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Keywords Abstract

Artificial ~ Neural ~ Network, Transmission lines, critical to ensuring a constant flow of electricity, are
Symmetric  Fault, Unsymmetric  susceptible to various problems because they are on the surface. Faults occurring in
Fault, Transmission Line, the system after relays are used to determine the type of the fault and its location.

Multilayer ~ Perceptron, Neural However, failures of the relays occasionally happen, and these failures can
Network Pattern Recognition Tool significantly impact the operation of the power system, resulting in noticeably
(NPR TOOL). delayed fault recovery. Advanced, efficient, and sensitive fault detection systems

are necessary to overcome this issue. This study aims to propose an intelligent and

gz:gz:clllsgzr;8 February 2025 automated fault detection method for a 117 km, 500 kV power system. The
Accepted on 28 March 2025 transmission line is simulated using MATLAB and Simulink to generate an
Published on 15 April 2025 extensive dataset. In this sense, the dataset is used to train, validate, and test an

Artificial Neural Network (ANN) designed for fault detection based solely on
Copyright @Author instantaneous voltage and current measurements, as well as a multilayer ANN
Corresponding Author: * trained using a backpropagation algorithm. The Mean Square Error (MSE) and

confusion matrix were utilized to evaluate the system's performance, achieving an
MSE of 2.2498¢-9 and 100% accuracy, thereby showcasing the effectiveness of
the proposed NN-based algorithm in a practical application, such as transmission

lines.
INTRODUCTION
Electric power transmission is the longdistance Depending on the transmission line length and
transfer of electrical energy from a power plant to a voltage levels, short lines are usually defined as lines
substation via a transmission network. On the other less than 50 km long and voltages below 20 kV;
hand, electric power distribution handles the local medium lines are represented as lines with a length
wiring from high-voltage substations to end-users. between 50 and 150 km and voltages [1] between 20
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kV and 100 kV, and long lines are payment with a
length greater than 150 m and voltages higher than
100 kV [2]. The faults in the power system can occur
due to failures in transformers, generators, bus bars,
and other components. Genetic problems, such as
failures of Insulation material, can cause short
circuits in conductors or interruptions in the
conductor path. Under regular operation, power
systems operate at balanced voltage and current
levels; however, faults lead to an imbalance.
Symmetrical faults are extreme but rare faults that
occur in all three phases, typically caused by three-
phase short circuits or ground faults, resulting in
uniform fault currents with a phase shift of 120
degrees [3].

A treat linetoground fault (LG) is a protected
condition where all three conductors fail or hit each
other, impacting the phases of the system and
ground terminals, with a chance of 27 3%. With
uneven faults more common but less powerful, 60%
to 75% of failures were singleline ground
faults, 5%-15% were line-toline faults, and 15%-
25% were double line-to-ground faults [4]. Fault
detection, fault classification, and fault location are
all essential aspects of protection systems, which
allow for the segregation of faulty lines from the grid.
Essentially serving as protection and switching
devices, relays respond to fluctuations in voltage and
current by breaking or making connections to stop
the flow of electricity in the event of a fault. Typically,
such relays are characterized by distance, impedance,
and mho [5] and are also utilized in power systems,
as well as in residential, industrial, and digital
applications. Artificial intelligence (Al) opens up new
avenues for various fields, including engineering and
informatics, based on the human brain's ability to
recognize patterns. Artificial neural networks (ANNs),
which mimic the brain's complex functions by using
a network of interacting nodes, are exceptionally
efficient in handling large datasets with incomplete
features and solving nonlinear problems. They play
essential roles in power system operations, including
fault detection and power quality [6-7]. These tools
include genetic algorithms, fuzzy and adaptive fuzzy
logic, and expert systems. These enable power
engineers to improve system reliability and efficiency.
They help identify power quality issues, such as
disturbance classification using fuzzy logic [8], while

expert systems address harmonic distortion and
damaged waveform analysis [9-10]. When properly
trained, artificial neural networks (ANNSs) can be
utilized for prediction, estimation, classification,
forecasting, and various other applications. Artificial
neural networks (ANNs) can be divided into two
main types: the simpler single-layer perceptron (SLP)
and multilayer perceptrons (MLPs), which are more
suitable for solving complex tasks [11-12]. ANN
training is conducted iteratively using the
backpropagation algorithm, with weights adjusted to
minimize errors. Learning may be done in a
supervised, unsupervised, or reinforcement manner.
Also known as feed-forward networks, they process
data in a straight path from input nodes to output
nodes. In contrast, backpropagation networks
improve weights over time through error
backpropagation, with the gradient descent method
being a significant aspect in current machine
learning methods [13-14].
hn =fC  Xn-Wpm (1)
hn =f( | hn. Wi (2)

