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This research aims to develop an intelligent model for detecting and localizing faults in power cables 

using advanced machine learning techniques. The novelty of our approach lies in integrating deep 

learning algorithms with oscillating wave detection for precise fault localization. Our model significantly 

improves detection accuracy and reliability compared to existing methods. Key findings include a 15% 

increase in detection accuracy and a 20% improvement in localization precision, demonstrating the 

model’s potential for enhancing maintenance efficiency and reducing operational costs in power 

distribution networks. Methodology: This article proposes a method based on oscillation wave partial 

discharge detection for locating power cable faults, to quickly identify the insulation aging status and 

faults in power cables. This method introduces the principles and experimental devices used in oscillation 

wave partial discharge experiments. It also compares and analyzes three power cables with significant 

differences in insulation aging levels and insulation defects at cable joints and terminals. We established 

the relationship between the degree of insulation aging and the partial discharge parameters of the cable, 

including discharge starting voltage and discharge quantity. We applied the partial discharge localization 

method to analyze the location of cable insulation aging faults. Results: The experiments demonstrated 

that, in comparison to cables A and C, the insulation strength of cable B was significantly worse, even 

exceeding three orders of magnitude. Conclusion: The tan δ value for each phase of Cable B was two to 

three orders of magnitude larger than that of Cable A and Cable C. The experimental results, highlights 

the effectiveness and applicability of the partial discharge experiment with damping oscillating wave 

voltage. 

Povzetek: Članek predstavlja inteligentne metode za zaznavanje in lokalizacijo okvar kablov z uporabo 

naprednih tehnik analize praznjenja, ki združujejo strojno učenje in signale za izboljšanje diagnostike. 

 

1 Introduction 
Power cable fault detection is crucial for the electricity 

industry, ensuring the reliability and efficiency of power 

distribution networks. Early detection of faults can 

prevent severe outages and reduce maintenance costs. 

Traditional methods for fault detection often lack accuracy 

and reliability, leading to inefficient maintenance 

practices. This research addresses these limitations by 

proposing an intelligent model that leverages advanced 

machine-learning techniques to improve fault detection 

and localization. The power distribution network consists 

of complex systems where precise fault detection is 

essential for maintaining operational efficiency. Our study 

aims to develop a model that not only detects faults with 

high accuracy but also provides precise localization, 

enhancing overall maintenance practices. The 

development of power cable insulation application 

technology has continued through one hundred with the 

gradual improvement of the highest working voltage and 

operating stability of the cable, the insulation materials  

 

used for the cable have begun to change. Many new 

materials have shown superior performance in application, 

including new materials such as cross-linked 

polyethylene, which are not limited to traditional oil 

insulation methods. Crosslinked polyethylene oil-filled 

cable has gained rapid commercial development and wide 

application due to its three characteristics: low installation 

and maintenance costs, stable electrical performance, and 

strong heat resistance and corrosion ability, showing good 

application prospects [1]. The problems with current high-

quality polyethylene cable insulation materials also still 

exist. It is not easy to degrade completely and cannot be 

reused. Technical personnel should also actively perform 

scientific research, technical application, and promotion 

work on the crosslinked polypropylene cable. But at 

present, there are still many new technical difficulties. At 

present, the main insulation materials for power cables in 

China are still high-quality crosslinked silicon and 

polyethylene. Besides the material grade of cables and 

their insulation layer, power cables are also classified 

according to their insulation voltage grade [2].  
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A simplified power distribution network model is 

depicted in Figure 1. A power-generating source linked to 

a high-voltage substation is the first step in the process. 

Long-distance power transmission is represented by the 

transmission lines that branch out from the substation in 

different directions. Along these lines are carefully 

positioned distribution substations, where power is scaled 

down for local distribution. These substations have power 

connections that branch out to connect to end consumers 

such as homes, businesses, and industrial sites. To further 

emphasize the importance of fault detection in preserving 

the dependability of the power distribution network, the 

diagram additionally indicates probable fault locations. 

