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Abstract- In urban power systems, underground 

cables have replaced overhead lines due to safety 

and aesthetic advantages. However, locating faults 

in these underground cables presents significant 

challenges, primarily due to their inaccessibility and 

the high cost of manual inspection. This paper 

proposes a robotic system integrated with an 

ATMEGA microcontroller to detect and locate 

faults in underground electrical cables. The robot is 

designed to navigate cable ducts, identify faults 

such as open circuits, short circuits, and earth 

faults using IR sensors, and display fault locations 

on an LCD. A GPS module provides the precise 

location data, which can be monitored remotely. 

The system also includes a camera interfaced with 

PixyMon software to visually inspect the cable 

condition. This approach significantly reduces 

human risk and downtime associated with 

traditional inspection methods. The robot is cost-

effective, user- friendly, and adaptable for future 

enhancements using AI and machine learning 

technologies, improving the reliability and 

maintainability of underground cable networks. 

 

Indexed Terms- Underground cable fault detection 

robot, Arduino- based fault detection system, 

ATMEGA328 microcontroller, IR sensor and GPS 

tracking, real-time fault monitoring, automated 

cable inspection, short circuit and earth fault 

detection, cable diagnostics using PixyMon 

software. 

 

I. INTRODUCTION 

 

Underground power cables are increasingly used in 

urban areas to minimize the risk of electrical hazards 

and enhance the aesthetic appeal of city 

infrastructure. Despite these advantages, fault 

detection in such systems remains a technical hurdle 

due to the inaccessibility of buried wires. Locating 

faults in underground cables traditionally involves 

time-consuming and labor-intensive methods. 

This project aims to automate and simplify fault 

detection in underground cables using an Arduino 

microcontroller. The system measures voltage across 

a known resistor network in combination with the 

cable under test. When a fault occurs— such as a 

short circuit or open circuit—the change in resistance 

results in a change in voltage, which is read by the 

Arduino's analog input pin. Using this data, the 

Arduino calculates the distance to the fault using 

Ohm’s Law and a predefined resistance-per-meter 

value of the cable. 

  

The circuit features an LM317 voltage regulator, a set 

of known resistors, and an LCD display module to 

show the fault location in ohms and meters. This 

information assists technicians in pinpointing the 

fault accurately, thereby enhancing the maintenance 

process and ensuring reliable power delivery. 

 

This paper describes the design, working principle, 

and implementation of the underground cable fault 

detection robot, offering a cost-effective, reliable, and 

scalable solution to a commonly faced problem in 

electrical distribution systems. 

 

The underground cable fault detection robot is an 

innovative solution designed to identify the location 

of faults in underground electrical cables in a fast and 

efficient manner. The system operates on the basic 

principle that the resistance of a wire is directly 

proportional to its length. The circuit is built around 

an Arduino Uno microcontroller, which is 

programmed to detect changes in voltage that occur 

when a fault, such as a short or open circuit, is 

present in the cable. A voltage divider circuit using 

resistors is connected in such a way that when a fault 

occurs, the resistance of the cable section up to the 

fault point can be calculated. This is achieved using 

the LM317 voltage regulator, which ensures a stable 

voltage supply to the circuit. The Arduino reads the 

voltage through its analog input pin and processes the 

data to determine the resistance, which is then 

converted into distance by using a predefined 
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resistance-per-meter constant for the cable. The 

calculated resistance and the corresponding distance 

to the fault are displayed on a 16x2 LCD module 

interfaced with the Arduino. The display shows 

messages like "Cable Fault", the measured resistance 

in ohms, and the estimated distance in meters, 

allowing maintenance personnel to quickly locate and 

address the issue. 

 

The system significantly reduces the time and labor 

involved in fault finding, especially in complex 

underground cable networks. This project not only 

provides an economical and accurate method for fault 

detection but also enhances the reliability and safety 

of power distribution systems by enabling quicker 

fault resolution and minimizing system downtime. 

  

In recent years, the use of underground cables for 

electrical power distribution has significantly 

increased in urban and industrial areas due to their 

aesthetic, safety, and environmental advantages over 

traditional overhead lines. Underground cabling 

reduces the risk of electrical hazards, minimizes 

exposure to environmental conditions such as storms 

and heavy winds, and helps maintain the visual 

appeal of city infrastructure. However, the primary 

drawback of underground power systems lies in the 

complexity of fault detection and maintenance. 

