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Abstract: With proliferation of power grids, different types of faults are more likely to occur. The purpose of system protection relays is to detect abnormal signals that indicate 
faults in the transmission system and to separate the fault section from the rest of the system to prevent the fault from propagating to other parts of the system. Proliferation of 
electronic devices led to creation of digital relays made of microprocessors. Hence, analog measurements are converted into digital signals for processing by microprocessors. 
Air grids are more likely to cause faults than other components of the power system; thus, disturbances affecting the system must be detected quickly and accurately. Therefore, 
the problem of fault detection and classification is an important factor for economic exploitation of the power grid. Accurate fault handling results in faster repair operations, better 
system availability, lower operating costs and timesavings. The proposed design in this study was based on detecting the type of fault caused in transmission lines. In order to 
improve the condition of the relays in the transmission grid, analysis of the signals reached to the relay on both sides of the line was used to detect the fault and its type. The main 
purpose was to quickly detect the type of fault using wavelet transform. For this purpose, the signal was sampled after the fault occurs and the feature signal was extracted after 
analysis by wavelet transform. These features were included in the decision tree classifier and the type of the fault was decided. 

Keywords: decision tree algorithm; parallel transmission line protection; transmission line error detection and classification; wavelet transform  

1 INTRODUCTION 

Transmission lines are one of the main elements of the 
power system that connects production to consumption. 
Lines are spread over a large area and have a variety of faults. 
Current power systems, including factors that interact with 
each other in complex ways, may cause system faults [1]. 
Line faults may be caused by a variety of reasons such as 
lightning, sparks, birds, storms, snow and ice. Deformation 
of insulating materials can also cause short circuit faults. Line 
protection against faults is an important principle in system 
protection. Because lines are important components of a 
power system, its protection is essential to ensure system 
stability and reduce equipment damage due to short circuits 
that may occur in transmission lines. Continuity of this 
system is very important to achieve reliability of the power 
system. Air grids are more likely to fail than other 
components of the power system; faults in high voltage 
transmission lines also produce high frequency transients. 
These fault-induced transients have frequency, size, and 
damping rate that depend on many factors such as fault 
location, fault type, and system parameters. Fault occurs 
when two or more conductors come into contact with each 
other or with the ground in a three-phase system. These faults 
have devastating effects on power system equipment. The 
fault that occurs on the transmission line not only affects the 
equipment but also power quality. Therefore, it is necessary 
to determine the type of fault, locate it on the line, and 
eliminate it in the shortest possible time in order not to cause 
damage. As a result, disturbances affecting the system must 
be detected quickly and accurately. Rapid error detection, the 
ability to quickly separate the faulty line and protect it from 
harmful effects of the fault. To economically operate and 
sustain the power grid, it is important to detect, classify, and 
clear transmission line faults as soon as they occur. The 
accuracy of fault detection methods depends on measurement 
of voltage and current or its estimation method. Complexity 
of this is further intensified despite random changes in 

parameters such as fault type, fault location, fault angle, fault 
impedance, and so on. 

With proliferation of power grids, different types of 
faults are more likely to occur. A typical fault elimination 
system includes a circuit breaker and a protection relay. The 
purpose of system protection relays is to detect abnormal 
signals that indicate faults in the transmission system and to 
separate the fault section from the rest of the system to 
prevent the fault from propagating to other parts of the 
system. In later years, faults were detected by 
electromechanical relays. The measured values, such as 
voltage and current, became mechanical force when they 
exceeded the predetermined threshold value, causing the 
relay to operate. Expansion of electronic devices led to 
creation of digital relays made of microprocessors. Hence, 
analog measurements are converted into digital signals for 
processing by microprocessors. Transmission line relays 
have three main functions: fault detection, fault 
classification, and fault location. Fault detection means 
detection of different modes of fault generation in 
transmission lines during which system current and voltage 
exceed the normal range; if the fault is not eliminated, it may 
result in equipment damage or even instability in the power 
grid and system collapse. Failure classification is detection 
of fault type. In fact, at this stage, detection of faulty phase 
or phases in order to correctly cut the faulty lines is done by 
considering the reduction of power outages frequently. After 
detecting the type of fault, fault location is determined in 
order to determine the exact location of the fault in order to 
send personnel and repair the faulty lines. 

