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ABSTRACT

The reliable and efficient operation of high-voltage transmission lines is essential for ensuring the stability
and quality of electrical power distribution. To address this concern, this research paper presents an in-
depth study on the application of wavelet transform for detecting and classifying faults in high-voltage
transmission lines. Fault detection and classification are crucial tasks in the maintenance and operation of
power systems to minimize downtime and ensure the safety of personnel and equipment. The wavelet
transform has proven to be a powerful tool for analyzing transient signals in electrical systems, making it a
valuable technique for fault detection and classification. This paper provides a comprehensive review of
wavelet transform theory, its application to fault detection, and classification algorithms. Additionally, it
discusses various case studies and practical implementations, highlighting the advantages and limitations of
wavelet-based techniques. The results demonstrate the effectiveness of wavelet transform in enhancing the
reliability and efficiency of high-voltage transmission line monitoring and maintenance.
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1. INTRODUCTION the huge power system, traditional fault detection
and classification methods are unreliable [1] —[3].

Modern power systems are rapidly expanding,
with additional generators, transformers, and a wide
network. A high level of reliability is essential for
system operation. To protect the system from
damage caused by abnormal conditions induced by
faults, reliable protective devices such as relays and
circuit breakers are required. Transmission lines are
vital components of the power system because they
transport electricity across great distances. As a
result, the study of fault analysis on transmission
lines is critical. Over current, over voltage, and
distance relays are examples of conventional relays
used for transmission line protection. Because of

High-voltage transmission lines play a pivotal
role in the power grid, ensuring the efficient
distribution of electrical energy over long distances.
However, these lines are susceptible to various
faults and disturbances, such as short circuits,
insulation breakdowns, and line faults, which can
disrupt power supply, damage equipment, and pose
risks to personnel safety. Detecting and classifying
these faults promptly is essential for minimizing
downtime, reducing repair costs, and maintaining
the integrity of the power grid. Digital relays have
been created in recent years to address the issues
caused by conventional relays. For fault detection
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and classification, digital relays require a fast and
accurate algorithm. As a result, an effective method
of fault classification serves as the foundation for
developing an efficient and accurate relay
algorithm. This thesis provides an effective method
based on wavelet transformations for detecting and
classifying transmission and distribution line faults.
This paper explores the application of wavelet
transform, a powerful signal processing tool, for
fault detection and classification in high-voltage
transmission lines [4]- [7].

Wavelet multi resolution analysis is proven to be
the best method for extracting information from
transient fault signals in this thesis. Because second
and third order harmonics are dominant in the fault
signals, they are chosen for analysis (d6
coefficients) and Db4 as mother wavelet. The
summation of detail coefficients for the sixth level
is retrieved from the current signal using the
wavelet MRA approach. The presence of a problem
in a specific phase is recognised using the
amplitude of detail coefficient summations. For the
categorization of transmission line defects, a
generalised approach based on wavelets has been
validated. The most essential aspect of this
approach is that it is not affected by fault location,
impedance, or inception angle [8] — [12].

2. WAVELET TRANSFORM THEORY

Wavelet transform is a mathematical technique
that decomposes a signal into its constituent
wavelets, allowing both time and frequency
information to be simultaneously analyzed. This
characteristic makes wavelet transform well-suited
for analyzing transient signals commonly associated
with electrical faults. The paper provides an
overview of the fundamental principles of wavelet
transform, including the continuous wavelet
transform (CWT) and the discrete wavelet
transform (DWT). It also discusses the selection of
appropriate wavelets and decomposition levels for
fault analysis [13] — [14].

The fault current signals are non-stationary in
nature. Therefore, conventional Fourier transform
and short time Fourier transforms are inadequate to
deal with such signals. The Wavelet theory and its
applications are rapidly developing fields in applied
mathematics and signal analysis. The wavelet
transform is a tool that divides up data into different
frequency components, and then evaluates each
component with a resolution matched to its scale.
The wavelet transform is useful in analysing the

transient phenomena associated with transmission-
line faults and/or switching operations. Wavelet
analysis is the breaking up of a signal into shifted
and scaled version of the original (or mother)
wavelet. Scaling a wavelet means stretching (or
compressing) it. Shifting a wavelet simply means
delaying its onset [15].

