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ABSTRACT

Transmission lines are the backbone of electrical power systems and other power utilities as they are
used for transmission and distribution of power. Power is distributed to the end user through either
overhead cables or underground cables. In the case of underground cables, their propensity to fail in
service increases as they age with time. The increase in failure rates and system breakdowns on older
underground power cables are now adversely impacting system reliability and many losses involved.
Therefore, it is readily apparent that necessary action has to be taken to manage the consequences of
this trend. At any given length of a cable, its deterioration or indication of failure manifests itself
through discrete defects. Identification of the type of defects and their locations along the length of
the cables is vital in order to minimize the operating costs by reducing lengthy and expensive patrols
to locate the faults, and to speed up repairs and restoration of power in the lines. In this study, a
method that combines wavelets and neuro-fuzzy technique for fault location and identification is
proposed. An up to 20 km, 50Hz power transmission line model was developed and different faults
and locations simulated in MATLAB/SIMULINK, and then certain selected features of transformed
signals were used as inputs for training and development of the ANN. The ANN technique is
accurate enough to be used locating underground power line faults.

Keywords: ANN, Fault location, and Underground cables, Transformer



TABLE OF CONTENTS

Title

Declaration

Certificate
Acknowledgement
Abstract

Table of Content

List of Figures
List of Tables

Chapter 1. Introduction
1.0 Introduction
1.1 Background
1.2 Power Transmission Network
1.3 Three Transmission Line
1.4 Motivation

1.5 Problem Statement

Chapter 2. Literature Review
2.0 Literature Review
2.1 Review Faults
2.2 Series Faults

2.3 Shunt Faults
2.4 Line to Ground faults
2.5 Surveys of Method
2.6 Summary

Chapter 3. Methodology
3.1 Methodology

Page no.

11

12
14
16
15
19

20

23
23
24

24
25
26
31

33



3.2 Location ldentification

3.3 Atrtificial Neural Network
3.4 Neural Network

Chapter 4. Implementation and
Evaluation

4.1 Proposed System
4.2 Modules
4.3 Three Phase Sources

4.4 Three Phase Transformer

4.5 Transformer Star and Delta
Configuration

4.6 Control Unit ANN
Result and Discussion

Conclusion

Future Work

References

34
35

36

45

46

47

48
51

52

54

55

56

58



List of Figures:

Transmission Network
Three-terminal Transmission Lines
Two-terminal Transmission Line
Radial Configuration

In feed Effect at Three-terminal

Out feed Effect at the three-terminal
Phase to ground fault in time
Classification of Short Circuit faults
Fault detection techniques

Fault Location Identification Process for
Three-Terminal Circuits

Feed Forward Neural Network Structure
Simulink Library Browser

Simulink Model

Sine Wave Model

Sine Wave Block

Scope Block

Connect Blocks

Run Model

Graph

Proposed block diagram

Simulink Model

Three Phase Voltages and Currents

Three Phase Voltages and Currents feeder line

1.2

1.3

1.4

1.5

1.6

1.7

2.1

2.2

2.3

3.1

3.2

3.3

3.4

3.5

3.6

3.7

3.8

3.9

3.10

4.1

4.2

4.3

4.4



Three Phase transformer connection
Transformer Star And Delta Configurations
Wave Forms

Result Wave Form

Result and Discussion

4.5

4.6

4.8

4.9

4.10

10



List of Tables:

Table Number
Underground Cable Distance

Locator Table 1
Underground Cable Fault Locator Table 2
Underground Cable Fault Distance Locator Circuit Table 3

and Working

11



Chapter 1. INTRODUCTION

GENERAL

In electrical power system, transmission and distribution lines are significant connections that
achieve the progression of administration from the producing plants to the end clients. Electrical
force can be circulated to the end client through either over-head links or underground links. The
principle objective of the associations is to give power in a protected, solid and lovable route to the
end client. This is accomplished by keeping up a solid voltage level, amending the force factor
through utilization of receptive pay and oaring as near ceaseless help as conceivable so as to fulfill
need.

In the previous decade, power request has expanded quickly in metropolitan zones. Everywhere
throughout the world, enormous scope underground force link establishments systems are
supplanting overhead transmission lines because of ecological worries in thickly populated zones.
Underground links are generally utilized in appropriation frameworks since they are more secure
than overhead lines and can't be harmed by lightning or tempests. Underground link frameworks
are produced to have long existence with unwavering quality. In any case, the valuable life
expectancy of these links isn't in nite[1].Mashikian and Szatkowski, [2] featured that as these
underground links age, their affinity to bomb in administration expands, in this way at some
random length of a link, its crumbling or signs of disappointment shows itself through discrete
deformities. Most link producers have evaluated the life of underground link frameworks
introduced in the scope of 30 to 40 years. Today, an enormous bit of underground links is towards
the finish of their plan life, and the frameworks arriving at the finish of their dependable help life.
Because of the mature age of the links, the expanding disappointment rates and framework
breakdowns on these more established frameworks are presently antagonistically affecting
framework unwavering quality. Along these lines, it is promptly evident that vital move must be

made to deal with the results of this pattern [3]. Complete substitution of old or bombing link
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framework isn't an alternative since link frameworks don't age consistently. Underground link
issues might be in type of arrangement blames in which the link is cut without the electrical
protection being broken, or shunt blames in which a break in the electrical protection happens
without the conveyor itself being cut. Studies have indicated that one of the most widely
recognized shortcomings that prompts disappointment in under-ground power links is the high
impedance issue (HIF). In this kind of issue, there is no generous increment in current since the
high impedance confines the ow of issue current rendering it more di religion to recognize [4]. For
an underground link, the HIF is ordinarily brought about by protection abandons that open the
director to non-leading components. HIF is a case of a beginning deficiency. Early Faults happen
because of the progressive maturing process and would regularly degenerate into changeless
shortcomings. Altamirano et al, [3] further explained that early blames form into perpetual blames
because of electrical over pressure along with me-concoction decency, negative natural conditions
and substance contamination, which causes lasting and irreversible harm on the protection. To
improve the unwavering quality of a conveyance framework, precise distinguishing proof of a
blamed portion is required so as to lessen the interference time during issue. Hence, a fast and
precise issue recognition technique is required to quicken framework rebuilding, decrease blackout
time, limit money related misfortunes and essentially improve the framework dependability and
guarantee client influence quality. Show partner, strategies that have been utilized for
distinguishing and finding the link deserts, were tedious and episode. This prompted the
presentation of better strategies of deficiency distinguishing proof, for example, Time Domain
Reflectometer (TDR), Discrete Wavelet Transformation (DWT) and man-made brainpower-based
techniques. How-ever, so as to additionally improve the force unwavering quality and decrease in
power blackouts, more research should be done to precisely identify the issue area. The speedy
reclamation of intensity is fundamental for solid activity of intensity system gear and consumer

loyalty. This investigation planned for building up an underground link deficiency recognizable.
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1.1BACKGROUND