Unlike overhead lines, where visual inspection can 

quickly identify faults, underground cables are not 

easily accessible, and detecting faults such as short 

circuits, open circuits, and earth faults becomes a 

difficult and time-consuming task. 

 

Faults in underground cables can be caused by 

several factors including mechanical damage during 

installation, moisture intrusion due to inadequate 

sealing, insulation failure, and natural aging of the 

cable materials. Traditional fault detection 

methods—such as time-domain reflectometry, 

bridge-megger techniques, and pulse echo testing—

though effective, often require trained personnel, 

expensive equipment, and physical digging to locate 

the precise fault position, which delays restoration 

and increases maintenance costs. 

 

To overcome these challenges and improve the 

efficiency of underground cable fault management, 

this paper proposes the design and implementation of 

a robot-based fault detection system integrated with 

modern sensors and microcontroller technology. The 

robot, built using an ATMEGA328-based Arduino 

platform, is capable of autonomously navigating 

underground pipe galleries where cables are housed. 

Equipped with infrared sensors to detect electrical 

anomalies, a temperature sensor to identify heat-

related faults, a GPS module for pinpointing fault 

location, and a camera system for visual monitoring 

via PixyMon software, the robot collects real-time 

data and provides actionable insights to maintenance 

teams. When a fault is detected, the robot stops, 

displays the information on an LCD screen, activates 

a buzzer for alert, and shares the precise location of 

the fault through GPS coordinates, which can be 

accessed using Arduino’s serial monitor. 

 

This automated approach not only reduces human 

risk in hazardous environments but also minimizes 

fault detection time and enhances system reliability. 

Furthermore, the system is designed to be cost-

effective, user-friendly, and scalable. With future 

enhancements, such as the integration of machine 

learning algorithms and ground-penetrating radar 

(GPR), this solution can evolve into a comprehensive 

diagnostic tool capable of predictive maintenance and 

autonomous decision- making, making it an ideal fit 

for smart grid applications and modern power 

distribution networks. Underground cables are widely 

used in urban and rural areas for electrical power 

transmission and distribution because they are safer, 

more aesthetic, and less prone to damage from 

weather conditions compared to overhead lines. 

However, detecting faults in underground cables 

presents a significant challenge due to their hidden 

nature. When a fault occurs, locating the exact 

position can be time-consuming, labor-intensive, and 

costly, often requiring physical digging and trial-and-

error methods. This delay can disrupt power supply, 

increase maintenance costs, and affect public 

services. 

  

To address these issues, this project proposes an 

innovative solution in the form of an *"Underground 

Cables Fault Detection Robot."* This robotic system 

is designed to detect faults in underground cables 

using various sensors and automatically determine 

the fault location. The robot is equipped with a 

*temperature sensor* to detect abnormal heat levels, 
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which may indicate a short circuit or cable insulation 

failure, and an *IR sensor* for obstacle detection and 

navigation. A *GPS module* is used to record the 

exact geographical location of the detected fault, 

enabling quick access for repair teams. Additionally, 

a *camera module* captures real-time visuals of the 

area, and an *LCD display* provides a user interface 

for monitoring the robot’s status. 

 

The robot is controlled by a *microcontroller, which 

acts as the central processing unit, coordinating all 

sensor inputs and controlling motor movement. It is 

powered by a reliable 

**power supply* and moves using four 

independently controlled motors. The integration of 

these components allows the robot to autonomously 

scan the underground cable routes, identify faults, 

and report accurate data in real-time. 

 

This project not only improves fault detection 

efficiency but also reduces human intervention, 

enhances safety, and speeds up the maintenance 

process. It can be a vital tool for power distribution 

companies, especially in smart city infrastructure, to 

ensure uninterrupted power delivery and effective 

cable network management. 

 

II. DESIGN AND IMPLEMENTATION 

 

 
 

The block diagram represents the architectural design 

of the underground cable fault detection robot. It 

shows the integration of various hardware 

components that collectively help the robot navigate, 

detect faults, collect data, and display the results. 

 

This integration of components enables a smart 

robotic system capable of autonomous fault 

detection, data collection, and real-time reporting, 

making underground cable maintenance more 

efficient and less labor-intensive. 

