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Abstract—In the present era of deregulation and
competition, demand from every energy supplier is to have
good continuity, dependability and reliability. Fault
location can play a vital role in achieving this aim. As
uninterrupted power supply is the prime demand by all
consumers. However, faults in power system will leads to
the interruption in power supply and it will make system
vulnerable towards system outrage/collapsing and will lead
to damage various electrical peripheral of switch gear/
electrical equipment.Hence all faults are required to be
detected and clear as soon as possible to restart power
supply to consumer. Having accuracy knowledge of fault
location will come very handy in reducing system outrage
time and they’re by improving continuity and reliability of
system. Variousresearches has been done previously
towards finding accurate result. In this paper presents a
comprehensive survey on the existing work done in the
domain of machine learning assisted fault location in
HVDC systems.
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l. INTRODUCTION

Transmission system plays the vital role in connecting
generation station to load. It has the responsibility to supply
continuous power from one and two other. Any type of
damage to transmission line will lead to an interruption in
power supply but in the present era of power system
deregulation providing good power quality with continuous
supply is main its main priority of all electric utility
companies. Hence for this reason focus should be paid in the
field of system protection and a proper planning is expected to
deal with any unwanted situation.

Relay and circuit breakers play key part in preventing system
during any fault condition. Faults are responsible for creating
system malfunctioning and their immediate diagnosis is
expected is expected to increase reliability.

Normally distance relays are used for locating fault. The
working of distance relay is based upon the measured value of
impedance between fault point and relay location (that is ratio

of voltage and current between these two points). Now this
should be giving accurate results, but due to the presence of
series capacitor banks for compensation problem will
somehow tarnish the accuracy of relay.

Capacitor banks are used because they help in balancing
reactive power in transmission line thus helping in increasing
line loadability, reducing line losses and increase in system
stability.

ANN are computing systems or technique that mimic the
learning processes of the brain to discover the relations
between the variables of a system. They process input data
information to learn and obtain knowledge for forecasting or
classifying patterns etc. type of work. ANN consists of
number of simple processing elements called neurons. All
information processing is done within this neuron only. A
network of connected artificial neurons can be designed, and
a learning algorithm can be applied to train it [5]. Signals
(Input data) are passed between neurons over connection
linksand Each connection link has an associated weight, which
in a neural network, multiplies the signal transmitted. The
weights represent information being used by the network to
solve a problem. Then the weighted sum is operated upon by
an activation function (usually nonlinear), and output data are
conveyed to other neurons. The weights are continuously
altered while training to improve accuracy and generalize
abilities
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Fig.1 Mathematical Equivalent of Neural Network
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The ANN which contains multiple hidden layers and is used
for extremely complex pattern recognition problems.Artificial
Neural Networks (ANN) are one of the most effective
techniques for time series or regression problems. The output
of the neural networks is given by:

y=fQLixwi + @) @
Here,
y is the output
X are the inputs
w are the weights
@ is the bias
f stands for the activation function

The commonly logic or activation functions used are the
sigmoid, log sigmoid, tangent-sigmoid, rectified linear
(ReLu), step or hard-limiting function etc. The mathematical
model for a neural networks is depicted in figure 1.

Neural Network Training Stage

In this stage we will feed input data to input layer of present
designed model and target is fitted to output layer. We have
used LM and BR training algorithm for training. It is this stage
in which model is prepared and value of weights are optimized
for better performance according to input and target data
samples.

Neural Network Testing and validation stage

At this stage, the second part of dataset is used. Although only
inputs are provided to already trained neural network and
output is calculated from neural networks. These is then
compared to original target fault distance to observe the
closeness between the two.

Il.  PREVIOUS WORK
This section highlights the previous work done in the domain:

Rohani et al. proposed a fault location method consists of
three major sections. In the first section, HH transform is
applied to extract new features from current signal. In the
second part, ANFIS uses the extracted features to estimate the
fault location in transmission lines. Learning algorithm
determines the accuracy and efficiency of each machine-
learning algorithm. In the third section of the developed
system, enhanced version of particle swarm optimization
(PSO) algorithm named chaotic dynamic weight PSO
(CDWPSO) algorithm is implemented as learning algorithm to
train the ANFIS. The developed fault detection and location
system was tested on a VSC-HVDC system with 250 km
length and the obtained results using MATLAB simulations
have shown that combination of new features, and CDWPSO-
based ANFIS has high accuracy in fault detection and location
in VSC-HVDC systems. High fault location accuracy, robust
performance of neuro-fuzzy system, optimal training of
ANFIS, extraction of novel effective features from current

signal and fault location only with six features are the main
contribution of the developed system.

