application of this method is based on the 

commonly known fault location model of the double traveling 

wave fault location technique using two fault finders, at the two 

ends of the transmission line, and requires data synchronization 

[36], [58]. The method that can be used for this error is the 

discrete time domain wavelet transform, using 2 parameters, 

namely scaling and shifting [33]. Where Scaling and shifting are 

two important parameters for this analysis, the application of a 

discrete wavelet transform that uses wavelet transform mothers 

with different scaling levels helps to find the best results for 

estimating fault locations. Then the analysis was carried out on 

LL and SLG [18], [32]. 

CONCLUSIONS 

After conducting a description of several experiments in the many 

studies above, it can be concluded that the use of MATLAB 

software is more widely used because simulations using 

MATLAB make complicated calculations and analyses that can 

be implemented in programs more easily and can be modeled 

according to the level of error and level of decomposition. For 

wavelet types in signal processing systems used in many of these 

studies, the use of the discrete wavelet transform (DWT) is easier 

to implement than the continuous wavelet transform (CWT). 

Furthermore, Doubechies's type of wavelet mother is more 

effective because it has various features that are better for 

protection applications. If seen from the analysis, the most 

dominant type of fault is the LLG fault, or line-to-ground fault, 

with the wavelet transform method. 



SITTI AMALIA / ANDALAS JOURNAL OF ELECTRICAL AND ELECTRONIC ENGINEERING TECHNOLOGY - VOL. 2 NO. 2 (2022) 55-61 

https://doi.org/10.25077/ajeeet.v2i2.31   60 

REFERENCES 

[1] M. Akdag and S. Rustemli, “Transmission line fault 
location : Simulation of real faults using wavelet 

transform based travelling wave methods,” vol. 9, no. 2, 

pp. 88–98, 2019. 

[2] P. Balakrishnan and K. Sathiyasekar, “Transmission 
Line Fault Detection , Classification and Location using 

Wavelet Transform,” no. 6, pp. 1770–1775, 2019, doi: 

10.35940/ijeat.F1337.0986S319. 

[3] A. Y. Dewi, Y. Warmi, Peprizal, and A. Effendi, “Studi 
Pengaruh Backflashover pada Saluran Transmisi 150 kV 

Payakumbuh - Koto Panjang,” vol. 2, no. 3, pp. 270–

274, 2020. 

[4] E. Aker, M. L. Othman, V. Veerasamy, and I. Aris, 
“Compensated Transmission Line Using Discrete,” 

2020. 

[5] N. Malcolm and R. K. Aggarwal, “An Analysis of 

Reducing Back Flashover Faults with Surge Arresters on 
69 / 138 kV Double Circuit Transmission Lines Due to 

Direct Lightning Strikes on the Shield Wires,” pp. 1–6. 

[6] D. William, P. Thomas, and M. Phil, “·Protection of 

major transmission lines using travelling-waves.,” 1990. 
[7] Q. Wang, “Fault Location and Classification for 

Transmission Line Based on Wavelet Transform,” 2016. 

[8] A. Tabatabaei, M. Mosavi, and A. Rahmati, “Fault 

Location Techniques in Power System based on 
Traveling Wave using Wavelet Analysis and GPS 

Timing,” no. 6, pp. 347–350, 2012. 

[9] P. Jose and V. R. Bindu, “Wavelet-Based Transmission 

Line Fault Analysis,” vol. 3, no. 8, pp. 55–60, 2014. 

[10] J. A. Morales, E. Orduña, C. Rehtanz, R. J. Cabral, and 

A. S. Bretas, “Comparison between Principal 

Component Analysis and Wavelet Transform ‘Filtering 

Methods for Lightning Stroke Classification on 
Transmission Lines,” Electr. Power Syst. Res., vol. 118, 

pp. 37–46, Jan. 2015, doi: 10.1016/j.epsr.2014.05.018. 

[11] S. Ningjie, “Transmission Line Tower Model and 

Lightning Protection Performance Calculation Based on 
Wavelet Analysis,” no. Iccem, pp. 331–336, 2021, doi: 

10.25236/iccem.2021.058. 

