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ABSTRACT

Faults on transmission and distribution lines impair the performance of a power grid network, causing
interruptions in power supply and, in some cases, blackouts. Faster maintenance and reconstruction of power
supply was aided by fast identification of faults and precise estimate of fault position, resulting in increased
economy and power supply reliability. Distributed generation (DG) has recently appeared as one of the most
important events in the electricity industry's power network. The behaviour of the power grid is altered by
DG units in distributed networks, and these units have various effects on the system, each of which can be
studied independently. One of the most significant effects of these units is on distributed network security.
Since the number of DG units can be changed and their broad distribution is high, the behaviour of defensive
equipment has changed as these units are introduced into distribution networks. This paper is related to
comparative study of fault detection using various transformation methods.

Keywords: -Distribution network; Hilbert transform; power quality; Solar energy; Stockwell transform; Rule
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l. INTRODUCTION

Faults are unavoidable in modern manufacturing
processes, and they may degrade device efficiency
or even cause disasters. External disruptions,
component wear, and signal changes, among other
things, can cause faults [1]. The location of faults on
overhead power transmission lines is also a hot topic
that has been researched extensively over the years.
The detection of the time cause of faults, as well as
the discovery and location of the incident that
happened in these systems, are all part of fault
diagnosis in power systems. For the detection and
recognition of power system faults, various signal
processing methods such as wavelet transform
(WT), neural networks, and fuzzy logic have been
extensively used [2]. [3] reports comprehensive
survey of the intelligent systems application of fault
diagnosis of electric power grid transmission lines
in the sense of fault detection in electric power
systems. The authors suggest a basic alternate fault
position algorithm for multi-terminal transmission
lines using synchronized measurements in [4]. Until
calculating the fault position, the built data
synchronisation protocol is used to locate the faulted
step. The fault position algorithm is unaffected by
differences in fault resistance and source
impedance. Both major fault forms and various high
fault resistances have been thoroughly checked with
the proposed faulted phase detection and location
algorithm. The findings indicate that the proposed
multi-terminal fault position algorithm is fast,
precise, and resistant to power system transients.
The authors of [5] suggested a method for detecting,
classifying, and locating faults on transmission lines
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using wavelet transforms. The sampling of voltage
and current signals at both ends of the transmission
line is synchronised using a Global Positioning
System clock. To measure fault indices, the
information coefficients of current signals from both
ends are used. To detect and identify faults, these
fault indexes are compared to threshold values. To
find the fault, Artificial Neural Networks are used,
which use approximate decompositions of the
voltages and currents at the local end. Most of the
most important developments in the electricity
industry and power network in recent years is
distributed generation (DG). The behaviour of the
system is modified by DG units in distributed
networks, and these units have various effects on the
system, which each of them will examine
independently. One of the most significant effects of
these units is on distributed network security. Since
the number of DG units can be changed and their
broad deployment is high, the behaviour of defensive
equipment has changed as these units are introduced
into distribution networks [6].

A. Faults in Power Systems

The faults in the power system are undesirable
events which may lead to tripping of these lines
resulting in the interruption in the power supply in
the large area. These may be symmetrical and
unsymmetrical. In the event of symmetrical faults the
voltage and current parameters of all the three phases
are affected equally. However, in the case of
unsymmetrical faults degree of changes in the pre-
masters of all the three phases are different. Those
faults on power system which give rise to
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unsymmetrical fault currents are known as
unsymmetrical faults. On the occurrence of an
unsymmetrical fault, the currents in the three lines
become unequal and so is the phase displacement
among them. However, the system impedances and
the source voltage are always symmetrical through
its main elements viz. Generator, transmission lines,
synchronous reactance etc there are three ways in
which unsymmetrical faults may occur in a power
system.

1. Phase to.Ground fault (SLG)
2. Double line fault (DLL)
3. Double line to ground fault (DLLG)

The symmetrical faults include the three-phase
fault (LLL) and if the ground is involved it is known
as three phase fault involving ground (LLLG).

1. LITERATURE REVIEW

Jingzhou Cheng et. al. [8] uses the transmission line,
which transfers power between two ends, the Ultra
High Voltage DC Transmission Line (UHVDC)
which together form a complex network. Various
types of compensations, such as series and shunt, have
also been provided in the transmission lines to
improve the power transfer capacity. These
compensations in a transmission line increase the
system's transient stability and voltage profile, as well
as its power transfer capability. The safety scheme,
however, faces some additional issues as a result of
the inclusion of the compensation circuit in the
defective circuit. These include decay DC current, sub
synchronous frequency components, non-fundamental
decaying components, odd-harmonic components,
high-frequency components, and fundamental steady-
state coherence in the voltage and current signals. For
the purpose of relaying and safety, various time
frequency techniques have been used to identify faults
in transmission lines.