Present day society depends vigorously upon perplexing and across the board electric matrices for
basic assistance capacities, for example, human services, transportation, family warming and
cooling, and modern  assembling to give some examples. As our vitality conveyance frameworks
(electric and other) age, catastrophic events and man-made bothers are relied upon to undermine
lattice honesty all the more regularly. Moreover, urban foundation vitality conveyance systems are
exceptionally dependent on the electric framework and thus, the helplessness of foundation systems
to electric matrix blackouts is turning into a significant national concern. Electricity transmission is
that the mass improvement of power from a creating site, for instance, a power plant, to an electrical
substation. Basically, an electrical grid is an interconnected gadget for conveying power from
makers to customers. It incorporates of manufacturing stations that produce electricity, excessive
voltage transmission traces that convey power from a way off sources to request focuses and
appropriation traces that associate person clients or organizations. Transmission strains are a huge bit
of the electrical allotment framework, as they give the gratitude to move power among age and
weight. Transmission follows work voltage ranges from 100kV to 1000kV and are during an ideal
worldwide immovably interconnected for reliable action. As of late, superior sensors, clever
automation, hierarchical control, conversation networks, and operations technologies (OT) are
integrated into the electrical grid to boost its overall performance and efficiency. These new OT
gadgets afford massive quantities of knowledge from several grid systems and transmitting needed
data to operations employees during a timely way that couldn't be envisioned while previous
generation and transmission systems are designed and constructed decades ago.

Lately, power quality has become a principal worry in power framework building — with 85-87% of

intensity power flaws happen on circulation lines [1]. In any case, the flaws that happen on the
transmission lines (the transmission grid) however less have a progressively critical and across the

board sway on the purchasers. The introduction of a power structure is impacted by blemishes on



transmission lines, which achieves brings about interference of intensity stream. As the force
transmission arrangement (organize) turns out to be progressively staggering quick recognizable proof
of lacks and exact estimation of imperfection zone is fundamental. The quick dispatch of fix and
reclamation of flexibly voltage is basic for limiting neighborhood and local financial effects, lessening
by and large force blackouts and improving consumer loyalty. At the point when a deficiency happens
in transmission line, it starts a change condition. Transmission insurance frameworks are intended to
recognize the circumstance of flaws and segregate just the blamed area of the system. The key test to
the link assurance lies in dependably recognizing and secluding issues bargaining the security of the
framework — with critical exactness. With the advent of OT devices, new measurement devices like
phasor measurement unit (PMU), Digital Fault Recorders (DFR) are often used to provide detailed
information on the health the grid. These OT advances in power system has led to massive volumes of
data from the continuous monitoring of transmission lines. The massive volumes of data are both a
blessing and curse- large amounts of data easily can overwhelm storage facilities, but with the advent of
machine learning algorithms this opens potential to implement smart and robust fault location

algorithms [2].

15



1.2 POWER TRANSMISSION NETWORKS

The United States' mass electric system comprises of in excess of 360,000 miles of transmission
lines, including roughly 180,000 miles of high voltage lines, interfacing with around 7,000 power
plants [4]. High-voltage (up to 765 KV) transmission lines transport power significant distances
substantially more productively than lower voltage (12 - 34.5 KV) dissemination lines for two
primary reasons. To begin with, high-voltage power transmission takes into consideration lesser
resistive loss in travel which is about 6% on normal in the United States [5]. This effectiveness of
high voltage transmission takes into consideration the transmission of a bigger extent of the created
capacity to the substations and thus to the heaps, meaning operational cost reserve funds. Second,
raising the voltage to bring down the current permits one to utilize littler conductor sizes, or have
more conductor capacity available for growth. Transmission line system transfer the force from
creation destinations to the clients. Failure of these structures can prompt force cuts and

subsequently disturb the everyday existence of individuals just as the businesses subject to power.

Figure 1.2: Transmission Network
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Transmission lines are either overhead electrical cables or underground power links. Overhead links
are not protected and are defenseless against the climate however can be more affordable to
introduce than underground force links. Overhead and underground transmission lines are made of
aluminum amalgam and fortified with steel; underground lines are commonly insulted. Figure 1.2
shows a three-stage 500 kV transmission line with two conductors for every stage. The two conductors per
phase option is called bundling. Different conductors are packaged together per stage to twofold, triple, or
more noteworthy to expand the force transport ability of an electrical cable, lower misfortunes and improve
other working attributes of the line, for example, electromagnetic fields and discernible clamor. Regularly,
there are three kinds of line setups utilized in the transmission network. These line arrangements
incorporate (a) spiral (1-terminal), (b) 2-terminal, and (c) more than 2-terminal of which three-
terminal is potentially the most noticeable multi-terminal sort. The force sources are either
generators or what could be compared to a connected arrange. As shown in Figure 1.3, the three
terminals are associated through a Tap-point T which doesn't contain any estimating gadgets.
Assurance frameworks resemble that of two-ended lines aside from with increasingly modern
methods. Much of the time, a current two-terminal line is changed over to three-terminal line as a
major aspect of program to strengthen the force framework. At any rate one (for the most part two)

communications-based protection groups are normally used with three-terminal line applications.

Figure 1.3: Three-terminal Transmission Lines
Two-terminal line system are utilized for mass power transfer and to gracefully stacks from two

force sources-Terminals A, B and are normal. Figure 1.4 shows the two-terminal transmission line.
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To get legitimate selectivity and coordination, directional separation transfers [6] for stage and

ground flaw discovery are utilized regularly. Directional ground over current transferring is once in a
while applied addition to, or instead of, directional ground separation transfer capacities. A couple of
communications-based protection groups are regularly utilized with two-terminal line applications at

the transmission voltages more than 200KV.

g &

A B

Figure 1.4: Two-terminal Transmission Line

Outspread lines are covering that supply loads from single power source-Terminal An as shown in
Figure 1.5. No directional overcurrent or distance relays are typically used to ensure these kinds of

lines. Communication-based tripping isn't commonly important

A |
A

Figure 1.5: Radial Configuration
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1.4 MOTIVATION

