JJ EE Volume 10 | Number 3 | September 2024 | Pages 343-358

. Y
K% Jordan Journal of Electrical Engineering
@

ISSN (print): 2409-9600, ISSN (online): 2409-9619

el i e dgaaa Homepage: jjee.ttu.edu.jo

Scientific Research Support Fund

Location of Faults in Six Phase Transmission Line using a
Neuro Fuzzy System

A. Naresh Kumar!*', M. Ramesha?""', Elemasetty Uday Kiran3', M. Suresh
Kumar4'=', Malleboina Nagaraju>~', M. Chakravarthy® ', Bharathi Gururaj”

1 Department of Electrical and Electronics Engineering, Institute of Aeronautical Engineering, Hyderabad, India
E-mail: ankamnaresh29@gmail.com
2Department of Electrical, Electronics and Communication Engineering, Gandhi Institute of Technology and
Management, Bengaluru, India
3 Department of Aerospace Engineering, Toronto Metropolitan University, Toronto, Canada
4Department of Space Engineering, Ajeenkya DY Patil University, Pune, India
5 Department of Information Technology, University of the Cumberlands, Williamsburg, USA
6 Department of Electrical and Electronics Engineering, Vasavi College of Engineering, Hyderabad, India
7Department of Electronics and Communication Engineering, ACS College of Engineering, Bengaluru, India

Received: Sep 16, 2023 Revised: Oct 22, 2023 Accepted: Oct 27, 2023 Auwailable online: Jun 2, 2024

Abstract— Fault location plays an important role in power systems. It is frequently used in transmission lines
to reduce the system damage for growing electrical energy demand. However, the location estimation method
itself is easy to be disturbed by different parameters and gives estimation errors. To solve this problem, this
paper introduces a scheme that uses neuro fuzzy system (NFS) to locate all types of faults such as shunt faults,
transforming faults, series faults and simultaneous faults in six phase overhead line (SPOL). This scheme has
been performed on a 68 km, 138 kV, 60Hz, SPOL for all fault types by employing MATLAB software Simulink.
Here, Haar wavelet transforms (HWT) are used to extract the current signals in order to evaluate the behavior
and characteristics of higher frequency components. Then, the obtained HWT currents data are employed to
construct the fault location scheme in SPOL based on NFS. The obtained experimental results confirm that by
using the NFS, the maximum fault location error (MFLE) can be reduced by more than 10%. It can further reduce
the maximum response time (MRT) for the operator to address the faults and ensure the power system reliability
in the future. The test result executed in this investigation indicates that the NFS is resilient to wide changes in
fault conditions, and it shows good performance and huge potential for location of faults in SPOL.

Keywords — Fault location; Neuro fuzzy system; Six phase transmission line; Haar wavelet transform.

1. RESEARCH GAP AND MOTIVATION

With the continuous development of India’s economy, the cultural level and material
living standards of the society is increasing, and the necessities for the safety of the electrical
power system are getting higher and higher. The transmission line disconnection will have a
huge effect on society lives. Owing to the wide transmission line coverage, natural conditions
and human factors have caused many issues in power system operation and maintenance. With
the large future achievements in transmission lines and limited access to right of ways, higher
power density transmission models will be essential. One of which is higher phase order
technology i.e. six phase overhead line (SPOL), which has been shown to transfer more amount
of power for less right of way. Another transmission line, i.e., high voltage direct current line,
needs huge amount capital investment for installation process and its maintenance of power
system. In this context, SPOL has been planned to meet growing electrical demand. A series of
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reports has been published to design SPOL structure [1-3]. There is no fault-free transmission
line and it is neither economical nor practical to made a fault-free transmission line. So far, there
are several methods for location of shunt faults in SPOL [4, 5]. Shunt fault location in SPOL has
been widely studied using single end data [6, 7]. Until now, numerous approaches, offered to
estimate the fault protection on SPOL [8-16]. However, recent research studies found that there
are still some issues in SPOL.