3. FAULT DETECTION AND
CLASSIFICATION USING WAVELET
TRANSFORM

This section focuses on the application of
wavelet transform for fault detection in high-
voltage transmission lines. It discusses the
reprocessing of electrical signals, decomposition
using wavelet transform, and the identification of
fault-induced transient features. Various signal
processing techniques and algorithms, such as
thresholding and feature extraction, are explored for
detecting the presence of faults.

Once a fault is detected, the next step is to
classify the type of fault accurately. This section
delves into the methodologies and algorithms used
for fault classification using wavelet transform.
Different fault types, such as line faults, short
circuits, and insulation breakdowns, are discussed,
along with the distinctive features in wavelet-
transformed signals that aid in their classification.

3.1 The Discrete Wavelet Transform (Dwt)

The continuous wavelet transform (CWT) has a
digitally implementable counterpart known as the
DWT, which is analogous to the relationship
between the continuous Fourier transform (FT) and
the Discrete Fourier Transform (DFT). The Discrete
Wavelet Transform (DWT) was introduced to
tackle the previous difficulties. Taking samples on
the non-uniform grid defined by is the most natural
technique to sample the time-scale plane.

DWIX(m 1Y) = 3 x(0)y..0)
- (1

The two sequences {g0 [k]}, {gl [k]} such
that

o (t) = 20 [k]p(2t — k) 2
v(t) =gl [klo(2t — k) 3)

In general, for any j Z the relations between
Vj and Wj with Wj+1

0(2jt) = g0 [k]o(2j +1 t=k) 4)
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w(2it) = gl [k]o(2j +1 t —k) )
0(0) =G0(2) @(w) (6)
y(©) =Gl1(2) vy (o) O

Wavelet turns amplitude versus time signals into
scale vs time signals. A wavelet is a waveform with
a finite duration and an average value of zero. Multi
resolution analysis is used to implement the discrete
wavelet transform. A signal can be divided into a
smooth approximation and a detail using MRA. The
process is repeated until the approximation is
further split into an approximation and a detail. The
signal is decomposed by consecutive high pass and
low pass filtering of the time domain signal. Levels
are the sequential steps of decomposition, and the
above process is known as sub band coding.
Subband information can be used to classify faults.

To lessen the computing strain, the sample
frequency should not be too high, but it should be
sufficient to collect fault information. More
simulations were run using MATLAB/ SIMULINK
by randomly changing the point of failure on the
gearbox line. The wavelet transform is used to
assess the generated current signal in each situation.
The sample frequency is set at 12.5 kHz. The
Daubechies wavelet Db4 is utilised as the mother
wavelet because it performs well in power system
fault investigation. The frequency components
corresponding to the second and third harmonics
are given by the detail coefficients of the fault
current signal at the sixth level (d6). On this basis,
the summation of the 6th level detail coefficients of
the three phase currents Ia, Ib, and Ic is employed
for fault identification and classification in the
transmission line.

3.2 Fault Detection
Algorithm

Fault signals are generated in transmission lines
while taking into account various parameters such
as fault inception angles, fault resistance, fault
resistance, and ground resistance, using DWT as a
feature extraction tool, which has been widely used
by researchers for fault detection due to its inherent
characteristics to overcome the effects of noise in
fault detection and understating information in both
time and frequency domain. The following steps
and flow chart, displayed in Figure 1, explain the
methods employed in this work.

