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Abstract: In this paper, a discrete wavelet transform (DWT) has been utilized for processing the current signal in order to fault-

location evaluation in network transmission using pre-fault and post-fault current data of both the terminals of a transmission line. 

In fact, the basis of the work is based on the information recorded before the fault at the end of the line and after the fault at the 

beginning of the line received by the relay. Obviously, high-frequency components are created at the time of the fault, which is a 

way of extracting these components using a wavelet transform. In this design, characteristics extorted from synchronous recording 

of three-phase current signals at the two terminals using DWT. In the following, can accurately estimate the exact location of the 

fault in the transmission network by extraction and subtracting of the minimum and maximum components of the DWT 

approximate and detail components of the signal before and after the fault (pre-fault and post-fault).The simulation results reveal 

that the minimum and maximum extracted components are highly dependent on the fault resistance. Hence, due to increase the 

fault resistance, the level of signal decomposition has to be increased so that the algorithm is not compromised. Eventually, the 

proposed method is tested on the transmission network of 735 kV at different distances of the transmission line, which indicates 

that the proposed algorithm can accurately estimate the fault distance, depending on the type of fault (including low-impedance 

and high-impedance fault) by changing the signal decomposition level. 
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1. Introduction 

The ultimate goal of a power system is the continuous 

transfer of energy to consumers. Nowadays, disconnection 

will cause heavy economic damage to industries and 

disruptions in the daily lives of subscribers due to the strong 

dependence of industries and urban consumers on electrical 

energy. On the other hand, there may be a variety of 

accidental and unpredictable faults in the power grid. By 

minimizing the fault detection time, the power loss can be 

minimized. Various methods have hitherto been proposed for 

fault detection to accelerate network repair and improve 

reliability [1]. Moreover, in addition to fault-finding methods, 

methods are proposed to determine the section or distance of 

fault, especially in distribution networks [2]. 

Fault location techniques can be categorized using 

impedance, travelling waves, high frequency current and fault 

voltage components, and intelligent learning based methods. 

Travelling-wave methods have a complex structure and require 

the accessory equipment [5]. On the other hand, high-

frequency component methods will cost a high cost due to the 

use of high-speed sampling filters [6]. Impedance methods 

have a relatively simple structure and their use in relay 

protection is easily possible. Therefore, the most common way 

of finding a fault is the impedance method. These methods 

utilize voltage and current frequency phase fuzzy components 

to locate the fault [7]. Impedance methods are divided into two 

single-terminal and two-terminal methods. In single-terminal 

methods, only measured data at the terminals of the relay's 

installation location is used, which benefits the simplicity of 

the relationships. The accuracy of these methods is dependent 

on the fault resistance, homogeneity of the line (impedance 

constant per unit length of the line), and the determination of 

the type of fault [8]. The two-terminal method uses measured 

data at two local and remote terminals. This method will be 
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more precise than single-terminal methods due to their 

dependence on the fault resistance and type of fault. [9-10] 

Along with the existing methods, learning algorithm-based 

methods can also be used as an alternative to locating faults 

in transmission lines. Learning-based strategies, if executed 

properly in different conditions and despite the certainty in 

the system, can show acceptable flexibility and performance. 

The extraction of efficient features and the application of an 

appropriate learning algorithm are two main and influential 

issues in the foundation of learning-based methods. [2-3] 

One of the most commonly used functions in signal 

processing is the wavelet transform, which allows us to extract 

the high and low frequency components of the signal. It can also 

play an important role in finding fault locating. For instance, the 

exact location of the fault can be determined by applying the 

wavelet transform on high frequency samples of the travelling 

signal recorded at the beginning of the medium pressure feeders 

and their end points. It was first shown in [13] that by recording 

the fault at the two ends of a simple transmission line, regardless 

of the load along the line, the precise location of the fault can be 

determined by moving the waves by wavelet transform. In [13] 

and [4], a method is proposed that uses a wavelet transform to 

determine the location of a fault using mobile waves in the 

power system. This method makes it possible to convert a high-

resolution wavelet to high-frequency components of the fault 

transmissions. Further, by converting the three-phase voltage 

signals into the medal components and performing the wavelet 

transform on the medal signals, a component of regional fashion 

at high frequencies makes it possible to determine the location 

of the types of faults [4]. 