Up to now, number of tools like artificial neural networks (ANN) [17], k-nearest neighbor
algorithm [18], dual vector control technique [19] and random forest regressor [20] have been
used for locating shunt faults. The algorithm is the improvement of the shunt fault location
method presented using haar wavelet transforms (HWT) currents [21]. A wide application of
support vector machine (SVM) for shunt fault location of transmission line from single end data
has been seen in recent literature [22]. ANN based model with better performance of shunt
faults on SPOL have been introduced in [23]. Some of the researchers have analysed a solution
to the problems of transforming faults [24, 25]. Application of time-domain algorithm for
transforming fault location has been developed in [26]. A method for transforming fault
location which uses sparse wide area measurements was proposed in [27]. As an application,
transforming fault location in transmission lines using single end current data was subject of
few research [28, 29]. Soft computing method plays a main role for series fault location
applications. There have been some reports studying the series faults of transmission line
[30, 31]. Several researchers have presented the series faults without considering the voltages
[32, 33]. Relevant experts have done a lot of research on how to detect under the condition of
series faults [34]. Very few researchers have carried out series fault from current study for
detection [35, 36]. A common research question in fault research is to locate simultaneous faults
in transmission line [37-39]. Although fuzzy logic (FL) has been applied for simultaneous fault
location in several works [40, 41]. Only a few publications have concerned simultaneous faults
from single end current data [42, 43]. Till date of writing this manuscript, FL model has
developed which uses HWT coefficients in [44].

One technique, which is employed nowadays widely, is neuro fuzzy system (NFS) which
requires a minimal assumption. Currently, NFS is mostly focused on the location of
transmission lines in the existing studies [45-47]. To achieve acceptable maximum fault location
error (MFLE) in fault location for transmission line, applying the NFS has been recommended.
There are many reference papers published for the location of faults in transmission lines from
source end data using NFS [48-52]. However, a few references are focused for the location of
faults using currents based on NFS. This can also be employed for the location of the line for
shunt faults [53, 54], transforming faults [55] and simultaneous faults [56]. As per survey of
existing reported methods for fault location of SPOL, it is found that, none of the previous
approaches provide shunt faults, transforming faults, series faults and simultaneous faults
considering HWT currents and NFS. In this scenario, the fault location model must be designed
to identify the location for all types of faults in SPOL. This problem is tricky because
transforming, series and simultaneous faults occurring in multiple phases may yield different
results. The purpose of this paper is to design an efficient fault location scheme in SPOL
considering NFS and HWT currents. Indeed, the core idea of this work is to minimize the MFLE.
It does not use voltages and there is no need receiving terminal data. Moreover, this approach
need only currents from source end that are presented in the current work. The remainder of
this article is organized as follows. Related works about this article are reviewed in “Research
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Gap and Motivation” Section. The SPOL simulation are presented in Section “Data
Generation”. Section “Neuro Fuzzy System” describes the design of NFS for fault location in
SPOL. Section “Experimental Results” examines the performance of the NFS scheme. In the
“Conclusion” Section, the results are summarized.

2. DATA GENERATION

The proposed NFS based location scheme has been implemented for a SPOL referring to
the McCalmont-Springdale line length 68-km, 138 kV, 60 Hz as shown in Fig. 1. The sending
end source impedance and receiving end source impedance are 2.13 +j9.14 Q and 4.1 +j17.84
Q, respectively. Two energy sources, 138kV, Source-1-and 138kV, Source-2 are present at bus-
1 and bus-2, respectively. Two loads, 80 MW and 240 MW, are installed at bus-1 and bus-2,
respectively. Corresponding to the HWT current waveforms for shunt faults, transforming
faults, series faults and simultaneous faults in SPOL with time domain are simulated. Fig. 2,
describes shunt fault that CDE fault at 52 km in 45 ms time. As illustrated in Fig. 2, fault current
magnitude is same in (A, B and F lines) but fault magnitudes (C, D and E lines) are dissimilar
i.e. increases. To study the effect of transforming faults on the six-phase current waveform that
initially CD fault at 52 km in 45 ms time is transformed after 62 ms to CDE fault at the same
location as shown in Fig. 3.