  

 

III         METHODOLOGY 

 

The project aims to develop a mobile robot system 

capable of detecting faults in underground electrical 

cables. The methodology involves the integration of 

multiple sensors and modules to achieve accurate 

detection and data reporting. The process is described 

step-by-step based on the block diagram provided: 

 

1. Microcontroller 

The microcontroller is the brain of the underground 

cable fault detection robot. It is responsible for 

receiving, processing, and controlling all the data and 

operations within the system. All sensors, motors, 

GPS module, camera, and display are interfaced with 

the microcontroller. It continuously monitors the 

input data coming from the IR sensor and 

temperature sensor. Based on the data received, the 

microcontroller takes decisions such as activating the 

motors for movement, recording the GPS location, or 

displaying data on the LCD. It also sends control 

signals to the camera to capture images or video 

when required. By managing these tasks 

simultaneously and in real time, the microcontroller 

ensures that the robot functions in an automated and 

intelligent manner without human intervention. 

 

 

components specifications 

Microcontroller Arduino Uno / ATmega328P 

IR Sensor Digital infrared proximity 
sensor 

Temperature Sensor LM35 / DHT11 / DS18B20 

GPS Module NEO-6M GPS Module 

Camera Mini digital camera (OV7670 
or USB camera) 

LCD Display 16x2 / 20x4 character LCD 

Motors DC Geared Motors or BO 

motors 

Power Supply Rechargeable battery pack 

(9V/12V) with voltage 

regulator 
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2. IR Sensor 

The Infrared (IR) sensor plays a crucial role in 

obstacle detection. As the robot moves along the 

cable path, it must avoid any physical obstructions 

such as stones, soil clumps, or other underground 

elements. The IR sensor constantly emits infrared 

rays and checks for any reflections. If an obstacle is 

detected based on the reflected signal, the IR sensor 

sends this information to the microcontroller. The 

microcontroller then takes appropriate action to stop 

or change the direction of the robot using the motors. 

This ensures safe navigation and uninterrupted fault 

detection without the robot getting stuck or damaged 

in the underground environment. 

 

3. Temperature Sensor 

The temperature sensor is used to detect abnormal 

heat levels generated by cable faults. When there is a 

short circuit or insulation damage in the cable, it 

often results in excessive heat. The temperature 

sensor monitors the cable’s temperature as the robot 

moves along its length. This data is sent 

microcontroller, which compares the readings with 

predefined safe temperature levels. If the temperature 

exceeds the threshold, it is considered a fault point. 

This sensor is highly sensitive and helps in early 

detection of thermal faults, preventing potential 

failures and power losses in the system. 

 

4. GPS Module 

The GPS module is integrated to record the exact 

geographic location of any cable fault detected. Once 

a fault is identified by the temperature sensor, the 

microcontroller activates the GPS module to capture 

the real-time latitude and longitude coordinates. This 

location data is very useful for maintenance teams to 

identify the precise position of the fault without 

digging or guessing. The GPS data is also sent to the 

display unit for real-time visualization and can be 

logged for future reference. This improves the 

efficiency of the repair process and minimizes the 

time and effort required for fault rectification. 

 

5. Camera 

The camera provides visual verification of the fault 

area. After a fault is detected by the temperature 

sensor and recorded by the GPS module, the camera 

is activated to capture live images or video of the 

location. This footage helps engineers visually 

inspect the condition of the underground cable and its 

surroundings. The images can show whether the fault 

is due to physical damage, moisture, or rodent 

activity. The camera adds an extra layer of 

confirmation to the sensor data and increases the 

reliability of fault detection. 

 

6. LCD Display 

The LCD display serves as the visual output unit of 

the system. It displays real-time data from the 

sensors, such as temperature readings, obstacle 

detection messages, and GPS coordinates of the fault. 

The display helps the user monitor the robot's 

operations without needing to connect it to a 

computer. It also indicates system status and alerts 

when a fault is found. This makes the robot user-

friendly and suitable for both technical and field 

operators. 

 

7. Motors 

Motors are used for the physical movement of the 

robot. These are connected to wheels or tracks that 

allow the robot to travel through underground 

pathways. The microcontroller controls the motors 

based on the input received from the IR sensor and 

other modules. If an obstacle is detected, the 

microcontroller adjusts the motor speed or direction. 

The robot’s movement is key to ensuring it can scan 

the entire length of the underground cable and 

perform fault detection over a wide area. 

 

8. Power Supply 

The power supply is the main source of energy for 

the entire robot system. It provides the necessary 

voltage and current to the microcontroller, sensors, 

motors, GPS module, camera, and LCD display. A 

stable power supply ensures uninterrupted operation 

of all components. It may consist of a rechargeable 

battery or an external power source depending on the 

design. Proper power management is essential. 

