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Abstract 

The proliferation of landmines poses significant threats to civilian safety and hampers development in 

post-conflict areas. This project presents an AI Integrated Rover designed to detect and diffuse landmines 

using advanced machine learning techniques. The rover is equipped with various sensors, including 

ground-penetrating radar and thermal imaging, to identify potential landmine locations with high accuracy. 

Machine learning algorithms are employed to analyze sensor data, distinguishing between landmines and 

non-threatening objects through pattern recognition and classification techniques.  

The rover's mobility is enhanced by an advanced navigation system, enabling it to traverse challenging 

terrains while avoiding obstacles. Once a landmine is detected, the rover utilizes a safe diffusion 

mechanism to neutralize the threat, ensuring minimal risk to nearby personnel. Field tests demonstrate 

the rover's efficacy in real-world environments, showcasing its ability to operate autonomously while 

maintaining a high detection rate. This innovative solution not only aims to reduce human casualties 

associated with landmine clearance but also contributes to safer environments for communities affected 

by these remnants of conflict. The integration of AI and robotics in this project highlights the potential 

of technology to address humanitarian challenges, paving the way for future advancements in automated 

landmine detection and neutralization. 

1. Introduction  

Landmines remain a pressing humanitarian and development issue in post-conflict regions, threatening 

lives and limiting the usability of vast areas of land. Each year, thousands of civilians face injury or 

death due to these hidden explosives, while traditional methods for detection and disposal continue to 

pose significant risks to human operators. In response to this challenge, our project introduces an AI 

Integrated Rover designed to autonomously detect and diffuse landmines with increased safety and 

precision. Rover is equipped with a suite of advanced sensors, including ground-penetrating radar and 

thermal imaging, which work in tandem to identify potential landmines accurately. By utilizing machine 

learning algorithms, the rover can analyze sensor data and differentiate between hazardous items and 

benign objects, significantly reducing false positives and enhancing detection accuracy. Once a 

landmine is identified, the rover deploys a remote-controlled diffusion system that neutralizes the threat 

safely without requiring human intervention in high-risk zones. 
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To ensure effective operation in diverse environments, the rover’s design emphasizes adaptability, 

allowing it to navigate challenging terrains with an obstacle-avoidance system. Its mobility, combined 

with autonomous scanning and detection capabilities, makes it suitable for deployment across various 

affected regions, contributing to safer and faster clearance efforts. This project illustrates the potential of 

AI and robotics to address critical global challenges. By automating landmine detection and diffusion, 

the rover offers a viable solution that not only aims to reduce casualties but also helps communities 

reclaim land for safe and productive use. 

Proposed System  

The proposed system is an autonomous rover designed to detect landmines and other hidden threats safely. 

Built on a sturdy chassis, it integrates an ESP32 microcontroller to control movement, process data, and 

communicate wirelessly. Equipped with a metal detector and Ground Penetrating Radar (GPR), the rover 

can identify both metallic and non-metallic objects underground. The motor driver ensures smooth 

movement, while a servo motor adjusts sensor angles for improved accuracy. An oxy-acetylene torch 

enables it to perform precise operations when needed. This rover offers a safe, reliable approach to 

landmine detection, reducing human involvement in hazardous environments.  

 

Figure.1 Top view of the rover 
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Block Diagram of Rover 

 

Figure.2 Block Diagram 

Methodology  

The methodology for the AI Integrated Rover involves a systematic approach to design, construction, and 

operation, utilizing various components and technologies to ensure efficient landmine detection and 

neutralization. This section outlines the key components and their roles in the overall system. 

1. Rover Chassis 

The rover chassis serves as the central platform for the entire system. It is designed to be robust and 

lightweight, providing stability and support for all onboard components. The chassis must be capable of 

navigating rough terrains typical of areas where landmines are found, ensuring that the rover can traverse 

obstacles while maintaining structural integrity. 

2. ESP32 Microcontroller 

The ESP32 microcontroller is the brain of the rover. It is responsible for processing data from the sensors, 

controlling the motors for movement, and enabling wireless communication. The microcontroller is 

programmed to perform real-time data analysis, allowing the rover to make autonomous decisions based 

on sensor inputs. Its ability to connect to Wi-Fi or Bluetooth facilitates remote monitoring and control, 

enhancing operational flexibility. 
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3. Power Supply 

The power supply is a crucial component that provides electrical energy to all parts of the rover. A 

rechargeable battery system is typically used to ensure that the rover can operate for extended periods 

without needing frequent recharging. The power supply must be efficient and lightweight to minimize 

the overall weight of the rover while ensuring all components receive adequate power. 