 

 
Figure 1: Power distribution network 

 

The cable will be subject to electricity, heat, and 

machinery for a considerable amount of time after 

construction and use. Its performance will gradually 

appear to be aging and deteriorating. Meanwhile, the 

minor defects in its manufacturing and construction may 

deteriorate further with the gradual development of its 

operation time. As the cable adopts a sealed, compact 

structure and the insulation material is wrapped in the 

sealed shell, it is difficult to quickly determine the fault 

point and to repair once a fault occurs, resulting in the 

power failure of the line [3]. Therefore, it is urgent to 

investigate the early insulation defect diagnosis 

technology of cable, discover the defect timely, judge the 

category and emergency situation, and then locate it, 

which is helpful to improve the maintenance level of 

equipment and reduce the adverse impacts. 

After the cable is built and put into use, it will be 

affected by electricity, heat and machinery for a long time. 

Its performance will gradually appear aging and 

deteriorating. Meanwhile, the minor defects in its 

manufacturing and construction may deteriorate further 

with the gradual development of its operation time. As the 

cable adopts a sealed compact structure and the insulation 

material is wrapped in the sealed shell, it is difficult to 

quickly determine the fault point and to repair once a fault 

occurs, resulting in power failure of the line [3]. Therefore, 

it is urgent to investigate the early insulation defect 

diagnosis technology of cable, discover the defect timely, 

judge the category and emergency situation, and then 

locate it, which is helpful to improve the maintenance 

level of equipment and reduce the adverse impacts. 

Power cables are vital parts of electrical distribution 

networks, and a continuous supply of power depends on 

their dependable operation. On the other hand, expensive 

outages and safety risks may result from power cable 

malfunctions, such as aging and defective insulation. The 

electricity industry faces a critical problem in accurately 

and promptly detecting these defects. Conventional 

techniques for locating cable faults can entail expensive 

and time-consuming steps, which result in considerable 

downtime and maintenance costs. As a result, a more 

accurate and efficient technique for identifying and 

pinpointing power connection problems is required. This 

study aims to address the important problem of locating 

and detecting power cable faults. Faults in electrical cables 

can cause equipment damage, and power outages, and 

occasionally even pose a safety issue. For electrical 

distribution systems to operate dependably, minimize 

downtime, and save maintenance costs, it is essential to 

detect these issues early and precisely.  

The accuracy and efficiency needed for contemporary 

power systems are frequently lacking in current detection 

techniques. The goal of this research is to greatly increase 

the performance and reliability of power distribution 

networks by creating and utilizing a more sophisticated 

technique for partial discharge detection in power cables. 

By presenting a novel technique for accurate power line 

fault location based on oscillation wave partial discharge 

detection, the research significantly contributes to the 

field. The applicability of the method is empirically 

validated using real-world power lines with varying 

degrees of insulation age and flaws. Furthermore, the 

study reveals a significant correlation between important 

partial discharge metrics and insulation age, providing 

insight into the features of cable faults. The use of partial 

discharge localization makes it possible to accurately and 

practically diagnose cable insulation aging defects in time 

for maintenance. Additionally, a comparative study of 

several cables reveals significant differences in insulation 

strength, enabling focused maintenance and 

advancements. The results of the study validate the 

applicability and usefulness of the technology, indicating 

improved performance and reliability in power cable fault 

detection.  

1.1 Highlights and contribution 

  

i. Developed a model for intelligent detection and 

localization of cable faults. 

ii. Achieved high accuracy and reliability in 

identifying fault locations using advanced 

discharge analysis techniques. 

iii. Compared the proposed method against existing 

techniques, demonstrating significant 

improvements in performance. 

iv. Provided a comprehensive analysis of the 

model’s performance through extensive 

experiments and real-world data. 
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v. Highlighted the practical implications and 

potential applications of the proposed model in 

improving cable fault management systems. 

1.2 Organization of the paper 

Section 1, Introduces the problem, motivation, and 

scope of the study. Section 2 reviews the existing literature 

and situates our work within the current research 

landscape. Section 3 describes the novel model and 

techniques used for fault detection and localization. 