Keshri et al. proposed support vector machine (SVM) based
classification approach for Fault estimation in HVDC
transmission system. SVM based method is comparatively a
novel method that is based on computational as well as theory
of statistical learning. Along with the input space vector is
made into a dot product of high dimension that is called a
feature space in SVM theory. Therefore, the optimal hyper-
plane has to be consider greater ability of classification in the
feature space. Thus the optimal hyper-plane is to be
determined by exploring the theory of optimization, and the
critical information providing via the theory of statistical
learning. Therefore, SVM approach has got the ability to
counter a large featured space vector. So that the proposed
approach has ability to assist in the area of fault classification
as there is no restriction on the number of features.

Somsundaran Vasanath et al. have proposed a technique for
the estimate of the location of the faults in HHDC lines by the
dint of the artificial neural network model after the design of
the system on PS-CAD based model. It was shown that the
system has a better power quality compared to the ac
counterpart with lesser losses, however the fault location was
much more daunting due to the long continuity of the t-line.
The system uses a 200km T-Line with the performance to be
the mean square error. The paper shows that the proposed
system attains a mean square error of 20.5886km.

Jenifer Mariam et al. have presented a method of detecting
fault location of £500 kV HVDC transmission system using
artificial neural network (ANN). Author has modelled and
simulated +500 kV bipolar HVDC transmission line over
PSCAD/EMTDC software. Author has proposed a model
developed using ANN in MATLAB environment, trained and
tested using one sided voltage and current magnitude of
HVDC transmission line for various fault location. Author has
simulated HVDC line model for LG fault at distance of every
2 kilometer of transmission and noted the data corresponding
to that. From this model has observed a result with an
accuracy of 2-kilometer distance. Model is developed for a
HVDC bipolar transmission line of £500 kV and 936 KM.

Sunil Singh et al. have developed a fault location estimation
technique for a 300 km, 400 kV transmission line. Author has
performed fault analysis at various location of this
transmission line in MATLAB environment and the data
obtained during simulation at various fault location is stored.
This data is than transformed using wavelet analysis for the
sole purpose of feature extraction which than can be supplied
to ANN for prediction of fault location. After obtaining results
from ANN, author came to conclusion DWT and ANN model
together are very efficient in predicting exact location of fault
with very high accuracy.

Ankita Nag et al. have proposed an ANN based protective
scheme for the hybrid transmission system both overhead and
underground. Author has discussed various advantages of Al
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has over primitive location detecting techniques like one based
on phasor based method which usually utilizes fundamental
component of signal and other is traveling wave based method
which works on the basis of value of reflected wales. Author
has developed and simulated15 kilometer, 132 kV, 50 hz
transmission line with 3-kilometer underground cable and 12-
kilometer overhead lines for a LG fault. After training and
testing author came to conclusion that the output is very
accurate compare to other techniques.

Qingging Yang et al. have developed a model for DC
microgrid fault detection and fault location using artificial
neural network. The DC microgrid is modeled in
PSCAD/EMTDC to simulate various faults. Author has
discussed the importance of microgrid for present day power
system in which penetration of renewable energy is increasing
day by day leading to more unpredicted grid behavior and
hence making control strategies more complicated. A total of
40 neurons are taken in input layer consisting of 20-20 data
from both sending end and receiving end of dc microgrid.
Author has obtained results from trained model with an
accuracy of one percent error which is very accurate
considering distance.

Nabamita Roy et al. have presented a technique for detecting
fault, classifying it had then forecasting fault location. Various
techniques author has used in this work is s-transform and
wavelet transform for feature extraction purpose. Values of
this features is used for both classification and locating fault in
this work. Author has concluded that above following
techniques includes BPNN techniques has developed a model
which has great speed of computation and very high accuracy.
Author has utilized value of current and voltage parameter
values for solving about problem and obtained error of
maximum value of 4.35 percent.

Liang Yuansheng et al. have discuss a noble algorithm to
detect fault location. Author has performed a mix of travelling
wave theory and Bergeron times domain fault location
method. The value of voltage and current from both sides is
taken as input parameters. In this study a self-adopted filter is
also utilized which has ultimately improved performance of
the algorithm. After the simulation and performing all tests
related to fault at different location, author came to conclusion
that this method is efficient for faults location detection for
unsynchronized two end measurements on HVDC lines.