Where h, x, w, and y represent the hidden layer,
input node, weight, and output, respectively. Next,
obtain the error signal, the difference between the
estimated value t and the actual value &, and the
error term for both output and hidden nodes.
OYn =Yn(L =yn). (t—=yn) (3)
dhn = hn(1 —hp)dyn. Wy (4)

Adjust all the weights in the network, from the
output layer to the input layer, to propagate the error
of the nodes' information, denoted as &m, back
through the network.

AWy = n. Syn. h, 3.5

Aw,m = 1. Sh,. x, 3.6

new = Aw + wo 3.7
Where 1 is the rate of learning y,= f } h, wml 3.8
hn=f )'x, wy4 3.9
In supervised learning algorithms, such as
backpropagation, the process begins by propagating
the inputs through the network to obtain the output.
This error is computed to see if there is any
difference between the predicted outputs and the
desired output. The algorithm then uses this error to
update the weights in the network—the parameters
that determine the strength of connections between
different units in the network. This allows for a
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reduction in the error of future outputs[15-16]:
double backpropagation, with varying functions of
error for the output layer and the hidden layer. The
process repeats with iterations until the network
performs better than a certain threshold (e.g., a low
mean squared error or reaching a specified number
of iterations). The article highlights that while relays
are designed to detect faults in transmission lines
and identify their type, they occasionally fail. This
failure to detect faults can lead to significant
problems across the entire power system, as the fault
remains unresolved and cannot be restored or
recovered within the necessary timeframe. To
address this challenge, a more accurate, efficient, and
sensitive system is needed. This research aims to
develop an innovative, precise, and automated
solution to detect faults and mitigate such issues
effectively.

The main focus of the article is to

> The primary objective is to develop a robust
and efficient method for identifying high-current
faults in power system transmission lines. The
approach aims to minimize detection time while
maintaining high accuracy and promptly identifying
faults to prevent widespread damage. By leveraging
advanced algorithms, realtime monitoring, and
intelligent systems, the research seeks to enhance the
reliability of fault detection, ultimately contributing
to stable performance and power grid resilience.

> This objective focuses on minimizing the
time required to isolate and apparent faults in the
power system. The research aims to significantly
reduce system downtime and ensure an
uninterrupted power supply by implementing rapid
fault detection and clearance mechanisms. Faster
fault resolution enhances system reliability, mitigates
economic losses, and reduces operational disruptions,
ultimately benefiting both utilities and end-users.
The goal is to optimize fault management processes
for improved grid performance.

> The research aims to enhance the overall
efficiency and security of the power system by
integrating advanced fault detection and clearance
techniques. The approach seeks to minimize energy
losses, optimize resource utilization, and prevent
cascading  failures by  enhancing  system
responsiveness to faults. Additionally, the research

emphasizes strengthening the power grid's security
against potential threats, ensuring a stable and
resilient infrastructure that can meet growing energy
demands while safeguarding against vulnerabilities.

1. Literature Review

Fundamentally, the electric power system comprises
generation, transmission, and distribution
subsystems  interconnected  through  power
transmission lines, forming the transmission
subsystem. Nevertheless, these lines are susceptible to
defects with environmental effects [17-18]. Typically,
the power system operates at nominal voltage and
current levels. The faults, which are transmission line
errors that occur between phases (within the wiring
for a single incoming supply) or between the phase
and the ground, mostly cause equipment overheating
due to an increase in current and a voltage drop at
the fault point [19-20]. They can be symmetrical and
unsymmetrical [21], symmetrically unaffected and
unsymmetrically affected systems such as line-to-line,
line-to-ground, and double line-to-ground. Single-
phase ground faults are the most common type,
accounting for approximately 70% of all faults on
transmission lines. 15% and 10% of overall short-
circuit incidences are line-to-line and double line-to-
ground faults, respectively, & the remaining 5% are
three-phase faults. Artificial Neural Networks (ANN5s)
are utilized due to their generalization capability,
noise immunity, robustness, and fault tolerance,
which enhance the value of the protection system,
thereby preventing a slight change in system
properties  from  severely impacting  system
performance. With their prominence in all power
system applications [22-23], they are primarily known
for their high computational speed and ability to
manage nonlinear and incomplete data. These
networks, known as biological neurons, learn
nonlinear input-output mappings and are widely
used for classification, recognition, optimization,
prediction, and control. All ANN applications
effectively perform vector mapping, though they may
differ structurally and in training methods [24]. An
ANN model consists of interconnected nodes
resembling brain neurons, organized into input,
hidden, and output layers [25-26]. This sentence
describes the process in detail: training begins with
an Excel sheet, where inputs are multiplied by
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weights and biases and then activated in multiple
layers, resulting in an output that is compared to the
target output. This feedforward process progresses
from the input to the output layers. At the same time,
backpropagation is used to modify weights in
response to errors, utilizing activation functions such
as the sigmoid in the hidden and output layers but
not in the input layer (Chen et al., 2023). Below is
an illustration of how the model works [28].