2 WAVELET TRANSFORM FUNCTION 

Wavelets are mathematical transformations that divide 
information into different frequency components. The study 
is then performed on each component with a resolution that 
is related to waveform scale. It has the advantage over 
classical Fourier methods in analysis of physical situations 
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where the signal contains discontinuities or sharp spikes. 
Wavelets have been developed independently in the fields of 
mathematics, quantum physics, electrical engineering, and 
seismology. Exchange between these areas has led to newer 
applications of wavelets in image processing, perturbations, 
radar, and earthquake prediction in recent decades. The basic 
idea of wavelets is to analyze them on a scale basis. This idea 
does not seem very new. Because it was discovered in early 
1800 that Fourier could create other functions by substituting 
sine and cosine functions. Wavelet algorithms process 
information at different scales and resolutions. If a signal is 
viewed through a large window, its basic features can be 
accessed. Similarly, if a signal is viewed through a smaller 
window, more accurate and detailed features can be obtained. 
For decades, scientists have sought to achieve more functions 
like sines and cosines that form the basis of Fourier analysis 
for variable signals. Limited studies have been published on 
approximation of sharp spikes, but with wavelet analysis, it 
is possible to use approximate functions located in finite 
regions. The wavelet analysis process is actually the 
matching of a sample function called parent wavelet with 
original signal function. Transient-state analysis is performed 
with a high-frequency and contracted parent wavelet sample, 
while permanent-state frequency analysis is performed with 
an open and low-frequency sample of a parent wavelet. Thus, 
the main signal or function can be displayed in terms of 
wavelet expansion. 

As noted, wavelet transform has different base functions 
from the Fourier transform, which has a limited energy, 
leading to localization of these functions in the analyzed 
range. Each parent wavelet also has a specific and limited 
range of frequencies, which results in extraction of these 
limited frequencies in each analysis range. These features 
make the wavelet transform very efficient for extracting non-
static features. Fast Fourier transform and discrete wavelet 
transform are both linear operators that produce a data 
structure. Both transformations can work to convert a 
function from one space to another. For fast Fourier 
transform, this new domain includes base functions including 
sine and cosine functions; for wavelet transform, this new 
domain involves much more complex functions called 
wavelet or parent wavelet. The most important difference 
between the two types of transformation is that wavelet 
functions are centralized, whereas cosine and sine functions 
of the Fourier transform are not. One advantage of wavelet 
transformations is that the windows are variable. 

In order to separate the signal discontinuities, very short 
base functions are required, and at the same time, very long 
base functions will be responsible for analyzing the more 
detailed frequencies. One-way to access, this information is 
to have short high frequency base functions and long low 
frequency base functions. This is exactly what a wavelet 
transform creates. Another point to keep in mind is that 
wavelet transforms, as Fourier transforms, do not have a 
single set of base functions that use only finite sine and cosine 
functions. Wavelet functions have an infinite series of base 
functions. Wavelet analysis therefore provides access to 
information that is obscured by other time-frequency 
methods such as Fourier analysis. If the original signal is well 

known, then the wavelet type is easily chosen, but generally 
the signals are not well known in advance. Clearly, if the type 
of parent wavelet is chosen correctly, predictive efficiency of 
the model will increase. In this regard, there are various 
wavelet generation algorithms that can match the wavelets 
with the criteria defined by the user. 

Continuous wavelet transform of the signal f(t) is: 
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The function Ψ(t) is the parent function or wavelet, and 

a and b are dilation and translation parameters, respectively. 
Wavelet transform is mainly used at k level because it can be 
effectively performed using two filters (one is high-pass and 
the other is low-pass).  