Load-1 Load-2

Transmission Line Length 68 km

Source-1 5 Source-2

138 kv 138 kv
Bus-1 Bus-2

Fig. 1. SPOL Single line diagram implementation.
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Fig. 3. Transforming fault currents in SPOL.
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The current waveform during “bc” fault at 52 km in 105 ms time is depicted in Fig. 4. As
exemplified in Fig. 4, fault current magnitude is same in (“A”, “D”, “E” and “F” lines) but fault

“w _r
C

magnitudes (“b” and “c” lines) are dissimilar i.e. decreases. Fig. 5 shows a simultaneous fault
during “Ag-c” fault at 52 km in 45 ms time where the current waveform of phases is distorted
by a sudden increase (in “A” line and ground) and decrease (“c” line) in their magnitude. Total
25 SPOL operating cases during healthy condition, variation in fault location (1, 5, 10, 20, 30,
40, 50, 60 and 67 km), variation in fault resistances (10, 20, 30, 40, 50 and 60), and variation in
fault inception angles (0, 90 and 180) are considered. Thus, total samples simulated for the
training data are 3035. These currents are used as inputs for NFS. The block diagram of the
HWT-NFS SPOL faults is shown in Fig. 6. It is explained briefly in the flow diagram to better
understand the implementation process of the NFS model in depicted Fig. 7. The possible

faults in SPOL are explained in Fig. 8.
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Fig. 4. Series fault currents in SPOL.
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Fig. 5. Simultaneous fault currents in SPOL.
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Fig. 6. Block diagram of the HWT-NFS SPOL faults.
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Fourier transform only supports stationary signals whereas wavelet transform is an effective
tool for evaluating transient nonstationary signals. One of the simplest wavelets transform
family is the HWT and is the member of rectangular waveform orthogonal family whose peak
value changes with function. It is also a mathematical transformation function employed in
fault analysis, signal processing study, medical and image analysis. It is applied to these
sampled data to derive the small-grained (detailed and approximated coefficients) detail of
the signal. Here, 3rd level of HWT is applied for feature extraction (detailed and approximated
coefficient) from the current signals of the SPOL. The NFS operation is based on the transient
current’s multiresolution analysis from SPOL. The change in fault parameters based on the
attained sampling data set are stored in the vector.

Start

Obtaining current from SPOL simulation frem
MATLAB software

Determine HWT of SPOL currents and
nermalization

Neure Fuzzy System

Shunt faults Transforming faulte | | Series faults | = Simultaneous faults

Fig. 7. Flow diagram of proposed work.
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Fig. 8. Possible faults in SPOL.

3. NEURO FUZZY SYSTEM

Jang Roger was introduced to the NFS in 1993. Based on the input data and output data,
NEFS is a potent designing instrument for complex problems. To avoid the ANN and FL
drawbacks, the globally applicable control design, i.e., NFS, was developed. NFS is
accomplished by optimally combining ANN and FL. This combo allows both numerical and
intelligent methods to be used. NFS has the potential to be applied in many other areas as well,
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such as image recognition, weather forecasting, control systems and power systems. The
Takagi Sugeno fuzzy inference system, which forms the basis for the NFS design can be
classified into two types: antecedents and consequences. As illustrated in Fig. 9, the NFS
architecture is divided into five layers. The proposed NFS consists of five layers compared to
the traditional NFS. The architecture is briefly explained as follows.

Layer-1: Fuzzification layer- all inputs are multiplied by a transfer function to give the

degree of organization.

Layer-2: Product layer (m)- all stages of membership are standardized.

Layer-3: Normalized layer (N)- normalized by the sum of weights of all neurons.

Layer-4: Defuzzification layer- the total weight of if-then rules is calculated.

Layer-5: Total output/summation layer- a single neuron which is the summation of all

inputs.
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Fig. 9. Five-layer structure of NFS.