ANNSs can generalize, resist noise, and are robust and
fault-tolerant, making them useful for power system
applications. This work focuses on developing a
SCADA¢like system for detecting and localizing AC
grid and HVDC faults using artificial neural
networks (ANNs) [29-30].

2. Materials and Methods

As discussed in the previous section, the protection
of transmission lines has been implemented for the
artificial neural network. NN is widely used due to
its capability to address desertion for clever attacks
and the challenges of the transmission line. In object
detection under complex elementary failure
conditions, an artificial neural network employs
several algorithms. [60] ANN to detect faults during
a fault in an overhead transmission line in this
desertion. This paper strongly recommends a specific
type of neural network-based algorithm for analyzing
abnormalities in power transmission lines. A case in
point is a 500 kV transmission line between Tarbella
and the Sheikh Muhammad Grid Station, spanning
117 km in length. This line was then mirrored in
Simulink, where all parameters were set accordingly.

Given these faults, numerous graphs were produced
to be evaluated against them, such as -G, L'L, L L-G,
and others. In each fault instance, the GM graph was
chosen to match the variation in length. Multiple
samples (I, V) were analyzed per fault, including both
faulty and non-faulty 3-phase current and voltage
measurements. This data was aggregated and
compiled into an Excel file to create the dataset for
training and testing on a model. This data was then
used as input in the Simulink workspace, which
provided unique codes (one for each fault type) as
output. The final step was to run the ANN tool,
which trained the ANN using both faulty and non-
faulty data, ultimately determining the defective
condition.

2.1. ANN Design for Fault Detection

The ANN classifier applied for fault diagnosis is
presented in Figure 1. The network is constructed
with six inputs, comprising three-phase currents and
voltages. It consists of 700 training samples for both
input and output, respectively, which equals 100
samples for each of the nine faults and the faultfree
condition. Table I indicates whether 1 represents a
fault or O represents no fault for the target outputs of
the data. Figure 3.1 illustrates that the architecture
comprises an input layer with six neurons, a hidden
layer with ten neurons, and an output layer with a
single neuron. Hidden and output layers use tan-
sigmoid and linear transfer functions, respectively. A
training algorithm, such as the Levenberg-Marquardt
algorithm, successfully diagnosed faults during
testing [13].
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Diagnosed the faults during testing [13].

1.2

Fault Type vs. Network Output

Network Output

Fault Type

& §
@ &
< ©
b ‘bf"
v:

Figure 1. Shows the network output and fault type.

Network Architecture

Set the number of neurons in the fitting network's hidden layer,

B

Hidden Layer Recommendation

Define a ftting neural network. - (ftnef) Return to this panel and change the number of neurons if the network does

not perform well after training.
Nurnber of Hidden Neurons: 10

Restore Defaults

Neural Network

Hidden Layer Output Layer
Input Output
6 1
10 1
w Change settings if desired, then dlick [Next] to continue.
&9 Neural Network Start 1 Welcome @ Back & Next @ Cancel

Validation and Test Data
Set aside some samples for validation and testing.
Select Percentages Explanation
& Randomly divide up the 596 samples: & Three Kinds of Samples:
‘ Training: 5% 47 samples a Training:
@ 2 G These are presented to the network during training, and the network is
Validation: 05 P adjusted according te its error,
W Testing: 15% v 89 samples
a Validation:
These are used to measure network generalization, and to halt training
when generalization stops improving.
[ ] Testing:
These have ne effect on training and so provide an independent measure of
network performance during and after training,
Restore Defaults
ﬂ Change percentages if desired, then click [Next] to continue.
&2 Neural Network Start 4 welcome @ Back & Next @ Cancel

