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ABSTRACT

The accurate and efficient location of faults in power system lines is crucial for ensuring reliable and uninterrupted
power supply. In recent years, Artificial Intelligence (Al) has been increasingly used in fault location methods, promising
to improve the accuracy and efficiency of fault location. However, Al-based fault location methods also face challenges
such as data quality, interpretability, and model robustness. Review method: This paper presents a review of the
challenges and solutions of Al-based fault location methods in power system lines. The review is based on a
comprehensive analysis of existing literature and research studies, focusing on the challenges associated with Al-based
fault location methods and the solutions proposed to address these challenges. Content: The paper discusses the
challenges associated with Al-based fault location methods in power system lines, including data quality, interpretability,
and model robustness. The review presents several solutions to address these challenges, including data preprocessing
techniques to improve data quality, explainable Al methods to enhance interpretability, and robustness validation
techniques to improve model robustness. The accurate and efficient location of faults in power system lines is crucial for
ensuring reliable and uninterrupted power supply. Al-based fault location methods have the potential to improve the
accuracy and efficiency of fault location. However, these methods also face challenges such as data quality,
interpretability, and model robustness. Addressing these challenges through techniques such as data preprocessing,
explainable Al, and robustness validation can help to improve the accuracy and reliability of Al-based fault location
methods.
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The accurate and timely location of faults in power system lines
is essential to ensure the reliable and uninterrupted supply of electricity
to consumers. Traditional fault location methods rely on manual
inspection and require significant time and effort to identify and locate
faults. In recent years, Artificial Intelligence (Al) has emerged as a
promising solution to improve the accuracy and efficiency of fault
location methods. The transmission and distribution lines represent the
backbone of electrical power systems!*. The protection and
maintenance efforts of power lines and fault location accuracy for the
network are of vital importance in power quality production and outage
time reduction?.

There has been an increasing interest in the use of Al-based fault
location methods in power systems. Several studies have been
conducted to develop and test various Al-based fault location methods,
including deep learning, fuzzy logic, and support vector machines. In
general, faults in power systems lines may occur, which is unavoidable
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for overhead lines due to natural causes of climate, insulation failure, or any other incidents™2. While storms,
snowfall, heavy rains, and weather pollutants have no impact on underground cables in transmission and
distribution systems. However, it is difficult to know the failure reasons in underground cables when it happens
in subsurface linest®!. The underground cable installations, maintenance, and fault detection are difficult and
high cost compared to overhead lines. However, underground cables are higher reliable and have longer service
life.

From the other hands, Artificial Intelligence (Al) became the faster and the most accurate method in many
of the engineering applications!*". Last thirty years, several nature simulated attitudes have been done to deal
with the high complex problems especially power systems® %, Those simulations led to approaching a
mathematical description of the movements of many organisms such as Particle Swarm Optimization (PSO),
gray wolves, elephant herding optimization, machine learning, and deep learning™*?. However, the
application of Al-based fault location methods in power system lines also faces challenges such as data quality,
interpretability, and model robustness.

This paper provides a comprehensive review of the challenges and solutions of Al-based fault location
methods in power system lines. The paper begins by discussing the challenges associated with these methods,
including data quality, interpretability, and model robustness. The review then presents several solutions
proposed by researchers to address these challenges, such as data preprocessing technigues, explainable Al
methods, and model robustness validation techniques. The paper concludes by emphasizing the importance of
the integration of Al-based fault location methods into power system operations and the need for collaboration
between utilities and researchers to develop more accurate and reliable fault location methods.

2. Conventional fault location technique

The main fault types that may happen in any power system network are balanced and unbalanced faults.
Also, faults can also be classified into series and shunt types™*!. Both main types are notably affecting the
current, voltage, and frequency but in opposite ways. The series fault is one type of unbalanced fault by the
sudden change in the series impedance of the power system line, especially in an open circuit. In comparison,
the shunt fault occurs if there is a short circuit between the lines or the lines and the neutral™®. For a three-
phase line, shunt faults are categorized as one line-ground, line-line-ground, line-line, and three-phase
(symmetrical) faults. 70%, 10%, and 15% are the unsymmetrical occurrence percentage of each line-ground,
line-line-ground, and line-line respectively™!. While the symmetrical fault occurrence percentage is only 5%
of the total faults that happened in the power network.