Underground cable faults lead to genuine interruptions of intensity flexibly and numerous
misfortunes to both the buyer and the influence utility. The vast majority of the underground link
shortcomings acting the system are because of maturing and persistent weakening of link
characteristics and properties along the length of the link. So as to enhance the quality, availability
and reliability of power, there is need of developments to build the exactness of shortcoming
recognizable proof and area on system which are at present being utilized. When all is said in done,
the ever-expanding failure rates and system breakdowns on more seasoned underground power links
are presently antagonistically affecting system unwavering quality and the failure in question; along
these lines, it is promptly evident that fundamental move is made to deal with the outcomes of this
pattern. Having the option to precisely find the flaw area won't just assistance the influence utility to
set aside cash and time in packing the inquiry in wrong areas yet it will likewise help lessen
influence blackout time to the purchasers and set aside cash to the utility. The force utility can know
the specific area of the issues empowering them to set up the buyers for conceivable force blackout.
The security viewpoint is improved because of the presentation of legitimate area estimation
components. This examination proposes a creative procedure in flaw distinguishing proof and area in

underground power cables dependent on the ANN method.
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1.5 PROBLEM STATEMENT
Transmission lines or transmission organize is a vital piece of the electric matrix as it conveys high
voltage power from producing site to the substations where the voltage ventured down for end-use
utilization shipped by means of dissemination lines. Though the frequency of faults is much higher
in distribution lines, issues on transmission lines have more widespread impact, faults in buried
transmission lines take more time to locate then repair. Additionally, since the transmission lines
carry high voltages, blames on these lines may prompt dangerous conditions. That is the reason,
shielding against uncovered flaw is the most basic undertaking in the security of intensity
framework. The protection schemes or mechanisms for the transmission lines become challenging as
configurations of the overhead lines becoming complex.
Primary and biggest challenge with protecting three terminal circuits is “Infeed”. During a flaw on
the conductor, separation transfer estimates impedance which is sufficient to the positive grouping
(A fair three-stage framework with the indistinguishable stage succession in light of the fact that the
first arrangement), if there aren't any sources of fault current on the conductor between the road
terminal where the relay is found and therefore the fault.

OF— — 1

B

A /

Fault F

O@}i—fﬂ———f

Figure 1.6: Indeed Effect at Three-terminal
From the Figure 1.6, the actual line impedance from the transfer (Terminal A) to the issue isn't
generally the impedance estimated by the hand-off. This is on the grounds that the third line

(Terminal C) tapped (Tee highlight) a line is an extra wellspring of current for a line fault. Current
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will be provided to say the least that happens on the line area past the tap of Terminal C through both
Terminal an and Terminal C. The voltage drops coming about because of the contribution of
deficiency current from every one of these sources into the basic area of the line will be estimated by
the separation transfer at the Terminal A. Since the present contribution from Terminal C isn't
applied to the hand-off at Terminal A, the impedance estimated by this transfer is higher than the

real impedance from the Terminal A to the fault. The relay will under come to; that is, for a given
hand-off setting the relay doesn't cover a similar length of line it would if the extra current source
were absent. Due to in feed, most of the impedance and traveling wave-based strategies are not

successful for identifying faults and often give erroneous results [8].

@ ——T—21®

Fault F

C

Figure 1.7: Out feed Effect at the three-terminl
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It is additionally conceivable to encounter an "Out feed" at the T area, where case there will be
inclination to overextend as appeared in Figure 1.7. Thirdly, transmission lines could cross
significant distances, in which case the line A-B winds up being in one district and line C-T in
various locale with discrete arrangement of natural conditions which straightforwardly impacts the
impedance of the individual lines. This causes line non-homogeneity and since impedance on line C-
T is distinctive that of line A-B which makes deficiency area on line C-T trickier. Therefore, there is
a need of an adaptable, resilient method for fault classification and location on transmission lines
which could learn from system behavior and detect unknown faults rather than hardcoded methods

(algorithms) which follow specific set of rules. Taken every single together, flaw on transmission

lines and the fluctuating ecological conditions present a mind boggling grouping and discovery issue.

With the appearance of new Al techniques and managed learning strategies, these difficulties might
be all the more adequately tended to. Machine learning method depends on the possibility that
system can learn from information, recognize examples and settle on choices with insignificant
human mediation. The capacity to consequently apply complex scientific counts to huge information
—again and again, quicker and quicker give these calculations potential to recognize bits of
knowledge in the information which would be in any case an inconceivable assignment for people.
The accessibility of high-goals/high-volume information, because of the multiplication of keen
electronic gadgets in savvy matrices, clears ground to actualize progressively exact and wise
machine learning methods for fault arrangement and area distinguishing proof on the transmission

lines.
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CHAPTER 2

2 LITERATURE REVIEW

Given the electrical power grid is a complex power system consisting of power generating stations,
high voltage transmission lines and distribution lines, fault classification and location identification
IS necessary to improve protection mechanisms and have reliable, high-speed protection devices.
Regularly, electrical faults bring about mechanical or material harm to the lines or structures, which
should be fixed before reestablishing the line to help. As it is noted previously, fix and recovery is
basic for keeping up essential and social organizations. The reclamation procedure is hampered if the
area of the fault can't be evaluated with exactness or certainty (not exactly a mile). Various methods
have been proposed over the years, and each method have their own merits and disadvantages.
2.1REVIEW OF THE FAULTS ON THE TRANSMISSION LINE

In an electric force framework, an issue or flaw stream is any unpredictable electric stream. For
example, a short out is a blemish wherein current reroutes the customary weight and an open-circuit
weakness occurs if a circuit is thwarted by some failure. Transmission line convey 3-stage AC [9].
Under perfect express, all stage voltages have same most extreme esteem yet contrast in stage from
one another at edge 120 degrees. Shunt flaws are brought about by hamper lines. For instance, a line
to ground flaw happens when one conductor drops to the ground or interacts with the nonpartisan
conductor (ground). This causes a fast reduction in particular stage voltage of the line associated with
the flaw and increment in stage current. Figure 2.1 shows the stage C-to-ground issue in time (us).,
are the stage voltages of stage a, b, ¢ and, are the stage flows of stage a, b, ¢ separately. From the
figure we can see that, size of stage C voltage diminishes and phase current increments during the

fault.
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Figure 2.1: Phase to ground fault in time

2.2 SERIES FAULTS

It addresses open conductor and happens when unequal game plan impedance conditions of the lines
are accessible. These imperfections upset the equalization in two or three phases and areas such as
unbalanced insufficiencies. Instances of series faults are where the framework holds two or three
broken lines, or impedance inserted in two or three lines. In reality, a series faults happen, for
instance, when circuit breakers control the lines and don't open every one of the three phases, for this
situation, a couple of periods of the line might be open while the other/s is shut [10]. Series faults are
portrayed by an increment of voltage and recurrence and fall in current in the blamed phases.