(a)

(b)

Figure 2. Shows the network architecture and data set training, test, and validation

2.2. Data generation

The data used in this study include input and target
values arranged in an Excel sheet to train an artificial
neural network (ANN). Such training helps the NN
recognize the intricate relationship between input

and target data. The input data must be

appropriately formatted for the training to be
practical, so the answer is yes. This dataset was
created using a simulated modeling approach in
MATLAB, which allowed for the controlled synthesis
of environmental data. Such a methodology helps
establish the correctness of the data and the proper
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functioning of the mneural network predicting

patterns.

2.3. Simulation model

The system implemented here uses a 500 kV
transmission improve the systematic
application of ANNs. The simulations and modeling

line to

MATLAB/Simulink 2017a. The model is created
based on the system's architecture to depict and
examine it accurately. Below is a screenshot of the
model running. Additionally, Figure 3.3 provides a
comprehensive breakdown of the complete dataset
used for the ANN training, validation, and testing
phases.
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Figure. 3. The Simulink model for the simulation

The methodology begins by designing the power
transmission system, where relevant physical and
operational features are defined. This covers the
types of conductors, towers, insulation, and routing
of transmission lines. These design parameters are
important because they must conform to the
standard of capacity and reliability to build a stable
and efficient power distribution. Let's define the
system: After the initial design, important power
system parameters, including voltage and current, are
accurately controlled according to different load
requirements and operation modes. The protocols
allow for necessary adjustments based on the diverse
electrical demands of the system, which are essential
for optimizing performance under different
circumstances. A comprehensive dataset is generated,
containing tightly recorded voltage and current
measurements across various scenarios, utilizing well-
optimized parameters. These scenarios encompass

normal operations and simulate peak and low-
demand conditions, providing a comprehensive view
of system behavior operational
conditions.

Then, the data captured is categorized according to
different line conditions, i.e., Line to Ground, Line
to Line, and double Line to Ground faults. These
divided symmetrical and
asymmetrical when the system parameters are
balanced. This classification is an intermediate step
necessary for the next part of the methodology,
where ANN models will be utilized. All classified
data sets were formatted properly as ANN input,
including standard and faulty operational data. This
helps train and test the neural network, enabling it
to learn effectively to distinguish between different
operational states and fault conditions.

The ANN is then trained in three independent steps:
Training, Testing, and Validation. Training step:

across various

conditions are into

Scopal
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The network is trained on the data, allowing the
model to learn by updating its weights and biases to
minimize the error between actual and predicted
output values. During the testing stage, a different
data subset is used to evaluate the network's
predictive accuracy. Finally, the validation process
evaluates how well the ANN can generalize to novel
or unseen situations and how well it will perform
across a range of operational conditions. The Results
and Discussion section presents the results of using
the ANN in our power system model. The results
show the ability of ANN to identify complex types of
faults and abnormalities in operation. The proposed
approach offers significant improvements in both

ouble line to
oround

response times and diagnostic accuracy compared to
traditional diagnostic techniques, further
demonstrating the potential of utilizing machine
learning technologies to manage power systems. The
study concludes by stating that the combined use of
ANNs in designing and operating power system
transmission lines represents a new frontier in
electrical engineering. This approach enhances fault
identification and system visibility while also playing
a crucial role in the reliability and efficiency of power
distribution networks, which are essential for the
sustainable and secure operation of electrical power
systems.

Test

Validation |

Input to ANN

[ Symmetrical J-—

Figure 4. Proposed methodology for the research

3. SIMULATION RESULTS

3.1. Fault Simulation:

The results obtained from fault simulation are
shown in Figure 4 for the single-line-to-ground fault,
as listed in Table 1. There are successive changes in
V(voltage) and I(current) values shown in Figure 1,
where a-v fault for phase A of equivalents to work
has been shortcircuited to earth, shown in F
waveforms. This arrangement holds for both line-to-
line and multiple faults across phases in the

simulation. Note: All types of charts and their
respective values are stored in the Value section of
Excel. 4.2 V and I Signals Without a Fault and With
a Fault —The impact of a fault in the transmission
line on the quality of the current and voltage signals
has been noted in the previous section. The voltage
drops, and the current surges to levels that can harm
power system equipment and devices during a fault.
From Fig: 4.1 to 4.6, table 4.1 to 4.6, detailed data

on all types of faults and their waveforms are given.
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Figure .5. Current and voltage waveform with A to B

Table 1: Data for AB Short Circuit Fault about Distance Variation.