The number of decomposition levels depends on the 
sampling frequency and the frequency of which the 
information is important. The results are sampled with a 
coefficient of two reductions to reduce the computational 
load. Two identical filters are used to output the low-pass 
filter from the previous step. The high-pass filter is taken 
from the wavelet function (parent wavelet) and details are 
measured at a specific input. At the other side, the low-pass 
filter receives the input signal. This idea is shown in Fig. 1. 
 

 
Figure 1 Multi-filter discrete wavelet transform framework  

 
3 C4.5 ALGORITHM 
 

ID3 algorithm is an algorithm for building a decision 
tree. In this algorithm, the concept of irregularity is used to 
classify the data, and the algorithm tends to minimize the 
amount of irregularity in the upper nodes of the tree so that a 
tree with a minimum height can be obtained. Thus, 
irregularity is first calculated for all features of the raw data 
and then the feature with the highest utility is chosen as the 
root. Utility of each feature is then calculated, in which the 
amount of irregularity remaining in the classes is due to the 
use of a feature, which can be obtained by summing the 
probability of occurrence of each division. This algorithm is 
only able to classify data with a range of discrete and limited 
features and is not efficient for noisy and distorted data. 
Completed C4.5 algorithm is ID3 algorithm [2-4]. This 
algorithm is also able to classify continuous and noisy data. 
For this purpose, the data is first sorted; then utility values 
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are obtained for all cases in which it is possible to separate 
the sorted data, and choose the separator corresponding to the 
largest value of utility as a separator [5-7]. 

 
4      RANDOM FOREST (RF) ALGORITHM 

 
When forming a decision tree, a small change in learning 

patterns can cause fundamental changes in the structure of 
that tree. To overcome these problems, a random forest 
algorithm is proposed, which is a learning method based on 
a bunch of decision trees. In this method, classifier outputs 
become much more powerful than noisy data. The random 
forest prediction model is based on averaging the results of 
all relevant decision trees. By using this method, useful 
information about importance of each variable will be 
obtained and thus the variables with the greatest impact on 
the dependent variable are determined. In this method, the 
number of m predictors are randomly chosen for bootstrap 
sampling from the training and tree production set. After 
producing a large number of trees, each tree votes for the 
most popular class. By merging the votes of different trees, a 
class is predicted for each sample. The very high accuracy of 
this method is one of its advantages, while it can work well 
with a large number of inputs [8, 9]. 

Jamali et al. [10] used several classifier algorithms to 
classify power quality disturbances and finally concluded 
that DT algorithms have higher accuracy and lower 
computational load compared to others. 

 
5     THE PROPOSED METHOD 
5.1 Validating the Proposed Method 

 
Conventional validation methods can be divided into 

three categories. One method uses all the data both to train 
the classifier algorithm and to test it, which, in addition to 
possibility of over-fitting in the classifier, results in an 
optimistic algorithm error rate. The other method randomly 
breaks the data into two sets of training and testing, trains the 
algorithm, and then classifies it. This method may also not 
train the algorithm well and the exact error rate may not be 
obtained. Another method is to break the data into several 
classes. This type of validation is divided into three 
categories: 
1) Random multiple sampling method in which the data set 

is divided into two subsets of training and testing. The 
model is then trained using training data and the result is 
validated using test data. This procedure is repeated 
several times and average of the results is considered as 
the final estimate. The advantage of this method is that 
the ratio of training and test data in each run does not 
depend on the number of subsets. The disadvantage of 
this method is that some data may never be used for 
validation and others may be used multiple times. In 
other words, subsets can overlap. 

2) Another method of breaking is called k-fold, in which the 
data is randomly split into k subsets. Of these k subsets, 
one is used at a time for validation and the other k‒1 for 
training. This procedure is repeated k times and all data 
is used exactly once for training and once for validation. 

Finally, the average result of these k validations is chosen 
as a final estimate. Ten folds are typically used. 