The NFS starts its operation by preparing the inputs (six phase HWT currents) and one
output (fault location). In this work, 20 % of the data set was employed for training the NFS
while 80 % was applied for testing its competency and accuracy. Initially, the HWT current
are considered as inputs for training of NFS, and each input-output is fuzzified with
membership functions. 30359 matrix was generated for NFS training data. The next step is
the formation of the FL. The NFS is achieved from the structure of Takagi Sugeno system in
MATLAB software. Consider a rule base that has 11 if-then rules. Then, the number of epochs
and percentage of training data are described for training the NFS model. During the training
phase parameters are updated according to the error information between the actual output
values and the predicted values. After the training process, the input data set, the five-layer
MATLAB Simulink construction of the NFS is obtained, and it is illustrated in Fig. 10. In the
last step, compliance of the input parameter for the location result is obtained. Now NFS can
allow the HWT currents and ready to locate shunt, transforming faults, series faults and
simultaneous faults.

4. EXPERIMENTAL RESULTS

In this section, the performance of NFS has been tested on the SPOL with wide changes
in all the fault parameters such as fault resistance (0 Q - 80 Q), location (1 km - 68 km) and
inception angle (0° - 360°) for all shunt, transforming, series and simultaneous faults. The
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validation process involves quantifying the effectiveness of the optimal HWT-NEFS for location
of faults. Based on the nature of fault type, NFS is monitored for fault locator in four patterns
shunt, transforming, series and simultaneous faults. The performance of the NFS on the testing
dataset summarised. The test results reflect the efficacy of the HWT-NFS in achieving better
MFLE. Total 50000 test cases, the NFS is able to locate the occurrence of faults well within the
maximum response time (MRT) threshold limit of half cycle (< 17 ms). The MFLE of fault
location for all testing samples is expressed from the Eq. (1). The performance of NFS based
scheme and comparative study is explained in the following subsections.
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Fig. 10. NFS structure after training.

4.1. Performance of NFs Under Shunt Faults

Most of the faults in SPOL are shunt faults. Primary aim of fault location is shunt fault
then transforming, series and simultaneous faults. The NFS locator has been verified on SPOL
for around 10000 shunt faults. As can be seen from Table 1, the actual MFLE and estimated
MFLE values for different inception angles, fault resistance and shunt faults. The final result
illustrates that NFS is able to locate all shunt faults exactly and the MFLE is less than 0.261 %.
Thus, one can understand that relay can locate the shunt faults in SPOL correctly and variation
in fault parameters have a negative effect on the MFLE.

Actual fault location — Estimated fault location |
SPOL length

MFLE (%) = | x 100 (1)

4.2. Performance of NFS Under Transforming Faults

Location transforming faults is challenging due to the fault type changes shortly after the
fault initiation. In this regard, there is a need for estimation on location of transforming
faults. These are also checked with the NFS as well for 10000 samples. These faults are
simulated on the SPOL for fault resistance, fault locations and fault inception angles. From
Table 2. It can be concluded that the NFS has MFLE up to 0.248 % for all the transforming fault
cases. On the other hand, the NFS identified this fault location perfectly. Hence it can be
conformed that the NFS based technique is not affected by fault parameter variation.
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Table 1. Test results of NFS under shunt faults for different fault parameters.

Fault Fault Actual Estimated
au
Fault inception . fault fault MFLE MRT
Parameter resistance . . 5
Type angle Q] location location [%] [ms]
[°] [km] [km]
Fg 315 32 18 18.102 0150 13.1
Shunt faults are
. EF 315 32 18 17.931 0101 125
changing and
actual fault DEFg 315 32 18 18.115 0169 16.1
location, fault ADE 315 32 18 18.005 0.007 15.7
inceptionangle,  CpEFg 315 32 18 18.024  0.035 152
fault resistance is 5 ~rr 315 32 18 17971 0042 132
constant.
ABCDEFg 315 32 18 18.182 0.026 14.6
BEF 60 21 4 04.131 0192 098
Actual fault
location BEF 60 21 12 12.012 0017 114
ocation 1s
changing and BEF 60 21 26 25.922 0114 122
fault type, fault BEF 60 21 38 37.888 0164 13.6
inception angle, BEF 60 21 42 42.061 0.089 11.8
fault r;sw;ance is BEF 60 21 52 5015 0022 116
1Xed.
BEF 60 21 61 61.112 0164 133
ABDEFg 45 10 63 63.123 0180 154
Fault inception ABDEFg 135 10 63 63.178 0261 125
angle is changing s ppERg 225 10 63 63145 0213 121
d fault type,
ancd Attt ype T ABDEFg 270 10 63 63.008 0144 147
actual fault
location, fault ABDEFg 315 10 63 63.043 0.063  08.9
resistance is fixed. ~ABDEFg 330 10 63 63.142 0208  06.0
ABDEFg 360 10 63 63.168 0247 115
CE 120 13 24 24.131 0192 135
Fault resistance is CE 120 23 24 24.138 0202 154
changing and CE 120 33 24 24069 0101 13.8
actual fault
location, fault CE 120 43 24 24.124 0.188 11.6
type, fault CE 120 53 24 24.023 0.033 12.6
inception angle is
fixed. CE 120 63 24 24.143 0210 12.1
CE 120 73 24 24.022 0.032 15.8