4. CASE STUDIES AND SIMULATION
MODEL FOR TRANSMISSION LINE FAULT
ANALYSIS

and Classification

To demonstrate the practicality and effectiveness
of wavelet-based fault detection and classification,
this section presents case studies and real-world
implementations. These examples highlight
successful applications of wavelet transform in
detecting and classifying faults in high-voltage
transmission lines. A 3 phase transmission line
rated 400kV and length of line is 300km has been
considered for the case study. The circuit diagram
of the transmission line fault analysis is shown in
figure2. The fault analysis of transmission lines
involves transient phenomena. Therefore, the
positive, negative and zero sequence parameters of
the source as well as transmission lines are
necessary. The various line parameters pertaining to
source as well as transmission line are shown in
table 1. An active load of 500MW and a reactive
load of 20MVAR (inductive) are used for the
analysis.

Figure 3 depicts the simulation model for the
transmission line fed from one end, which is based
on MATLAB and SIMULINK. The first block in
the simulation model represents a three phase
equivalent source with SOOMVA and 400KV. The
next block (mutual inductance Z1-Z0) depicts the
source's positive, negative, and zero sequence
impedances. During the simulation, the voltage and
current measurement block records all voltages and
currents. The two transmission line blocks are based
on distributed parameter representation. Any form
of fault can occur between the two transmission line
blocks (3 phase fault block). This block offers fault
inception angle and fault resistance for all fault
types. The last block represents a three-phase load
made up of resistance and inductance.

The fault may appear at any instant of time, and
thus voltage or current ranging from 0 to 360
degrees. The angle at which fault occurs is called
fault inception angle and it effects the amplitude of
fault current. The fault distance changes then
corresponding line impedance changes which is
going change the fault current. Fault resistance also
affects the fault current. Fault resistance increases
fault current decreases. Different types of power
system faults are created using simulation model as
shown, at different fault distances having different
fault inception angles with different fault resistance.
The wave forms are shown below figures 4-7.

Based on the sampling rate the signal is
divided into 12 decomposition levels. Among
different levels only 6th level is consider for
analysis because the frequency corresponding to
this level is covering 2nd and 3rd harmonics which
are dominant in the fault conditions. Based on 6th
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level detail coefficients, an efficient algorithm
proposed.

In a power system, transmission line faults are
typically categorised as L-G, L-L-G, L-L, and L-L-
L. Let Sa, Sb, and Sc represent the coefficients
derived by adding the 6th level wavelet detail
coefficients for currents in phases A,B, and C.
When the algebraic sum of Sa, Sb, and Sc is zero,
the answer can be L-L-L or L-L. To distinguish
these two, the sum of any two phases is zero, and
the remaining healthy coefficient is very small in
the L-L fault. If the algebraic total is not equal to
zero, it must be L-G or L-L-G. It is an L-G defect if
the absolute values of any two coefficients are
equal and substantially smaller than the absolute
values of the other coefficients. It is an L-L-G if the
absolute value of any two coefficients is not equal
to zero and is always substantially greater than the
absolute value of the remaining coefficients.

The tabulated results demonstrate the efficacy
of the fault classification method utilising db4
wavelet for various fault locations, fault resistances,
and FIA, and the algorithm was validated.

From the Tables 1 and 2, the summation
coefficients in any two phases are equal and the
third healthy phase value is very less compared to
two faulty phases.

The summation of detail coefficients of all
three phases sum is not equal to zero for L-G and
L-L-G, which is used to discriminate L-G, L-L-G
from L-L and L-L-L. From tables 5 and 6, Faulty
phase summation value is very high compared to
healthy phases. Healthy phase summation values
are almost equal.

From the tables 3 and 4, the summation of
detail coefficients of three phases sum is zero but
all three phase summation values are different, in
L-L fault two phases have a same value, which is
used to discriminate L-L from L-L-L.

From tables 7 and 8, the summation of detail
coefficients sum is not equal to zero and all three
phases  have different summation values
(summation coefficients of any two phases is not
equal), which is used to discriminate L-G from L-
L-G.