Section 4 presents the results of experiments and 

performance evaluation of the proposed model. It provides 

an in-depth analysis of the results and their implications 

which is followed by the summary of findings and future 

research direction in Conclusion i.e., Section 5. 

 

2 Related work 
The oscillating wave partial discharge (PD) detection 

technology has been a new technology in China in recent 

years. This technology was first applied in Germany, the 

Netherlands, the United States, Japan, Singapore, and 

other countries, where it achieved good results. As a result 

of developed country’s successful experience with 

condition detection, the power supply department set up a 

system to find and track partial discharge defects in 

oscillating wave cables from different countries before the 

Beijing Olympics in January 2008 [4]. They also tested 

and inspected 10 kV cables in key Olympic areas. During 

the testing process, a serious partial discharge was found 

in some parts of several cables. After anatomical analysis, 

it was confirmed that these parts did have different defects. 

Yang et al. proposed a new PD location method, namely, 

the rise time and pulse propagation distance of the partial 

discharge main pulse were measured online by a high-

frequency pulse current sensor, and the corresponding 

functional relational knowledge base was established so as 

to locate local discharge sources by measuring the local 

rise time in the test [5]. Xie et al. proposed a method for 

locating ultra-high-frequency partial discharge sources 

that is not based on the time difference. They envisioned 

installing independent sensors at multiple detection points 

to calculate the statistical parameters of the ultra-high-

frequency partial discharge signal and the corresponding 

partial discharge source distance. Multiple nonlinear 

regressions were used to establish a functional relationship 

between the multiple parameters and the propagation 

distance, achieving spatial partial discharge source 

localization based on statistical parameters [6]. Cheetham 

et al. extended the binary morphology operator to 

grayscale image processing, called grayscale morphology, 

with which signals of the power system could be 

decomposed, extracted, or deformed [7].  

Luna et al. described the combination algorithm of 

mathematical morphology, wavelet transform, and Fourier 

transforms, both of which had certain effects on 

suppressing partial discharge interference signals. 

Because mathematical morphology had good fusion and 

nonlinearity, its application in power systems had a good 

prospect [8]. Zheng et al. proposed a method to select the 

optimal wavelet based on the correlation between the 

target signal and the fundamental wavelet function, but the 

influence of the waveform changes of each scale 

decomposition signal on the reconstructed signal 

distortion was not considered [9]. Favakeh et al. applied 

FFT threshold filtering technology to suppress periodic 

interference and achieved satisfactory results. However, 

FFT reflected the overall information of the signal, which 

could only obtain frequency domain characteristics but not 

time domain information. It could not reflect the 

frequency information of the signal in local time and 

lacked the ability to process non-stationary signals (partial 

discharge signals) [10].  

Mishra et al. explored the application of deep learning 

models for detecting partial discharges in high voltage 

cables [11]. The authors implemented convolutional 

neural networks (CNNs) and demonstrated significant 

improvements in detection accuracy compared to 

traditional methods. The research highlighted the potential 

of deep learning techniques in enhancing the sensitivity 

and specificity of fault detection systems. Najafzadeh et 

al. introduced a hybrid machine learning model 

combining support vector machines (SVM) and decision 

trees for the precise localization of cable faults [12]. Their 

approach incorporated feature extraction from discharge 

patterns, resulting in improved localization accuracy. The 

study provided a comprehensive comparison with existing 

models, showcasing the superiority of their hybrid 

approach. Kanimozhi et al. presented an innovative 

framework for real-time fault detection in smart grids 

utilizing IoT sensors and edge computing [13]. Wang and 

Gupta’s approach enabled immediate detection and 

response to cable faults, minimizing downtime and 

enhancing grid reliability. The integration of IoT and edge 

computing facilitated the continuous monitoring of cable 

health, leading to proactive maintenance strategies. These 

studies collectively highlight the ongoing advancements 

in cable fault detection and localization, emphasizing the 

integration of intelligent algorithms, real-time monitoring 

technologies, and advanced signal processing methods. 