4.3. Performance Of NFS Under Series Faults

The series of faults have adverse effects on fault location in SPOL system MFLE because
they are characterized by fall in current in the faulted lines. During fault location estimation, it
is necessary to consider series faults disturbance. The NFS has been tested with 10000 series
faults to verify its MFLE. For this purpose, the results have been replicated with various fault
resistance, fault locations and fault inception angles and then they are tabulated in Table 3. It is
confirmed that fault identification is still within 17 ms time, therefore no significant effect is
observed, while for directional relaying also the MFLE remains well up to 0.251%.
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Table 2. Test results of NFS under transforming faults for different fault parameters.

Fault Fault Actual Estimated
Fault inception ) fault fault MFLE MRT
Parameters resistance . .
Type angle Q] location  location [%] [ms]
[°] [km] [km]
Transforming CgtoFg 240 06 54 54.010 0.014 127
faults are BEg to Fg 240 06 54 54096 0135 15.1
changing and CDEg to Fg 240 06 54 54123 0180 11.3
actual fault ADEg to Fg 240 06 54 53966  0.064 07.6
location, fault - g hp o Fe 240 06 54 54165 0242 161
inception angle,
fault resistance ~ ACDEg to Fg 240 06 54 53.876 0182 15.6
is constant. ABCDE to Fg 240 06 54 54164 0164 112
Actual fault BCDg to Eg 110 44 6 6.005 0007 138
location is BCDg to Eg 110 44 18 18.133 0195 121
changing and BCDg to Eg 110 44 24 23.944 0.082 155
fault type, fault BCDg to Eg 110 44 33 32.988 0.017 103
inception angle, ~ BCDg to Eg 110 44 43 43130 0191 151
fault resistance BCDg to Eg 110 44 54 55912  0.129 10.3
is fixed. BCDg to Eg 110 44 61 61113  0.166 11.2
Fault inception Agto Dg 25 78 27 27.169 0.248 139
angle is Ag to Dg 75 78 27 26871 0189 10.2
changing and Agto Dg 125 78 27 27121 0177 144
fault type, Ag to Dg 125 78 27 27.006  0.008 05.3
actual fault Agto Dg 175 78 27 27.117 0172 118
location, fault Agto Dg 225 78 27 27.018  0.026 16.8
resistance is
ficed. AgtoDg 275 78 27 26924 0111 133
, CEg to Fg 80 5 11 10.882 0173  14.1
ii‘ﬁ;‘;ﬁ:;ﬁg CEg to Fg 80 12 11 11105 0154 103
actual fault CEg to Fg 80 15 11 10.901 0145 11.9
location, fault CEg to Fg 80 24 11 11153 0225 127
type, fault CEg to Fg 80 36 11 11.097 0142 11.0
inception angle CEg to Fg 80 42 11 11166 0244 135
is fixed. CEg to Fg 80 51 11 11150 0220 141

4.4. Performance of NFS Under Simultaneous Faults

The simultaneous faults are failed to locate using the traditional techniques because series
and shunt faults occur in SPOL different phases at the same location and same time. Thus, it is
important to locate the simultaneous faults in SPOL. There has not been a satisfactory result to
locating simultaneous faults on SPOL until now. The feasibility of NFS locator is checked for
10000 simultaneous fault simulated test cases. The MFLE calculations under simultaneous
faults are listed in Table 4. According to the test simulations, it gives MFLE within 0.257%. It
can be noted, corresponding simultaneous faults, the NFS locator is found to correctly locate
the irrespective fault parameters.