2.1. Conventional fault location techniques

Fault detection is useful for electrical components to reduce the fault danger before it causes damage to
the power system. Any failure in these systems may lead to making a power disturbance or shutdown which
is a big issue in today’s life. Form the other hand, the detection of the fault location early and correctly can be
avoiding those kinds of problems or reduce the shutdown time. Several types of research on fault studies have
been done over the last decades and fault calculation techniques have been proposed to find faults’ location
and value in power systemst*®!, Faults in transmission and distribution systems can be recognized using two
main traditional methods which are traveling wave-based, and impedance-based methods.

2.2. The traveling wave (Time Domain Reflectometer)

The traveling wave methods are based on the precept of transmission and reflection of the traveling wave
between sending end and the fault position.

Figure 1 shows the traveling wave strategy, where t; is the time of the sending wave and t; is the time of
reflecting wave reaching, and the junction represents the fault point. As shown in Equations (1) and (2).
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Figure 1. Traveling wave-based method.
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Some of the traveling waves examples that have been used in fault detection topic are done in the
references™™ %, Niazy and Sadeh!*” suggested a traveling wave-based method using transients caused by
circuit breaker switching instead of fault transients wave. The fault accuracy poison judgment was done by the
usage of the polarity wavelet transform to detect the modal component time of the traveling signal. Also, Lee
and Mousa*® used the GPS and lightning signal to estimate the fault position. Bao et al.!*%! categorized, studied,
and compared traveling waves based on fault detection for OH which were single and two terminal locations.

2.3. Impedance/phasor/time-domain based method

The concept of impedance-based method depends on the injection of a current into the damaged cable
and earth termination to detect a ground fault. Figure 2 shows the basic idea of the impedance method. As
shown the injected current passed through the conductor and completes the circuit through the earth stake via
the earth from the earth fault site. It is essential to use a highly sensitive voltmeter because a small change in
the reading may be caused to expect a wrong fault position. As shown in Equation (3).
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Figure 2. Impedance-based method.
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As a samples of time-domain based method, McKinnon et al.?® proposed an algorithm used the neutral
voltage distortion and negative sequence current present during the unsymmetrical line-ground fault. That
development gave the engineering the capability to localize high-impedance faults. McKinnon algorithm was
appropriated for high-impedance faults of more than 20 kQ. Furthermore, Dash et al.?!) utilized the Power
Systems Computer Aided Design (PSCAD) Simulink tool to analyze high impedance fault characteristics and
developed a detection equation that has been modeled for Micro-Grid application. Chen et al.l?! were consider
the system zero-sequence affection. Based on suppressing the impedance affection, their method computes the
zero-sequence power factor of the network to analyze the line state using the single-phase instantaneous
reactive power theory, and its fourth-order components. The authors used the PSCAD code for verifying the
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model performance for both high and low impedance. Sun et al.l*®! presented a high impedance ground fault
feeder to solve the fault location issues. Three steps the authors have suggested started from building a zero-
sequence model, passing through analyzing the model current and ending with a calculation correlation
coefficient between neutral resistance current and zero-sequence current.

Liu et al.**! depended on only the estimation of variation of the zero-sequence voltage and zero-sequence
admittance to guess the real fault location to get the advantage of zero effect for the asymmetry of the non-
direct ground power system.

3. Artificial Intelligence (Al) techniques

According to the successful applications of the Al in the high complex of power system problems, Al
applied in the various uncertainty parameters that are difficult to figure out using traditional methods?®®!. One
of the most important applications is the fault location detection. Generally, those methods require specific
information such as feeder measurements, substations, and feeder switchgear status data. Those data have been
analyzed using Al methods. In this paper, the Al methods that have been employed in fault locations is
categorized into three methods.

3.1. Basic methods

Each Al method that the scientist developed for the first time could be categorized as a basic method such
as PSO, Genetic Algorithm (GA), firefly algorithm, neural network, Garra rufa optimization (GRO), or super
vector machinel?=7,

Verma et al.l”®! used the ARDUINO controller based on machine learning prototype to detect the length of
the fault from the cable source. Wang and Xu®®® used a chaotic neural network and MATLAB/Simulink for
both terminals traveling wave locations to identify fault location.

GA was one of the methods that were widely used in fault topic. Jin and Ju divided power system network
of complex details and single power source into main and subsidiary lines. GA was designed for finding the
fault in the main lines, while the fault in the subsidiary lines was founded by the fault current®. Also, GA
used actual fault enrolled data for the south grid of China to locate the fault transmission lines by analyzing
the line parameters for both sides®*.