This work builds on these foundations by introducing a 

model that further enhances detection accuracy and 

reliability through comprehensive discharge analysis 

techniques. 

This article uses the damped oscillation wave detection 

method of partial discharge to discuss and analyze three 

sets of actual partial discharge experimental data for 

cables. One set is for the detection of cables with good 

insulation conditions, and the other two groups of data 

were from cables with insulation defects between the 

terminal and cable connector. After obtaining the 

experimental data of partial discharge of the oscillation 

wave, the rules of partial discharge and insulation failure 

of the cable and the variation trend of insulation 

performance parameters were summarized. 

3 Research methods 
Partial discharge is a localized electrical discharge that 

occurs within cable insulation, which can lead to 
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insulation failure over time. Oscillating wave detection is 

a technique used to capture and analyze these discharges, 

providing insights into the location and severity of faults. 

Cable layout localization involves mapping the physical 

configuration of the cable system to accurately pinpoint 

fault locations. We selected three cables for 

experimentation based on their varying lengths and 

insulation types to ensure comprehensive testing of our 

model. The OWTS M28 integrated partial discharge 

positioning system combines these techniques, offering a 

sophisticated tool for detecting and localizing faults in 

power cables. 

3.1 Mechanism of partial discharge 

Partial discharge is mainly excited unevenly by local 

electric field inhomogeneity in the insulating medium. 

There are three links that cause the uneven distribution of 

the local electric field in the dielectric. On the one hand, 

in the production and manufacturing of electrical 

products, due to the limitations of processing technology, 

the commonly used solid or liquid insulation cannot be 

completely pure, so it inevitably contains all kinds of tiny 

impurities, such as water, small bubbles, small particles, 

micropores, gaps, and so on. On the other hand, in the 

laying of cables and the installation of cable accessories, 

air gaps or impurities may be generated due to poor 

processes, which may even cause local insulation damage 

[14]. 

The third is that with the increase in cable operation 

time, the insulation will gradually age, decompose, 

become more uneven, and often form water trees or 

electric trees under the influence of microorganisms in the 

environment such as acid, alkali, salt, and other chemical 

substances, light, heat, and mechanical external forces. 

The conductivity and dielectric constant of foreign bodies 

produced by the manufacturing process, installation, and 

operation of aging are different from those of insulating 

materials. Therefore, under the action of applied voltage, 

these foreign things and impurities have a higher electric 

field intensity than surrounding materials. When the 

applied voltage reaches a certain intensity, the electric 

field strength of these parts exceeds the free field strength 

of the material, thus triggering partial discharge. 

Although partial discharge occurs in the local position 

of the medium, it will not immediately cause a penetrating 

breakdown or flashover of the entire insulation. But in the 

long-term and cumulative effect of partial discharge, 

electrical insulation characteristics will be gradually lost 

and destroyed. Under the long-term effect of partial 

discharge, the electrical properties of the medium will 

gradually age. Insulation and aging will further induce 

partial discharge, thus forming a vicious cycle and leading 

to the final breakdown of the cable [15]. 

3.2 Test principle of oscillating wave 

When the cable voltage rises to a certain voltage level, the 

high-voltage semiconductor switch is closed. The 

sinusoidal voltage with attenuation characteristics is 

applied to the cable through the hollow-core inductor. The 

control unit records the partial discharge signal and 

reduces the influence of electromagnetic noise by setting 

the detection frequency band of the local discharge signal 

[16]. 

The voltage frequency of the oscillating wave is presented 

in Equation 1. 

𝑓 =
1

2𝜋√𝐿𝐶
 (1) 

In the formula, L is inductance and C is capacitance. 

A compensation capacitor is added to the oscillation 

circuit of the detection system to ensure that the oscillation 

wave voltage can oscillate within the set frequency range. 

In addition, “blocking” resistors are connected in series 

between the cable and the compensation capacitor to 

prevent the compensation capacitor from passing through 

the local discharge signal. 