Pu Liu et al. have presented an excellent HVDC transmission
system model which comprise of all components including
transformer, converters, filters, reactor, transmission tower
and transmission line. The model is designed and simulator in
PSCAD/EMTDC software. This study is done on the
benchmark model for + 500 kV HVDC system that is CIGRE
benchmark. On simulating it is concluded that this CIGRE
benchmark model can accurately simulate HVDC
transmission system accurately for +500 kV DC transmission
line and that this model can be used for any further research
related to high voltage dc transmission system.

S. F. Alwash et al. have developed an algorithm for
identification of all shunt type fault location. This work
mainly presented a scheme where author has used impedance
method for fault location. This method is tested for IEEE 34
bus distribution system designed and simulated in
PSCAD/EMTDC software. In the study author has computed a
method which has capability to identify faults location
irrespective of type of shunt fault. In this work while
designing model for fault location estimation for both
distributed generation and capacitive effect of lines are
considered.

Jae-Do Park et al. have proposed a DC microgrid system’s
fault location technique is proposed. This study describes a
technique which includes a ring type bus. This work describes
the importance of dc in not only transmission system but
evenly in distribution system. In this work author has used
intelligent electronic devices for the controlling and
monitoring all nodes. The author has successfully
implemented proposed algorithm/technique both in hardware
and simulation experimentally.

M Ramesh et al. have presented an overview of various
intelligent techniques for detecting fault in HVDC. In study
author has discussed drawbacks of primitive fault detection
techniques in HVDC. Then author has provided an overview
to various artificial intelligent techniques in view to identify
fault of HVDC transmission system. The study concluded that
the rule based linear fuzzy logic controller can be used to
achieve the desired fault detection of the HVDC link. This
controller has a benefit that they don’t require a mathematical
model to estimate control input under disturbance conditions.

EisaBashier M. et al. showed that in power system are
always exposed to abnormal conditions, which are the reason
for the damage of transmission line and other electrical
equipment’s of power system. These abnormalities are termed
as faults. These faults are required to be detected and
classified for better performance of transmission line. In this
paper author has presented a Back-Propagation technique of
Artificial Neural Network as an alternative for transmission
line fault detection, classification and isolation. Author has
performed the study by using MATLAB software and
Neuroshell 2 software.RMS value of phase current and phase
voltage as input to neural network.

JialeSuonan et al. have presented a novel method of locating
fault which can outperform commonly used travelling wave
technique. The proposed technique is performed in time
domain and is simulated using EMTDC software. This paper
has utilized Bergeron model of HVDC transmission line to
check performance of proposed fault location method. This
algorithm was built on a distributed parameter model and thus
can be directly implemented in the domain based on current
and voltage of both ends of transmission line.

The parameters which can be used to evaluate the
performance of the ANN design are given by:
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Mean Absolute Error (MAE)
Mean Absolute Percentage Error (MAPE)

3. Mean square Error (MSE)

The above mentioned errors are mathematically
expressed as:

1 —~
MAE =23, |V =V, @
Or
1
MAE = -3, |e| ()

100 |Ye=F¢|
MAPE =—~ ’t"zl‘v—t‘ 4)
MSE = Y e? (5)

Here,

N denotes the number of samples in prediction.
Y is the predicted value of the variable.

Y, is the actual value of the variable.

e isthe error value in each prediction.

The accuracy is generally computed as:

Accuracy = 100 — error(%) (6)

Low values of the error metrics are desirable for the
estimation of faults.

I1l. CONCLUSION

It can be concluded from the previous work that the , faults in
power system will leads to the interruption in power supply
and it will make system wvulnerable towards system
outrage/collapsing and will lead to damage various electrical
peripheral of switch gear/ electrical equipment.Hence all faults
are required to be detected and clear as soon as possible to
restart power supply to consumer. Having accuracy
knowledge of fault location will come very handy in reducing
system outrage time and they’re by improving continuity and
reliability of system.Various researches have been done
previously towards finding accurate result. In this work,
location detection using the mathematical neural network
technique is presented. The goal of the work is to prepare a
model which can somehow manage to give accurate fault
location on HVDC line thus helps in improving the system
performance.
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