Jordan Journal of Electrical Engineering. Volume 10 | Number 3 | September 2024

Table 3. Test results of NFS under series faults for different fault parameters.

352

Fault Actual Estimated
. . Fault
Fault inception . fault fault MFLE MRT
Parameters resistance . .
Type angle location location [%] [ms]
S [Q]
[°] [km] [km]
e 40 01 07 06.899 0.148 099
Series faults are
. de 40 01 07 07.168 0247 124
changing and
actual fault cef 40 01 07 07.177 0260 123
location, fault bdef 40 01 07 06.906 0.138 14.6
inception angle, acdef 40 01 07 06.870 0191 118
fault resistance = ¢ 40 01 07 07101 0.148 113
is constant.
abcdef 40 01 07 07.030 0.044 143
def 130 14 08 08.166 0244 155
Actual fault
location is def 130 14 22 21.990 0147 154
changing and def 130 14 22 22.169 0248 121
fault type, fault def 130 14 37 37.127 0186 028
inception angle, def 130 14 43 42.829 0251 116
fault resistance def 130 14 58 58169 0248 1138
is fixed. def 130 14 64 64.061 0089 1658
) , bdef 35 36 45 44.842 0232 10.4
Fault inception
angle is bdef 85 36 45 44.931 0101 15.1
changing and bdef 135 36 45 45.189 0266 128
fault type, actual bdef 185 36 45 45120 0176  11.7
fault location, bdef 235 36 45 45.055 0.080 12.7
fault resistance = g 255 36 45 45145 0213 127
is fixed. bdef 285 36 45 45.096 0141 148
ef 250 7 28 28.084 0123 03.4
Fault resistance of 250 17 28 28115 0169 145
is changing and
ef 250 27 28 28.068 0100 129
actual fault
location, fault ef 250 37 28 28.117 0172 147
type, fault 1 of 250 47 28 27.992 0011 147
conti
meeption angie of 250 57 28 28151 0222 089
is fixed.
ef 250 67 28 28.106 0155 11.9

4.5. Performance of NFS with Far-End and Near-End Faults

The traditional location methods can identify up to 70-80% of the SPOL length. Therefore,
it cannot identify the faults that occur between 80% and 100% of the SPOL length. Thus, it is
important to examine the NFS application for near-end (1-3 km) and far-end (65-68 km) faults
because the fault currents are different, which leads to NFS relay failures.

In view of this, the NFS is tested for a total of 10000 fault types near buses by changing

the fault location in steps of 0.5 km. For all test simulations, the NFS performs the intended task
of MFLE within 0.248. Some simulation results along with MFLE are listed in Table 5. It can be
concluded that the NFS can locate far end and near-end faults rapidly.
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Table 4. Test results of NFS under simultaneous faults for different fault parameters.