In this paper, the wavelet transform has been used to locate 

the fault in the transmission line. It should also be noted that 

in travelling-mode methods, registers are required at a great 

cost to record the signals sent from the fault location. 

However, in the proposed method which is only based on 

current data recorded by the relay, it is easy to estimate the 

precise location of the fault by transforming the wavelet from 

it and extracting a series of specific features from the 

approximate and minor components. 

In the second section, the proposed method is described 

based on the wavelet transform, and in the third section, the 

network implementation and the results of the fault locator 

algorithm are presented. Finally, the conclusion is presented 

in the fourth section. 

2. Proposed Method 

In this paper, the basis of the work is based on the 

information recorded before the fault at the end of the line and 

after the fault at the beginning of the line which is received by 

the relay (as shown in Figure 1). In the following, by 

transforming the wavelet from the data recorded by the relay, 

for each signal the current of the four components (including 

the components of the approximate, horizontal, vertical, 

diagonal) is obtained. In the next step, must extract the 

minimum and maximum scales of each component. After this 

stage, we will have four minimum values and four maximum 

values for each fault signal. By reducing these scales from the 

scales before the fault, and obtaining the positive difference 

and aggregating them together, one can calculate the precise 

location of the fault. And since these scales depend on the 

changes in fault resistance, therefore, only a signal decay level 

is used for low impedance faults and two signal decomposition 

levels are used for two impedance faults. 

 

 

Figure 1. The Pre-Fault and Post-Fault Signal in the Sample Network. 
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2.1. Wavelet Transform 

A wavelet transform is capable of displaying a signal by a 

windowing technique of regions of different sizes. Making it 

possible to use large time windows when needed to provide 

accurate information at lower frequencies and smaller windows 

when it requires high frequency information. One of the major 

improvements made by wavelet transform is the local analysis 

of the signal which makes it possible to analyze a small area of a 

wide signal. In fact, the wavelet is a waveform with a limited 

time and has an effective zero value. The wavelets are 

asymmetrical and asymmetric, and their energy is concentrated, 

limited, and it is around a point. The wavelet transform involves 

breaking a signal into the transmitted signals and changing the 

scale of the original wavelet signal (mother wavelet). Therefore, 

the analysis of signals with sharp changes with the help of 

wavelets is better than the Fourier analysis with sinusoidal 

waveforms. Hence, it can be concluded that local variations are 

better with wavelets. 

Wavelet transform has a characteristic that is called 

Mother Wavelet with several different types. This conversion 

initially separates the entire wave which is similar to the 

wavelet of the mother wavelet. Then, the wave separates 

from the components of the high frequency down to its 

constituent. Therefore, they can get the initial wave with their 

sum. For instance, in Figures 2 and 3, the separation of the 

waves constituting the fault signal seen by the relay is 

illustrated with one and two levels of decomposition using 

db4, respectively. As can be seen, the decomposition of two 

components is approximate and minor (including horizontal, 

vertical, diagonal) in each level, which is related to low 

frequency information and high signal frequency, 

respectively. Hence, you can use the help of transforming the 

wavelet of hidden information to the fault. 

 

Figure 2. A Fault Level Signal Decomposition for Low Impedance Mode. 