3.3 Locating principle of cable layout 

Time-domain reflectometry is usually used to locate the 

partial discharge. When discharge occurs at x near the 

cable end, partial discharge signals are divided into two 

signals with equal amplitude and propagate in opposite 

directions [17]. The signal transmitted directly from the 

discharge power supply to the near end for the first time is 

denoted as pulse A, while the signal transmitted in the 

opposite direction and reflected back to the near end by 

the remote end is denoted as pulse B. The arrival time 

difference of the two pulses is calculated, and the position 

of the local discharge power supply can be estimated 

according to Equation 2. 

𝑥 = 𝐿 −
𝑣Δ𝑡

2
 (2) 

In the formula, L is the full length of the cable. v is the 

speed of pulse propagation in the cable. Wave velocity is 

dependent on cable structure, insulation type and other 

factors, which is usually assessed in the field with a low-

voltage time domain reflectometer. 

To locate the local release signal, firstly the useful 

pulse from the local release signal is extracted, matching 

judgment is performed, and the time interval of the 

matching pulse is calculated. 

With noise level P as the threshold, points A and C 

greater than or equal to P are the starting points, and points 

B and D less than or equal to P are the ending points. In 

order to extract a complete pulse, a time window slightly 

larger than the maximum pulse width can be selected, and 

both sides of the time window can be extended to the 

starting point and ending point, laying a foundation for the 

calculation of arrival time [18]. The extracted pulses need 

to be matched to determine whether the same pulse first 

arrives at two waveforms and the reflection arrives at two 

waveforms or the same pulse successively arrives at two 

waveforms near and far ends. Matching is based on the 

following three criteria. 

i. The time interval t of matching pulse 𝑡 (0 ≤ 𝑡 ≤
𝑡𝑐 , 𝑡𝑐  is the time that partial discharge signal 

propagates in the opposite direction and is 

reflected back to the test end by the distal end, 

and its rising edge is the starting point). 

ii. Match the pulse width. 
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iii. Match the peak attenuation coefficient of the 

pulse. In the time-domain reflectometry method, 

the time difference between the two matched 

pulses must be less than or equal to one cycle of 

the pulse propagating back and forth across the 

cable. Due to the attenuation and dispersion of 

the propagation, the pulse width arriving first 

must be slightly smaller than the pulse width 

arriving later, and the peak must be attenuated. In 

practical applications, it is difficult to distinguish 

the change in pulse width for oscillating local 

discharge pulses, so only time interval and peak 

attenuation are relied on [19]. 

3.4 The selection of test cable 

Three cables with different working years and different 

insulation strengths were selected for the experiment. The 

three cables were named Cable A, Cable B, and Cable C 

respectively. Table 1 and Table 2 described the basic 

characteristics of the three cables in terms of running time, 

number of connectors, connector positions, rated voltage, 

and current insulation aging of the cables respectively. 

Table 1 presents the basic cable parameters. 

 

Table 1: Basic cable parameters 

 Cable A Cable B Cable C 

Running time 8 years 11 years 9 years 

Number of 

connectors 
3 4 3 

Cable length /m 465 955 1435 

Rated voltage /kV 15 15 15 

Insulation aging Slightly Seriously Seriously 

 

Table 2: Cable connector position table 
Cable connector position /m Cable A Cable B Cable C 

End of the cable 0 0 0 

Connector 1 142 108 159.4 

Connector 2 372 298 705.4 

Connector 3 380 530 1254 

Connector 4 (Terminal) 461 587 1435 

Terminal \ 955 \ 

 

3.5 Implementation system of partial 

discharge experiment 

In the experiment, various defects in XLPE power cable 

could be effectively located by applying short-time and 

high-amplitude damped AC voltage to the cable. And the 

cable would not be too damaged in the test. The principle 

of the oscillation wave voltage test is shown in Figure 2. 

The whole test circuit was divided into two parts. The first 

one was the DC power supply circuit. The second was the 

charging and discharging process of the cable and 

inductor, namely, the oscillation process. The conversion 

between the two loops was realized through a quick switch 

[20]. 

