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Abstract:  

Underground power cables are increasingly preferred in modern distribution systems due to their improved 

safety, reduced exposure to environmental conditions, and better suitability for urban infrastructure. 

Despite these advantages, identifying faults such as cable breakage remains a difficult task because the 

lines are not directly visible. Conventional fault detection methods are often time-consuming and rely 

heavily on manual inspection, which delays maintenance and affects supply continuity. The proposed 

system presents an automated approach for detecting cable faults in underground three-phase distribution 

lines. It incorporates switching units, an Arduino-based control system, and a NodeMCU module for 

communication. Each phase line is continuously monitored, and any abnormal variation in electrical 

conditions is captured through the switching mechanism and processed by the controller. Once a fault is 

identified, the system determines the affected phase and displays the information locally while also 

initiating protective actions through relay. 
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I.INTRODUCTION: 

Underground cable networks play a vital role in modern power distribution, especially in densely 

populated and urban regions where overhead lines are less practical. These systems offer several 

advantages, including improved safety, reduced exposure to weather conditions, and better visual 

integration with the environment. However, fault detection in underground cables remains a complex task. 

Since the cables are not directly accessible, identifying issues such as breakage or phase failure requires 

significant time and effort. Traditional techniques often depend on manual inspection or basic electrical 

testing, which can delay restoration and increase maintenance costs. With the growth of smart grid 

technologies, there is a need for automated systems capable of detecting faults quickly and accurately. 

Recent advancements in embedded systems and IoT have made it possible to continuously monitor 

electrical parameters and respond to abnormal conditions in real time. Despite this progress, many existing 

solutions lack integrated mechanisms for both local fault indication and remote communication. The 

proposed system addresses these limitations by combining sensing, processing, and communication into 

a unified framework. As illustrated in the block diagram, the system monitors three-phase input lines 

through switching units, which provide status signals to an Arduino controller. The controller processes 

these inputs to identify any irregularities associated with cable faults. Once a fault is detected, the system 

immediately indicates the affected phase and initiates necessary actions through a relay module to manage 

connected loads. To extend functionality beyond local monitoring, a NodeMCU module is incorporated 

for wireless communication. This allows fault information to be transmitted to a cloud platform, where it 

can be accessed remotely. In addition, alert messages are generated to notify maintenance personnel, 
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ensuring a faster response. Supporting components such as GSM, GPS, and buzzer units further enhance 

the system by enabling communication, location tracking, and audible warnings. Overall, the integration 

of IoT with embedded control provides a reliable and efficient solution for underground cable fault 

detection. The system reduces detection time, improves operational safety, and supports continuous 

monitoring, making it suitable for modern power distribution applications. 

 

II.LITERATURE SURVEY: 

The authors Viatcheslav P. Shuvalov, Boris P. Zelentsov, and Irina G. Kvitkova published this work in 

the domain of optical communication system reliability. The method involves developing a mathematical 

reliability model for fiber-optic cables that considers both gradual degradation and sudden failures along 

with restoration through reconnection at breakage points. The problem addressed is that fiber-optic cables 

experience aging-related attenuation as well as unexpected physical damage, which affects 

communication availability. The model also includes the impact of repeated repairs and control errors on 

system performance, showing how increased connection points raise attenuation and reduce reliability 

over time [1]. The authors Bin Liang, Wenshuo Li, Boyang Lin, Lei Yan, Xueqian Wang, and Wenfu Xu 

published this work in the domain of cable-driven robotic systems and control engineering. The method 

proposed is a Hybrid Tension-Position Control (HTPC) strategy that integrates tension regulation with 

position control to improve accuracy and prevent cable slack or breakage. The problem addressed is that 

cable-driven manipulators suffer from instability due to improper tension, hysteresis, and friction, leading 

to motion errors and possible mechanical failure. The proposed system uses neural network-based tension 

prediction and a dual-loop control structure to ensure safe and precise operation [2]. The authors 

Chuanbiao Zhang, Xiongyan Tang, Zelin Wang, Shikui Shen, He Zhang, and Yan Shi published this work 

in the domain of optical fiber monitoring and fault detection. The method involves real-time monitoring 

of vibration signals in live optical networks to detect external disturbances and potential cable breakage. 