Bhargav Vyas et. al. [9] implemented the discrete
wavelet transform (DWT) for a variety of protection
of power system components, including the
differential energy dependent method for differential
protection of transmission lines, among the various
time-frequency techniques. Although the wavelet
provides a variable window for frequency and low
components in the currents and voltages during faults.
Under noisy conditions, however, special minimum
techniques are needed. In addition, the wavelet
transform splits the power signal into a description
and an approximation coefficients frequently until the
desired degree of decomposition is achieved using
high pass and low pass filters. It can fail in cases
where some information belongs to the higher
frequencies regions because it only dissolves the
signal approximations.

M.H. Naeem et. al. [10] showcase a complex
collection of measurements, the precise amplitude,
instantaneous phase, or frequency of the fundamental
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components required for safety cannot be obtained
easily. Due to its superior properties of locating the
time-frequency elements, describes a novel method for
identifying, classifying, and identifying short-circuit
faults in power transmission systems.

Hassan Fathabadi [11], presented a hybrid architecture
based on the proposed approach is implemented in
Proteus 6/MATLAB environments, consisting of a
two-stage finite impulse response (FIR) filter, eleven
support vector regressions (SVRs) and four support
vector machines (SVMs). Short-circuit faults are
detected and classified using the proposed two-stage
FIR filter and SVMs, while short-circuit faults are
located using SVRs. For training the SVMs and SVRs,
the implemented system only needs a few training
samples. As will be shown, only 6 training data are
needed to train each SVR for a 50 km power
transmission line.

Ebha Koley et. al.[12] proposed a low-cost, fast, and
reliable microcontroller-based protection scheme based
on wavelet transform and artificial neural network in,
and its effectiveness was evaluated in real time. The
proposed scheme, which is based on a hardware co-
simulation approach, performs all fault
detection/classification, fault zone/section recognition,
and position estimation functions for transmission
lines. The fundamental frequency current variable is
used to estimate a fault index in the fault
detection/classification ~and zone identification
algorithms. The wavelet transform coefficients are
combined with a parallel artificial neural network
structure in the fault position estimation module.

The application of wavelet transforms for the
identification, classification, and position of faults on
transmission lines was proposed by Shaik et al. [13]. A
GPS clock has been used to synchronise sampling both
voltage and current signals at both ends of the
transmission line in the proposed technique. To
measure fault indices, the details parameters of current
signals from both ends are used. To detect and identify
faults, these fault indices are compared to threshold
values.

To locate the fault, Artificial Neural Networks are
used, which use estimated decompositions of the
voltages and currents at the local end. The algorithm
has been successfully validated for various locations
and types of transmission line faults. Zarbita et.al. [14]
proposed a research project aimed at developing a
precise real-time system for fault detection and
identification of High Voltage Class-B transmission
lines. Distance safety relays with minimum impedance
mounted in the electrical network obtain the voltage
and current of oscillographic documents. The proposed
method evaluates the Detail Spectrum Energy
measured from the Discrete Wavelet Transform
(DWT) applied to current phases by shifting data
windows of one cycle of the fundamental power
frequency. The fault detection algorithm is processed
at first scale, with the sharp variation of DSE
superimposed.in the fault current signal phases and
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ground. For the detection of transmission line faults,
this method has been found to be reliable.

Dehghani et al. [16] Centered on a combination of
wavelet singular entropy and fuzzy logic, authors
proposed a method of fault detection and
identification in asymmetrical distribution networks
with distributed generation to detect islanding and
perform protective action. The proposed method
adjusts comprehensive parameters of wavelet
transforms and singular value matrices using the
positive components of currents at common reference
points, and predicted entropy values are determined
using a stochastic process. To detect and classify the
fault, indexes are defined based on wavelet singular
entropy in positive components and three phase
currents. The proposed safety scheme is put forward
for fault identification and is examined in various
types of faults in distribution lines in the presence of
distributed generations, such as single-phase to
ground, double-phase to ground, three-phase to
ground, and line to line, and different positions of
faults are tested when the distributed generation is
linked to the utility.