Fuzzy membership was also applied to identify the fault type and distance from the source in a double
power line circuit system®. The balance currents and the positive and negative components were the base of
the fuzzy membership data and classification.

Gururajapathy et al.®® selected the Malaysian distribution system and Support Vector Machine (SVM)
method as a database for expecting the fault position according to the Euclidean distance approach. The
PSCAD software was used to simulate and validate the model.

3.2. Modified methods

The methods that have an improvement in their equations or the main loops to be suitable for some
applications could be categorized as modified methods. Modified FA, Continuous Genetic Algorithm (CGA),
Deep Belief Network (DBN), Segmentation PSO (Se-PSO), are examples of the modified methods!®*3"!,

Bedekar et al.® modified the Genetic Algorithm by adding Hebb’s rule and continues loop until reached
an acceptable error of the fault section identification. A comparison between basic GA and CGA results via
damaged section identification and execution time. Qin et al.*”! simulated an enhanced deep learning Al by
creating DBN model. This enhancement was applied with the other three types of conventional shallow neural
networks and compared to validate the ability to find the cable fault.



3.3. Al hybrid methods

The combination of two or more Al methods represents the Al hybrid methods. Al hybrid methods could
be applied one algorithm after one (serial), all of the algorithms at the same time (parallel), or using an
algorithm to select the other parameters (embedding)84°!,

Nakho and Hamam®® hybrid the discrete wavelet transform and k-Nearest neighbor machine learning Al
methods to recognize the line to ground fault and its class. The validation of the hybridization was done using
two other methods which are SVM and Naive Bayes.

The wavelet transform and SVM were used together as locator approach for transmission lines®®“%, The
wavelet transform, SVM, and support vector regression were used serially for extracting frequency
components, fault type identifying then fault distance identification®. In the previous method, there was no
phase damage consideration in the system. To overcome this issue, Deng et al.% selected the eigenvalues of
the zero-sequence current by the wavelet transform method and then identify the fault distance by SVM.

In another work, Ray and Mishra! used SVM, Particle Swarm Optimization method, and wavelet packet
transform as a hybrid to calculate the fault type and the fault position along the transmission line.

4. Discussion

In this paper, the previously presented works are a collection of fault identification that were done in the
last twenty years. Those methods are classified in a new style to make the fault location topic smoother for
reading. Figure 3 provides a general description of the proposed classification.
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Figure 3. Fault classifications.
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Based on the performance of different each fault identification method concepts, a comparison of their
benefits advantages and disadvantages of those methods is illustrated in Table 1.

Table 1. The fault types features.

Method Advantage Disadvantage

Traveling wave-based There are no affections by the load changes The accuracy effected by other line parameters,
and the higher grounding lines resistance  which are line inductance and shunt capacitance.
and series capacitor.

Impedance-based Low price and easy implementation The high dependency on line parameters, line
characteristics, load value system non-
homogeneity, and measurement device.

Al basic methods Fast, error limits are depending less on the  Failing in single optimal point. Not accrue in some
space dimension. Easiest Artificial of the high complex issues.
Intelligence method by implementation,
and low complex.

Al modified methods Medium in complexity, pass the failing in  High parameter dependence
single optimal point in many applications.

Al hybrid methods Low parameter dependences, high High complex, difficult to implementation. Needs
accuracy to high algorithm information.




In spite of the several types of power transmission lines and their complexity, tasks research on the Al
solved many of power system problems!***3, The fault location still requiring for more location accuracy
special for the cable distribution system. It is very important to summarize the general features of the literature
methods to. The future recommendations can be summarized as:

1) Due to the increased number of new Al methods applications in power system, we recommending to
use more than basic intelligent methods such as Garra rufa optimization, gray wolves optimization, and
elephant herding optimization in fault location topic.

2) Due to the robust of hybrid methods via control, classification, and optimization, we recommending
to implement the most successful methods for locating the fault, for example, GA-PSO, Fuzzy-PSO, and
firefly-PSO.

3) The combination of the Al and conventional methods maybe reduce the data-driven knowledge that
needs in the machine learning-based.

5. Challenges and future recommendations

Despite the numerous fault location methods available for power system lines, there are still several
challenges associated with fault location. Some of these challenges include:

® Data quality: Al-based fault location methods require high-quality data to train accurate models.
However, data quality can be affected by factors such as noise, interference, and measurement errors, which
can impact the accuracy of the fault location model.