2.3 SHUNT FAULTS

Symmetrical Faults

Y

Three Line-to-ground

Short Circuit Faults
on Tansmission Line-to-ground
Lines

Unsymmetrical faults

Two Line-to-ground

Line-to-Line

Figure 2.2: Classification of SC faults
These are two kinds of short circuit faults or shunt faults which can happen on transmission lines;

adjusted blames and unequal blames otherwise called balanced and unsymmetrical blames separately
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as shown in Figure 2.2. In balanced faults, likewise called three stage short-circuits, all the three
stages are short-circuited to one another and frequently to earth too. Such blames are adjusted and
even as the framework stays adjusted much after the event of the fault. Despite the fact that the
balanced faults are uncommon, they by and large lead to the most extreme flaw current stream. Most
blames that happen in a force framework are unsymmetrical issues including just a couple of stages.
The most widely recognized sort of unsymmetrical issue is a short out between a phase and the earth.
The shunt deficiencies are the most widely recognized kind of issue occurring in the field. They
include power conductors or conductor-to-ground or short circuits between conductors. One of the
most significant attributes of shunt deficiencies is the augmentation the present endures and fall in
voltage and increment recurrence. Shunt deficiencies can be grouped into four classifications [11].
2.4 LINE-TO-GROUND FAULT:

This sort of issue exists when one time of any transmission lines develops a relationship with the
ground either by ice, wind, falling tree or some other occurrence. About 70% of all transmission
lines flaws are characterized under this class [12].

Line-To-Line Fault: Taking into account breezes, one phase could contact anther stage &line-to-line
flaw occurs. Around 15% of all overhead line’s deficiency is seen as a line-to-line issue [12].
Double Line-To-Ground: The tree falling where two phases become in contact with the earth could
provoke this kind of issue. Two phases will be incorporated as opposed to one in the line-to-ground
shortcomings circumstances. 10% of all overhead line’s inadequacies are this sort of flaws [12].
Three Phase Faults: For this circumstance, falling pinnacle, failure of gear or even a line breaking
and reaching the remainder of the stages can cause three-stage shortcomings. As a general rule, this
kind of deficiency not regularly exists which can be seen from a lot of 5% of all transmission lines'

shortcomings [12]. The initial three of these shortcomings are known as uneven deficiencies.
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2.5 SURVEY OF THE METHODS
This segment presents a study on various fault classification and location identification techniques in
transmission lines featuring the used machine learning methods previously. In this review, just short

out shortcomings are considered as they are progressively normal.

Faults detection technkjues ]

Fault Location
Technigues

ﬁl | e 3 l I Machine Learning
Machine Leaming Other
Othar Approaches) Approaches Approaches Approaches

\ 4 \

Fault Classficatian
Technigues

* Support Viector Machine . * Support Vector Regression
* Wavelet Basad Approaches . ann‘r:'al Network (ANN, BPNN) : zﬁ;‘f:_ﬂgr’;u r:wvt,:v:h *  Neural Network (ANN,
+ Genotic Algorithm « Decision Trees Y. RRSe APPIORC BPNN)
* PMU based Approaches . Fuzzy Logic *  K-Nearest Nieghbors
* Mult-information « Bagged Tree essemble * Lnear Regression
Measurements « ELM

* K-Nearest Nieghbors

Figure 2.3: Fault detection techniques
The survey is mainly divided into two parts:
Fault classification technigues - Methods that determine the fault type
Fault Location Techniques - Methods that calculate the distance of the fault Both techniques play a
vital role in the development of protection mechanisms for a given power system model. There have
been different methodologies used to build up a quick speed and dependable strategy to manage
blames as appeared in Figure 2.3.
Wavelet-based methodologies basically utilize the time contrast between the voyaging wave
reflections which accept higher inspecting rate and synchronized estimations at the terminals for
shortcoming ID making it hard for a reasonable application, particularly for three-terminal circuits

due to in feed issue. Despite the fact that this strategy has a lower mistake of estimation, it has a
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higher computational burden [13]. Phasor measurement unit (PMU) based methodologies require
synchronized phasor amounts from all the terminals of the transmission lines. Hereditary Algorithms
are the heuristic inquiry and advancement strategies that mirror the procedure of normal
development. At the point when applied to order and area blames on transmission lines, they are
regularly moderate and complex to be actualized [14].

Machine learning is a subset of artificial intelligence in the field of software engineering that
regularly utilizes measurable strategies to enable PCs to "learn” (i.e., dynamically improve execution
on a particular task) with information, without being explicitly programmed [15Machine learning
algorithms can learn and develop themselves by concentrating high volumes of accessible
information. They are useful in fields where customary programming rules don't work or rules
continue advancing. Since the issues happening on power grid are probably not going to be
comparable and power system can change contingent upon the future interest, utilization of Al
calculations for taking care of such fault might. They can profit by learning relationship amongst
occasions and can give experiences helping human reveal factors causing the deficiencies and to
discover the arrangement of complex multi objective nonlinear systems, the above-said techniques
are utilized to get quicker arrangement and less mistake.

As shown in Table 1,2 and 3 we are comparing some research paper to identify the methodology

they are using.
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TITLE AUTHOR & | METHODOLOGY DISADVANTAGES
YEAR
Underground Dhekale P.M., | This paper proposes shortcoming Energy loss is high,
Fault Distance Bhise S.S., zone model for underground power | Stability cannot be
Locator Deokate N.R. | connect using microcontroller. The achieved.
(2015) purpose of this errand is to choose

the partition of underground
connection lack from base station in
km. This study uses the essential
thought of ohm'’s law. Exactly when
any weakness like short out occurs,
voltage drop will contrast dependent
upon the length of issue in interface,
since the present changes. A great
deal of resistors is along these lines
used to address the connection and a
dc voltage is dealt with toward one
side and the issue is recognized by
perceiving the change in voltage
using a relationship to voltage
converter.

Table 1
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Underground
Fault
Distance
Locator

B.Bhuvneshwari,
AJenifer,
J.JohnJenifer,S.DurgaDevi
and G.Shanthi

2006

This study proposes an issue zone
model for underground force links
using microcontrollers. The
purpose of this study is to choose
the detachment of underground
connection imperfection from the
base station in km. This study uses
the clear thought of ohm's law.
Exactly when any inadequacy like
short out occurs, a voltage drop
will vary dependent upon the
length of the blemish in the
interface, since the present
movements. Plenty of resistors are
in this manner used to address the
connection and a dc voltage is
dealt with toward one side and the
blemish is recognized by
distinguishing the modification in
voltage using an easy to voltage
converter and a microcontroller is
used to make the basic.