[12] I. Mousaviyan, S. G. Seifossadat, and M. Saniei, “A 

New and Very Fast Fault Detection and Classification 

Method Based on a Traveling Wave in Transmission 

Lines,” vol. 4, no. 4, pp. 377–385, 2021. 

[13] Q. ShaoJie, W. ZhiGang, and S. YongChao, “Research 
on Fault Diagnosis Model of Transmission Line under 

Lightning Stroke Based on Neural Network,” J. Phys. 

Conf. Ser., vol. 1684, no. 1, p. 012151, Nov. 2020, doi: 

10.1088/1742-6596/1684/1/012151. 
[14] A. Jadhav and K. Thakur, “Fault Detection and 

Classification in Transmission Lines based on Wavelet 

Transform,” vol. 3, no. 5, pp. 14–19, 2015. 

[15] T. Elyan and E. Belal, “Back flashover Analysis for 
Egyptian 500kV and 220kV Transmission towers,” vol. 

6, no. 4, pp. 289–297, 2016. 

[16] K. S. P. S.D.Nimkar, “Review: Wavelet Entropy Based 

Transmission Line Protection,” no. 3, pp. 136–144, 
2017. 

[17] G. Luo, C. Yao, Y. Tan, and Y. Liu, “Transient signal 

identification of HVDC transmission lines based on 

wavelet entropy and SVM,” vol. 2019, no. Acdc 2018, 
pp. 2414–2419, 2019, doi: 10.1049/joe.2018.8555. 

[18] V. Insulators, L. Bootstrap, and N. Network, “Prediction 

of Critical Flashover Voltage of High,” pp. 1–21. 

[19] T. V Isasare, “Application of Wavelet Transform in 
Power System,” pp. 2–5, 2016. 

[20] N. S. Dudhe, “Application of Wavelet Transform in 

Power System Analysis and Protection,” vol. 6, no. 05, 

pp. 889–892, 2017. 

[21] X. Liu, X. Zhao, X. Liu, and W. Shangguan, “A load 

spectrum editing method of time-frequency for rubber 
isolators based on the continuous wavelet transform,” 

Measurement, vol. 198, no. May, p. 111374, 2022, doi: 

10.1016/j.measurement.2022.111374. 

[22] H. Larnier, P. Sailhac, and A. Chambodut, “Detection 
and characterization of lightning-based sources using 

continuous wavelet transform : application to audio-

magnetotellurics,” doi: 10.1093/gji/ggx418. 

[23] A. Mechanics, “Identification of Lightning Strike and 
Short-circuit Fault based on Wavelet Energy Spectrum 

and Transient Waveform Characteristics Yanfeng Gao,” 

vol. 596, pp. 713–718, 2014, doi: 

10.4028/www.scientific.net/AMM.596.713. 
[24] M. C. Yesilli, J. Chen, F. A. Khasawneh, and Y. Guo, 

“Automated surface texture analysis via Discrete Cosine 

Transform and Discrete Wavelet Transform,” Precis. 

Eng., vol. 77, no. May, pp. 141–152, 2022, doi: 
10.1016/j.precisioneng.2022.05.006. 

[25] P. S. Rao and B. B. Naik, “Pattern Recognition 

Approach for Fault Identification in Power Transmission 

Lines,” vol. 3, no. 5, pp. 1051–1056, 2013. 
[26] H. Fathabadi, “Two novel proposed discrete wavelet 

transform and filter based approaches for short-circuit 

faults detection in power transmission lines,” Appl. Soft 

Comput. J., pp. 1–8, 2015, doi: 
10.1016/j.asoc.2015.07.039. 

[27] S. Karasu and Z. Saraç, “The effects on classifier 

performance of 2D discrete wavelet transform analysis 

and whale optimization algorithm for recognition of 
power quality disturbances,” Cogn. Syst. Res., vol. 75, 

no. May, pp. 1–15, 2022, doi: 

10.1016/j.cogsys.2022.05.001. 

[28] M. M. Saha, J. Izykowski, E. R. P. Balcerek, and M. 
Fulczyk, “Three-terminal Power Line.” 

[29] M. Rawoot and M. F. A. R. Satarkar, “Prediction of 

Lightning Impulses on Transmission Line Tower by 

Using Fuzzy Logic Controller,” vol. 3, no. 3, pp. 118–
123, 2014. 