® |Interpretability: One of the major challenges of Al-based fault location methods is their lack of
interpretability. These methods often use complex models that are difficult to interpret, making it challenging
to understand how the model arrives at its fault location prediction.

® Model robustness: Al-based fault location methods are vulnerable to adversarial attacks that can
manipulate the data inputs to the model, leading to inaccurate fault location predictions.

Future recommendations:

® Data preprocessing: Developing effective data preprocessing techniques to improve data quality is
crucial to the accuracy of Al-based fault location methods. These techniques should aim to reduce noise and
interference and remove measurement errors.

® Explainable Al: Researchers should focus on developing explainable Al techniques such as decision
trees, rule-based models, and neural networks with attention mechanisms. These technigques can help improve
the interpretability of Al-based fault location models, providing insights into how the model makes its
predictions.

® Model robustness validation: Validation techniques such as adversarial training, robust optimization,
and input perturbation can improve the robustness of Al-based fault location models, making them less
vulnerable to adversarial attacks.

® Data sharing: The availability of high-quality data is essential for the development and testing of Al-
based fault location methods. Therefore, utilities and researchers should collaborate to share data, facilitating
the development of more accurate and reliable fault location models.

® Integration of Al-based fault location methods: Finally, the integration of Al-based fault location
methods into power system operations is crucial for their successful implementation. Utilities and researchers
should work together to develop guidelines and standards for the integration of Al-based fault location methods
into existing power system infrastructure.



6. Conclusions

Fault location in power system lines remains a critical task for power system operators, as it helps to
reduce outage times and improve the reliability of the power system. However, locating faults in power system
lines can be a challenging task, particularly in complex power grids with numerous transmission lines and
distributed generation sources. This paper has presented a review of the challenges and solutions of fault
location methods in power system lines. The review has identified several challenges associated with fault
location, including the impact of distributed generation on fault location, the need for accurate fault location
in underground power cables, and the impact of system complexity on fault location accuracy. The review has
also highlighted several fault location methods, including time-domain reflectometry, traveling wave-based
methods, and model-based methods. To improve the accuracy and efficiency of fault location in power system
lines, future recommendations include the integration of advanced technologies, standardization of fault
location methods, development of comprehensive fault location strategies, and improved communication
infrastructure.

Author contributions

Conceptualization, AHZ and KSY; methodology, AHZ; formal analysis, AHZ; writing—original draft
preparation, AHZ; writing—review & editing, KSY; visualization, AHZ; supervision, KSY.

Conflict of interest
The authors declare no conflict of interest.

References

1. Shafiullah M, Abido M, Al-Mohammed AH. Fault diagnosis in two-terminal power transmission lines. In: Power
System Fault Diagnosis. Elsevier; 2022. pp. 159-194.

2. Bahmanyar A, Jamali S, Estebsari A, Bompard E. A comparison framework for distribution system outage and
fault location methods. Electric Power Systems Research 2017; 145: 19-34. doi: 10.1016/j.epsr.2016.12.018

3. Kongar I, Giovinazzi S, Rossetto T. Seismic performance of buried electrical cables: Evidence-based repair rates
and fragility functions. Bulletin of Earthquake Engineering 2017; 15(7): 3151-3181. doi: 10.1007/s10518-016-
0077-3

4. Rashag HF, Koh SP, Abdalla AN, et al. Improved close loop stator flux estimation of direct torque control drive.
Procedia Engineering 2012; 38: 572-577. doi: 10.1016/j.proeng.2012.06.071

5. Jaber AS, Ahmad AZ, Abdalla AN. A new parameters identification of single area power system based LFC using
Segmentation Particle Swarm Optimization (SePSO) algorithm. In: Proceedings of 2013 IEEE PES Asia-Pacific
Power and Energy Engineering Conference; 8-11 December 2013; Hong Kong, China.

6. Hussein BM, Jaber AS. Unit commitment based on modified firefly algorithm. Measurement and Control 2020;
53(3-4): 320-327. doi: 10.1177/0020294019890630

7. Mohammad KS, Jaber AS. Comparison of electric motors used in electric vehicle propulsion system. Indonesian
Journal of Electrical Engineering and Computer Science 2022; 27(1): 11. doi: 10.11591/ijeecs.v27.i1.pp11-19

8. Jaber AS, Satar KA, Shalash NA. Short term load forecasting for electrical dispatcher of Baghdad city based on
SVM-PSO method. In: Proceedings of 2018 2nd International Conference on Electrical Engineering and
Informatics: Toward the Most Efficient Way of Making and Dealing with Future Electrical Power System and Big
Data Analysis; 16-17 October 2018; Batam, Indonesia. pp. 140-143.