 

Figure 3. Level-Two Fault Signal Decomposition for High Impedance Mode. 
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A wavelet transform is a linear transform that maintains 

the time allocation in the various frequency components of 

the given signal. Therefore, can write a function of the scale 

of x and a ψ wavelet function as follows: 

DWTψf(m.k) = 
�

����
∑�x(n) ψ	
�������

���
               (1) 

Where ψ is the maternal wavelet, ���is the scale parameter, 

a 
m
, and b0 and n0 are the transmission parameters. In 

addition, this paper uses the db4 (daubechies-4) maternal 

wavelet. And with the help of the following, can implement 

the wavelet transform process of the current signal in the 

MATLAB software: 

[A1, H1, V1, D1] = dwt2(a,'db4'); % Level-signal 

decomposition 

[A2, H2, V2, D2] = dwt2(A1,'db4'); %Level-Two 

decomposition 
In which 

A1, A2 are approximate component of level one and two 

signal decompositions respectively. 

H1, H2 are the horizontal component of the first and 

second level of signal decomposition, respectively. 

V1, V2 are the vertical component of the surface of one 

and two signal decompositions, respectively. 

D1, D2 are the diagonal component of the level one and 

two signal decompositions 

a: The signal received from the relay, respectively. 

db4 is the Mother's Wavelet 

Therefore, as shown in Figures 2 and 3, can write the fault 

signal in the form of the sum of the components. 

f (x) = A1 + (H1 + V1 + D1) = (A2 + H2 + V2 + D2) + (H1 

+ V1 + D1) 

Furthermore, in this paper, for low impedance faults, a 

decomposition level is used for high impedance faults from 

two levels of decomposition. This is due to increased fault 

resistance, which reduces the level of components. Hence, in 

order to increase the accuracy of the algorithm, have to 

increase the signal parsing level. 

2.2. High Impedance Fault Detection 

As mentioned in the previous section, the first step in the 

proposed fault-detection scheme is the high fault rate which 

causes the change in the maximum and minimum scales of 

approximate and minor components. Due to high impedance 

faults, the voltage waveform changes are small edges. One 

way to detect the high impedance fault is to see the current 

waveform recorded in Terminal B2. 

 

Figure 4. Fault Waveform at Bus 1 and 2 for Low Impedance Mode. 

 

Figure 5. Fault Waveform at Bus 1 and 2 for High Impedance Mode. 
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up and down impedance fault in the network is to calculate the three-phase zero-sequence current in the B2 terminal 
 

 

Figure 6. The Current of Zero-Sequence from B2 Terminal in High and Low Impedance Mode. 

Comparison of Figure 6 indicates that the zero-sequence current range in the impedance fault mode is lower than the low 

impedance fault at B2 terminal. After determining the type of fault, it is time to implement the proposed algorithm for fault 

detection. 

2.3. Extracting the Values of the Maximum and Minimum Scales of the Approximate and Minor Components (Pre-Fault 

and Post-Fault) 

After determining the level of decomposition, depending on the high and low fault of the impedance, the maximum and 

minimum scales of each component of the fault signal should be extracted and by subtracting these scales from the scales 

before the fault and obtaining the positive difference and collecting them, the exact location of the fault should be calculated. 

 

Figure 7. The Approximate Component of the Current Signal on the B2 (Pre-Fault) and on the B1 (Post-Fault). 

 

Figure 8. Horizontal Component of the Current Signal on the B2 (Pre-Fault) and on the B1 (Post-Fault). 
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Figure 9. Vertical Component of the Current Signal on the B2 (Pre-Fault) and on the B1 (Post-Fault). 

 

Figure 10. Diagonal Component of the Current Signal on the B2 (Pre-Fault) and on the B1 (Post-Fault). 

Suppose a single phase fault occurred to ground (A-g) with a 

fault of 0.001 ohms at a distance of 40 km from the transmission 

line. In this case, need to transform a wavelet signal from a pre-

fault current (B2) and after a fault (on the B1). In Figures 7, 8, 9, 

10, the approximate component, the horizontal component, the 

vertical component, and the diagonal component of each signal 

for this fault is shown, respectively.  

In the following, must extract the maximum and minimum 

scales of each component, the values of which is shown in 

Table 1. 

Table 1. Maximum and Minimum Scale Components of Current Signal Components. 