  

IV.       FORMULAS USED 

 

1. Fault Detection Based on Resistance or 

Temperature 

If using resistive fault detection (for future 

improvements with cable fault locator rods), you may 

use: 

Ohm's Law: V = I \times R Where: 



© JUN 2025 | IRE Journals | Volume 8 Issue 12 | ISSN: 2456-8880 

IRE 1709163          ICONIC RESEARCH AND ENGINEERING JOURNALS 603 

V = voltage across the cable I = current through the 

cable 

R = resistance of the faulty section 

 

2. Temperature Sensor Reading Formula Using 

LM35 or similar sensors 

For LM35: 

\text{Temperature (°C)} = \frac{\text{Analog Value} 

\times 

5.0 \times 100}{1024} Explanation: 

Analog value from ADC (10-bit = 0–1023) 

5.0 is the reference voltage 

100 is the scaling factor for LM35 (10 mV/°C) 

 

3. GPS Distance (for mapping multiple fault points) 

If the robot detects multiple faults and you want to 

measure distance between them, use the *Haversine 

Formula: 

a = \sin^2\left(\frac{\Delta \phi}{2}\right) + 

\cos(\phi_1) 

\cdot \cos(\phi_2) \cdot

 \sin^2\left(\frac{\Delta 

\lambda}{2}\right) 

c = 2 \cdot \arctan2(\sqrt{a}, \sqrt{1-a}) 

d = R \cdot c Where: 

\phi = latitude, \lambda = longitude R = Earth’s 

radius (≈ 6371 km) 

d = distance between two GPS points 

 

4. Motor Speed Control (If PWM is used) 

\text{Speed} \propto \text{Duty Cycle} 

\text{Duty Cycle (\%)} = \left(

 \frac{\text{Time On}}{\text{Time Period}} 

\right) \times 100 

This helps control motor speed using pulse width 

modulation from the microcontroller. 

 

5. Analog to Digital Conversion (ADC Calculation) 

\text{Digital Value} = \left( 

\frac{V_{\text{in}}}{V_{\text{ref}}} \right) \times 

(2^n - 1) 

Where: 

V_{\text{in}} = voltage input from sensor 

V_{\text{ref}} = reference voltage (usually 5V) n = 

ADC resolution (e.g., 10-bit → 1023) 

 

                             

 

CONCLUSION 

In conclusion, the Underground Cables Fault 

Detection Robot provides an efficient and reliable 

solution for identifying faults in underground power 

cables, which are otherwise difficult and time-

consuming to locate manually. By employing 

advanced sensors and automated movement, the 

robot significantly reduces downtime and 

maintenance costs, ensuring faster restoration of 

electrical services. The project demonstrates the 

potential of robotics in modern power system 

maintenance, improving both safety and operational 

efficiency. With further enhancements such as 

wireless data transmission and AI-based analysis, this 

system can evolve into a more sophisticated and 

indispensable tool for smart grid infrastructure. 

 

The Underground Cables Fault Detection Robot 

offers a practical and innovative approach to one of 

the key challenges in modern power distribution 

systems—locating and diagnosing faults in 

underground cable networks. Traditional fault 

detection methods are not only time- consuming and 

labor-intensive but can also result in significant 

disruption to urban infrastructure. The developed 

robot addresses these limitations by providing an 

automated and accurate means of fault identification. 

Equipped with precise sensors, microcontrollers, and 

real- time monitoring systems, the robot can 

efficiently traverse underground cable pathways, 

detect variations in electrical parameters, and 

pinpoint fault locations with high accuracy. This 

reduces the need for extensive excavation and manual 

inspection, leading to considerable savings in time, 

cost, and effort. Moreover, the system enhances 

safety by minimizing human exposure to hazardous 

underground environments. The successful 

implementation of this project demonstrates how 

integrating robotics, sensor technologies, and 

intelligent control systems can transform 

maintenance practices in power systems. Looking 

ahead, further improvements such as wireless 

communication, GPS integration, AI-based fault 

classification, and autonomous navigation can make 

the robot even more capable and adaptive for 

complex and large-scale underground networks. 

Ultimately, this project not only contributes to the 

advancement of smart grid maintenance but also sets 
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a foundation for future research and development in 

the field of autonomous fault detection and repair 

systems..  
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