Cruz et al. [17] Proposed a technique for fault
position based on the concept of state estimation in
order to more precisely calculate the location of faults
by taking into account practical systematic errors that
might exist in voltage and current measurements. The
variance associated with the distance found is also
calculated using the errors principle in this technique,
in addition to calculating the most probably fault
distance obtained from measurement errors. The
obtained results reveal that the proposed calculation
method works even though practical variances are
used.

Using fault transients, Zhengyou He et al. [18]
proposed a novel technique for fault classification and
detection in extremely high-voltage transmission
lines. Wavelet singular entropy (WSE) is a new
technique that combines the benefits of the wavelet
transform, singular value decomposition, and Shannon
entropy. WSE is resistant to fault transient noise and
is unaffected by transient magnitude, allowing it to be
used to automatically extract features from fault
transients and articulate fault features intuitively and
quantitatively both in high-noise and low-magnitude
fault transients.

Ray et.al. [21] looked into a long transmission line's
fault form and distance estimation scheme using a
support vector machine. The proposed technique
employs a post-fault single-cycle current waveform,
with wavelet packet transform used to pre-process the
samples. The decomposed coefficients are used to
calculate energy and entropy, and a feature matrix is
formed. The forward feature selection approach is
then used to remove the redundant features from the
matrix, which is then normalised. Test and training
data are generated by considering variables such as
fault form, resistance direction, inception angle, and
distance in a simulation scenario.
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Using wavelet transform (WT) and linear discriminate
analysis, Yadav et al. [22] proposed a fault detection
and classification scheme for transmission line safety
(LDA). Faulty phases are detected and identified using
current signals from each phase, while ground is
detected using zero sequence currents. Discrete
wavelet transform with daubechies wavelet db-4 is
used to process current signals up to level 3. Wavelet
reconstruction is used to reconstruct approximate
coefficients. Variations in parameters such as fault
type, position, fault resistance, fault inception angle,
and power flow angle are used to evaluate the proposed
scheme's performance.

Fathabadi et al. [23] defined two methods for detecting
short-circuit faults in power transmission lines. Both
theoretically and technically, the two approaches
proposed are entirely new. The first process employs a
discrete wavelet transform with Daubechies mother
wavelets dbl, db2, db3, and db4 for soft computing.
The second method is a hardware-based method that
employs a newly proposed two-stage finite impulse
response filter with a sampling frequency of 32 kHz
and a processing time of three samples. Theoretical
findings are presented to compare and contrast the two
methods. The theoretical findings are validated by
simulated results obtained by simulating a three-phase
230 kV, 50 Hz power transmission line, which clearly
verify that the filter-based approach has an accuracy of
100 percent in the presence of 10% disturbance, while
the wavelet transform-based approach has an accuracy
of 97 percent, but it is less complicated and easier to
implement.

Qiu Qin et al. [24], the authors justified and
implemented a multiple model filtering method for
diagnosing three-phase short to ground faults on
transmission lines in the presence of defence mis-
operations. The electric network dynamics and wide-
area measurements are used in this approach to provide
diagnosis results.

Zin et al. [25] describes a new fault detection and
classification  algorithm  based on  Clarke's
transformation on parallel transmission that uses the
discrete wavelet transform (DWT) and a back-
propagation neural network (BPNN). Clarke's
transformation produced alpha and beta (mode)
currents, which were used to convert the signal of a
discrete wavelet transform (DWT) into wavelet based
coefficients (WTC) and wavelet energy coefficients
(WEC) (WEC). To disintegrate the high frequency
components of the signal malfunction, Daubechies4
(Db4) was used as a wavelet function.

Roy et al. [26] describes a software reliability
allocation scheme for evaluating the performance of a
multi-functional, multi-user digital relay that detects,
classifies, and locates transmission line faults.

R. Aguilar et al. [27] defined a transmission line
protection scheme that included two types of
protection: directional zone and fault classification. For
determining the fault path, the faulted line, and the
fault type, the proposed scheme needs no information
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from remote ends and relies solely on current
measurements from one phase of three-phase systems.
The high-frequency components of transient current
signals are extracted using a discrete wavelet
transform (DWT) and an adaptive wavelet as an
analysis filter, which has been explicitly developed for
relaying purposes. Following that, Bayesian linear
discriminant analysis is used to classify the data.