The circuit complexity
increase, it affects the
stability.

Table 2
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TITLE YEAR METHODOLOGY DISADVANTAGES
Faulty Cable Distance | By varying the distance,

Underground Fault Locator the stability will disturb

Distance LOC&'[OI‘ 2015 Before attemptlng to

Circuit and Working

find underground link
faults on direct
shrouded essential link,
it is fundamental to
acknowledge where the
connection is organized
and what heading it
takes. If the issue
occurs on the
discretionary
connection, by then
understanding the
particular course is
significantly
continuously essential.
Since it is difficult to
find a connection issue
without acknowledging
where the connection is,
it looks good to pro
connection finding and
following before start
the inadequacy
discovering process.

Table 3
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2.6 SUMMARY

From the for-going literature review, it is noticed that various strategies for fault identification and
area have been proposed. A great part of the work which has been done uses the wavelet concept to
distinguish the adjustments in the line parameters. Many researchers worked on this area combining
that concept with other technologies such as Fuzzy System, Neural Networks and Bees Algorithm.
The aim was to either increase on the accuracy of fault location or speed. In this study, the same
concept of Discrete Wavelet Transformation (DWT) combined with ANFIS, was used for the
identification of faults in underground cables in a simpler and much faster way but at the same time
increasing accuracy of the system. The proposed method utilized how the transmission lines are
identified with each other so the distinctions can be utilized to recognize any issue type. Speed and
precision were significantly thought of and the framework structured had the option to distinguish
the flaw precisely and quick Variety of approaches has been utilized to build dependability and
strength of shortcoming characterization and area techniques. Neural Network follows a discovery
black box model making the explanation for the result typically difficult to understand. Neural
system-based fault classification methods show great precision; be that as it may, the preparation
time is very huge because of which the assignment turns out to be progressively mind-boggling. The
counterfeit neural system methods experience the ill effects of the prerequisite of huge preparing
information. In any case, these methods are difficult to execute basically. In the event that the flaw
can't be distinguished rapidly, it will create some evil impacts, for example, line blackouts during the
time of pinnacle load prompting serious economic losses. There may be a chance for the entire grid
to collapse which is called as blackout and the reliability of the system would be affected.

Few of the fault classification and location methods use fuzzy logic-based architectures [13]. Fuzzy
logic uses rule-based relationship for making decisions. Though they have lot less calculation
trouble, it is dreary to create fluffy standards and participation capacities and fluffy yields can be

deciphered from multiple points of view making examination troublesome. Furthermore, it requires
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parcel of information and ability to build up a fluffy framework. Other impedance estimation-based
techniques for flaw area rely upon basic idea of computing line impedances pre-and present blames
on decide the separation of the fault. However, in three terminal circuits, due to in feed, the
impedance values are estimated are a lot bigger than actual line impedance which offers ascend to
erroneous results. Secondly, the lines A-B and C-T may be in different terrains which results in
different environmental conditions. In this scenario, synchronized impedance measurements might
provide erroneous results. It shows up, Current best in class Machine Learning strategies introduced
in above segments have tried models on mimicked information which have same circulation,
design/pattern as preparing information. In this manner, the vigor of the method isn't totally known

and the topic of whether these techniques are pertinent to 3 terminal systems is yet to be replied.
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CHAPTER 3

3 METHODOLOGIES

Fault recognizable proof was exhausted post fault conditions. For the framework to detect the fault in
post fault conditions, the fault was expected to possess happened as of now when the reproduction
was started. The character of the fault and in this manner the detail of the fault were changed inside
the three-phase fault tool compartment. This permits the framework to claim contrasting sorts of
fault and at various areas to shroud wide situations which could influence the rigging instrument.
Since transmission lines can encounter a single line or twofold phase or 3 phase faults, the faults
were additionally presented at these various areas with various practices. Within recent past, many
researchers have proposed approaches for fault classification and site identification. However,

they weren't applicable to a spread of transmission network configurations, particularity terminal
networks and weren't evaluated with real data to make sure the effectiveness of the methods in
locating and classifying faults on the line.

In the recent past, researchers have proposed approaches for fault classification and site identification.
However, they weren't applicable to a spread of transmission network configurations, particularity 3 terminal
networks and weren't evaluated with real data to make sure the effectiveness of the methods in locating and

classifying faults on the cable. Supported the literature review and preliminary designs, the planning criteria
that emerged is as follows: Scalability. Transmission network expand as the demand for the power
increases every year. Therefore, fault location methods should be scalable.

Confidence: Should produce estimates that are timely, sound and reliable, otherwise the boldness within

the methods would be weakened and longer lengths of cable would need to be examined to search out the
precise fault location. Network Topology, Adaptive to different configurations, applicable to changing
fault data.

Relevant: Make use of existing power line health data

Extensible: Interface with existing OT line monitoring devices.

Based on recent advances in machine learning, it had been decided to explore the utility and
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applicability of machine learning to fault classification and site on transmission lines. Machine
learning may be a type of data analysis that automates analytical model building [49]. Using
algorithms that continuously assess and learn from data, machine learning algorithms enables hidden
insights into complex behaviour and relationships. It can handle multi-dimensional and multi-
variable data in dynamic environments. A key aspect to machine learning algorithms is that they
learn the behaviour of the system representative and artificial datasets to supply reliable, repeatable
decisions and results. For fault classification and site on transmission lines, these attributes are
desirable. Additionally, machine learning methods don't require synchronized measurements at the
terminals. Additionally, they will be used in real time to watch the grid likewise. Computer file is
extremely crucial aspect for the machine learning algorithms and also the correctness of

prediction relies on the standard of information that the model was trained with. Post- fault voltage
or current transients from the live grid are vulnerable to have touch of noise (may be negligible).
3.2 LOCATION IDENTIFICATION

Once the fault type is classed using the choice tree classifiers, the subsequent step are to spot the
road where the fault has occurred. just in case of two terminal conductor, since the system studied
has just one line, we skip this step and do the wave-distance method to induce the fault location
distance directly. For Three-Terminal (TEED) Circuits, the branch with the fault first has to be

identified. Figure 19 shows the Fault Location Identification process for TEED Circuits.