5. CONCLUSION

This research paper provides a comprehensive
exploration of the application of wavelet transform
for fault detection and classification in high-voltage
transmission lines. The paper emphasizes the
significance of prompt and accurate fault detection
in maintaining the reliability and safety of power
systems. Wavelet transform offers a robust
approach to analyze transient signals and extract

essential features for fault detection and
classification. The presented case studies and
practical implementations underscore the
effectiveness of wavelet-based techniques in real-
world scenarios. However, it is essential to
recognize their limitations and consider them in the
context of specific applications. As power systems
continue to evolve, wavelet transform remains a
valuable tool for enhancing the monitoring and
maintenance of high-voltage transmission lines.

REFERENCES

[1]. Hema Latha Adharapurapu, Ravikumar
Bhimasingu, “A novel algorithm for
improving the differential protection of power
transmission  system,”  Electric =~ Power
Systems Research, Volume 181, 2020,
106183.

[2]. Thwe, E.P., & Oo, M.M. (2016). Fault
Detection and Classification for Transmission
Line Protection System Using Artificial
Neural Network. Journal of Electrical and
Electronic Engineering, 4, 89.

[3]. Rahman, S., Khan, I., Alkhammash, H. 1., &
Nadeem, M. F. (2020). A Comparison
Review on Transmission Mode for Onshore
Integration of Offshore Wind Farms: HVDC
or HVAC. Electronics, 10(12), 1489.
https://doi.org/10.3390/electronics 10121489

[4]. Tiwari, S. P., & Koley, E. A Decision Tree-
Based Algorithm for Fault Detection and
Section Identification of DC Microgrid. 397-
420.
https://doi.org/10.1002/9781119777618.ch13

[5]. Prasad, C. D., Biswal, M., & Ray, P. (2021).
Enhancing fault detection function in wind

farm-integrated power network  using
Teaching  Learning-Based  Optimization
technique. International Transactions on

Electrical Energy Systems, 31(10), e12735.
https://doi.org/10.1002/2050-7038.12735

[6]. Ahmed, N., Hashmani, A. A., Khokhar, S.,
Tunio, M. A., & Faheem, M. Fault detection
through discrete wavelet transform in
overhead power transmission lines. Energy
Science & Engineering.
https://doi.org/10.1002/ese3.1573

[7]. Md. Sihab Uddin, Md. Zahid Hossain,
Shahriar Rahman Fahim, Subrata K. Sarker,
Erphan Ahmmad Bhuiyan, S.M. Muyeen,
Sajal K. Das, On the protection of power
system: Transmission line fault analysis based
on an optimal machine learning approach,
Energy Reports, Volume 8, 2022, Pages
10168-10182.

e ——
8495




Journal of Theoretical and Applied Information Technology
15% December 2024. Vol.102. No. 23

© Little Lion Scientific

S

I

SMminl

ISSN: 1992-8645

www jatit.org

E-ISSN: 1817-3195 |

[8].

[11].

[14].

[15].

L. Zhang et al, "A Fast Fault Detection
Method for Controlled Fault Interruption
Based on Wavelet Singularities and BP
Neural Network," 2021 International
Conference on Control Science and Electric
Power Systems (CSEPS), Shanghai, China,
2021, pp. 354-359.

S. Banerjee, P. S. Bhowmik and A. K. Bohre,
"Detection and Location of Fault in Microgrid
using Discrete Wavelet Transform based
Technique," 2022 IEEE 6th International
Conference on Condition  Assessment
Techniques in Electrical Systems
(CATCON), Durgapur, India, 2022, pp. 417-
421,.

N. Vineeth and P. Sreejaya, "High Impedance
Fault detection in Low Voltage Distribution
Systems Using Wavelet and Harmonic Fault
Indices," 2020 IEEE International Conference
on Power Electronics, Smart Grid and
Renewable Energy (PESGRE2020), Cochin,
India, 2020, pp. 1-6.