3) Another method is called leave-one-out. As the name 
implies, at each stage one of the data is left out for 
validation and the rest of the data is used for training. 
This method is actually the k-fold method in which k is 
considered equal to the number of data. This method is 
computationally expensive because the training and 
validation process is repeated over and over again [11, 
12]. In this study, validation was performed using the k-
fold method with a value of k equal to 10. 
 

5.2 Implementing the Proposed Method 
 

Transient states in power systems generally have non-
periodic, short-lived, and non-stationary waveforms. 
Wavelet transform can decompose signals into different 
frequency ranges. Discrete wavelet transform of voltage and 
current signals is used to extract the feature vector required 
for classification. The purpose of feature extraction is to 
determine the unique characteristics of a voltage or current 
waveform that can be used to detect the type of fault. 

In this study, different fault scenarios will be simulated 
first using MATLAB software; in order to create a relay with 
maximum speed and accuracy, some parent wavelets from 
the Daubechies family that are widely used in the field of 
power system disturbances detection will be studied and 
examined. db4 from the Daubechies family will be 
considered as parent wavelet. The fault signals obtained from 
the grid simulation will be decomposed separately using each 
parent wavelet to the required number of levels. The 
coefficients obtained from the voltage or current signals will 
be decided by discrete wavelet transform, as a feature vector 
to the tree classifier and the decision tree will be trained using 
WEKA software. WEKA software is a reliable software in 
machine learning and data mining systems [13]. 

 
5.3 The Studied Grid 

 
In order to implement the fault type detection project in 

the transmission grid, a two-circuit line grid of the 
transmission grid will be considered with the same start and 
end. The relay is installed at the beginning, end of this line 
according to Fig. 1, and will adapt the required signals from 
the expected transmission line at any time [14]. 

 

 
Figure 2 The studied transmission grid 

 
In the above grid, 20 types of faults (10 types of faults 

per line) including three single phase-to-ground faults, three 
double phase-to-ground faults, three double-phase faults and 
three-phase faults will be simulated in different scenarios. 
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These scenarios will vary in terms of fault time (fault angle), 
fault location and fault resistance. Simulated current or 
voltage signals will be stored in the Simulink section of 
MATLAB software and uploaded in its coding section for 
analysis using wavelet transform. After wavelet analysis and 
feature extraction and unification, the available data will be 
inserted in Weka software in order to classify and detect the 
type of fault. In this software, the best features are chosen by 
different methods and the data is classified using the two 
methods expressed by decision tree algorithm, and the fault 
classes are separated from each other and the type of fault is 
determined. Naturally, the type of feature and choosing the 
best features will affect the final accuracy obtained. In fact, 
Weka output will determine how accurately the proposed 
algorithm is able to detect the type of fault. The parameters 
for the simulated lines are as shown in Tab. 1. 

As shown in Tab. 1, the first part of the line is 225 km 
double-circuit line and the next part is 100 km single-circuit 
line that connects the two parts of the system. The voltage at 
both ends of the lines is 400 kV and the short circuit level for 
both sides is 200 MV. A load angle of 30 degrees is also 
considered so that nominal current of 730 amps can pass 
through each circuit of the double-circuit line. 

 
Table 1   Transmission line parameters [5] 

Parameter First part of line 
(225 km double-circuit line) 

Second part of line 
(100 km single-circuit line) 

R0 81.32 Ω 36.14 Ω 
R1 81.16 Ω 36.62 Ω 
X0 310.48 Ω 137.99 Ω 
X1 108.82 Ω 48.36 Ω 

 

 
Figure 3 Single line diagram of the simulated system [17] 

 
The simulated circuit of the system in the Simulink 

section of Matlab software is as shown in Fig. 3. 
As shown in Fig. 3, the double-circuit line is simulated 

separately at intervals of 22.5, 90, 90 and 22.5 km. In fact, 
these distances provide 10, 50 and 90% of the line to simulate 
the fault in different locations. 
 