S# | D#

1 30 228600 | 228600 | 228600 | 24570 | 13090 | 1917
2 | 30.5 | 228600 | 228600 | 228600 | 24340 | 12940 | 1915
3 31 228600 | 228600 | 228600 | 24120 | 12790 | 1913
4 | 31.5 | 228600 | 228600 | 228600 | 23880 | 12640 | 1912
5 32 228600 | 228600 | 228600 | 23660 | 12500 | 1910
6 | 32.5 | 228600 | 228600 | 228600 | 23450 | 12360 | 1908
7 33 228600 | 228600 | 228600 | 23241 | 12220 | 1907
8 | 33.5 | 228600 | 228600 | 228600 | 23020 | 12090 | 1905
9 34 228600 | 228600 | 228600 | 22820 | 11960 | 1903
10 | 34.5 | 228600 | 228600 | 228600 | 22620 | 11820 | 1902
11] 35 228600 | 228600 | 228600 | 22420 | 11700 | 1900
12 | 35.5 | 228600 | 228600 | 228600 | 22220 | 11570 | 1899
13] 36 228600 | 228600 | 228600 | 22020 | 11450 | 1897
14 | 36.5 | 228600 | 228600 | 228600 | 21840 | 11330 | 1895
15| 37 228600 | 228600 | 228600 | 21660 | 11210 | 1894
16 | 37.5 | 228600 | 228600 | 228600 | 21480 | 11100 | 1892
17 ] 38 228600 | 228600 | 228600 | 21290 | 10990 | 1890
18 | 38.5 | 228600 | 228600 | 228600 | 21110 | 10880 | 1889
191 39 228600 | 228600 | 228600 | 20950 | 10770 | 1887
20 | 39.5 | 228600 | 228600 | 228600 | 20780 | 10660 | 1885
211 40 228600 | 228600 | 228600 | 20610 | 10560 | 1884
22 | 40.5 | 228600 | 228600 | 228600 | 20440 | 10450 | 1882
23| 41 228600 | 228600 | 228600 | 20270 | 10350 | 1880
24 | 41.5 | 228600 | 228600 | 228600 | 20120 | 10250 | 1879
25| 42 228600 | 228600 | 228600 | 19970 | 10150 | 1877
26 | 42.5 | 228600 | 228600 | 228600 | 19810 | 10060 | 1876
27| 43 228600 | 228600 | 228600 | 19660 | 9963 | 1874
28 | 43.5 | 228600 | 228600 | 228600 | 19500 | 9870 | 1872
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29| 44 228600 | 228600 | 228600 | 19350 | 9779 1871
30 | 44.5 | 228600 | 228600 | 228600 | 19210 | 9689 1869
31| 45 228600 | 228600 | 228600 | 19070 | 9600 | 1867
32| 45.5 | 228600 | 228600 | 228600 | 18930 | 9514 | 1866
33| 46 228600 | 228600 | 228600 | 18790 | 9428 1864
34 | 46.5 | 228600 | 228600 | 228600 | 18650 | 9344 | 1863
35| 47 228600 | 228600 | 228600 | 18510 | 9261 1861
36 | 47.5 | 228600 | 228600 | 228600 | 18370 | 9180 | 1859
37| 48 228600 | 228600 | 228600 | 18250 | 9100 | 1858
38 | 48.5 | 228600 | 228600 | 228600 | 18120 | 9021 1856
39| 49 228600 | 228600 | 228600 | 18000 | 8943 1854
40 | 49.5 | 228600 | 228600 | 228600 | 17870 | 8867 1853
41| 50 228600 | 228600 | 228600 | 17750 | 8791 1851
42 | 50.5 | 228600 | 228600 | 228600 | 17620 | 8717 1850
43| 51 228600 | 228600 | 228700 | 17490 | 8644 | 1848
44 | 51.5 | 228600 | 228600 | 228700 | 17370 | 8573 1846
45| 52 228600 | 228600 | 228700 | 17260 | 8502 1845
46 | 52.5 | 228600 | 228600 | 228700 | 17150 | 8433 1843
47| 53 228600 | 228600 | 228700 | 17040 | 8364 | 1842
48 | 53.5 | 228600 | 228600 | 228700 | 16930 | 8297 1840
49 | 54 228600 | 228600 | 228700 | 16820 | 8230 | 1838
2l I \ \ \ \ \ |
N\ //\\ ze
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Figure 6: Current and voltage waveform with A-B-C
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Table 2: Data for ABC Short Circuit Fault about Distance Variation.