The author Gomes [28] proposed a new model for
functionally describing the phases of a transmission
line. The parameters of the model were examined, and
the identification and classification methodology was
put to the test using a database of real faults and
simulated faults. The results show that using a vastly
simplified mathematical method, the proposed model
can correctly discern faults and detect them quickly.
Jiang et al. [29] proposed a novel hybrid framework
for detecting and locating power transmission line
faults quickly. As faults occur in the power
transmission system, the proposed algorithm uses
three-phase voltage and current waveforms to provide
fault discrimination approach. Negative-sequence
components of three-phase voltage and current
quantities are used to achieve fast online fault
detection. The fault detection method then triggers the
fault identification and fault location methods.

Based on oscillo graphic results, Silva et al. [30]
proposed a novel technique for identifying and
classifying transmission line faults. To evaluate fault
detection and clearing time, a set of rules derived from
current waveform analysis in the time and wavelet
domains is used. The method will differentiate faults
from other power system disturbances such as voltage
sags and oscillating transients, all of which are
common in power systems.

The various aspects of power system faults have been
mentioned in the literature explained by Naeem et al.
[31]. A pattern recognition method for current
differential relaying of power transmission lines was
proposed by M. R. Noori et al. [32].

The expansion in worldwide energy request and
increment consideration regarding natural issues has
prompted the investigation of renewable energy
sources, for example, solar and wind [33].

In the recent years wind energy (WE) integration to
utility grids is increasing rapidly, hence there is a need
to design effective approaches for identification of PQ
issues and identification of events in the presence of
high level of WE in DN [34].

Renewable is now established around the world as
main- stream sources of energy. Rapid growth,
particularly in the power sector, is driven by several
factors, including the improving cost-competitiveness
of renewable technologies, growing demand for
energy in developing and emerging economies, and
the need for access to modern energy [35].

An extended form of CWT is known as ST which was
developed by R.G. Stockwell. Both the spectrum i.e.
amplitude and phase provide the information in this
transform.
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The rule-based decision tree (RBDT) was introduced
by the Breiman in 1980 and applied in the field of
power system by the Wehenkel in 1989. In this
technique, decision supported rules are used for
classification of PQ disturbances to predict the data
responses.

I1l. STOCKWELL TRANSFORM METHOD
The Stockwell transform is a hybrid of the short time
Fourier transform and the wavelets (WT), but it
belongs to a different family of transforms. In 1996, R.
G. Stockwell was the first to suggest this method. This
method analyses multi-resolution signals  with
disturbances while keeping the phase of the each
frequency variable in the signal. The frequency of this
technique is proportional to the length of the window
used. As a result, obtain higher time resolution at
higher frequencies while also providing higher
frequency resolution at low frequency is extremely
beneficial.

The short time Fourier Transform of a signal h is
defined by the following relationship (t).

STFT(t,f) = _j"j: h(t)g(r — e i2mftqy
4.1

Where spectral localization time and Fourier frequency
are denoted by 1 and f, respectively, and g(t) is a
window function. The S transform can be derived from
the above equation by substituting the Gaussian
function for the window function g(t).

Ful
g =L (4.2)
& S- Transform is defined as:
A
spH=" () 1= 7 ' D mramregy
4.3)

The S transform is thus a variant of the STFT with a
Gaussian window function. If the time domain window
of the S-transform is larger, it can provide higher
frequency resolution for lower frequencies. Even
though the window is smaller, it can provide better
time resolution for higher frequencies. The S-transform
produces an S-matrix, which is a matrix. The S-matrix
can be used to extract knowledge about the signal's
frequency and amplitude.

IV.  CONCLUSIONS

To detect power system faults, an algorithm
based on the median calculated from the S-matrix
can be obtained by decomposition of current signal
using Stockwell transform. The suggested
algorithm is built on the use of threshold values to
detect faults. The threshold values can be
determined by putting the algorithm through its
paces on a 30-fault data set. In this review paper we
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have concluded that Stockwell method is one of
the best methods to detect different types of faults
such as symmetrical and unsymmetrical faults in
distribution as well as transmission system.

V.

FUTURE WORK
In the presence of solar power generation,

the Stockwell method can be tested for detecting
power system faults. This approach can also be
tested in a hybrid power system that combines
different forms of renewable energy sources, such
as wind power, solar power, and fuel cell
generation, all at the same time. In the presence of
renewable sources in the utility network, the other
features measured from the S-matrix can also be
used to detect power system faults.
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