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Abstract

Since recent societies become more hooked into electricity, a higher level of power supply continuity is required from power
systems. The expansion of those systems makes them liable to electrical faults and several failures are raised due to totally
different causes, like the lightning strike, power system element failure caused by mechanical aging as well as human mistakes.
These conditions impact the stability of the power as well as lead to costly maintenance and loss of output.

This article examines the latest technologies and strategies to determine the location of faults in medium voltage distribution
systems. The aim is to classify and assess different strategies in order to determine the best recommended models in practice or
for further improvement. Several ways to locate failures in distribution networks have therefore been established. Because
faults are unpredictable, quick fault location as well as isolating are necessary to reduce the impact of faults in distribution
networks as well as removing the emergency condition from the entire system. This study also includes a comprehensive
evaluation of several defect location methods depending on the algorithm employed, the input, the test system, the
characteristics retrieved, and the degree of complexity. In order to gain further insight into the strengths and limitations of
each method and also comparative analysis is carried out. Then the main problems of the fault location methods in distribution
network are briefly expounded.
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I. INTRODUCTION rain, breakdown of isolations, trees, birds and so on [1][2].
The fast and precise location of faults on the distribution
system improves the reliability of the system and supply
continuity, faster power supply recovery and therefore lower
service shutdown times. Different strategies are being
suggested to allow operational engineers to find the fault as
quickly as feasible, based on the essential problems of failure
location.

In contrast to distribution systems, much of the techniques
for locating faults apply to transmission lines. Because of
several parallel branches, several taps along with feeders,
several conductors, and a complicated structure, besides
from a lack of monitoring equipment, there is a lack of
communication and information transportation systems so
the locating faults in distribution systems is a difficult
process [3]. In this study the most up-to-date technologies
and categorize and analyze various techniques identifying
location of the fault on distribution systems depending on the
algorithm employed, the input, the test system, the
characteristics retrieved, and the degree of complexity are

Electrical networks include generating, transmission, and
distribution networks. The distribution system is the final
step in the transmission of power to individual consumers.
Because of the rapid growth in human life demands over the
last several decades, both power requirements, as well as the
number of electric consumers, have expanded. As a result,
distribution networks have had to expand distribution lines
as well as feeders to meet consumer demand. As society is
becoming more dependent on energy, more electric power
reliability is needed, as is the development of innovative
methods and techniques for detecting and locating problems
and restoring power as quickly as feasible.

For several decades, companies and electricity generation
specialists have studied the causes of power failures on
power distribution systems. The principal cause for energy
failures in electricity systems is electric failures, especially
those in distribution systems (line-to-ground fault around
70%). These defects are caused by a variety of factors, such
as failure of facilities, lighting, storms, harmful weather,
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reviewed [4]. With the goal of identifying the most
recommendation models for practical application or further
enhancement. A thorough analysis of the various strategies
for fault site estimates and categorization has been offered.
The rest of the research review paper is prepared as follows:
Section Il illustrates Kinds of Fault methods. Section Il
discusses the Fault Location Methodologies. Eventually, the
conclusion of this paper is introduced in section V.

I1. KINDS OF FAULT

The two kinds of fault that are commonly found in
distribution networks are series and shunt fault [5]. There are
many different sorts of faults that can arise in a power
system. Figure 1 presents the categorization of each set of

faults.
Fault in Overhead Transmission System

'

Single Line to Line To Line Double line to Three-phase to Three-phase
Ground Fault Fault (LLF) ground fault ground fault fault (LLLF)

Fig. 1: presents the categorization of each set of faults.

A. Series Fault

When there is an unbalanced series impedance on evena line,
a series failure happens. It symbolizes a conductor that is
open. When one or even more lines in a power distribution
system have a broken line or impedance, a series failure
happens. Frequency, voltage increase, as well as current drop
at the problematic phases are used to classify series failures.