 
 

6     SIMULATION OF FAULT TYPES 
 

Since there can be twenty faults in two-circuit lines (10 
faults per circuit), the relay of each circuit must be able to 
correctly detect faults of the second circuit, in addition to 
correctly detecting its own faults and commanding a faulty 
circuit to disconnect, and do not command disconnection. In 
fact, since the ends of this double-circuit line are connected 
as shown in Fig. 3, the fault in one circuit will affect the other 
line as well and increase its current. Therefore, it is obvious 
that the desired protection is achieved when the 
disconnection is commanded only in one circuit (circuit in 
which the fault occurred) and the second circuit continues to 
operate. Because the fault may occur anywhere on the line, 
at any angle of the line voltage, and with any different fault 
resistance, comprehensive information must be provided for 
various faults. For this purpose, three-phase current signals 
will be simulated at points 10, 50 and 90% of the line. Also 
at each point, the fault will be simulated separately at 0 and 
90 voltage angles. Each fault will be considered with 
resistances of 0.001, 5, 10, 15 and 20 ohms. 

As can be seen from the above, 300 signals for different 
types of faults will only be simulated at 10% of the first 
circuit line. In fact, these 300 signals will provide three-phase 
currents for 100 different fault scenarios at 10% of the line. 
The same will be simulated for 50 and 90% of the line, which 
will result in 300 fault scenarios from all simulated faults. In 
all scenarios, the simulated fault of the three-phase current 
signals of the first circuit and the second circuit will be 
removed, which will provide a total of 1800 signals (900 
signals from the first circuit and 900 signals from the second 
circuit) to analyze and extract the features. In fact, the first 
circuit relay must detect 300 fault scenarios in the first circuit 
and command disconnection after detecting the type of fault; 
the second circuit relay, although it will observe fault current 
signals, must detect the fault in the first circuit and not 
command disconnection. 

As noted earlier, single-phase faults including AG, BG, 
CG, double phase-to-ground faults such as AGB, ACG, 
BCG, double-phase faults such as AB, AC, BC and three-
phase ABC fault will be simulated in two circuits. In order to 
train the decision tree algorithm, for each of the above 
disturbances, 30 different simulation scenarios occur in the 
proposed grid and waveform of three-phase currents is 
stored. These simulations differ from points of view such as 
fault time and fault resistance and fault location, and no two 
scenarios will have the same waveform. 

 

 
Figure 4 The simulated system by MATLAB 
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The simulated forms of these disturbances are generated 
and stored by the Simulink and then analyzed using wavelet 
transform and the feature is extracted from them. In the 
following, the three-phase current waveforms for various 
types of faults in 10% of the first circuit are presented from 
the viewpoint of the relay embedded in the first circuit. 

Fig. 4 shows faults of AG, BG, AC, ABG, ACG, BCG, 
AB, AC, BC and ABC in location of 10% of the first circuit 
and with fault resistance of 0.001 ohm seen from the relay at 
the beginning of the first circuit line. Note that the sampling 
frequency of the relay is 1.6 kHz. As a result, there are 1600 
samples for 1 second. The simulations are done for half a 
second (800 samples) and the shapes are drawn for better 
clarity between the ranges of 200 to 600 samples. 
 
6.1 Classification despite Noisy Data 
 

Despite the noise in the data, accuracy of classifiers will 
decrease. Because the presence of signal distortion causes the 

acquired features to lose their efficiency in separating the 
classes. Output accuracy will vary according to different 
values of signal to noise ratio (SNR) [14, 15]. In this study, 
SNR values of 35 and 45 dB will be investigated [16]. The 
classification results with different features and different 
classification methods and 45 dB noise are presented in Tab. 
2. It is worth noting that the results of this section will be 
presented with 24 features (optimal value of features in 
classification of phenomena obtained in the previous 
section). The dispersion matrix is displayed only for the 
decision tree algorithm with 10 trees, which provided the best 
performance in terms of accuracy and speed in the previous 
section. 

