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Abstract - Landmines remain one of the most dangerous 

remnants of war, posing serious risks to human life and limiting 

development in affected regions. Conventional detection 

methods are slow, hazardous, and heavily dependent on human 

involvement. This project presents the design and development 

of a Landmine Detection Rover, a robotic system capable of 

operating autonomously or via remote control to enhance safety 

during detection tasks. The rover is equipped with sensors such 

as a metal detector and obstacle detection system to identify 

buried metallic objects beneath the surface, while a 

microcontroller processes sensor data and controls its 

movement. Upon detecting a potential landmine, the system 

alerts the operator through visual indicators or wireless 

communication. Designed to navigate uneven and hazardous 

terrains, the rover can scan areas unsafe for human access. The 

primary objective of this project is to provide a safer, more 

efficient, and cost-effective solution for landmine detection by 

integrating robotics, embedded systems, and sensor 

technologies, thereby reducing human casualties and 

improving detection speed and accuracy while contributing to 

safer environments in post-conflict regions. 
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1.INTRODUCTION 

Landmines are explosive devices buried under or placed on the 

ground and are designed to detonate when triggered by 

pressure, proximity, or contact. They were widely used during 

wars and military conflicts to protect territories and restrict 

enemy movement. However, long after conflicts end, these 

landmines remain hidden underground and continue to pose a 

serious threat to civilians, soldiers, and wildlife. Every year, 

thousands of people are injured or killed due to accidental 

landmine explosions, making landmine detection and removal 

an important humanitarian challenge 

 

Traditional landmine detection methods mainly involve trained 

personnel using handheld metal detectors, trained animals such 

as dogs, or specialized vehicles. These methods can be slow, 

expensive, and extremely dangerous because human operators 

must physically enter potentially hazardous areas. As a result, 

there is a growing need for safer and more efficient 

technologies that can detect landmines while minimizing the 

risk to human life 

The Landmine Detection Rover proposed in this project is 

designed as a robotic vehicle capable of detecting landmines 

using a metal detection sensor along with obstacle detection 

mechanisms. The rover is controlled by a microcontroller that 

processes sensor data and guides the movement of the robot. 

When the sensor detects a potential metallic object 

underground, the system alerts the operator through visual or 

communication signals 

2.WORKING PRINCIPLE 

The Landmine Detection Rover operates as a mobile robotic 

system designed to detect buried landmines and mark their 

location safely. The rover moves over the ground surface using 

DC motors controlled by a microcontroller. As the rover moves 

forward across a suspected area, a metal detection sensor 

continuously scans the ground to identify metallic objects that 

may indicate the presence of a landmine. The metal detector 

works by generating an electromagnetic field. When a metallic 

object is present beneath the soil, it disturbs this 

electromagnetic field and produces a change in the sensor 

signal. This signal is sent to the microcontroller, which 

processes the data and determines whether a potential landmine 

has been detected. 

Once a landmine or metallic object is detected, the system 

activates multiple output mechanisms. A buzzer is triggered to 

provide an audible alert, warning the operator that a possible 

landmine has been found. At the same time, the LCD display 

shows a detection message so that the operator can easily 

monitor the status of the rover. 

In addition to the alert system, the rover also includes a water 

spraying mechanism. When detection occurs, the rover 

sprays water onto the ground at that location. This helps mark the 

detected spot, making it easier for demining teams to identify 

and examine the suspected landmine location later. Through the 

integration of mobility, sensing technology, and marking 

mechanisms, the rover can safely explore hazardous areas, 

detect potential landmines, and clearly indicate their location 

without exposing humans to danger. This system improves 

safety and efficiency in landmine detection operations. 

 

3.BLOCK DIAGRAM 

 

Fig. 1: Overview of the system 
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4. IMPLEMENTATION OF LANDMINE 

DETECTION ROVER 

The implementation of the Landmine Detection Rover involves 

the integration of hardware components, embedded 

programming, and mechanical design to develop a functional 

and efficient detection system. The system is designed to 

operate in real-time, enabling the detection and marking of 

potential landmines while minimizing human intervention. 

4.1 Hardware Implementation 

The hardware architecture of the rover consists of several key 

components, including an ESP32 microcontroller, metal 

detection sensor, DC motors, motor driver module, ultrasonic 

sensor, buzzer, LCD display, and a water pump mechanism. 