B. Shunt Fault

Shunt faults are common in distribution networks. For
identifying as well as isolating the failed circuit in a
distribution network, phase overcurrent relays, as well as
ground-overcurrent relays, are widely utilized. Shunt faults
are distinguished by an increase in current as well as a
decrease in voltage and frequency. Shunt faults are divided
into symmetrical and asymmetrical faults by the Shunt Fault
divider [6]. Asymmetrical faults have been categorized as
(SLGF), (DLGF), and (LLF). Three-phase to ground faults
(LLLGF) and three-phase faults (LLLF) are the two
categorized for symmetrical faults.

1) Single Line To Ground Fault (SLGF)
A single ground fault line (SLGF) is also called a short circuit
fault. It happens when the ground or neutral wire touch one
phase of the transmission line. Winds, falling trees, or any
other catastrophe are some of the causes of SLGF[7].
Approximately 70% of network issues fall into this category.

2) Line To Line Fault (LLF)

Because of heavy winds or two conductors make short
circuits there is a line-to-line fault. It can happen on either
overhead or underground electrical lines. One of the
peculiarities of LLF is that the amplitude of fault impedance
can fluctuate widely, making it impossible to estimate its
bottom and upper limits. Line to line errors account for 15%
of all system failure.

3) Double line to ground fault (DLGF)
Double line to ground fault will occur when a falling tree
connects two phases with the ground. A DLGF is a severe
occurrence that causes severe asymmetry and can turn into a
three-phase fault if not resolved within a particular amount
of time. DLGF failures account for 10% of all defects.

4) Three-phase fault (LLLF)
A three-phase failure in electrical network has been the most
severe as well as produced by a concomitant short circuit
among all three lines while the least serious failure is a single
line to the ground. There are no LLLFs commonly and less
than 5% of the line failures exist

5) Three-phase to ground fault (LLLGF)

The symmetrical defect is also referred to as the three phase
to ground fault (LLLGF). It can happen by a breakdown of
the equipment, collapsing tower or a line which connects the
rest of the phases. In the actual world, LLLGF is uncommon,
accounting for just 5% of line faults. Even though it is the
least common fault, it would be the most harmful. The three-
phase-to-ground fault properties are voltage levels that are
equivalent to zero, and the fault current is high.

The seriousness of the fault can be characterized according
to the size of the fault current and its destructive potential.
Table | below shows the proportion for every type of defect
and its severity.

TABLE |
SHOWS THE PROPORTION FOR EVERY TYPE OF DEFECT AND
ITS SEVERITY [5].

Fault Percentage of | Severity simplicity
Occurrence
SLGF 70% Less Very low
severe
LLF 15% Less Low
severe
DLGF 10% Less Moderate
severe
LLLGF, 0 More .
LLLF 5% severe | Veryhigh

I11. FAULT LOCATION METHODOLOGIES

The works on fault location detection in distribution systems
may be surveyed and divided into two major teams:

i) Non-electrical data based methodologies, and ii) electrical
data-based methodologies. The classifications of each group
are illustrated in Fig. 2.
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Fig. 2: Shows classifications of each group.

Fault Location Methodologies

A. Non-Electrical Date Based Techniques

None-electrical technologies were the earliest crude
approaches for the detection of failure points due to a lack of
technological advancements. These strategies are based on
private information, technical expertise, history preserved,
weather data, etc. Non-electrical techniques are simple as a
less precise and time demanding approaches, which are the
primary defects[9].

e The most conventional way for identifying faulty regions
is customer calls. If problems (such as errors) are present
in a system, a particular part of the network may be
deactivated. Customers in locations where there is a
power outage are more likely to phone the utility provider
to report the outage. The utility provider can limit down
the faulty area by having the consumer's
location[9][10][11][12]. There are several drawbacks to
user call methods: for nighttime defects, there might be a
small number of customer calls, which prevent the
reporting of an interrupted area which is otherwise
difficult. Fake calls involve aid to be performed as true,
else it will cause a false assessment and time
consumption[13][14].

e The researchers have used rough set Theories as a tool to
create appropriate patterns and rules for defective
machine diagnostics and localization of failure in the
distribution network, historically registered data and
expert knowledge techniques for fault[15][16]. Data
mining is a computer intelligence area introducing novel
strategies and processes for substantial data processing.
One of data mining theories that may be used to explain
the infrequent correlations between equipment failure as
well as evidence regarding perceptions during feeder
outages and the surrounding settings is rough set
theory[17].