Pre-Fault Post-Fault (A-g fault at 40 km) 

Components of the current 

signal (at Bus 2) 
Maximum Scale Minimum Scale 

Components of the current 

signal (at Bus 1) 
Maximum Scale Minimum Scale 

Approximate (A1) 56.54 -56.57 Approximate (A1) 96.66 -253.33 

Horizontal (H1) 0.168 -0.2639 Horizontal (H1) 0.3355 -0.309 

Vertical (V1) 1.0e-014 ×0.6479 1.0e-014 ×-0.5570 Vertical (V1) 1.0e-013 ×0.2090 1.0e-013 ×-0.1007 

Diagonal (D1) 1.0e-014 ×0.42 1.0e-014 ×-0.5509 Diagonal (D1) 1.0e-013 ×0.1816 1.0e-013 ×-0.1728 

By lowering the maximum and minimum values in the fault-free mode from the obtained values after the fault, obtain the 

positive difference values, and then sum up the values, therefore, the fault location is finally estimated. 

In Table 2, the values are marked with a positive difference with the green color. 

Table 2. The distance estimation fault. 

Db4 Maximum Db4 Minimum 

Components A1 H1 V1 D1 A1 H1 V1 D1 

Differences 

(Post-Fault) – 

(Pre-Fault) 

40.12 0.1675 1.0e-013 ×0.1442 1.0e-013 ×0.1396 -196.75 -0.0451 1.0e-014 ×-0.4498 1.0e-013 ×-0.1177 

Estimated Distance (km)= 40.29 km 

Finally, the full current chart of the proposed locator algorithm can be shown in Figure 11. 
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Figure 11.Current Chart of the Proposed Locator Algorithm. 

3. Simulation Results 

In this paper, the proposed algorithm is implemented on a 

735kV transmission network with a frequency of 60 HZ, a 0 

degrees-phase of source angle, an end-of-line load of 30,000 

MVA with a phase angle of -28992 degrees with a length of 

100 km. 

Table 3 indicates the results of testing the proposed 

algorithm for various faults at different intervals of the 

transmission line. As can be seen, for phase-to-phase faults, 

there is no fault resistance, only the level of a decomposition 

is used for faults in the ground, the fault resistance is used up 

to 75 ohms of the level of a decomposition, and for fault 

resistance of up to 150 ohms, the level of fault analysis is 

also used.  

In addition, the estimated fault estimate can be calculated 

from relation 2, the results of which are shown in Table 3. 

RE = 
|��������������������������������|

������� ���� × 100           (2) 

Table 3. Results of Testing the Proposed Algorithm. 

Actual values Estimated values 
RE(%) 

Fault type Rf (ohm) X (km) Xe (km) Db4 Level 

A-g 0.001 40 40.29 1 0.29 

A-B-g 7 20 20.89 1 0.89 

A-B-C - 50 50.65 1 0.65 

C-g 85 65 65.71 2 0.71 

A-C-g 100 80 78.82 2 1.18 

B-C - 10 9.86 1 0.14 

B-g 75 40 40.13 2 0.13 

B-C-g 150 80 81.14 2 1.14 

A-C - 30 29.83 1 0.17 

A-B - 90 89.59 1 0.41 

A-g 15 15 15.18 1 0.18 

A-C-g 95 25 25.23 2 0.23 

A-B-C-g 20 35 35.87 1 0.87 

4. Conclusion 

In this paper, signal processing techniques are used to 

locate the fault. One of these commonly used functions is the 

wavelet transform that allows the extraction of high and low 

frequency components. Since high-frequency components are 

created at the time of the failure, in this case, the wavelet 

transform can play a significant role. The main idea of this 

article is the wavelet transform of the data recorded by the 

relay before the fault (pre-fault) at the end of the line and 

after the fault (post-fault) at the beginning of the line. Finally, 

we have been able to estimate the fault location by 

comparing the scales obtained from this transform. 

Meanwhile, this algorithm is designed to estimate the fault 

distance by varying the signal decomposition level for low 

impedance faults to high impedance. The simulation results 

reveal that the maximum estimated fault in this scheme is 

1.18%. 
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