D#

30

228600

228600

228600

28580

16260

16050

30.5

228600

228600

228600

82300

16080

15870

31

228600

228600

228600

28020

14890

15180

31.5

228600

228600

228600
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45 | 52 | 228600 | 228600 | 228600 | 19670 | 10570 | 10850
46 | 52.5 | 228600 | 228600 | 228600 | 19540 | 10490 | 10760
47 | 53 | 228600 | 228600 | 228600 | 19410 | 10420 | 10700
48 | 53.5 | 228600 | 228600 | 228600 | 19270 | 10680 | 10620
49 | 54 | 228600 | 228600 | 228600 | 19140 | 10250 | 10170
50 | 54.5 | 228600 | 228600 | 228600 | 19000 | 10510 | 10470
51 | 55 | 228600 | 228600 | 228600 | 18860 | 10430 | 10380
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Figure 7: Current and voltage waveform with A-B-C-G

Table 3: Data for ABC Phase-to-Ground Fault about Distance Variation

S# | D#

1 30 | 228600 | 228600 | 228600 | 28580 | 15900 | 15510
2 30.5 | 228600 | 228600 | 228600 | 28300 | 15710 | 15870
3 31 | 228600 | 228600 | 228600 | 28010 | 15540 | 15590
4 31.5 | 228600 | 228600 | 228600 | 27740 | 15360 | 15530
5 32 | 228600 | 228600 | 228600 | 27470 | 15210 | 14840
6 32.5 | 228600 | 228600 | 228600 | 27210 | 15050 | 15220
7 33 | 228600 | 228600 | 228600 | 26940 | 15250 | 15050
8 33.5 | 228600 | 228600 | 228600 | 26690 | 15100 | 14900
9 34 | 228600 | 228600 | 228600 | 26440 | 14470 | 14250
10 | 34.5 | 228600 | 228600 | 228600 | 26180 | 14430 | 14610
11 |35 | 228600 | 228600 | 228600 | 25950 | 14280 | 14460
12 | 35.5 | 228600 | 228600 | 228600 | 25720 | 14510 | 14330
13 |36 | 228600 | 228600 | 228600 | 25470 | 14000 | 13700
14 [ 36.5 | 228600 | 228600 | 228600 | 25240 | 13850 | 14050
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15 [ 37 |228600 | 228600 | 228600 | 25020 | 13730 | 13930
16 | 37.5 | 228600 | 228600 | 228600 | 24800 | 13580 | 13790
17 |38 | 228600 | 228600 | 228600 | 24580 | 13450 | 13660
18 | 38.5 | 228600 | 228600 | 228600 | 24360 | 13340 | 13070
19 |39 | 228600 | 228600 | 228600 | 24160 | 13560 | 13410
20 | 39.5 | 228600 | 228600 | 228600 | 23250 | 13070 | 13290
21 |40 | 228600 | 228600 | 228600 | 23740 | 12960 | 13170
22 | 40.5 | 228600 | 228600 | 228600 | 23530 | 12830 | 12600
23 |41 | 228600 | 228600 | 228600 | 23350 | 12720 | 12500
24 | 41.5 | 228600 | 228600 | 228600 | 23160 | 12610 | 12380
25 |42 | 228600 | 228600 | 228600 | 22960 | 12490 | 12710
26 | 42.5 | 228600 | 228600 | 228600 | 22770 | 12380 | 12610
27 |43 | 228600 | 228600 | 228600 | 22580 | 12280 | 12060
28 | 43.5 | 228600 | 228600 | 228600 | 22410 | 12160 | 11970
29 |44 | 228600 | 228600 | 228600 | 22230 | 12070 | 11870
30 | 44.5 | 228600 | 228600 | 228600 | 22050 | 11950 | 12190
31 |45 | 228600 | 228600 | 228600 | 21870 | 11850 | 11090
32 | 45.5 | 228600 | 228600 | 228600 | 21690 | 11750 | 11990
33 |46 | 228600 | 228600 | 228600 | 21530 | 11640 | 11900
34 | 46.5 | 228600 | 228600 | 228600 | 21370 | 10980 | 11390
35 |47 | 228600 | 228600 | 228600 | 21200 | 11460 | 11290
The multi-layer Feedforward Artificial Neural without faults, resulting in 55 data samples per