B. Electrical Date Based Techniques

Recent technologies and the new era of communication
channels have encouraged the transmission of data gathered
into control centers, which have resulted in the development
of electrical approaches. Compared with non-electrical
approaches, the key benefits of such approaches are their
enhancing time and reliability to detect failures[9][18]. In
general, electrical data based fault location techniques
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include two main groups will be discussed below, which are
differing in the positioning of the measuring point in the
network and transferring the data obtained to control centers,
are categorized into

Q) Centralized methods

(i) Decentralized methods.
A detailed description in the following paragraphs of
electrical date-based approaches.

1) Centralized methods for fault location methods
With regard to centered techniques the metering equipment
at the main station are executed and the measured values are
utilized to indicate the position of the defect. While the
measurements of various feeders as well as buses are
transferred using the decentralized techniques to the control
center with proper communication links to discover the
defective locations. Impedance-based-techniques, travelling-
wave-techniques, and artificial-intelligence techniques are
the main centralized techniques.

a) Impedance based methods

Impedance-based-techniques in electricity utilities are
popular because they are simple and cost effective in
comparison with the travelling wave technique. In the
impedance-based technique, the impedance value is used as
observed from the error location measuring node [6]. For
impedance computation, the voltage and current
measurements are used. From the computed apparent
impedance, the fault distance from the measured point to the
fault position may be inferred. Since this impedance
corresponds to its overall length, the distance to the fault
location is calculated by the unit length from the recorded
impedance.

Overall, the fault impedance, as unknown which is the one
of the key obstacles in finding faults locating. For both radial
and looping systems in the presence of distributed units,
impedance based philosophy is employed in [19][20].

b) Travelling wave techniques

If a fault occurs in a power system, transient voltages and
currents known as traveling waves (impulse) are formed at
their fault location and propagated to both ends from that
point away [21]. This approach is traditionally based on
monitoring the time of arrival of the fault-initiated travel
wave at one or more terminals. That the traveling waves
between the terminal line and the Fault position are
transported and reflected [22]. The fault distance may be
easily computed if the arrival time and the rate of wave
propagation are specified. Applying this technique to
distribution networks gives a better answer for a fault
location if distribution network discontinuities are not
considered [23][24].

Figure 3 shows the waves caused by refraction and a power
line failure, where v is the traveling wave's propagation
velocity in the line and t1 is the time it takes the traveling
wave to go from the measurement node to the fault point. T2
is the time from of the fault point to the node [25][26][27]
for the reflected wave. The distance is determined by
equation (1) [16] below.
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d=vx 2t (1) for the same fault distance [7]. Table Il, gives an outline of
2 the advantages and drawbacks of the centralized methods.
Fault Point g TABLE “
,/qu\ 2] - ( @ AN OUTLINE OF THE ADVANTAGES AND DRAWBACKS OF THE
e CENTRALIZED BASED METHODS.
J Method Advantages drawbacks
© - Time consuming due to
nja_ laterals
~— A _ - _ - . g .
L T Impedance | - Slrlnple _ Faullt_ t)llp? |der_1t|f|cat|on
e based implementation | - Multiple location
"‘\\,; r il - Cost-effective | estimation
e - Dependent on line
[ w parameters
i - Un required reflections
Fig. 3: Waves caused by refraction and a power line High accurate dléeotrﬁ;?etirals
failure. . ) . .
Travelling | - Independent of | implementation
Nevertheless, it is a huge issue in distribution networks to wave network data ) II\Q/Iore_exdpﬂsm/e
identify the proper reflection produced by the failure due to - eqlglre 'gff |
the various reflections of injected impulses from side lines sampdlng rate of fault
and branches lines. That makes it difficult to employ these recorcers.
technologies in distribution systems. Investigation aims on - May report multiple
how to apply the fault location approaches based on traveling - Short locations
waves at MV levels[28]. Artificial execution time - A significant amount of
intelligence training data
c) Artificial intelligence based methods - Continuous training to
In order to detect defects[6], a knowledge-based technical include network changes