Fault Fault Actual Estimated
au
Fault inception . fault fault MFLE MRT
Parameters resistance . .
Type angle Q] location location [%] [ms]
[°] [km] [km]
Simultaneous Agand f 320 09 62 62.021 0.030 148
faults are Bgand e 320 09 62 61.891 0160 12.0
changing and Cgand d 320 09 62 62.066 0.097 085
actual fault Dgand c 320 09 62 62877 0180 14.2
location, fault Fgand a 320 09 62 62129 0189 153
inception angle,  Egand b 320 09 62 62.103 0151 16.1
fault resistance is
Fgand a 320 09 62 62.122 0179 16.8
constant.
Actual fault DF and e 70 23 09 09.144 0211 111
location is DF and e 70 23 19 18.161 0.236 122
changing and DF and e 70 23 29 29.108 0158 11.2
fault type, fault DF and e 70 23 39 39.152 0223  10.6
inception angle, DF and e 70 23 49 48.947 0.077 16.1
fault resistanceis  DF and e 70 23 59 59.115 0169 129
fixed. DF and e 70 23 61 61.102 0.150 104
e ) CE and ad 15 35 47 46.911 0.130 10.2
Fa‘ll t.mfpt“?n CEandad 15 35 47 46851 0219 091
ANGIeIS CNANBING “CEandad 65 35 47 47092 0135 018
and fault type,
CE and ad 115 35 47 46.854 0214 161
actual fault
. CE and ad 165 35 47 47.160 0235 147
location, fault
. - CE and ad 215 35 47 47.088 0129 071
resistance is fixed.
CE and ad 265 35 47 47.106 0155 16.3
ol resistance o B8N d 100 06 17 17175 0257 10.1
av IesIStance IS o and d 100 16 17 17160 0235 105
changing and
actual fault Bgand d 100 26 17 17.023 0.033 16.9
location, fault Bgand d 100 36 17 17.100 0.147 16.1
type, fault Bgand d 100 46 17 17.111 0.163 115
1nceptf19n sngle 1S Bgandd 100 56 17 16.835 0245 165
ed: Bgand d 100 66 17 17168 0247 137

4.6. Comparison Study

A summary results of the comparison performance assessment of the proposed NFS with
other location schemes available in literature survey is explained in Table 6. Most of the
methods reported in Table-6 have not illustrated regarding the transforming faults, series faults
and simultaneous faults. The maximum difference between actual value and measured location
value in [7, 26, 38, 39] are 0.533 km, 0.34 km, 0.69 km, and 0.25 km respectively. As revealed
from the test results, the NFS raised better performance for shunt, transforming, series and
simultaneous faults with the maximum difference between actual and measured location value
level of 0.178, 0.169, 0.171 km and 0.175 km for shunt, transforming, series and simultaneous
faults, respectively. In many cases, the NFS takes one cycle detection time to locate the fault
compared to other schemes listed in Table 6. It can be observed that the MRT required by the
proposed NEFS to locate the faults is in half cycle (17 ms). Furthermore, the NFS is robust to far-
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end and near-end faults, and moreover it can work well for other fault location also. In
addition, the performance is unaffected by wide variations in resistance, location
type and inception angle of fault which are not mentioned by earlier published algorithms.
The MFLE of NFS shunt, transforming, series and simultaneous faults are 0.261%,
0.248 %, 0.251%, and 0.257 %, respectively. The result describes enhanced MLFE of the
NFS compared to the existing technique.

Table 6. Comparison study with other schemes.

Ref.
Parameter
[7] [28] [40] [41] Proposed
Algorithm used ANN FL FL FL NFS
Shunt, series Shunt, series
Shunt Transforming and and
Fault type . . All faults
faults faults simultaneous simultaneous
faults faults
Double circuit
Line Type SOTL SOTL o l_e cret SOTL SOTL
ine
Wavelet
Voltages DFT Voltages and DFT HWT
Inputs used
and currents Currents currents currents
currents
MFLE 0.688 % 0.5 % 1% 0.4 % 0.261 %
MRT one cycle - - - 17 ms
time

5. CONCLUSIONS

Accurate fault location in any transmission line is the key to the rapid restoration of fault
line. Therefore, location of such faults in the SPOL should ensure the flawless power system
operation. This study proposes an NFS based paradigm for fault location in SPOL. The process
is initiated by sending the currents and preprocessing through HWT to obtain the normalized
currents. These are employed to build the NFS for location of faults. Also, the change in fault
locations, fault resistances, fault types and inception angles do not affect the location process.
The HWT-NFS proposed scheme was demonstrated to be very robust, yielding a 100%
accuracy rate. According to the simulation results, the NFS has a location MFLE of 0.261%. The
effectiveness of the NFS was verified by MATLAB simulation setup. The sensitivity study
demonstrated that the NFS is much more reliable, accurate, efficient, cost-effective and highly
useful to be deployed in comparison to other techniques with an MFLE.
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