 
Table 2  Accuracies of classifiers with reduced features despite noise 

Number of features: 24; noise of data: 45 dB 
Unification method: Zscore; validation method: k = 10, k-fold 

Accuracy based on classification method (%) 
RF (100 tree) RF (10 tree) RF (5 tree) C4.5 

98.5 98.5 96.83 95 

 
AG fault in 10% of the first circuit seen from the first circuit relay 

 
BG fault in 10% of the first circuit seen from the first circuit relay 

 
CG fault in 10% of the first circuit seen from the first circuit relay 

 
ABG fault in 10% of the first circuit seen from the first circuit relay 

 
BCG fault in 10% of the first circuit seen from the first circuit relay 

 
ACG fault in 10% of the first circuit seen from the first circuit relay 

Figure 5 Results of fault simulation 
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AB fault in 10% of the first circuit seen from the first circuit relay 

 
AC fault in 10% of the first circuit seen from the first circuit relay 

 

 
BC fault in 10% of the first circuit seen from the first circuit relay 

 
ABC fault in 10% of the first circuit seen from the first circuit relay 

Figure 6 Results of fault simulation (continued from previous page) 
 

It can be seen that despite noise in the data, accuracy of 
the classifiers decreases, but despite the noise of 45 dB, the 
decision tree with 10 trees still performs well in classification 
of faults. The dispersion matrix in this case, as shown in Fig. 
5, indicates that only 8 out of 600 cases in the classification 
are detected incorrectly. 
 

  
Figure 7 Confusion matrix of RF algorithm with 10 trees despite the noise in the 

data 
 

In order to further investigate, the amount of noise is 
increased and SNR is reduced to 35 dB. With this amount of 
noise in the current signals, the accuracies obtained in 
separation of fault scenarios will be according to the table 
below. 

It is observed that output accuracies will decrease with 
increasing noise in the data. It can be seen from the table 
above that accuracy of the algorithm will not decrease with 
100 trees in the decision tree algorithm. As a result, in case 
of high noise in the data, the number of trees can be increased 
in order not to reduce the classifier accuracy, in addition to 
noise reduction methods. The dispersion matrix for the 
decision tree with 10 trees is also shown in Fig. 7. 

 

Table 3  Accuracies of classifiers with reduced features despite noise 
Number of features: 24; noise of data: 35 dB 

Unification method: Zscore; validation method: k = 10, k-fold 
Accuracy based on classification method (%) 

RF (100 tree) RF (10 tree) RF (5 tree) C4.5 
98.5 98 96 94.66 

 

 
Figure 8 Confusion matrix of RF algorithm with 10 trees despite the noise in the 

data 
 

7      CONCLUSION 
 

Analysis and fault detection in power systems raises 
issues related to power systems, including: significant 
economic impacts for operators, maintenance agents, and 
power industry. For this reason, the search and development 
of new algorithms and methods to solve this problem has 
been considered. Parallel transmission lines are widely used 
in power grids to transfer high power and increase system 
reliability. However, in terms of protection, parallel 
transmission lines require special considerations to single-
circuit transmission lines. When considered as an 
independent circuit from a conventional distance relay to 
protect parallel lines, mutual coupling between two circuits 
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affects the impedance measured by the relay. This will reduce 
the range or increase the relay range depending on grid 
features. This study suggests a method to improve the 
protective performance of distance relays in transmission 
grid based on wavelet transform and decision tree. Due to 
shortcomings of Fourier transform in the field of fault 
detection, the use of wavelet transform in the field of fault 
detection or changes in signals of the power system has 
attracted much attention in recent years. In fact, this method 
is a mathematical conversion based on conversion of a signal 
into various types of scaling by another function called parent 
wavelet.  