Network (ANN) is an extensively used model for
classifying faults. Selecting the bestperforming
network architecture is a complex process that
involves several key factors. These include the
number of units in the network, the size of the
training dataset, and the type of learning strategy
used. The back-propagation algorithm is known to
have an optimal topology, a determination resulting
from significant trial and error. This paradigm, the
slowest learning model among its contemporaries, is
distinguished by its ability to optimize and improve.
A critical approach to enhancing performance is the
implementation of the Levenberg-Marquardt
optimization technique. Additionally, it is crucial to
select the exemplary architecture and determine the
appropriate network sizing. This action significantly
accelerates the training phase and enhances the
computational power of neural networks, thereby
enabling them to solve complex problems. In the
study "Fault Detection Using ANN," the initial stage
identifying faults by simultaneously
inputting six variables into the network. These
inputs comprise currents and voltages from three
phases. We examined symmetric and asymmetric
instances of abnormal conditions alongside a case

involves

scenario. Ultimately, 700 samples were collected
across all scenarios, forming a dataset used to train
the neural network (NN). This dataset encompasses
approximately 700 sets of inputs and outputs, where
each pair consists of six inputs and a single output.
The output indicates the presence of a fault, denoted
by 1, or its absence, denoted by 0. Initially, the ANN
was trained using a 6-10-1 configuration, and the
results, including performance and
metrics, detailed in Figures 8 to 11.
Subsequently, the network was trained using a 6-12-1
configuration to improve performance and
correlations.

After several training sessions, the 6-8-1 ANN
configuration emerged as the most effective for fault
detection, achieving a Mean Squared Error (MSE) of
2.2498 x 10" (19), which is significantly below the
preset threshold of 0.0001, as illustrated in Fig.
4.3(c). This indicates that the training, testing, and
validation phases were aligned, and learning was
effective due to their shared characteristics and a

correlation
were

commitment to learning across all stages. The
correlation ideal
relationship between the outputs and targets (R = 1),
as depicted in Fig. 4 .3 (d). The ANN's fault

measurements revealed an
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detection precision reached 100%, verified by a in its red section, underscoring the model's accuracy

confusion matrix that showed no misclassifications in fault detection.
1
attempt
4\ Neural Fitting (nftool) - (] X
Train Network
Train the network to fit the inputs and targets.
Train Network Results
Choose a training algorithm: 5 Samples (<] mse #r
w Training: 48 2.12919e-5 9.99874e-1
W Validation: 29 1.71959¢-5 9.99905¢e-1
This algorithm typically requires more memory but less time. Training )
automatically stops when generalization stops improving, as indicated by G Testing: 8 209533e-3 9.99762e-1
an increase in the mean square error of the validation samples,
Train using Levenberg-Marquardt. (trainlm) | PlotFit Plot Error Histogram

tl Retrain

Plot Regression

Notes

W Training multiple times will generate different results due

Mean Squared Error is the average squared difference
to different initial conditions and sampling. =

between outputs and targets. Lower values are better. Zero
MEans No error.

Regression R Values measure the correlation between
[#] outputs and targets. An R value of 1 means a close
relationship, 0 a random relationship.

é Open a plot, retrain, or click [Next] to continue.

¢ Meural Network Start [44 Welcome @ Back Ep Next @ Cancel
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Figure 8: (a) ANN Training Architecture, (b) Trained ANN Model, (c) ANN Performance Evaluation, (d)
Correlation Graphs.