approach has been used because of the complexity of
distributing systems and different uncertainties which are
difficult to solve using traditional approaches. The approach
in general needs data including such feeder measurements,
sub-station as well as feeder switch state, fault detection data
management placed across feeders and environmental
conditions. It is possible to analyze this data using artificial
intelligence algorithms.

Artificial intelligence (Al) is classified as a sub-field of
computer engineering which investigates how machines
might imitate the thinking and activities of human beings. Al
approaches, for example, are implemented Artificial Neural
Network (ANN), Fuzzy Logic (FL), Experts’ System (ES),
Support Vector Machine (SVM), Deep Learning as well as
genetic Algorithm (GA) In addition to preventing human
errors, the time-factor for discovering incorrect spots is
greatly reduced [29]. For each type of problem, Al
approaches require a data set, with roughly 20% of the
information needed to educate the algorithm and the rest
needed to identify the  faults[3][30].In  Refs.
[31][32]surveyed different algorithms to locate fault based
on ANN and FL respectively. Despite the precision and short
execution time of Al-based methods, the most significant
disadvantage of these techniques is the requirement for
various real or simulated fault cases for modeled Atrtificial
intelligence training. In addition, like other fault location
strategies, these methods are based on substation measures,
fault distance assessments instead of the fault location or
associated bus, and thus they may detect different locations

2) Decentralized methods

The most popular technologies of default location, especially
with advances in smart grid technology, will probably be the
decentralized ways [33]. The decentralized fault location
process is become easy. With increasing intelligent
electronic device (IED) as well as other installations in
distribution systems and communications advancements, are
able to identify a defect and transmit a signal to the control
room, indicating the fault situation. The dispersed IEDs can
determine the fault location on a local level, alternatively,
upper-level systems can use measurements from sensors
along the feeder to deduce the damaged line section. Since
the contemporary smart grid is equipped with monitoring and
communication, ready auxiliary substations, the secondary
substations as well as switch units are natural places for
equipment that enable decentralized fault localization.
These measurements are then utilized to execute the fault
location algorithms. The decentralized methods include;
smart meters, fault passage indicators, signal injection and
Phasor Measurement Units (PMUs) based methods. Figure
4: shows the Decentralized failure location in secondary
substations depending on fault indicators[34].

a) Utilization of smart meters

Motivated by current developments in monitoring and
communication systems for distribution networks, In various
research studies, the uses of developing metering as well as
communications technology for electric power distribution
systems are now investigated[35][36]. Smart meters are



Abbas & Al-Tak

electronic estimation devices that utilize the utilities to get
data for charging purposes, observing, controlling and
operating electric systems remotely[37]. Ref [38] provided
an approach which was based on the fact that "when a failure
occurs on a feeder, the voltage dropping increases, and each
feeder node has different characteristics." The problematic
node or a problematic feeder area can be detected with the
help of intelligent meter measurements and knowledge of its
properties of the voltage sag.

{ s[=] =

Ethernet

RV S

Dl T T
il d)k il 4]k

Fig. 4: Decentralized failure location in secondary
substations depending on fault indicators.