The ESP32 microcontroller serves as the central processing unit 

of the system, responsible for controlling all operations and 

processing sensor inputs. The metal detection sensor is used to 

identify metallic objects beneath the ground surface by 

detecting disturbances in the electromagnetic field. 

DC motors are used to drive the rover, and they are controlled 

through a motor driver module (such as L298N), which allows 

directional movement (forward, backward, left, and right). An 

ultrasonic sensor is integrated for obstacle detection, enabling 

the rover to avoid collisions while navigating uneven terrain. 

For alert mechanisms, a buzzer is used to provide audible 

warnings, while an LCD display shows real-time status 

messages such as “Metal Detected” or “No Detection.” 

Additionally, a water pump connected to a nozzle is used to 

spray water on detected locations, marking the presence of a 

potential landmine. 

All components are powered using a rechargeable battery, 

ensuring portability and field deployment capability. 

4.2 Software Implementation 

The software for the Landmine Detection Rover is developed 

using embedded C/C++ and is programmed into the ESP32 

using the Arduino IDE. The system operates by continuously 

reading input data from the metal detection sensor and the 

ultrasonic sensor. Based on the received sensor data, the 

microcontroller makes real-time decisions related to rover 

movement, detection, and alert generation. 

Initially, all sensors, motors, and output devices are properly 

initialized to ensure smooth system operation. During 

execution, the program continuously monitors the output from 

the metal detection sensor. When a metallic object is detected, 

the rover immediately stops its movement to prevent any 

potential risk. At the same time, the buzzer is activated to 

provide an audible alert, and a detection message is displayed 

on the LCD screen to inform the operator. Simultaneously, the 

water spraying mechanism is triggered to mark the detected 

location for further inspection. 

If no metallic object is detected, the rover continues its forward 

movement to scan the area. In addition, the ultrasonic sensor 

continuously checks for obstacles in the rover’s path. If any 

obstacle is detected, the system automatically changes the 

direction of the rover to avoid collision and ensure 

uninterrupted operation. 

4.3 Mechanical Design and Assembly 

The rover is built on a robust chassis capable of moving over 

rough and uneven terrain. The DC motors are mounted with 

wheels to provide stable mobility. The metal detector sensor is 

positioned close to the ground surface to maximize detection 

accuracy. 

The ultrasonic sensor is mounted at the front of the rover to 

detect obstacles in its path. The water spraying system, 

consisting of a small pump and nozzle, is fixed near the 

detection area to ensure precise marking of detected locations. 

All electronic components are securely mounted on the chassis 

and connected using proper wiring to ensure durability and 

reliability during operation. 

4.4 System Integration 

The successful implementation of the rover requires seamless 

integration of hardware and software components. Sensor data 

is continuously processed by the ESP32, which coordinates 

motor control, detection logic, and output responses. 

The integration ensures that all subsystems—mobility, 

detection, alerting, and marking—work together in real-time. 

This coordinated operation enables the rover to perform 

efficient landmine detection while maintaining safety and 

reliability. 

5. WORKING OF THE PROPOSED SYSTEM 

The proposed Landmine Detection Rover operates as an 

integrated robotic system that combines sensing, control, 

mobility, and alert mechanisms to safely detect and indicate the 

presence of buried landmines. The system is designed to 

function in real-time with minimal human intervention, thereby 

significantly reducing the risks associated with manual 

landmine detection. At the core of the system lies the ESP32 

microcontroller, which acts as the central processing unit 

responsible for coordinating all hardware components and 

executing the detection logic. 

The operation of the rover begins with the initialization of all 

system components, including the metal detection sensor, 

ultrasonic sensor, motor driver, DC motors, buzzer, LCD 

display, and water spraying mechanism. Once powered on, the 

rover starts moving across the target area using motor-driven 

wheels. The movement of the rover is controlled by the ESP32 

through the motor driver module, allowing it to navigate the 

terrain in a controlled and systematic manner. The design 

ensures that the rover maintains stability and can operate 

effectively even on uneven or rough surfaces typically found in 

hazardous environments. 

As the rover progresses, the metal detection sensor 

Fig. 1: Circuit diagram 
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continuously scans the ground surface by generating an 

electromagnetic field. When a metallic object is present beneath 

the soil, it disrupts this electromagnetic field, resulting in a 

detectable variation in the sensor output signal. This signal is 

captured and transmitted to the ESP32 microcontroller, where 

it is processed and analyzed in real-time. Based on predefined 

threshold conditions, the system determines whether the 

detected signal corresponds to a potential landmine or metallic 

object. 