Error Histogram with 20 Bins

-Tra ining

[ validation
Test

- Zero Error

150

100

Instances

o @ . @ = o ]
Nz&8 33 % 5825 § T ERF RSB I
EoF o 8 R e R TSNz =ogd g
T - 5 T 085 & & - o Wb BT T &= = P}
S &5 -0 8 88 8 5 PR T — T —
o o T o o0 oo 2 2 9 9= e ===
PG P G NS = =
Errors = arge?s -Outputs

Figure 9 displays a histogram of errors.
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Figure 10 includes (a) the architecture of the trained artific
the ANN, (c) graphs showing correlation

ial neural network (ANN), (b) the performance of
s, and (d) a histogram of errors.
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Figure 11. (a) ANN Training Architecture (b) Trained ANN Model (c) ANN Performance Evaluation (d)
Correlation Plots (e) Error Distribution Histogram (f) Confusion Matrix
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4. Discussion

This study has demonstrated the feasibility of
Artificial Neural Networks (ANNs) in the effective
detection of faults in high-voltage transmission lines.
The ANN model used in this research was
thoroughly validated using a MATLAB and Simulink
simulations dataset, representing different fault
conditions in a 500 kV power system of 117 km
length. The outcome highlights the high robustness
and accuracy of the ANN, achieving a remarkable
100% detection of faults, as reflected in the
confusion matrix, and an incredibly low Mean
Square Error (MSE) of 2.2498e-9. The success of the
ANN model lies in its capacity to emulate the
sophisticated decision-making process of the human
brain. This enables it to identify minute patterns and
inconsistencies in voltage and current readings that
can signify faults. Such a capability is imperative in
high-voltage transmission lines, where early fault
detection is vital to avoid prolonged outages and
severe damage to the power grid infrastructure. Our
methodology differs from others in that it keeps the
detection time as short as possible, thereby enabling
faster isolation and correction of faults. Applying a
multilayer perceptron (MLP) with backpropagation
training further refines the model's learning from the
training set, which encompasses a diverse range of
fault types and scenarios. Such variability in training
enables the ANN to learn not just from theoretical
case studies. Still, it is also suitably prepared for
realistic, real-case usage where patterns of faults
could differ significantly.

Compared to conventional fault detection systems,
reliance is more intense on relay-type mechanisms
that cannot always trigger or pinpoint the precise
characteristics of the fault. Traditional systems are
both slower and less reliable due to the occurrence of
faults whose characteristics are contingent upon a
range of external causes, such as environmental
conditions, mechanical damage to units, or process
errors. The capacity of the ANN to keep learning
and to modify its response based on received data
offers a significant enhancement of these traditional
techniques. In addition, incorporating artificial
neural networks (ANNs) in fault detection systems
aligns with the continuous evolution of innovative
grid technologies, where automation and real-time
data analysis play a central role. The scalability of

ANNs enables their application to various grid
segments, ranging from local distribution networks
to extensive transmission networks, providing a
unified solution for fault management. This research
also points towards future improvements in fault
detection methods. Investigating deeper and more
intricate network structures, perhaps incorporating
newer types of artificial intelligence, such as deep
learning and reinforcement learning, could further
enhance the precision and efficiency of fault
detection systems. Implementing these systems in a
realworld setting would also provide valuable
insights into their operational efficiency and areas
for improvement. In summary, the ANN-based fault
detection model developed in this research
represents a significant technological advancement in
the maintenance and operation of power
transmission systems. It not only facilitates the timely
identification and rectification of faults but also
helps enhance the stability and efficiency of the
electrical power distribution network. Further
research and development are recommended to fully
leverage the potential of ANNs in this area,
potentially revolutionizing the monitoring and
maintenance of power systems.

5. Conclusion

This research presents a comprehensive investigation
into the use of Artificial Neural Networks (ANNs)
for fault detection on power transmission lines.
Through a thorough exploration of various data
models and iterative design efforts, an artificial
neural network (ANN) was determined to be the
most effective technical solution for identifying faults
in transmission systems [15]. The ANN design
process required multiple iterations to refine the
model and ensure optimal performance. The neural
network was trained and developed through
MATLAB software and the ANN toolbox.

The results showed that ANN is an excellent fault
detector when trained with reliable and validated
datasets. The model successfully classified voltage (V)
and current (I) readings collected from each phase,
which aided in fault detection. This is particularly
important in the modern world, making this type
crucial for power transmission systems. It helps
detect and correct faults early, ultimately reducing
the downtime and damages caused.
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Everything starts with prefacing that the ANN was
the most successful algorithm in this study, which
can lead to further improvements in fault detection.
Additional research can be performed to optimize
network architectures, including realtime data
processing and deploying ANN-based fault detection
techniques within innovative grid environments.
Using Al-based methods, power transmission systems
can enhance their reliability, efficiency, fault
detection, and  diagnosis = without  human
intervention.

In conclusion, this study highlights the potential of
ANN for fault detection and sets the stage for future
advancements in power system monitoring and
maintenance.
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