Smart meters are used by authors in[39] to restrict the search
region to discover issues. The upstream protection device
opens the circuit whenever a fault occurs on the system in
this situation. A fuse, recloser, or substation relay could be
used as such protection device. All consumers downstream
are deenergised, the communication between Feeder,
consumer meters as well as control center will therefore
allow for monitoring the deenergized meter and hence the
detection of the deenergised part of the network.
Applications in the failure location are among the most
exciting. An impedance-based fault localization algorithm is
used to assess the failure distance and identify all feasible
fault locations for the integrated approaches suggested
in[40][41]. The smart meters are then used to identify the
right solution by using the voltage monitoring abilities.
Although these integrated approaches can tackle the many
issues of estimating impedance based techniques, there is
still no solution for the problem of sensitivity to load
inaccurate data. The most significant flaw with smart meter-
based approaches is that they assume that systems are
normally balanced (the phase difference between the three
phases equals 120 degree), which is untrue. Furthermore,
many smart meters are necessary to detect the impacted area
properly. Note that any meters failure will lead to an
incorrect detection of the defective portion[42].

b) Fault Passage Indicators

Innovations recognized in particular to identify short faults
are Fault Passage Indicators (FPIs).Reliable FPIs with
connection to higher-level data systems enable SCADA, for
example, to visualize the fault current's path to the operators
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inside the control center][18][43]. These error indications
allow distribution network operators to rapidly detect the
problematic network area and restore customers' power
supply to healthy portions[18] . Ref. [9] Provides a
discussion of several FPI generations detailing their
development, effectiveness and limitations, and the causes
for this development. The FPI module consists mainly of
reed switches and alert LEDs. The attractive force actuated
by the fault current flows through the line segment
magnetizing the reed switch closing a few contacts and
flashing power Led for a fault sign. The problem exists
between the last fault indication that has been enabled and
the first indication that is still inactive. The route of the
defective current is indicated by the triggered indicators from
of the feeding point to the defective region. The control
center can collect fault data by the communication network
and display the data in a graphical user interface [44].
Another FPI based method was explained in ref.[4] Which
utilized the changes in symmetrical component currents after
fault occurrence. It depended on measuring the change in
negative sequence and zero-sequence currents at the same
point. According to the method, the negative sequence
current is or could be notable under the fault site with small
changes from the feeding substation up to the fault site, but
it is meaningless after the fault site. Based on this strategy,
the measuring point was within the fault path in case that the
change in zero sequence and negative sequence currents
exceeded their limits at the same time the development of
these approaches is supported by enhancements in sensor
communication and information technology in secondary
substations. One of the disadvantages of the FPI based
approaches is that just the faulty portion and not the exact
location of the problem are identified [45]. Nevertheless, this
isn't a big issue because in many situations, simply
identifying the faulty portion is enough.

c) Signal Injection-Based Methods

Approaches based on pulse injection and on injection of non-
grid-frequency current have been proposed. There have been
suggestions for methods that are based on pulse injection and
non-grid-frequency current injection [5]. Signal detection as
well as communications are necessary in additional to
injection. The aim is to inject a pulsing current into the
system neutral after the problem happens. The diagnosis
current is determined by sensors in the comparison line. By
measuring the zero sequence current utilizing relays
scattered throughout the feeder the determination of the
faulty segment is performed. Then the measurement
collected from all detectors are sent to the control centers by
means of the communication systems and consequently, the
fault line can be detected by comparing the results [46].
Nevertheless, there are some extra requirements in this
conventional pulse technique. Concisely, injection-based
strategies need injection devices at the main substations
which will cause more complications and confrontations.
One of the biggest limitations is that the failure has to be
around 25 s apart from its capability to identify defects other
than mild ohmic faults. In addition to injection devices,
signal detectors are required to identify the injected signals.
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Additionally, for unearthed neutral systems, these techniques
are not suitable. In general evaluations and overviews, these
techniques have gotten little attention. Although the pulse
detection procedure idea is extremely ancient, and in
compensation systems, the approach is widespread [47].

d) Phasor Measurement Units based techniques

PMUs is among the successful findings of the study that
started in Virginia Tech in the early 1980s utilizing a global
positioning system (GPS), It is capable of providing
synchronized measurements of real-time voltage as well as
current phasors. The same time signals are used to
synchronize with the GPS. The presentation of PMUs in
power systems essentially moves forward the conceivable
outcomes for observing as well as studying the dynamics of
power systems. Synchronized measurements allow for direct
determination of phase angles among matching phasors in a
variety of locations within the power system [48]. The
benefit of referencing phase angle to a global reference is that
it allows for a broad snhapshot of the power system to be
captured [49]. PMUs' contributions to wide-area monitoring
provided the impetus for this study, which is able to provide
the following measurements (synchronously): Phase angle of
voltages and currents. Protection, and control systems, Local
frequency, Power factor, this section looks at several fault
localization techniques, which are one of the protective
applications made possible by the presence of PMUs. Figure
5. Basic block diagram of Phasor Measurement Units
operation.