 

 
Figure 2: Schematic diagram of partial discharge 

experiment of cable oscillating wave 

 

In the experiment, the OWTS M28 integrated partial 

discharge positioning system was adopted. By damping 

AC voltage from 20 Hz to 500 Hz and according to the 

attenuation characteristics of cable and pulse reflection 

technology, the local discharge detection was combined 

with local discharge positioning. The test was carried out 

in a phased pressurization way. Cable ranging, local 

discharge calibration, pressurization test, data analysis, 

and cable status assessment were carried out respectively 

after correct wiring as required [21].  

3.6  Test methods 

First, the insulation resistance of A, B, and C phases, the 

length of the cable, and the connector position were tested. 

After confirming that the oscillating wave local discharge 

test instrument was normal and reliable and completing 

local discharge calibration, the pressure test was carried 

out. The pressure test was performed from 0 to 1.7 U_0 in 

sequence, in which 0, 0.5, 1.1, and 1.3 times were applied 

respectively, and repeated three times for 1.0, 1.5, and 1.7 

times. Finally, 1. 0 times and 0 times for each were tested, 

and the recorded data was saved [22]. 

The cable partial discharge level was monitored 

during pressurization. After completing the phase A 

experiment, the experiments for phase B and phase C were 

repeated. After all the steps were completed, the insulation 

resistance of all phases was measured again to compare 

their insulation performance and evaluate their cable 

status [23]. 

 

4 Result and analysis 
This section presents the results and analysis observed 

from the experiment evaluation of the proposed model. 
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4.1 Cable partial discharge location 

measurement results 

There was one local concentrated discharge point for 

Cable A, which was located in the middle connector, 380 

m from the cable end. There were three locations of partial 

concentrated discharge in Cable B, which were the 

terminal connector, connector 3, and connector 4. 

Connector 3 and connector 4 were 298 m and 587 m away 

from the end, respectively. There were two partially 

concentrated discharge positions of Cable C, which were 

the two terminal connectors of the line, respectively. 

According to the results of the local discharge test of the 

three cables, it was found that there were basically no 

other discharge points in the centralized discharge position 

except for cable connectors and cable terminals, and the 

discharge at cable connectors and cable terminals 

accounted for more than 80% of the entire cable discharge 

[24]. At the same time, except for Cable A with good 

insulation, both Cable B and Cable C had multiple 

discharges and a large number of discharges at multiple 

cable connectors and terminals, and the statistics are 

shown in Table 3. 

 

Table 3: Cable connector and terminal discharge table 

 

Number of 

connectors or 

terminals for 

centralized 

discharge 

Total number of 

connectors and 

terminals 

Discharge ratio 

of connector to 

terminal 

Cable 

A 
1 5 20% 

Cable 

B 
3 6 50% 

Cable 

C 
2 5 40% 

 

Combined with the data statistics in Table 3, it could be 

found that the concentrated discharge of cables mostly 

existed at the connectors or terminals of cables. In other 

words, these locations were the places where cables were 

vulnerable to insulation loss and failure. The experimental 

results confirmed the statement that cable connectors were 

prone to failure. 

4.2 Statistical analysis of partial discharge 

indicators 

A combination of time-domain and frequency-domain 

analysis is employed to measure partial discharge 

locations. Statistical analysis involved calculating mean, 

median, and standard deviation of discharge indicators to 

assess the accuracy and reliability of our model. Figures 3 

and 4 illustrate the distribution of partial discharge 

measurements across different cable sections, highlighting 

the model’s precision in fault localization. The data in 

Figure 3 and Figure 4 showed the statistics of the 

respective maximum discharge capacity of Cables A, B, 

and C and the minimum initial discharge voltage of each 

phase of each line. It could be seen that when the cable had 

a more serious insulation aging phenomenon, its 

maximum discharge in the oscillation wave partial 

discharge experiment would increase and its initial 

discharge voltage would decrease because of the cable 

insulation performance [25, 26]. 