The most important reason for using wavelet transform 
is high resolution and time and frequency precision of this 
transformation. Wavelet transform is able to show some 
signal properties that other transformations are not able to 
show and destroy these properties during transformation. 
These properties include high slopes in the function, 
breakpoints in the function, discontinuities of higher order 
derivatives of the function. Accordingly, it can be concluded 
that wavelet transform provides a partial and regional view 
of the function. This property increases the accuracy of the 
work while a transformation like Fourier provides an 
overview of the signal period. Each function used as parent 
wavelet has a mean of zero and a unit energy, and as 
proposed, this transformation provides a frequency time form 
of the signal. This study used discrete wavelet transform as a 
package. Since the 1.6 kHz signal sampling frequency is 
chosen, this transform is able to extract signal information up 
to 800 Hz (half the sampling rate) according to the Nyquist 
theorem. By breaking the wavelet transform up to 4 levels, 
we will achieve 50 Hz nodes. Because the generated fault 
signals, including single-phase fault, double phase-to-
ground, double-phase, and three-phase faults, do not have 
high frequencies in independent circuits, 0 to 50 Hz node in 
the fourth level of wavelet transform containing information 
about the main component of the signal is chosen to extract 
features. 

After extracting various statistical features and unifying 
them, classification was done using two methods of decision 
tree algorithm. These two methods differ in terms of tree 
production and pruning, the ability to classify with high 
accuracy despite the noise, and how to use the features in tree 
production. Random forest uses a set of trees produced to 
determine the final class, which makes this method more 
resistant to noise in the data. After simulating 8 classes of 
disturbances and generating 1800 different signals and 600 
fault scenarios for classes and extracting and unifying 
features, a 600×27 matrix was formed and given to WEKA 
software. Then, the algorithm was tested by k-fold, k = 10. 
The results were investigated under different conditions 
despite the noise in the data and with different number of 
features. Considering the presented results, it can be argued 
that if the features extracted from wavelet coefficients of 50 
Hz node are used and the random forest method is used, it is 
possible to classify the faults with maximum accuracy and 
correctly detect the fault type. As only half, a cycle of post-
disturbance data is used and the presented features are used 
and computational load of the random forest method is low, 

it can be acknowledged that the proposed method, in addition 
to low computational load, offers high speed and accuracy. 
As wavelet transform coefficients are sensitive to noise in the 
data, the accuracy obtained despite 35 and 45 dB noises were 
also studied. Despite the noise in the data, signal denoising 
methods should be used before extracting the feature in order 
not to reduce the final accuracy, in which case the processing 
and calculation operations of the algorithm will be increased. 
A higher number of features or noise-free classification 
methods can be used. By these results, it can be observed that 
the algorithm will only have 2% fault and acceptable 
accuracy despite 35 dB noise in data with 24 features and 
without using denoising methods. 
 
8 REFERENCES  
 
[1] Coelho, V. N., Cohen, M. W., Coelho, I. M., Liu, N., & 

Guimaraes, F. G. (2017). Multi-agent systems applied for 
energy systems integration: State-of-the-art applications and 
trends in microgrids. Applied energy, 187, 820-832. 
https://doi.org/10.1016/j.apenergy.2016.10.056 

[2] Ranjbar, S., Farsa, A. R., & Jamali, S. (2020). Voltage‐based 
protection of microgrids using decision tree algorithms. 
International Transactions on Electrical Energy Systems, 
30(4), e12274. https://doi.org/10.1002/2050-7038.12274 

[3] Nijhawan, V. K., Madan, M., & Dave, M. (2017). The 
Analytical Comparison of ID3 and C4. 5 using WEKA. 
International Journal of Computer Applications, 167(11), 1-4. 
https://doi.org/10.5120/ijca2017914286 

[4] Mienye, I. D., Sun, Y., & Wang, Z. (2019). Prediction 
performance of improved decision tree-based algorithms: a 
review. Procedia Manufacturing, 35, 698-703. 
https://doi.org/10.1016/j.promfg.2019.06.011 

