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Abstract- The proliferation of landmines and explosive devices 

in conflict zones poses a significant threat to human safety, 

necessitating the development of automated detection systems. 

This paper presents the design and implementation of a smart 

robotic platform integrated with a metal detector and a 

Passive Infrared (PIR) sensor for the dual purpose of 

landmine detection and human presence monitoring. 

Controlled wirelessly via a Bluetooth module, the system 

utilizes an Arduino Uno microcontroller to process sensor 

data and execute navigation commands. The metal detector 

identifies metallic components common in explosive casings, 

while the PIR sensor detects infrared radiation emitted by 

living beings. Upon detection of a threat, the system triggers 

an audible alarm and provides real-time feedback to the 

operator. Experimental results demonstrate the robot’s 

effectiveness in hazardous environments, offering a cost-

effective and reliable solution for reducing human risk in 

surveillance and demining operations. 
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I. INTRODUCTION 

 

Hazardous environments, particularly those affected 

by war or industrial accidents, present extreme risks to human 

personnel. The detection of landmines and the monitoring of 

unauthorized human presence in these zones are critical tasks 

that often result in casualties when performed manually. 

Traditional methods of bomb detection rely on handheld 

devices or trained animals, both of which require direct 

proximity to potential threats. The inherent dangers associated 

with these methods underscore the urgent need for safer, more 

efficient alternatives [1]. 

 

The advancement of robotics and embedded systems 

has opened new avenues for automated security solutions. By 

deploying mobile robotic platforms, human operators can 

maintain a safe distance while performing high-risk 

inspections. This research focuses on developing a versatile 

robot capable of navigating difficult terrains, detecting 

metallic threats, and identifying human movement using low-

cost yet effective sensors. The integration of these capabilities 

aims to minimize human involvement in dangerous situations, 

thereby enhancing safety and operational efficiency [2]. 

 

The primary objectives of this project include: 

 

1. To design a robotic system for detecting metallic 

objects, specifically for landmine detection. 

2. To detect human presence using a PIR sensor to 

monitor unauthorized entry into restricted areas. 

3. To enable wireless control of the robot using 

Bluetooth communication for remote operation. 

4. To provide an alert system that triggers immediately 

upon the detection of threats. 

5. To reduce human risk in hazardous environments by 

automating detection and surveillance tasks. 

 

II. LITERATURE SURVEY 

 

The field of robotic surveillance and autonomous 

systems has witnessed substantial growth, driven by the need 

for enhanced safety and efficiency in various applications. 

Several studies have explored the use of robotics for detection 

and monitoring in hazardous environments. 

 

Karthikeya et al. [3] developed an animatronics robot 

for surveillance in conflict zones, emphasizing the use of IoT 

for remote operation and integrating components such as an 

ESP32 camera for live video streaming, a PIR sensor for 

human motion detection, and a metal detector for identifying 

explosive materials. Similarly, Singh et al. [4] proposed an 

IoT-based system specifically for bomb defusing and landmine 

detection, utilizing real-time image transmission to a control 

station for analysis. Their work highlighted the flexibility of 

both manual and autonomous operation modes in critical 

environments. 
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Other researchers have explored different control 

mechanisms and hardware platforms. Vaishnavi et al. [5] 

utilized Dual-Tone Multi-Frequency (DTMF) technology for 

long-range spy robots, integrating a metal detector, ultrasonic 

sensor, and wireless night vision camera for military and 

surveillance applications. Gharaniya et al. [6] focused on 

Raspberry Pi-based systems for bomb disposal in highly 

populated areas, incorporating sensors such as PIR for 

detecting human presence and cameras for live surveillance. 

Recent advancements by Gourkhede et al. [7] highlight the 

integration of NodeMCU for autonomous navigation and real-

time alerts in an IoT-based metal detector robot. This paper 

builds upon these concepts by combining dual-sensing 

capabilities (metal and human) into a single, cost-effective 

Arduino-based platform, focusing on simplicity and reliability 

for practical deployment. 