[30] G. Viralitshah, “Fuzzy Logic Based Power Quality 

Improvement Using Shuntactive Filter,” vol. 2, no. 2, pp. 

1370–1376, 2014. 
[31] M. Ben, H. Jouini, and S. Chebbi, “A New and Accurate 

Fault Classification Algorithm for Transmission Lines 

using Fuzzy Logic System,” vol. 20, no. 3, pp. 336–349, 

2013. 
[32] A. Salem, R. Abd-rahman, W. Ghanem, S. Al-gailani, 

and S. Al-ameri, “Prediction Flashover Voltage on 

Polluted Porcelain Insulator Using ANN,” no. Lc, 2021, 

doi: 10.32604/cmc.2021.016988. 
[33] M. Tunay and M. Uyar, “Expert Systems with 

Applications Prediction of flashover voltage of 

insulators using least squares support vector machines,” 

Expert Syst. Appl., vol. 36, no. 7, pp. 10789–10798, 
2009, doi: 10.1016/j.eswa.2009.02.021. 

[34] D. Materials, “Prediction of Critical Flashover Voltage 

of Polluted Squares Support Vector Machines (LS-
SVM),” vol. 20, no. 1, pp. 49–54, 2019. 

[35] Y. Bourek, N. M. Ziou, and H. Benguesmia, “Prediction 

of Flashover Voltage of High-Voltage Polluted Insulator 

Using Artificial Intelligence,” Trans. Electr. Electron. 
Mater., vol. 19, no. 1, pp. 59–68, 2018, doi: 

10.1007/s42341-018-0010-3. 

[36] G. E. Asimakopoulou, V. T. Kontargyri, G. J. 

Tsekouras, C. N. Elias, F. E. Asimakopoulou, and I. A. 
Stathopulos, “A fuzzy logic optimization methodology 

for the estimation of the critical flashover voltage on 

insulators,” Electr. Power Syst. Res., vol. 81, no. 2, pp. 

580–588, 2011, doi: 10.1016/j.epsr.2010.10.024. 



SITTI AMALIA / ANDALAS JOURNAL OF ELECTRICAL AND ELECTRONIC ENGINEERING TECHNOLOGY - VOL. 2 NO. 2 (2022) 55-61 

https://doi.org/10.25077/ajeeet.v2i2.31   61 

[37] M. Y. Abd-alkader, A. M. Ebid, M. Y. Abdel-kader, A. 

M. Ebid, I. M. Mahdi, and I. Abdel-rasheed, 

“Application of using fault detection techniques in 
different components in power systems Application of 

using fault detection techniques in different components 

in power systems,” vol. 2, no. 2, 2021. 

[38] A. Eee, K. Academy, P. Balakrishnan, A. Ece, and K. S. 
R. C. Engineering, “Transmission Line Fault Detection 

and Classification Using Discrete Wavelet Transform 

and Artificial Neural Network,” vol. 24, no. 4, pp. 1112–

1121, 2016, doi: 10.5829/idosi.mejsr.2016.24.04.23063. 
[39] K. Chen, C. Huang, and J. He, “Fault detection , 

classification and location for transmission lines and 

distribution systems : a review on the methods,” vol. 1, 

pp. 25–33, 2016, doi: 10.1049/hve.2016.0005. 
[40] A. Chakravarty and S. Misra, “Journal of Natural Gas 

Science and Engineering Hydraulic fracture mapping 

using wavelet-based fusion of wave transmission and 

emission measurements,” J. Nat. Gas Sci. Eng., vol. 96, 
no. February, p. 104274, 2021, doi: 

10.1016/j.jngse.2021.104274. 

[41] C. Pang and M. Kezunovic, “Wavelet-Based Method for 

Transmission Line Fault Detection and Classification 
during Power Swing.” 

[42] M. Karkhaneh and S. Ozgoli, “Advanced Engineering 

Informatics Anomalous load profile detection in power 

systems using wavelet transform and robust regression,” 
Adv. Eng. Informatics, vol. 53, no. May, p. 101639, 

2022, doi: 10.1016/j.aei.2022.101639. 