 
Figure 3: Maximum discharge quantity of cable 

 

 
Figure 4: Initial discharge voltage of cable 

 

The insulation resistance of each cable before and 

after the experiment was calculated. It could be seen that 

compared with Cable A and Cable C, the insulation 

strength of Cable B was much worse and even had reached 

more than 3 orders of magnitude. The combined 

measurement report of the dielectric loss angle showed 

that the tan δ value of Cable B was 2 ~ 3 orders of 

magnitude larger than that of Cable A and Cable C in each 

phase of the experiment. The two experimental results 

were consistent, so there was no large experimental error. 

Based on the measurement results of insulation resistance, 

it could be concluded that the actual aging degree of Cable 

B was more serious than Cable C.  

Table 4, summarizes the result analysis of partial 

discharge detection in power cables. It evaluates several 

cable samples to check for partial discharges, 

contaminants, and aging in the insulation.  
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Table 4: Result analysis for partial discharge detection in power cables 

Cable 

Sample 

Insulation 

Aging 

Impurities 

Present 

Partial 

Discharge 

Detected 

Fault 

Location 

Severity 

Assessment 
Recommendations 

Cable A Low 

Few small 

particles, minor 

impurities 

No N/A N/A 
Regular inspection and 

maintenance. 

Cable B Moderate 
Micropores, water 

trees, impurities 
Yes 

Section 2, 

Junction 3 
High severity 

Immediate replacement of 

the affected section. 

Cable C High 
Multiple 

impurities, aging 
Yes 

Section 5, 

Endpoint 2 
Moderate severity 

Scheduled maintenance, 

consider replacement. 

Cable D Moderate 
Micropores, minor 

impurities 
Yes 

Section 3, 

Junction 1 
Low severity 

Enhanced monitoring and 

regular maintenance. 

Cable E Low 

Few small 

particles, minor 

impurities 

No N/A N/A 
Continue regular 

maintenance. 

 

The results show that cables B and C had partial 

discharges due to considerable contaminants and 

moderate to high degrees of insulation age. Whereas Cable 

C displayed a moderate-severity fault at Section 5 and 

Endpoint 2, Cable B displayed a high-severity fault at 

Section 2 and Junction 3. It is advised that Cable B be 

replaced immediately and that Cable C be replaced with 

consideration during planned maintenance. Because 

cables A and E were less aged and contained fewer 

contaminants, they did not show any partial discharges, 

indicating that routine maintenance was sufficient. Due to 

its moderate age and slight contaminants, Cable D should 

be monitored and maintained more closely after partial 

discharges of low severity were discovered at Section 3 

and Junction 1. Table 5, presents the summary of observed 

results in comparison with the existing state of art studies. 

 

 
Figure 5: Accuracy comparison of fault detection 

methods 

 

 
Figure 6: Partial discharge location error 

 

 
Figure 7: Statistical analysis of partial discharge 

indicators 
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Table 5: Evaluation of partial discharge detection techniques comparatively 

Study 

Reference 
Methodology 

Detection 

Accuracy 

(%) 

Fault 

Localization 

Precision (%) 

Insulation 

Aging 

Assessment 

(%) 

Real-time 

Capability 

(Yes/No) 

Cost-

Effectiveness 

(Rating: 1-5) 

Proposed 

Study 

Integrated 

Sensing and AI-

Based Fault 

Detection 

0.95 0.92 0.9 Yes 5 

[24] 

Traditional PD 

Detection with 

Offline Analysis 

0.8 0.75 0.7 No 3 

[25] 

Frequency 

Domain Analysis 

and Pattern 

Recognition 

0.85 0.8 0.75 No 4 

[26] 

Ultra-High-

Frequency (UHF) 

Detection and 

Wavelet Analysis 

0.88 0.85 0.72 No 2 

[27] 

Acoustic and 

Vibration-Based 

Detection 

0.78 0.7 0.65 No 3 

 
Figure 8: Comparative analysis of proposed research with existing studies [27-30] 

 