N. Xin, Z. Weidong, Z. Hua, W. Jun and S.
Zhang, "Detection Method of 10kV Overhead
Line Single-Phase Contact Tree Grounding
Fault Based on Multi-Resolution Wavelet
Transform and Multi-Parameter Information
Fusion," 2023 Panda Forum on Power and
Energy (PandaFPE), Chengdu, China, 2023,
pp- 1388-1393.

P. Ganguly, S. Chattopadhyay and T. Datta,
"Haar-Wavelet-Based Statistical Scanning of
Turn Fault in Vehicular Starter Motor," in
IEEE Sensors Letters, vol. 6, no. 4, pp. 1-4,
April 2022.

Debnath, Lokenath & Antoine, Jean-Pierre.
(2003). Wavelet Transforms and Their
Applications. Physics Today - PHYS
TODAY. 56. 68-68. 10.1063/1.1580056.

T. Guo, T. Zhang, E. Lim, M. Lépez-Benitez,
F. Ma and L. Yu, "A Review of Wavelet
Analysis and Its Applications: Challenges and
Opportunities," in IEEE Access, vol. 10, pp.
58869-58903, 2022.

Osadchiy, A., Kamenev, A., Saharov, V., &
Chernyi, S. (2021). Signal Processing
Algorithm Based on Discrete Wavelet
Transform. Designs, 5(3), 41.

8496




Journal of Theoretical and Applied Information Technology ~

15% December 2024. Vol.102. No. 23 ~J
© Little Lion Scientific ATiT
ISSN: 1992-8645 www jatit.org E-ISSN: 1817-3195 |
o
ke egin

—

Computation of MRA coefficient for different phase currents

'

‘ Determine Sa, Sh, Sc ‘

NO e T i YES

1 [Saj=[Shj, YES YES

Or
[Shi=|Se]s
or

{Sc+Sa)=0

[sei=fsa

. _ LL
L-L-G L-G _ L-L-L
FAULT FAULT FAULT FAULT

Figure 1. Algorithm for Transmission line fault classification
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Table 1. Sequence Parameters Of Source And Line

Source parameters Positive, negative sequence 0.45+j5

(Impedance Q) Zero sequence 0.675+j7.5

Line Inductance Positive, negative sequence 0.95

(mH/km) Zero sequence 3.25

Line capacitance (uF/km) Positive, negative sequence 0.0124
Zero sequence 0.0084

Line resistance (Q/km) Positive, negative sequence 0.0234
Zero sequence 0.3885

4
\ 4
s

v
H

——a|A

—s B\
]
»
o Vabo hree-Phase Fault Three-Phase
Ale—alaA WA le—r=]r Parallel RLC Load
—— P —
I||—®-W—B PR [ Qg | | B a e A
b e ——— }———a|B i
¢ le—a|c T —Cl=—r ‘I |'|
Three-Phase Source © ° c
- e ———— ———
Three-Phase Three-Phase
Mutual Inductance V-l Measurement Distributed Parameters Line Distributed Parameters Line3
21-20

Figure 3. Simulink Model For Transmission Line Fault Analysis
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TABLE 1. L-L FAULT WITH DIFFERENT FAULT DISTANCES THE VALUES OF SA, SB, SC WITH FIA=(°