9. lzzri N, Mehdi OH, Abdalla AN, et al. Fast prediction of power transfer stability index based on radial basis
function neural network. International Journal of the Physical Sciences 2011; 6(35): 7978-7984. doi:
10.5897/1JPS11.1322

10. Jaber AS, Satar KA, Shalash NA. Short-term load forecasting for electrical dispatcher of Baghdad city based on
SVM-FA. International Journal of Advanced Computer Science and Applications 2018; 9(11): 300-304. doi:
10.14569/1JACSA.2018.091141

11. Azrag MAK, Kadir TAA, Kabir MN, Jaber AS. Large-scale kinetic parameters estimation of metabolic model of
Escherichia Coli. International Journal of Machine Learning and Computing 2019; 9(2): 160-167. doi:
10.18178/ijmlc.2019.9.2.781

12.  Alhayani F, Jaber AS, Aydin C, Atilla DC. Tuning of PID controller for Four-Area load frequency control using
elephant herding optimization. AURUM Miihendislik Sistemleri ve Mimarlik Dergisi 2020; 3(2): 215-225.

13. Gajbhiye S, Karmore SP. Cable fault monitoring and indication: A review. International Journal of Computer

7


https://link.springer.com/journal/10518

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

Science and Network 2013; 2(4): 20-24. doi: 10.48550/arXiv.1309.5457

Gururajapathy SS, Mokhlis H, Illias HA. Fault location and detection techniques in power distribution systems
with distributed generation: A review. Renewable and Sustainable Energy Reviews 2017; 74(C): 949-958. doi:
10.1016/j.rser.2017.03.021

Chen K, Huang C, He J. Fault detection, classification and location for transmission lines and distribution systems:
A review on the methods. High Voltage 2016; 1(1): 25-33. doi: 10.1049/hve.2016.0005

Mane V, Mansawale P, Yawale S, Deshmukh A. Cable fault detection methods: A review. International Journal
of Research in Engineering, Science and Management 2022; 5(6): 314-317.

Niazy I, Sadeh J. A new single ended fault location algorithm for combined transmission line considering fault
clearing transients without using line parameters. Electrical Power and Energy Systems 2013; 44(1): 816-823. doi:
10.1016/j.ijepes.2012.08.007

Lee H, Mousa AM. GPS travelling wave fault locator systems: Investigation into the anomalous measurements
related to lightning strikes. IEEE Transactions on Power Delivery 1996; 11(3): 1214-1223. doi:
10.1109/61.517474

Bao JZ, Zhong T, Ye M. A fault location and realization method for overhead high voltage power transmission.
Procedia Engineering 2011; 15: 964-968. doi: 10.1016/j.proeng.2011.08.178

McKinnon C, Gargoom A, Rabbani M, Oo A. Detection of high impedance faults on compensated distribution
networks. In: Proceedings of 2019 29th Australasian Universities Power Engineering Conference; 26-29
November 2019; Nadi, Fiji.

Dash DK, Biswal T, Swain SC. Optimum relaying scheme of high impedance fault detection in Micro-Grid. In:
Proceedings of 2020 National Conference on Emerging Trends on Sustainable Technology and Engineering
Applications; 7-8 February 2020; Durgapur, India.

Chen J, Li H, Deng C, Wang G. Detection of single-phase to ground faults in low-resistance grounded MV
systems. IEEE Transactions on Power Delivery 2020; 36(3): 1499-1508. doi: 10.1109/TPWRD.2020.3010165
Sun J, Zhang L, Chen M, et al. Feeder selection method of single-phase high impedance grounding fault in SRGS.
In: Proceedings of 2021 6th International Conference on Smart Grid and Electrical Automation; 29-30 May 2021;
Kunming, China. pp. 112-116.