The problem addressed is that optical cables installed in outdoor environments are highly vulnerable to 

external damage from construction activities and environmental factors, leading to communication 

failures. The study demonstrates that spectral analysis of vibration data can effectively identify abnormal 

events and improve early fault detection and maintenance planning [5]. The author Takashi Kurihara 

published this work in the domain of power cable insulation and thermal analysis. The method involves 

experimental investigation of temperature rise and burning characteristics in XLPE cables under constant 

AC current when the shielding layer is damaged. The problem addressed is that breakage of the shielding 

layer leads to abnormal current flow and heat generation in the semiconducting layer, which can accelerate 

insulation failure and reduce cable lifespan. The study highlights the thermal risks associated with 

shielding defects and their impact on cable reliability and safety [4]. The authors Viatcheslav P. Shuvalov, 

Boris P. Zelentsov, and Irina G. Kvitkova published this work in 2024 under the domain of fiber-optic 

communication reliability and network performance analysis. The method proposed involves developing 

a mathematical model to evaluate the reliability of fiber-optic cables by considering both gradual failures 

due to aging and sudden failures caused by external disturbances. The model also incorporates the 

restoration of communication through reconnection at the breakage point and analyzes the resulting 

increase in signal attenuation. The problem addressed is that fiber-optic cables experience performance 

degradation over time due to increasing attenuation, and sudden failures require repair through splicing, 

which further reduces signal strength and increases the unavailability factor. Additionally, the study 

considers the effect of control errors of the first kind on reliability estimation, which can impact system 

monitoring accuracy. The results show that repeated repairs and additional connection points significantly 

affect system availability and long-term performance. This work provides a useful framework for 
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analyzing, predicting, and improving the reliability of fiber-optic communication systems and helps in 

better maintenance planning and network management [3]. The authors Luwei Zhang, Jiawei Wang, Fan 

Yang, Lijun Wan, Lei Zhang, and Dongming Li published this work in 2024 under the domain of 

submarine cable monitoring and marine communication safety. The method proposed involves developing 

a temperature–depth (T–D) model to estimate the burial depth of shallow buried optical cables based on 

mud temperature measurements. This approach enables remote monitoring by analyzing the relationship 

between seabed temperature variations and cable depth without requiring complex underwater survey 

techniques.The problem addressed is that submarine cables are highly vulnerable to damage when 

insufficiently buried, exposing them to risks such as anchor strikes, seawater erosion, and marine 

interference. Existing detection methods are expensive and difficult to perform underwater, making 

continuous monitoring challenging. The results demonstrate that the proposed model provides accurate 

depth estimation with an error of approximately 0.7 m, proving its feasibility for practical applications. 

This study offers a cost-effective and efficient solution for real-time monitoring, improving the safety, 

maintenance, and risk assessment of submarine cable systems [10]. 

 

III.PROPOSED SYSTEM: 

The proposed system is designed to detect faults in underground three-phase cable networks and provide 

both local indication and remote alerts. The architecture integrates sensing, control, communication, and 

protection units to ensure reliable operation. Three-phase input lines are connected to the system through 

slide switching units, which simulate and monitor the condition of each phase. These switches provide 

input signals to the Arduino controller, representing the status of the cable lines. Under normal conditions, 

all phases operate continuously, and the controller receives stable input signals. When a fault such as cable 

breakage occurs, the corresponding phase signal changes, allowing the controller to identify the affected 

line. The Arduino acts as the central processing unit, continuously analysing the input data from all phases. 

Once a fault is detected, it determines the exact phase where the issue has occurred. Based on this 

condition, the controller activates the relay module to isolate or control connected loads, preventing further 

damage. The system also provides local indication using buzzer alerts for immediate awareness. For 

remote communication, the NodeMCU module transmits fault information to a cloud platform using Wi-

Fi. Additionally, a GSM module is integrated to send alert messages directly to authorized personnel. The 

inclusion of a GPS module allows the system to share location details, which is useful for identifying the 

exact fault area in large-scale networks. Overall, the system offers a fast and efficient method for 

underground cable fault detection, combining real-time monitoring, automatic response, and remote 

notification. 
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BLOCK DIAGRAM: 

 

 
FIG: 1 BLOCK DIAGRAM 

 

IV.HARDWARE WORKFLOW: 

ARDUINO MICROCONTROLLER: 

 
The Arduino serves as the main control unit of the system, responsible for processing all input signals and 

making decisions based on fault conditions. It receives data from the slide switching units representing 

the status of each phase line. Using programmed logic, the controller continuously compares the inputs to 

detect any abnormal condition such as phase interruption. Once a fault is identified, the Arduino triggers 

output actions including relay activation and alert generation. Its simplicity, reliability, and ease of 

programming make it suitable for real-time embedded applications. It ensures proper coordination 

between sensing, control, and communication modules. 

 

SLIDE SWITCHING UNIT 

 
FIG: 2 SLIDE SWITCHING UNIT 

 

The slide switching unit is used to represent and monitor the condition of each phase line in the system. It 

acts as a manual interface that simulates normal and fault conditions by changing the input state supplied 

to the controller. Each switch corresponds to a specific phase, and any change in its position indicates a 
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disruption in that line. This setup helps in testing and demonstrating the behaviour of the system under 

different fault scenarios. The switching unit provides a simple and effective way to feed input signals 

without requiring complex sensing hardware during initial implementation. 

 

NODEMCU  

 
FIG: 3 NODEMCU 

 

The NodeMCU module provides wireless communication capability to the system through built-in Wi-Fi 

support. It receives processed fault data from the Arduino and transmits it to a cloud server for remote 

monitoring. This allows users to access system status from anywhere using internet-connected devices. 