10(km) 30 (km) 50(km) 70(km) 90(km) 100(km) 150(km) 200(km)
Sa 5.5206 3.6877 2.8239 2.3508 2.0473 1.9327 1.5714 1.3852
Sb -5.5007 -3.6679 -2.8041 -2.331 -2.0275 -1.9129 -1.5514 -1.3652
Sc -0.0199 -0.0197 -0.0197 -0.0198 -0.0198 -0.0198 -0.0199 -0.0199
TABLE 2. L-L FAULT WITH DIFFERENT FAULT DISTANCES THE VALUES OF SA, SB, SC WITH [A=30°
10(km) 30 (km) 50(km) 70(km) 90(km) 100(km) 150(km) 200(km)
Sa 5.5213 3.6713 2.8134 2.3421 2.0409 1.9289 1.5735 1.3234
Sb -5.5014 -3.6515 -2.7934 -2.3223 -2.0211 -1.909 -1.5535 -1.3034
Sc -0.0199 -0.0197 -0.0196 -0.0198 -0.0198 -0.0198 -0.0199 -0.0199
TABLE 3. L-L-L FAULT WITH DIFFERENT FAULT DISTANCES THE VALUES OF SA, SB, SC WITH FIA=0°
10(km) 30 (km) 50(km) 70(km) 90(km) 100(km) 150(km) 200(km)
Sa 24.1143 14.0759 10.0703 7.9054 6.5395 6.0234 4.4194 3.5874
Sb 12.4673 6.7206 4.4424 3.2236 2.4647 2.1783 1.2965 0.8346
Sc -36.581 -20.796 -14.512 -11.129 -9.0041 -8.2017 -5.7159 -4.422
TABLE 4. L-L-L FAULT WITH DIFFERENT FAULT DISTANCES THE VALUES OF SA, SB, SC WITH FIA=30°
10(km) 30 (km) 50(km) 70(km) 90(km) 100(km) 150(km) 200(km)
Sa 24.1687 14.0944 10.0878 7.9146 6.5491 6.0374 4.4083 3.5518
Sb 12.9371 6.7765 4.4803 3.2455 2.4917 2.198 1.2794 0.9275
Sc -37.105 -20.876 -14.568 -11.16 -9.0409 -8.2354 -5.6877 -4.4793
TABLE 5. L-G FAULT WITH DIFFERENT FAULT DISTANCES THE VALUES OF SA, SB, SC WITH FIA= 0°
10(km) 30 (km) 50(km) 70(km) 90(km) 100(km) 150(km) 200(km)
Sa 15.0673 7.3082 4.9285 3.7782 3.0993 2.8547 2.1021 1.7146
Sb -0.0126 0.0073 0.0132 0.0156 0.0168 0.0171 0.0174 0.0193
Sc -0.0978 -0.0776 -0.0717 -0.0694 -0.0682 -0.068 -0.0678 -0.0695
I
TABLE 6. L-G FAULT WITH DIFFERENT FAULT DISTANCES THE VALUES OF SA, SB, SC WITH FIA=60°
10(km) 30 (km) 50(km) 70(km) 90(km) 100(km) 150(km) 200(km)
Sa 15.0457 7.2938 4919 3.771 3.0936 2.8493 2.098 1.7101
Sb -0.0108 0.0072 0.0131 0.0155 0.0165 0.0168 0.0169 0.0182
Sc -0.0959 -0.0778 -0.0719 -0.0695 -0.0685 -0.0683 -0.0682 -0.067
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TABLE 7. L-L-G FAULT WITH DIFFERENT FAULT DISTANCES THE VALUES OF SA, SB, SC WITH FIA=(0°

10(km) 30 (km) 50(km) 70(km) 90(km) 100(km) 150(km) 200(km)
Sa 16.1456 8.4744 5.9805 4.7147 3.943 3.6592 2.7751 2.3212
Sb 3.9181 1.1191 0.3525 0.0331 -0.1318 -0.1857 -0.3454 -0.4294
Sc -0.1453 -0.1655 -0.1748 -0.1819 -0.1881 -0.1912 -0.2064 -0.2219
Table 8. L-L-G fault with different fault distances the values of Sa, Sb, Sc with FIA=60°
10(km) 30 (km) 50(km) 70(km) 90(km) 100(km) 150(km) 200(km)
Sa 15.5731 8.3536 5.8965 4.6615 3.906 3.6127 2.7655 2.1906
Sb 4.5378 1.2399 0.4332 0.0824 -0.0988 -0.1435 -0.3402 -0.3041
Sc -0.1456 -0.1657 -0.1748 -0.1819 -0.1883 -0.1914 -0.2067 -0.2224
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