 

III. SYSTEM ARCHITECTURE 

 

The proposed system is a microcontroller-based 

robotic platform designed to detect metallic objects and 

human presence efficiently. It integrates various hardware and 

software components to achieve its objectives. 

 

A. Hardware Configuration 

 

The core of the system is the Arduino Uno 

microcontroller, based on the ATmega328P, which serves as 

the central processing unit. It interfaces with the following key 

components: 

 

 Metal Detector Module: This module operates on 

the principle of electromagnetic induction. It consists 

of a coil that generates a magnetic field; when a 

metallic object enters this field, it disturbs the field 

and induces eddy currents. These currents create their 

own magnetic field, which is detected by the sensor. 

The variation in the magnetic field is then converted 

into an electrical signal, indicating the presence of 

metal [8]. 

 PIR Sensor (Passive Infrared Sensor): The PIR 

sensor detects motion by measuring changes in 

infrared (IR) radiation emitted by objects within its 

field of view. All living things emit IR radiation as 

heat. The sensor is passive, meaning it does not emit 

anything itself, but rather senses changes in IR levels 

caused by the movement of a person or warm object 

[9]. 

 HC-05 Bluetooth Module: This module facilitates 

wireless communication between the robot and a 

remote control device. It allows the operator to send 

commands for navigation (forward, backward, left, 

right, stop) and receive status updates from the robot 

[10]. 

 L298N Motor Driver: This is a dual H-bridge motor 

driver that allows the Arduino Uno to control the 

speed and direction of two DC motors independently. 

It provides the necessary current amplification to 

drive the motors [11]. 

 DC Motors: Two DC motors are used to provide 

mobility to the robotic platform, enabling movement 

in various directions [12]. 

 Relay: An electrically operated switch used to 

control higher power circuits (like the alarm) from 

the low-power microcontroller [13]. 

 Buzzer/Alarm: An audible warning device that 

activates upon the detection of metallic objects or 

human presence [14]. 

 

B. Functional Block Diagram 

 

Figure 1 illustrates the overall functional block 

diagram of the proposed system, detailing the interconnections 

between the microcontroller, sensors, communication module, 

and actuators. 

 

 
Figure 1. Proposed System Block Diagram. 

 

C. Existing System Disadvantages 

 

To highlight the improvements offered by the 

proposed system, it is important to consider the limitations of 

conventional methods for bomb detection and surveillance. 

These often include: 

 

 High risk to human life due to direct involvement in 

hazardous areas. 

 Requirement for continuous human presence and 

manual inspection. 

 Limited range and mobility of traditional handheld 

devices. 
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 Time-consuming detection processes. 

 Lack of real-time remote monitoring capabilities. 

 Reduced efficiency in environments with difficult 

terrain or restricted access. 

 

IV. METHODOLOGY AND IMPLEMENTATION 

 

A. Working Principle 

 

The robot’s operation is governed by a continuous 

control loop that actively monitors sensor inputs and responds 

to Bluetooth commands. The metal detector module, based on 

electromagnetic induction, generates an alternating magnetic 

field. When a metallic object enters this field, it perturbs the 

magnetic flux, inducing eddy currents within the object. These 

eddy currents, in turn, generate a secondary magnetic field that 

is detected by the sensor, signaling the presence of metal. The 

PIR sensor, on the other hand, continuously monitors its field 

of view for changes in infrared radiation. A sudden change, 

typically caused by the movement of a warm body like a 

human, triggers a detection event. 

 

B. Control Logic 

 

The Arduino Uno microcontroller is programmed to 

interpret commands received via the Bluetooth module and to 

process data from the metal detector and PIR sensor. The 

navigation commands are simple character-based inputs: 

 

 ʻF’: Initiates forward movement of the robot. 

 ʻB’: Initiates backward movement of the robot. 

 ʻL’: Commands the robot to turn left. 

 ʻR’: Commands the robot to turn right. 

 ’S’: Halts all robot movement. 