The module is compact, energy-efficient, and easy to interface with microcontrollers. It supports multiple 

communication protocols, making it flexible for IoT applications. By enabling real-time data transfer, the 

NodeMCU enhances the system's ability to provide timely updates and improves overall responsiveness. 

 

GSM MODULE 

 
FIG: 4GPS MODULE 

 

The GSM module is used to send alert messages directly to users when a fault is detected. It operates using 

a cellular network, allowing communication even in areas without internet access. Once the Arduino 

identifies a fault, it sends a command to the GSM module, which then transmits an SMS containing fault 

details. This ensures that maintenance personnel are informed immediately. The module is particularly 

useful in remote locations where quick response is necessary. Its integration improves system reliability 

by providing an additional communication channel alongside IoT-based monitoring. 

 

 

 

 

 

 

 



 

Advanced International Journal of Multidisciplinary 
Research 

  

E-ISSN: 2584-0487                                                                                                                 
editor@aijmr.com 

 

Volume 4, Issue 2, March-April 2026 
 

CrossRef DOI: 10.62127/aijmr.2026.v04i02.1266 
 

 

AIJMR26021266 Advanced International Journal of Multidisciplinary Research (www.aijmr.com) 6 

 

GPS MODULE 

 
FIG: 5 GPS MODULE 

The GPS module is incorporated to provide location information of the fault occurrence. It retrieves real-

time geographic coordinates, which can be shared along with alert messages. This feature is especially 

useful in large underground cable networks where identifying the exact fault location is difficult. By 

combining location data with fault detection, the system reduces the time required for maintenance teams 

to reach the affected area. The module operates using satellite signals and provides accurate positioning 

data under normal conditions, enhancing the practicality of the system. 

 

4-CHANNEL RELAY MODULE 

 
FIG: 6 4-CHANNEL RELAY MODULE 

 

The relay module is used to control electrical loads connected to the system. It acts as an electrically 

operated switch that can isolate or connect loads based on commands from the Arduino. When a fault is 

detected, the controller activates the relay to disconnect affected loads, preventing further damage. The 

use of multiple channels allows control of several loads independently. Relays provide electrical isolation 

between control and power circuits, ensuring safety. This component plays an important role in 

implementing load protection and management within the system. 

 

BUZZER 

 
FIG: 7 BUZZER 
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The buzzer is used to provide an audible indication when a fault occurs. It is activated by the Arduino 

immediately after detecting an abnormal condition. This helps in alerting nearby personnel without the 

need for visual monitoring. The buzzer is simple in design but effective for quick local notification. It is 

especially useful during testing and in environments where immediate attention is required. Its inclusion 

enhances the overall alert system by adding an additional layer of indication. 

 

POWER SUPPLY UNIT 

 
FIG: 8POWER SUPPLY 

 

The power supply unit provides the required operating voltage to all components in the system. It converts 

the available input power into regulated DC output suitable for the Arduino, NodeMCU, and other 

modules. Stable voltage is essential for accurate operation and to prevent malfunction of electronic 

components. The design ensures proper isolation and filtering to reduce noise and fluctuations. A reliable 

power supply supports continuous system operation and improves overall performance and durability. 

 

V. RESULTS AND DISCUSSION 

The system was implemented and tested under different simulated fault conditions using the slide 

switching units. Each phase line was operated independently to observe system response during normal 

and fault scenarios. When all switches were in normal condition, the system operated without any 

interruption, and no alerts were generated. Fault conditions were introduced by changing the state of 

individual switches to simulate cable breakage. The Arduino successfully detected the affected phase and 

triggered appropriate responses. The relay module responded by isolating the corresponding load, ensuring 

protection against potential damage. Simultaneously, the buzzer produced an audible alert, confirming 

local fault indication. The NodeMCU module transmitted fault data to the cloud platform without 

significant delay, enabling real-time monitoring. SMS alerts were also successfully delivered through the 

GSM module, ensuring that users were informed instantly. The GPS module provided location data, which 

was accurate enough for identifying the fault region during testing. Overall, the system demonstrated 

stable performance and reliable fault detection. Minor delays were observed in message transmission due 

to network conditions, but they did not affect the overall functionality. The results confirm that the 

proposed system can effectively detect underground cable faults and provide timely alerts, making it 

suitable for practical implementation. 

 

CONCLUSION: 

The proposed system provides an effective solution for detecting faults in underground cable networks 

using a combination of embedded control and IoT-based communication. It enables quick identification 

of faulty phases, supports load protection through relay operation, and ensures timely alerts via cloud and 

GSM communication. The system demonstrated reliable performance under different test conditions with 

minimal delay. In future work, the design can be enhanced by integrating automatic fault location 
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techniques, advanced sensors for precise measurement, and data analytics for predictive maintenance. 

Expanding the system for large-scale grid applications and improving network security can further 

increase its practical usability. 
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