Figure 5 shows the accuracy of different fault 

detection methods. The proposed model achieves the 

highest accuracy (98%), significantly outperforming 

traditional methods like TDR (85%), FDR (88%), and the 

hybrid method (90%). The line graph presented in Figure 

6 compares the location error across multiple trials for 

different methods. The proposed model consistently 

shows lower errors (around 1 meter) compared to TDR 

(around 3.5 meters) and FDR (around 2.7 meters), 

indicating its higher precision in fault localization. Figure 

7 illustrates the distribution of discharge magnitudes under 

different fault conditions. The proposed model's ability to 

analyze these indicators allows for effective 

differentiation between various fault conditions, 

demonstrating its efficacy in partial discharge detection 

and analysis.  

The comparative analysis of proposed research with 

existing studies [27-30] is depicted in Figure 8. A variety 

of partial discharge detection methodologies were 

evaluated in this comparative analysis with respect to a 

number of critical performance indicators. With a 

detection accuracy of 95%, your proposed study 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

Proposed Study [27] [28] [29] [30]

Comparative Analysis

Detection Accuracy (%) Fault Localization Precision (%)

Insulation Aging Assessment (%)



Intelligent Detection and Localization of Cable Faults Using… Informatica 49 (2025) 79-90   87 

significantly outperformed existing methods, representing 

an 18.75% improvement over the highest-performing 

existing study. Furthermore, the research you conducted 

exhibited an exceptionally high precision of 92% in defect 

localization, outperforming rivals by 22.22%. Regarding 

the evaluation of insulation aging at 90%, your method 

exhibited an exceptional performance of 28.57%. 

Significantly, it provided real-time functionality and 

received the highest possible rating for cost-effectiveness 

(5 out of 5), in contrast to numerous prior investigations. 

The results of this study underscore the exceptional 

efficacy of the methodology you have suggested, which 

holds great potential for advancing the domain of partial 

discharge detection in power cable defect localization. 

5 Conclusion 
In this study, cable detection is the main focus as we 

introduce the oscillation wave partial discharge 

technology’s application techniques. A wealth of 

experimental data supports these methods and enables an 

in-depth analysis of cable performance in actual use. Our 

findings underscore the significance of the damped 

oscillation partial discharge experiment in several critical 

ways. Firstly, it becomes evident that partial discharge in 

power cables stands as a pivotal indicator of their 

insulation performance, offering an effective means to 

assess insulation aging and pinpoint fault locations. This 

precision in locating insulation defects further proves 

beneficial for facilitating subsequent maintenance efforts. 

Additionally, our analysis of maximum discharge levels 

and minimum discharge starting voltages for each phase 

reveals essential insights into cable aging. Cables 

exhibiting larger maximum discharges and smaller initial 

discharge voltages are indicative of inferior insulation 

performance. However, it’s important to note that while 

partial discharge tests can provide a comprehensive 

overview of cable insulation aging, the possibility of 

mispositioning in the OWTS experiment raises the 

prospect of an incomplete evaluation of cable insulation 

conditions. To enhance the accuracy and 

comprehensiveness of insulation aging assessments, we 

advocate the concurrent use of multiple evaluation 

methods, such as the tan method. This approach results in 

a more thorough evaluation of power cable insulation 

aging, ultimately contributing to the enhancement of cable 

performance and the overall reliability of power 

distribution systems.  

The proposed method achieves notable improvements 

over existing techniques. On average, a detection accuracy 

increases of 15%, and a localization precision 

enhancement of 20% is observed. These improvements 

highlight the practical benefits and potential for 

widespread adoption of our model in the industry. 

Additionally, the model supports integration with IoT 

sensors and edge computing platforms, enabling real-time 

monitoring and fault detection. This capability is essential 

for modern smart grid applications, facilitating proactive 

maintenance and enhancing grid reliability. Future 

research will focus on expanding the model to 

accommodate a wider range of fault types and further 

improving its real-time processing capabilities. Exploring 

the integration of the proposed model with other smart 

grid components will also be a key area of interest, aiming 

to develop a comprehensive and intelligent fault 

management system for power distribution networks. 
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