 

Upon detection of a metallic object or human 

presence, the microcontroller activates the buzzer, providing 

an immediate audible alert. The system’s software, developed 

using the Arduino IDE, integrates these functionalities, 

ensuring real-time responsiveness and coordinated operation 

of all components. 

 

C. Flowchart of Operation 

 

Figure 2 illustrates the operational flowchart of the 

robotic system, detailing the sequence of sensor initialization, 

environmental scanning, and incident response mechanisms. 

 

 
Figure 2. System Operational Flowchart. 

 

V. RESULTS AND DISCUSSION 

 

The prototype robotic system underwent 

comprehensive testing in both controlled indoor environments 

and simulated outdoor hazardous zones. The performance 

evaluation focused on the accuracy and responsiveness of the 

detection mechanisms, as well as the reliability of the wireless 

control system. 

 

A. Performance Evaluation 

 

 Metal Detection: The metal detector module 

successfully identified various metallic objects 

(simulating landmines and other explosive 

components) at an average range of 5-10 cm. The 

response time from detection to alarm activation was 

consistently below 500 milliseconds. 

 Human Presence Detection: The PIR sensor 

demonstrated reliable detection of human movement 

within a 3-5 meter radius, with a detection angle of 

approximately 100°-120°. False positives were 

minimal in controlled settings. 

 Wireless Control: The Bluetooth module provided 

stable and responsive control of the robot’s 

movement up to a range of 10 meters, allowing for 

precise navigation in all directions. 

 

B. Key Performance Indicators 

 

 
 

C. Advantages of the Proposed System 
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The developed system offers several significant 

advantages over traditional methods: 

 

 Reduced Human Risk: By enabling remote 

operation, the robot minimizes direct human 

exposure to dangerous environments. 

 Real-time Detection and Alert: Immediate feedback 

and audible alerts enhance situational awareness and 

facilitate rapid response. 

 Cost-Effectiveness: Utilizing readily available and 

affordable components like Arduino Uno and 

standard sensors makes the system economically 

viable for various applications. 

 Flexibility and Portability: The compact design and 

wireless control allow for deployment in diverse and 

challenging terrains. 

 

D. Limitations and Challenges 

 

Despite its advantages, the prototype exhibited 

certain limitations: 

 

 Limited Detection Depth: The metal detector’s 

effective range is relatively shallow, which might be 

a constraint for deeply buried objects. 

 Environmental Interference: False detections 

occasionally occurred due to electromagnetic 

interference or other metallic debris in the testing 

environment. 

 PIR Sensor Sensitivity: The PIR sensor can be 

triggered by heat sources other than humans, such as 

animals or sudden temperature changes, leading to 

potential false alarms. 

 

E. Hardware Implementation 

 

The physical prototype of the robotic system is 

shown in Figure 3. The assembly integrates the Arduino Uno, 

L298N motor driver, HC-05 Bluetooth module, and sensors 

onto a mobile chassis. The LCD panel provides real-time 

status updates, such as “STATUS - BOMB DETECTED” or 

“STATUS - NORMAL.” 

 

 
Figure 3. Hardware Implementation of the Robotic System. 

 

 

VI. CONCLUSION AND FUTURE WORK 

 

This research successfully demonstrates the design 

and implementation of a dual-purpose robotic system for 

landmine detection and human presence monitoring. By 

integrating an Arduino Uno microcontroller with a metal 

detector, PIR sensor, and Bluetooth communication, the 

system provides a safe, reliable, and cost-effective solution for 

surveillance in hazardous environments. The prototype 

effectively achieved its objectives of remote navigation, threat 

detection, and immediate alerting, significantly reducing 

human risk. 

 

Future work will focus on enhancing the system’s capabilities 

by: 

 

 Integrating GPS for precise location tracking and 

mapping of detected threats. 

 Incorporating camera-based computer vision for 

improved object recognition and threat classification. 

 Developing advanced algorithms for differentiating 

between various metallic objects and reducing false 

positives. 

 Exploring alternative communication protocols for 

extended range and improved data transmission 

reliability. 

 Implementing a more robust power management 

system for prolonged operational endurance. 
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