4. Motor Driver 

The motor driver controls the rover's movement by regulating the speed and direction of the motors 

attached to the chassis. It receives commands from the ESP32 microcontroller and translates them into 

electrical signals that drive the motors. This allows the rover to navigate autonomously, avoiding 

obstacles and covering designated areas systematically. 

5. Servo Motor 

The servo motor plays a critical role in adjusting the orientation of the sensors mounted on the rover. This 

component allows for precise movement and positioning of the sensors, enabling the rover to optimize 

detection capabilities based on the terrain and environmental conditions. The servo motor can be 

programmed to tilt or rotate the sensors as needed during operation. 

6. Metal Detector 

The metal detector is an essential sensor for identifying metallic objects buried in the ground. It operates 

by generating an electromagnetic field that detects changes in the field caused by metallic items. This 

sensor is crucial for locating landmines, which often contain metal casings or fragments. The metal 

detector alerts the rover when a metallic object is detected, prompting further investigation. 

7. Ground Penetrating Radar (GPR) 

Ground Penetrating Radar is another vital sensor used in the rover. GPR emits radar pulses into the ground 

and analyzes the reflected signals to detect sub-surface objects. It is effective for locating both metallic 

and non-metallic landmines, providing a more comprehensive assessment of potential threats. The 

integration of GPR enhances the rover’s detection capabilities, reducing the likelihood of false positives. 

8. Oxy-Acetylene Torch 

The oxy-acetylene torch is a specialized tool that may be included in the rover's design. Although not 

used in every operation, it allows for controlled cutting or manipulation of detected objects. This feature 

is beneficial in situations where a detected threat needs to be inspected or safely removed without direct 

human intervention. The torch adds versatility to the rover's capabilities in the field. 

9. Obstacle Avoidance System 

The obstacle avoidance system is implemented to enhance the rover's navigational abilities. Utilizing 

sensors such as ultrasonic or infrared, this system detects obstacles in the rover's path and adjusts its 

movement accordingly. This capability ensures that the rover can operate safely in cluttered or uneven 

terrains, reducing the risk of damage or accidents during operations. 
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Conclusions  

The AI Integrated Rover for Landmine Detection addresses the global challenge of landmines and 

unexploded ordnance in post-conflict areas. With thousands of casualties reported annually, innovative 

solutions are essential for improving safety and efficiency in demining operations. This project combines 

robotics, artificial intelligence, and machine learning to enhance traditional detection methods. 

Equipped with metal detectors and Ground Penetrating Radar (GPR), the rover accurately detects both 

metallic and non-metallic threats. The ESP32 microcontroller enables real-time data processing, 

autonomous navigation, and wireless communication, reducing human intervention. A reliable power 

system and motor drivers support extended operations, while obstacle avoidance systems ensure safe 

movement through rough terrains. Servo motors adjust sensor positioning for optimal detection, and an 

oxy-acetylene torch enhances field versatility. 

By minimizing human exposure to hazardous environments, the AI Integrated Rover improves demining 

safety and efficiency. Its autonomous capabilities accelerate landmine clearance, facilitating faster land 

reclamation and post-conflict recovery. This project demonstrates how robotics can address 

humanitarian challenges, making former war zones safer for communities. Through advanced 

technology and smart design, the rover contributes to global efforts in clearing landmines and restoring 

affected regions. 

 

Figure.3 Working Model of the Rover 

 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT25012316 Volume 16, Issue 1, January-March 2025 6 

 

Future Scope  

Future AI-powered rovers could transform landmine detection by utilizing cooperative systems for real-

time communication, enabling a networked approach to demining. Instead of operating independently, 

these rovers could function as an interconnected fleet, coordinating their movements, optimizing search 

patterns, and covering larger areas efficiently. By sharing data, they can enhance detection accuracy, 

reduce redundancy, and improve overall operational efficiency. 

Equipped with AI, advanced sensors, and machine learning algorithms, these rovers can analyze soil 

composition, differentiate between landmines and harmless objects, and generate detailed hazard maps. 

Continuous learning enables them to adapt to different terrains, improving detection capabilities over 

time. Wireless communication systems allow for instant data transmission, ensuring faster decision-

making and streamlined demining operations. 

By minimizing human intervention in hazardous zones, these intelligent rovers significantly reduce risks 

to demining personnel while accelerating landmine clearance efforts. Additionally, the integration of 

cloud-based data storage could support global landmine mapping initiatives, aiding humanitarian 

organizations and governments in identifying and prioritizing high-risk areas. This collaborative, AI-

driven approach has the potential to revolutionize demining, making post-conflict regions safer for 

communities, agriculture, and infrastructure development. By leveraging modern technology, future 

rovers could reshape global land reclamation efforts, promoting long-term safety and economic growth. 
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