+1— | Faultin Tap to Terminal A

-1
Simulated Fault in Tap to Terminal C
Data ] i

+1— | Faultin Tap to Terminal B

Figure 3.1 Fault Location Identification Process for Three-Terminal Circuits
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3.4 ARTIFICIAL NEURAL NETWORKS

The fault location identification process mainly consists of two Decision Tree models which predict
whether the fault occurred was in line A-Tap or B-Tap. As shown in figure 3.1 Decision Tree, DT1,
predicts +1 for the fault occurrence on line A-Tap and value -1 if not. Second Decision Tree, DT2,
makes decision for the road B-Tap. If both the trees have predicted the worth of -1, then the fault has
occurred in line C-tap. The simulated data is employed to coach the choice Tree models. Max-depth
parameter has been accustomed restrict the tree from over-fitting the training data. Just in case of a
fancy system with N lines, N-1 Decision Trees would be accustomed make predictions. The fault
location for the 2 terminal circuits don't require previous step as they need just one line and thus fault
distance will be calculated as described below.

Due to simple, improved generalized characteristic and adaptive nature, ANN is popularly applied
for fault analysis within the TL and DL [36]. a number of the kinds of ANN are described within

the section below 3.6.2 Feed-forward neural network (FFNN) the most structure in FFNN are Input,
hidden and an output layer as illustrated in Figure. 3.10[95]. Multilayer perceptron (MLP) and back-
propagation learning method is employed in FFNN where MLP could be a class of FFNN and
contains a minimum of 3 layers of nodes. apart from the input nodes, each node could be

a neuron within which nonlinear activation function is applied. The properties of FFNN are multiple
layer, non-linear activation function etc. Fine-tuning of the burden and biases of the network in

FFNN is required to reduc

1st hidden layver

Interconnection

Output laver

Interconnection

Input layer 2nd hidden layver
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Figure 3.2 Feed Forward Neural Network Structure
3.5 NEURAL NETWORK

ANNSs began as a secondary architecture of human mind to perform the difficult type of algorithm
whit least error. Now the slowly adapt to the methods for problem solving.as the each neuron
connected to each other’s egg: 1 neuron output is input of another neuron. These are connected in
various pattern to perform various task.by using the process like back propagation we can change the
input weight on each neuron to improve efficiency. Every neuron could be a hub that is associated
with different hubs by means of connections that relate to natural axon-neurotransmitter dendrite
associations. Each connection incorporates a weight, which decides the quality of 1 hub's impact on
another. Numerous analysts have utilized a neural system for shortcoming grouping and discovery

clarified in [27].

3.17 SOFTWARE DESCRIPTION

MATLAB® may be a high-level technical computing language and interactive environment for
algorithm development, data visualization, data analysis, and numerical computation. Utilizing
MATLAB, you'll have the option to take care of specialized figuring issues quicker than with
customary programming dialects, for example, C, C++, and FORTRAN.

MATLAB could similarly be a data examination and portrayal gadget which has been arranged with
momentous help for framework and matrix undertakings. In addition, similar to this, MATLAB has
sensational representations capacities, and its own weighty phony language. One of the explanations
that MATLAB has become such a vital contraption is through crafted by sets of MATLAB programs
planned to support a specific endeavor. These plans of undertakings are called device compartments,
and as such, the particular instrument stash critical to us is that the image getting ready toolbox. As
opposed to gives a depiction of the sum of MATLAB's capacities, we will restrict ourselves to just
those perspectives stressed over the treatment of pictures. We will introduce limits, requests, and

methods changing. A MATLAB limit may be a catchphrase that recognizes various parameters, and
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makes a yield: for example, a framework, a string, an outline. Trial of such limits are sin, in-read,
right forthright. There are various limits in MATLAB, and as we will see, it is incredibly
straightforward (and sometimes essential) to put recorded as a printed version of own.
MATLAB's standard data type is that the matrix all data are seen as structures or some resemblance
thereof. Pictures, clearly, are networks whose parts are the diminished characteristics (or conceivably
the RGB estimations) of its pixels. Single characteristics are considered by MATLAB to be a
framework, while a string is just a system of characters; being the string's length. During this, we'll
examine the more regular MATLAB requests and discussion about pictures in further parts. At the
point when you set out MATLAB, you have an unmistakable window called the Command Window
inside which you enter orders. Given the tremendous number of MATLAB's abilities, and besides
the different parameters they will take, a request style interface is after all substantially more gainful
than a rich course of action of pull-down menus. You'll have the alternative to use MATLAB in an
incredibly wide extent of employments, including sign and picture dealing with, correspondences,
control arrangement, test and estimation budgetary showing, and assessment. Additional device stash
(arrangements of explicit explanation MATLAB limits) loosen up the MATLAB condition to decide
explicit classes of issues in these application zones. MATLAB gives a sort of feature to announcing
and sharing your work. you will have the alternative to fuse your MATLAB code with various
tongues and applications and pass on your MATLAB counts and applications.
Software Requirements:

OS: Windows

Software: MATLAB R2017b
Hardware Requirements:
Processor: Intel Pentium.

RAM: 2GB
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3.17.1 THE MATLAB LANGUAGE

This is a significant level lattice/cluster language with control stream announcements, limits, data
structures, input/yield, and article orchestrated programming features. It grants both "programming
inside the little™ to rapidly make smart disposable activities, and "programming inside the immense"
to outline all out gigantic and present-day application programs.

3.17.2 THE MATLAB WORKING ENVIRONMENT

This is the game plan of mechanical assemblies and workplaces that you basically work with in light
of the fact that the MATLAB customer or programming engineer. It recalls workplaces for managing
the variables for your workspace and getting and conveying data. It is like manner fuses gadgets for
making, supervising, investigating, and profiling M-records, MATLAB's applications.

3.17.3 HANDLE GRAPHICS

This is the MATLAB outlines system. It joins critical level requests for two-dimensional and three-
dimensional data portrayal, picture taking care of, movement, and presentation delineations. It
similarly fuses low-level requests that grant you to totally re-try the nearness of representations
similarly as to create complete Graphical User Interfaces on your MATLAB applications.

3.17.4 THE MATLAB MATHEMATICAL FUNCTION LIBRARY

This is an immense arrangement of computational counts running from simple limits like an
aggregate, sine, cosine, and complex number juggling, to logically refined limits like framework
backward, grid eigenvalues, Bessel capacities, and quick Fourier changes.

SIMULINK: Simulink might be a reenactment and model-based structure condition for dynamic
and installed frameworks, coordinated with MATLAB. Simulink, in like manner made by Math
Works, may be a data stream graphical programing language gadget for illustrating, reenacting and

separating multi-zone dynamic structures. It's on a very basic level a graphical square outlining



instrument with customizable game plan of square libraries. It grants you to join MATLAB
estimations into models further as passage the reenactment results into MATLAB for extra
assessment.