GPS J
) I receiver - 1 W | A

[ Modems
Analog

. Phase-locked
inputs oscillator

- | Phasor
‘ Anti-aliasing AD micro-

filters converter processor |

Fig. 5: Basic block diagram of Phasor Measurement Units
operation.

In this section, some of the techniques that use PMUs to
identify the fault location are described. In [50], the
researcher proposed a strategy for fault location in
distribution systems utilizing compressive sensing. Voltages
were measured by PMUs along the feeders during fault and
prefault. The voltage droop vector and impedance matrix
were combined to get a current vector with a nonzero
component corresponding to the faulted bus. The proposed
method had the ability to recover signals from few
measurements, as the current vector was obtained, then
faulted point could be identified. In[51], the researchers
suggested a technique that employs the observed voltage as

well as current from the PMU at a single terminal. The
method is based on dividing distribution system into line
segments, by repeating each line segment (section), a fault
distance is obtained.  This distance represents the
proportional distance between the endpoints of the line
segment. If the determined distance is less than 1.0, a fault
can be indicated for the corresponding line segment such,
else the next line segment of the model can be analyzed.
Recently, PMUs for diverse uses, have already been placed
in multiple utilities worldwide [52], including such post-
mortem analysis, adaptive protection, system protection
systems and state estimates, The use of phasor measuring
units to build fault location algorithms as a protective
application was studied in latest literature.

Based on the researches in Ref.[53][54][55][56][57],
approaches dependent on the real time data supplied by
PMUs exhibited a high degree of accuracy, precision and less
impact from the factors surrounding them, including such
fault resistances, in finding the fault site in less time.
Although these units make improvements to the techniques
used to locate a fault, a key difficulty is the high cost of the
devices for most of these techniques, this can be prevented
by using an appropriate method of optimization for
allocating these devices to power networks while attaining
least cost. The objective is therefore the identification of the
optimum number of these devices as well as their greatest
positions whilst keeping the grid fully
observable[58][59][60][61][62]. Table IlI: illustrates the
advantages and drawbacks of surveyed decentralized
methods (smart meters based, FPIs based and Signal
injection-based and PMU based).

TABLE Il
ILLUSTRATES THE CHARACTERISTICS OF SURVEYED
DECENTRALIZED BASED METHODS

Method Advantages Disadvantages

- Require a lot of smart
meters

- Requirement of an effective
communication network

- Failure of any meter cause
location error

- High cost

Smart |- Simple
meters- | implementation
based |- Accurate

- High cost
- Requirement of an effective

FPIs | ?rL\mTéfnentation communication network
based | Hi ph sensitivity | Failure of any FPI threats
g Y| location identification
- Fault path is followed hardly
in large power systems
- High implementation cost
. - Require signal injection and
- Simple . . .
. - . receiver devices which are
Signal implementation
LSO costly
injection |- System data :
- Defect of any signal detector
depend less R
or communication links
- Accurate

cause misidentification of
faulty point
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- Simple - High implementation cost To make it easier to compare the approaches mentioned in
implementation | Reguirer; large number of this study, the most crucial primary characteristics,
PMU | Accurately mc{ rs and rr? fin advantages, disadvantages, Requirements, accuracy and
based identifying de?/;ac;a easuring execution time in Table IV and V Below summarizes the
methods faulty points - Need a powerful information for electrical and non-electrical date-based
- Not affected by powe methods.
communication
laterals and )
infrastructure
branches
TABLE IV