[43] N. Rezaee, N. Ramezani, I. Ahmadi, and H. Nouri, “A 

hybrid artificial neural network and wavelet packet 
transform approach for fault location in hybrid 

transmission lines,” Electr. Power Syst. Res., vol. 204, 

no. December 2021, p. 107721, 2022, doi: 

10.1016/j.epsr.2021.107721. 
[44] A. Deshpande and G. S. Shah, “Transmission line 

protection based on travelling waves Transmission Line 

Protection based on Travelling Waves,” no. December 

2011, 2015. 
[45] S. Das, S. Member, S. Santoso, and S. Member, 

“Impedance-based Fault Location in Transmission 

Networks : Theory and Application,” vol. 78712, no. c, 

pp. 1–20, 2014, doi: 10.1109/ACCESS.2014.2323353. 
[46] A. Osman, T. A. Mellik, and O. P. Malik, “Transmission 

Line Distance Relaying Using On-Line Trained Neural 

Networks,” no. January 2016, 2005, doi: 

10.1109/TPWRD.2004.833897. 
[47] C. L. Wadhwa, “Power.” 

[48] S. Adhikari, N. Sinha, and T. Dorendrajit, “Fuzzy logic 

based on ‑ line fault detection and classification in 

transmission line,” Springerplus, 2016, doi: 

10.1186/s40064-016-2669-4. 

[49] S. Zhao, X. Jiang, Z. Zhang, J. Hu, and L. Shu, 
“Flashover Voltage Prediction of Composite Insulators 

Based on the Characteristics of Leakage Current,” vol. 

28, no. 3, pp. 1699–1708, 2013. 

[50] A. Tabatabaei, M. R. Mosavi, and P. Farajiparvar, “A 
Traveling-Wave Fault Location Technique for Three-

Terminal Lines Based on Wavelet Analysis and 

Recurrent Neural Network Using GPS Timing A 

Traveling-Wave Fault Location Technique for Three-
Terminal Lines Based on Wavelet Analysis and 

Recurrent Neural Ne,” no. December 2012, 2013, doi: 

10.1109/SGC.2013.6733830. 

[51] M. Mosavi and A. Tabatabaei, “Traveling-Wave Fault 
Location Techniques in Power System Based on 

Wavelet Analysis and Neural Network Using GPS 

Timing Traveling-Wave Fault Location Techniques in 

Power System Based on Wavelet Analysis and Neural 
Network,” Wirel. Pers. Commun., no. July, 2015, doi: 

10.1007/s11277-015-2958-1. 

[52] S. K. Mishra, L. N. Tripathy, and S. C. Swain, “DWT 

approach based differential relaying scheme for single 
circuit and double circuit transmission line protection 

including STATCOM,” Ain Shams Eng. J., vol. 10, no. 

1, pp. 93–102, 2019, doi: 10.1016/j.asej.2018.02.002. 

[53] D. Network, U. Discrete, and W. Transform, “High 
Impedance Fault Detection in Medium Voltage,” doi: 

10.3390/en11123330. 

[54] S. Ahmed and H. Hadi, “Prediction of flashover voltage 

of insulators using least squares support vector machine 
with particle swarm optimisation,” Electr. Power Syst. 

Res., vol. 104, pp. 87–92, 2013, doi: 

10.1016/j.epsr.2013.06.013. 

[55] S. A. Bessedik, R. Djekidel, and A. Ameur, 
“Performance of different kernel functions for LS-SVM-

GWO to estimate flashover voltage of polluted 

insulators,” 2018, doi: 10.1049/iet-smt.2017.0486. 

[56] “Forecasting flashover parameters of of polymeric 
insulators under contaminated conditions using the 

machine learning technique.pdf.” . 

[57] V. T. Kontargyri, A. A. Gialketsi, G. J. Tsekouras, I. F. 

Gonos, and I. A. Stathopulos, “Design of an artificial 
neural network for the estimation of the flashover 

voltage on insulators,” vol. 77, pp. 1532–1540, 2007, 

doi: 10.1016/j.epsr.2006.10.017. 

[58] J. Cheng, L. Wang, and Y. Xiong, “Modified cuckoo 
search algorithm and the prediction of flashover voltage 

of insulators,” Neural Comput. Appl., vol. 30, no. 2, pp. 

355–370, 2018, doi: 10.1007/s00521-017-3179-1. 

 