Simulink Supports

e system design
e simulation
e automatic code generation

 testing and check of embedded systems

e There are a couple of other additional things gave by Math Works and untouchable hardware

and programming things that are available for use with Simulink.

3.18 USING SIMULINK

As you open MATLAB Simulink you find a library of pre-installed library of the usable systems.
Here in this library one can browse anything by going to left side and click on search. After finding
the required one click on it to use it as appeared in Figure 3.3, tapping on every one will show the

structure hinders on the correct window sheet.
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To make a new model click on the browser toolbar. This open a window which has collection of
utility models. As demonstrated in Figure 3.4.
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Figure 3.4

By dragging them to the square screen. You can also make duplicates by using copy paste options
and then glue them into the model window. As result we are having two blokes - A Source (a signal)
and a Sink (a scope) as appeared in Figure 3.5. here the source is the signal generator signal
generator creates a simple signal, and work of sink is to represent it graphically,

[orares Livrary: Smulink | Search Resuls: (none) ] Froquonh, Used |
sREETTE———— -
Commonly Used Blocks E ::::‘oﬂ'y Lnac E Continuous
Continuous |
Discontinuities
Discrete iv‘-“‘ Discontinuities !I. Discrete
Logic and Bit Operations .
Lookup Tables 8
Math Operations . mm’ % E Lockup Tables
Model Verification
Model-Wide Utilities Math Model
Ports & Subsystems Operations @ Verification
Signal Attributes
ignal in Model-Wide Ports &
Sinks Utilities Subsystems
Sources
ser-Defined Functions 73 . @ Roukl

»_Additional Math & Discrete | [aa] SeretAwibe SN
Aerospace Blockset
Communications System Toolbox Sinks Sources
Computer Vision System Toolbox
Control System Toolbox T—

User-Dafi Add | Math

DSP System Toolbox B Fonchons @ Py
Embedded Coder
Fuzzy Logic Toolbox

CNETT.TRYNCS

Figure 3.5
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Now start dragging required tools from the library. After them collecting in square screen start

connecting them . Now drag a 'Sine Wave' tool into the screen as shown in Figure 3.6.
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As we selected the sine wave generator let us use a sink (a scope) which represents it graphically

shown in Fig 3.7.

Figure 3.6
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Connect the source and the sink using a single line as shown in Figure 3.8.
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We can se all the transmitted signal on scope which are transmitted by sine wave generator by

pressing run button and keeping parameters at default as appeared in Figure 3.10.



=20 U< & %/ Da 5 -

Figure 3.10

As we can see that on the scope sinusoidal wave appears. Who’s amplitude lies between +1 to -1 and
for the set time period of 10ms.By this process we can verify that or connections are proper as scope

shows the desired output.
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CHAPTER 4
4 IMPLEMENTATION AND EVALUATION

4.1 PROPOSED SYSTEM

MATLAB software model is modified version of previous one Fundamentally disseminated parameter line
has been demonstrated has an underground link. A 1.2 KV, 25 sg.mm fascinated copper link parameter are
used. The underground system is of 100 km. at sending and getting closes Fourier squares and degree are
utilized to get the natural parts of the voltages and flows at all the issues to be specific line-ground, line-line-
ground sort of shortcomings. All the other kind of faults are studied and comparison are made by moving the

fault points. If the Fault occurred at any distance we are able to find which Km distance the fault is occurred.

BLOCK DIAGRAM:

ANN

CON

Thre UG Transfo
€ CABLE ) rmer

Figure 4.1 Proposed block diagram
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4.2 MODULES

e Three Phase Source

e Three Phase Transformer

e ANN

e Fault
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4.3 THREE-PHASE SOURCE

Standard Solar, Inc. recently completed one in all the primary solar micro grid in a power supply
which is three-phase ,electrical energy of the identical frequency and voltage amplitude is carried by
three conductors which is relative to a typical reference with a phase difference in 1/3 of a cycle
between each as shown in Figure 4.2. They typically connected with ground and a current-carrying
conductor called the neutral, because of the difference in phase, the voltage in any conductor goes to
its peak at 1/3 of a cycle after one in all the not in same phase conductors and 1/3 of a cycle before
the remaining conductor. This delay in phase gives constant power transfer to a linear load. It also
possible to provide a rotating magnetic flux in a motor and generate and other phase arrangements
using transformers (generally by using a Scott-T transformer).

Advantages: Contrasting with a solitary stage AC power flexibly which utilizes two transmitters
(stage and impartial), a three-stage gracefully with no nonpartisan wire so the stage to-ground
voltage and current limit per stage can transmit multiple times the most sum power simply utilizing 2
fold the number of wires (i.e., three rather than two). Consequently, the proportion limit of conductor
material becomes twice.[4] The proportion of ability to conductor material proportion increments to
3:1 with an ungrounded three-stage and focus grounded single-stage framework. Steady force move,
dropping stage flows would be conceivable with any number (more noteworthy than one) number of
stages, by keeping up the ability to-conductor material proportion that is multiple times of that of
single-stage power. In any case, two-stage power goes through exceedingly less smooth (throbbing)
torque in generators or engines, and very three stages confuse.

Phase sequence: Wiring for three phases is every now and again perceived by concealing codes that
move by country. The relationship of the phases inside the right solicitation is required to guarantee
the arranged direction of the turn of three-phase motors. For example, siphons and fans most likely to
exclude switch. Keeping up the character of stages is required if there's any opportunity two sources

will be related at the indistinct time; a fast interconnection between two unmistakable stages may be.
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Figure 4.3 Three Phase supply

4.4 3-PHASE TRANSFORMER

Three-stage (3-stage or 3¢ supplies) are utilized for electric force age, transmission, and circulation,
These provisions have numerous electrical focal points over single-stage flexibly and when talk
around three-stage transformers we've three exchanging voltages and flows varying in stage time by
120 degrees as appeared.