Upon confirmation of detection, the system immediately halts 

the movement of the rover to prevent any accidental triggering 

of the suspected landmine. Simultaneously, multiple alert 

mechanisms are activated to notify the operator. An audible 

alert is generated through a buzzer, while a corresponding 

warning message is displayed on the LCD screen for visual 

confirmation. In addition to alerting, the system activates a 

water spraying mechanism that marks the detected location on 

the ground. This marking plays a crucial role in assisting 

demining teams by clearly identifying the exact position of the 

suspected landmine for further investigation or safe disposal. 

Alongside the detection process, the ultrasonic sensor 

continuously monitors the rover’s surroundings to detect 

obstacles in its path. When an obstacle is identified within a 

certain range, the sensor sends a signal to the microcontroller, 

which then alters the rover’s direction to avoid collision. This 

obstacle avoidance capability ensures uninterrupted operation 

and enhances the rover’s ability to navigate through complex 

and unpredictable terrains without manual control. 

Furthermore, the ESP32 microcontroller provides built-in 

wireless communication capabilities such as Wi-Fi and 

Bluetooth, which can be utilized to transmit detection data and 

system status to a remote operator or monitoring station. This 

feature enables real-time supervision, data logging, and remote 

control of the rover, thereby increasing operational flexibility 

and efficiency in field applications. 

Overall, the working of the proposed system is based on the 

seamless integration of sensing technologies, embedded 

processing, automated decision-making, and mechanical 

actuation. This coordinated operation allows the rover to 

effectively detect potential landmines, provide immediate 

alerts, mark hazardous locations, and navigate safely through 

dangerous environments, making it a reliable and efficient 

solution for modern landmine detection challenges. 

6. RESULTS AND DISCUSSION 

The Landmine Detection Rover was successfully implemented 

and tested to evaluate its performance in detecting metallic 

objects and navigating obstacle-prone environments. The 

system was tested under controlled conditions to analyze its 

detection capability, response time, and overall operational 

efficiency, and the results demonstrate reliable performance in 

identifying metallic objects and generating appropriate alerts 

and marking mechanisms. 

During experimental testing, the metal detection sensor 

effectively detected metallic objects buried at shallow depths. 

Upon detection, the rover stopped immediately, activated the 

buzzer alert, displayed a confirmation message on the LCD, and 

triggered the water spraying mechanism to mark the location, 

confirming proper system functionality. 

The obstacle detection system using the ultrasonic sensor also 

performed effectively, allowing the rover to detect obstacles 

within range and change direction to avoid collisions, ensuring 

smooth and continuous operation without manual intervention. 

The ESP32 microcontroller processes sensor inputs efficiently 

and executed control actions in real-time without noticeable 

delay, while maintaining smooth coordination between all 

hardware components and stable performance during 

continuous operation, indicating reliable system design. 

However, the results also highlight certain practical challenges. 

The detection accuracy decreases with an increase in the depth 

of the buried object, and the system may produce false 

detections in the presence of unwanted metallic materials in the 

soil. Additionally, environmental factors such as soil moisture 

and terrain irregularities can influence sensor performance and 

rover mobility. 

Overall, the experimental results demonstrate that the proposed 

system is effective for basic landmine detection and marking in 

controlled environments. While the system shows promising 

performance, further improvements are required to enhance 

detection accuracy, expand sensing capabilities, and ensure 

reliable operation in real-world conditions. 

7.CONCLUSION 

The Landmine Detection Rover developed in this project 

provides a safer and more efficient approach for detecting and 

marking potential landmines in hazardous environments. By 

integrating a metal detection sensor with an ESP32 

microcontroller, the system can identify buried metallic objects 

and generating immediate alerts through a buzzer, LCD 

display, and marking mechanism. 

The experimental results demonstrate that the rover can 

perform real-time detection, obstacle avoidance, and location 

marking with reliable performance under controlled conditions. 

The use of wireless communication further enhances the system 

by enabling remote monitoring and control. 

Although the system has limitations such as reduced detection 

depth and inability to detect non-metallic landmines, it still 

serves as a practical and cost-effective solution for preliminary 

landmine detection. Overall, the project highlights the potential 

of combining robotics and embedded systems to improve safety 

and efficiency in hazardous operations. 
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