[5] Li, H., Deng, C., Zhang, Z., Liang, Y., & Wang, G. (2021). An 
adaptive fault-component-based current differential protection 
scheme for distribution networks with inverter-based 
distributed generators. International Journal of Electrical 
Power & Energy Systems, 128, 106719. 
https://doi.org/10.1016/j.ijepes.2020.106719 

[6] Casagrande, E., Woon, W. L., Zeineldin, H. H., & Svetinovic, 
D. (2013). A differential sequence component protection 
scheme for microgrids with inverter-based distributed 
generators. IEEE Transactions on smart grid, 5(1), 29-37. 
https://doi.org/10.1109/TSG.2013.2251017 

[7] Mahamedi, B. & Fletcher, J. E. (2019). Trends in the protection 
of inverter-based microgrids. IET Generation, Transmission & 
Distribution, 13(20), 4511-4522. 
https://doi.org/10.1049/iet-gtd.2019.0808 

[8] Zhao, Y., & Zhang, Y. (2008). Comparison of decision tree 
methods for finding active objects. Advances in Space 
Research, 41(12), 1955-1959. 
https://doi.org/10.1016/j.asr.2007.07.020 

[9] Pranckevičius, T. & Marcinkevičius, V. (2017). Comparison of 
naive bayes, random forest, decision tree, support vector 
machines, and logistic regression classifiers for text reviews 
classification. Baltic Journal of Modern Computing, 5(2), 221-
232. https://doi.org/10.22364/bjmc.2017.5.2.05 

[10] Jamali, S., Farsa, A. R., & Ghaffarzadeh, N. (2018). 
Identification of optimal features for fast and accurate 
classification of power quality disturbances. Measurement, 
116, 565-574. https://doi.org/10.1016/j.measurement.2017.10.034 



Zeynab Mohabati, Maryam Khoddam: Improving the Performance of Distance Relay Using Wavelet Transform 

490                                                                                                                                                                               TECHNICAL JOURNAL 15, 4(2021), 483-490 

[11] Jiang, G. & Wang, W. (2017). Error estimation based on 
variance analysis of k-fold cross-validation. Pattern 
Recognition, 69, 94-106. 
https://doi.org/10.1016/j.patcog.2017.03.025 

[12] Rodriguez, J. D., Perez, A., & Lozano, J. A. (2009). Sensitivity 
analysis of k-fold cross validation in prediction error 
estimation. IEEE transactions on pattern analysis and machine 
intelligence, 32(3), 569-575. 
https://doi.org/10.1109/TPAMI.2009.187 

[13] Jamehbozorg, A. & Shahrtash, S. M. (2010). A decision-tree-
based method for fault classification in single-circuit 
transmission lines. IEEE Transactions on Power Delivery, 
25(4), 2190-2196. https://doi.org/10.1109/TPWRD.2010.2053222 

[14] Pourjabar, S. & Choi, G. S. (2020). CVR: A Continuously 
Variable Rate LDPC Decoder Using Parity Check Extension 
for Minimum Latency. Journal of Signal Processing Systems, 
1-8. https://doi.org/10.1007/s11265-020-01597-0 

[15] Pourjabar, S. & Choi, G. S. (2021). A High-Throughput Multi-
Mode LDPC Decoder for 5G NR. arXiv preprint 
arXiv:2102.13228. 

[16] Osman, A. H. & Malik, O. P. (2004). Protection of parallel 
transmission lines using wavelet transform. IEEE Transactions 
on power delivery, 19(1), 49-55. 
https://doi.org/10.1109/TPWRD.2003.820419 

 
 
Authors’ contacts: 
 
Zeynab Mohabati 
Department of Electrical Engineering,  
Khomein Branch, Islamic Azad University,  
Khomein, Iran 
 
Maryam Khoddam, Assistant Professor  
(Corresponding Author) 
Department of Electrical Engineering,  
Khomein Branch, Islamic Azad University,  
Khomein, Iran 
maryamkhoddam@chmail.ir 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