In figure 4.3 where VL shows the line-to-line V and VP shows the phase-to-neutral voltage. A
transformer can't go about as a stage changing gadget or even can't adjust single-stage into three-
stage or the other way around. To make the transformer associations which are perfect with 3-stage
supplies we've to connect them together in an exceedingly technique. A 3-stage transformer
developed either by associating 3 single-stage transformers, as they became three stage transformer

banks, or by utilizing one adjusted three stage transformer which have 2 single stage wiring wrapped
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The advantages of using a 3-phase transformer instead of single phase of same ratings. Firstly a

transformer bank made up Of 3 transformers uses more space and bulkey.in bank if any one

transformer fails the system would not work. Even the copper and iron losses are less in 3 phase

transformer. Hence we can say that 3 phase transformer work more efficiently.
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Figure 4.5 Three Phase transformer connection

As appeared in Figure 4.5 the first two winding can be associated in quite a while as needs be to the

utilizations however with regards to three stage transformer windings, three sorts of association are
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conceivable: "star" , "delta" and (zigzag).The mixes can be varied for essential and optional.,
wagering on the transformers use. At the point when transformers not have at least 3 stages they're
commonly known as a Polyphone Transformer. Three Phase Transformer Star and Delta association
mean by "star" at essential and delta to auxiliary. This has three arrangements of essential and
auxiliary windings. Associations of sets of windings, decides if the association is star or delta
arrangement. Accessible voltages, naturally are dislodged from one another by 120 electrical
degrees, this kind of electrical associations decide the progression of the transformers flows. While 3
single-stage transformers combined, attractive transitions inside every transformer contrast in stage
by 120 time-degrees. Here we utilize a technique where the three essential windings named with
capital letters A, B and C. The auxiliary windings are marked with little letters a, b and c. Each
winding has two finishes which are named likewise, for instance the second twisting of the main
closures we named it with B1 and B2 and the third twisting of the optional are named as c1 and c2 as

appeared in Figure 4.6.
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4.5 TRANSFORMER STAR AND DELTA CONFIGURATIONS
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Fig 4.6 Transformer Star and Delta
Pictures are generally used on a three-phase transformer to exhibit the sort or sorts of affiliations
used with promoted Y for star, D for delta, and Z for interconnected star basic windings, with
lower case y, d, and z for their specific discretionary. By then, Star-Star would be named Yy,
Delta would be stamped Dd and interconnected star to interconnected star would be Zz for a

comparative kind of transformer.
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4.6CONTROL UNIT ANN

ANNSs began as a secondary architecture of human mind to perform the difficult type of algorithm
whit least error. Now the slowly adapt to the methods for problem solving.as the each neuron
connected to each other’s egg: 1 neuron output is input of another neuron. These are connected in
various pattern to perform various task.by using the process like back propagation we can change
the input weight on each neuron to improve efficiency. Every neuron could be a hub which is
associated with different hubs by means of connections that relate to natural axon-neurotransmitter
dendrite associations. Each connection incorporates a weight, which decides the quality of 1 hub's

impact on another.
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RESULT AND DISCUSSION

As shown in figure 4.8 and 4.9 as soon as fault is detected the information is send to ANN. this ANN
find what type of fault it is and the distance of the fault from the generating end found by the process
of time domain reflectometery. In this paper, we simulated different type of faults by use of 3 phase
fault. As issue happens arrangement inductance and shunt capacitance are considered as conveyed
parameter and arrangement opposition is viewed as gathered. For underground line approximating
shunt capacitance considered to be neglected. At the point when deficiency happens flaw impudence
goes down to zero and burden is evacuated by the circuit breakers at the hour of shortcoming, the
issue impedance is viewed as zero and the heap should be expelled by ckt breakers. As the circuit at
load end is opened so very large value of resistance is show approx. ohms. A zero impedance
shortcoming is made some place on the line .after that a low voltage but negative in sign pulse which
has pulse time less than the period showing a zero in decaying and falling time is sent from the
source end at starting time =0. At that point the diagram between voltage or current at source end
regarding time is plotted and the and the separation of the deficiency is given by ANN Technique
where it is show shortcoming happen at 20.834km as appeared in Figure 4.11.

a -

=ALILT oecaeesdd irn (H R =250 554

Figure 4.11
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CONCLUSION

Saving of Overhead lines against a fault is important work for the security of facility. The work of a
relay is to find and locate a fault and then cut it from the entire system. So, for this we need high
speed protective relaying. The research work presented during this thesis provides two promising
architectures for fault location on line using machine learning techniques. The primary architecture
deploys four decision tree models one for every phase for fault identification in each phase. “Divide
and conquer” strategy has been wont to classify faults on each phase with greatest accuracy. Within
the second architecture, Types of short faults. When tested ANN fault classification model, it
outperformed decision trees with 100% accuracy on two and three terminal transmission lines. For
fault location, the error of the fault distance was same because the travelling wave-based

method utilized in first architecture. However, regression models don’t require any manual
calculations or measurements. Since both the architecture doesn’t use current signals, the presented
approach is immune against current-transformer saturation and its related errors. Additionally, the
presented method uses simulated data for training which implies it may be deployed even when a
replacement line is added to the transmission network which doesn't have any historical records of
fault.

Conclusions Simulations for the line for 34.5kV, 100km underground power line was performed
using MATLAB/SIMULINK. The extracted information about the signal was wont to develop an
ANN which was later wont to identify the fault location. System in fault location was assessed and
results were obtained. Finally in the given model method accurately detect and Kill the fault. We
also recommend further research to focus more on how the faults develop and the way they affect the
system so a predictive fault location system may be improved to assist the facility utility and
therefore the consumers manage the employment of their equipment and reduce losses to both
parties. Transmission lines defend against uncovered flaw is that the most urgent assignment inside

the assurance of office. The point of a defensive handing-off is to recognize the unusual signs
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speaking to issues on an impact transmission. The research work presented during this thesis

provides two promising architectures for fault location on line using machine learning techniques.

FUTURE WORK
In this thesis, problem of a having an adaptive, effective and resilient method for fault classification.
There are several lines of research arising from this work which might be pursued as mentioned
below: Since the test set considered within the thesis had just three samples in total (small size), the
architectures have to be tested and evaluated with more test samples robustly in future. Additionally,
architecture | had low accuracy of about 50% on the test set which can result to low sample size.
Therefore, with more test set samples, this result has to be re-evaluated. However, the preliminary
results are promising to steer to further investigation.
1. Four Terminal transmission lines aren’t very removed from implementing. The proposed
method is also possible to be extended N-terminal conductor within the future work which
might give different insights.
2. The described method assumes single fault on the conductor. However, chances of multiple faults,
double circuit faults etc. though are low cannot be ignored from protection perspective.
3. “Evolving Faults” as the faults begins to spread to 1 phase to another. Thus, evolving fault consists
of two faults: primary fault and secondary fault consistent with their fault inception time.
4. The method proposed might be used for real-time monitoring of grid using spark-python. Once the
fault has occurred, an alert might be founded from the strategy which might give the fault type and
distance instantly.
5. Complex fault sequence elements might be incorporated in data which can increase the robustness

of the machine learning technique and results might be compared.
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