Liu B, Ma H, Xu H, Ju P. Single-phase-to-ground fault detection with distributed parameters analysis in non-direct
grounded systems. CSEE Journal of Power and Energy Systems 2019; 5(1): 139-147. doi:
10.17775/CSEEJPES.2016.00740

Jaber AS, Ahmad AZB, Abdalla AN. Advance two-area load frequency control using Particle Swarm
Optimization scaled fuzzy logic. Advanced Materials Research 2013; 622-623: 80-85. doi:
10.4028/www.scientific.net/ AMR.622-623.80

Jaber AS, Ahmad AZ, Abdalla AN. An investigation of Scaled-FLC using PSO for multi-area power system load
frequency control. Energy and Power Engineering 2013; 5(4): 458-462. doi: 10.4236/epe.2013.54B088

Jaber AS, Abdulbari HA, Shalash NA, Abdalla AN. Garra Rufa-inspired optimization technique. International
Journal of Intelligent Systems 2020; 35(11): 1831-1856. doi: 10.1002/int.22274

Verma VK, Kumar M, Patel K, et al. Underground cable fault detection using loT. International Research Journal
of Engineering and Technology 2020; 7(7): 3145-3151.

Wang Z, Xu L. Fault detection of the power system based on the chaotic neural network and wavelet transform.
Complexity 2020; 2020: 1-15. doi: 10.1155/2020/8884786

Jin Q, Ju R. Fault location for distribution network based on genetic algorithm and stage treatment. In:
Proceedings of 2012 Spring Congress on Engineering and Technology; 27-30 May 2012; Xi’an, China. pp. 1-4.
Li Y, Zhang S, Li H, et al. A fault location method based on genetic algorithm for high-voltage direct current
transmission line. European Transactions on Electrical Power 2012; 22(6): 866-878. doi: 10.1002/etep.1659
Adhikari S, Sinha N, Dorendrajit T. Fuzzy logic based on-line fault detection and classification in transmission
line. SpringerPlus 2016; 5(1): 1002. doi: 10.1186/s40064-016-2669-4

Gururajapathy SS, Mokhlis H, lllias HA. Fault location using mathematical analysis and database approach.
Compel: International Journal for Computation and Mathematics in Electrical and Electronic Engineering 2019;
38(1): 415-430. doi: 10.1108/COMPEL-02-2018-0077

Jaber A, Ahmad AZ, Abdalla AN. A new load frequency controller based on parallelization of fuzzy PD with
conventional Pl (FPD-PI). Australian Journal of Basic and Applied Sciences 2014; 373-379.

Azrag MAK, Kadir TAA, Jaber AS. Segment Particle Swarm Optimization adoption for Large-Scale kinetic
parameter identification of Escherichia Coli metabolic network model. IEEE Access 2018; 6: 78622—78639. doi:
10.1109/ACCESS.2018.2885118

Bedekar PP, Bhide SR, Kale VS. Fault section estimation in power system using Hebb’s rule and continuous
genetic algorithm. International Journal of Electrical Power & Energy Systems 2011; 33(3): 457-465. doi:
10.1016/j.ijepes.2010.10.008

Qin X, Zhang Y, Mei W, et al. A cable fault recognition method based on a deep belief network. Computers &
Electrical Engineering 2018; 71: 452-464. doi: 10.1016/j.compeleceng.2018.07.043

Nakho A, Hamam Y. Detection and classification of single phase to ground faults under high resistance ground
paths in power systems using machine learning. In: Proceedings of 2021 Southern African Universities Power

8


https://doi.org/10.1049/hve.2016.0005

39.

40.

41.

42.

43.

Engineering Conference/Robotics and Mechatronics/Pattern Recognition Association of South Africa; 27-29
January 2021; Potchefstroom, South Africa.

Ekici S. Support Vector Machines for classification and locating faults on transmission lines. Applied Soft
Computing 2012; 12(6): 1650-1658. doi: 10.1016/j.as0c.2012.02.011

Deng X, Yuan R, Xiao Z, et al. Fault location in loop distribution network using SVM technology. International
Journal of Electrical Power & Energy Systems 2015; 65: 254—261. doi: 10.1016/j.ijepes.2014.10.010

Ray P, Mishra DP. Support Vector Machine based fault classification and location of a long transmission line.
Engineering Science and Technology, an International Journal 2016; 19(3): 1368-1380. doi:
10.1016/j.jestch.2016.04.001

Jaber AS, Mohammad KS, Shalash NA. Optimization of electrical power systems using hybrid PSO-GA
computational algorithm: A review. International Review of Electrical Engineering 2020; 15(6): 502-511. doi:
10.15866/iree.v15i6.18599

Shalash NA, Ahmad AZ, Jaber AS. Multi-agent approach to reliability assessment of power system generation
using fuzzy logic. International Journal of Simulation: Systems, Science & Technology 2016; 17(32): 1-18. doi:
10.5013/1JSSST.a.17.32.18