THE MAIN ADVANTAGES, DISADVANTAGES, AND REQUIREMENTS OF ELECTRICAL AND NON-ELECTRICAL DATE-BASED METHODS

Type Method Requirements Advantages Dis-Advantages
- simple IE;tIts!ee EZIIIE during the night
Trouble calls method - Customer calls - Low cost - .
. - Time-consuming and Low
- Practical
Non- accuracy
electrical
data - Historical data - Low cost - Large amount of recorded
based S - Based on data
Historical recorded data - Network topology ious d licated
methods - Experts knowledge previous data - Complicated
- Eault evidences without customer | - Time-consuming
help - Identify faulted area not point
- Substation voltage
Impedance and current
P - Network topology
based - . .
- -load and Line - Time-consuming due to
information - Low cost laterals
M s with - Cost-effective - Possibility of misidentifying
Centralized Travelling h ﬁasurerlr_]en S \tNI - No need for the location due to many
methods wave 'ﬂ samE Ing rla € modern branches
- Network topology communication - Complicated
- Substation voltage technology - High sampling rate
e and current measuring units
Artificial .
. . - Measurements with
intelligence . .
very high sampling rate
electrical - Line and load data
data Smart MEters- | g art meters along the
based based feeder
- Short execution
- FPIs along the feeder | time
FPI - Atl rren - Simple b .
s based sentsoizst current impIeFr)nentation - High implementation cost
- Accurate and - Require a large number of
Decentralize ) - Injection device at the | sensitive meters and measuring
d methods Signal - ; devices
LY primary substation - Accuratel
injection - Accurately - Need a powerful
- Current sensors identifying faulty P
ooints communication
- Voltage and current | - Not affected by infrastructure
PMU based | Measurements laterals and
methods - Line and load data branches
- Injected current
phasors
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TABLE V

THE ACCURACY AND EXECUTION TIME OF ELECTRICAL AND NON-ELECTRICAL DATE-BASED METHODS

Non-electrical data based Historical

recorded data
methods

Type Method Accuracy Execution time
Trouble calls
method
- Low accuracy

- Low sensitivity

Time-consuming

Impedance based

Identification of the fault type and
network topology

Lateral time consuming as well
as categorization of faults

Centralized . Precise results for single lines of . .
Travelling wave R - Time consuming due to laterals
methods distribution and transmission
Artificial . L
. . Accurate based on performed training | Short execution time
electrical intelligence
data Smart meters- Hiah accurac
based based g y
Decentralized FPIs based Accurate and High sensitivity Time- consuming

methods

Signal injection | Accurate

PMU based
methods

Accurately identifying faulty points

Time consuming because of
iterating each line segment

1VV. CONCLUSION

A considerable of effort has been made into the advancement
of MV system fault location during the last few years. Given
the complexity of the network, it is difficult to detect problem
location in the distribution system. However, with recent
technological advancements and the mathematical
processes, research teams and utility have developed the best
approach for determining the fault site in the distribution
system. In summary, new and superior techniques of fault
location will be developed as long as the distribution system
continues to expand in tandem with technological
advancements. In distribution systems, the fast find location
of the faulted area leads to minimizing of disturbance caused
to the influenced clients. The most up-to-date approaches for
locating faults in distribution systems were reviewed. Fault
location techniques may often be classified into two types,
Techniques based on non-electrical data as well as
techniques based on electrical data (both centralized and
decentralized). This study also includes a comprehensive
evaluation of several defect location methods depending on
the algorithm employed, the input, the test system, the
characteristics retrieved, and the degree of complexity.

Consequently, no individual strategy has been shown to be
capable of solving all problems because each was established
in response to distinct circumstances. Depending on the
network complexities and the accessibility of monitoring

systems, each technique can address an issue. It is therefore
determined that its basic operating principles must be well
grasped in order to be effective in a specific technique of
localization of problem. In addition, customers can choose
techniques that better suit their demands and equipment.
Research on the location of faults in distribution systems is
therefore active across the world. Due to its wide range of
approaches, the right choosing of a technique can be difficult
and a time-consuming operation.
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