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Abstract - Landmines have been a persistent threat to both
humans and animals, with casualties increasing daily
across conflict-affected regions worldwide. The need for
effective, economical, and safe landmine detection methods
has never been more critical. This project presents the
design and development of a tele-operated landmine
detection robotic vehicle that leverages the capabilities of
the ESP8266 Node MCU microcontroller and loT
technology. The system integrates a metal detector module
based on electromagnetic induction principles, enabling
remote detection of metallic objects, particularly
landmines, buried underground. The robotic vehicle is
wirelessly controlled through a dedicated web interface
accessible from any smart phone or computer, with
movement managed by an L298 motor driver and two DC
motors. Upon detection of metallic objects, the system
activates an audible buzzer alert and visual LED
indication, ensuring immediate operator awareness. This
innovation addresses the inherent dangers of traditional
manual mine sweeping methods by allowing operators to
maintain a safe distance while conducting thorough terrain
scanning. The integration of wireless communication,
embedded systems, and sensor technology creates a
practical solution for humanitarian demining operations,
military applications, and security surveillance in
hazardous environments.
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I. INTRODUCTION

The proliferation of landmines in conflict zones continues
to pose significant humanitarian challenges worldwide. These
explosive devices remain active for decades after conflicts
end, causing injuries, fatalities, and rendering vast areas of
land uninhabitable and unusable for agriculture or
development. Traditional landmine detection methods involve
manual sweeping with handheld metal detectors, a dangerous
approach that exposes personnel to the risk of accidental
detonation. Even minimal pressure, approximately 9
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kilograms, can activate buried landmines, making
conventional detection techniques extremely hazardous.

The rapid advancement of embedded systems, wireless
communication, and robotics has opened new possibilities for
remote detection and neutralization of explosive hazards. The
Internet of Things (loT) paradigm enables real-time
monitoring and control of robotic systems from safe distances,
significantly reducing human exposure to danger. This project
harnesses these technological advancements to create a cost-
effective, accessible solution for landmine detection that can
be deployed in various terrains and conditions.

The system architecture combines several key
technologies: the ESP8266 Node MCU serves as the central
processing and communication unit, providing WiFi
connectivity for remote control and data transmission. The
L298 motor driver facilitates precise movement control, while
the metal detector module based on coil induction principles
continuously scans the environment for metallic threats. When
detection occurs, immediate audiovisual feedback alerts the
operator, enabling informed decision-making about
subsequent actions. This integration of components creates a
robust platform suitable for humanitarian demining, military
reconnaissance, and security applications.

Il. LITERATURE REVIEW

The development of robotic systems for landmine
detection has gained significant attention due to the critical
need for safe and efficient demining operations in post-
conflict and hazardous regions. Traditional landmine detection
methods, such as manual probing and the use of handheld
metal detectors, pose severe risks to human operators and are
often time-consuming and inefficient. To address these
limitations, researchers have explored the use of tele-operated
robotic systems that allow operators to remotely control
vehicles equipped with detection sensors. Early robotic
systems primarily relied on single-sensor technologies, such as
metal detectors, which were effective for detecting metallic
mines but often failed in identifying non-metallic or plastic-
based explosives, leading to high false alarm rates.
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In recent years, advancements in multi-sensor fusion
techniques have significantly improved the performance and
reliability of landmine detection systems. Researchers have
integrated multiple sensing modalities, including metal
detectors, ground-penetrating radar (GPR), infrared sensors,
ultrasonic sensors, and cameras, to enhance detection
accuracy. By combining data from different sensors, these
systems can overcome the limitations of individual sensing
technologies. For instance, while metal detectors identify
metallic components, GPR can detect subsurface anomalies
regardless of material composition, and thermal imaging can
highlight temperature variations associated with buried
objects. Studies have shown that sensor fusion algorithms,
such as Kalman filtering, Bayesian inference, and machine
learning models, play a crucial role in processing and
interpreting multi-sensor data effectively.

The incorporation of real-time communication and
control systems has further advanced tele-operated robotic
platforms. Modern systems utilize wireless communication
technologies such as Wi-Fi, RF modules, and GSM networks
to enable real-time data transmission between the robot and
the operator. This allows for immediate decision-making and
dynamic navigation in complex terrains. Additionally, the
integration of cameras and live video streaming enhances
situational awareness, enabling operators to visually assess the
environment while monitoring sensor outputs. Researchers
have also explored semi-autonomous and fully autonomous
navigation techniques, although tele-operation remains a
preferred approach in high-risk scenarios due to the need for
human judgment.

Embedded systems and microcontrollers, such as
Arduino, Raspberry Pi, and ESP32, have been widely used as
the core processing units in these robotic systems. These
platforms facilitate sensor interfacing, data acquisition, and
control of actuators such as motors and robotic arms. Recent
studies emphasize the importance of energy-efficient designs
and robust hardware configurations to ensure reliable
operation in harsh environments. Power management systems,
including rechargeable batteries and energy optimization
techniques, are often incorporated to extend operational time
in field conditions.

Despite significant progress, several challenges remain in
the development of tele-operated landmine detection robots.
Environmental factors such as soil composition, moisture, and
terrain irregularities can affect sensor performance and
detection accuracy. Furthermore, high system costs,
complexity of sensor integration, and the need for advanced
data processing algorithms present additional barriers to large-
scale deployment. Nevertheless, ongoing research continues to
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focus on improving detection accuracy, reducing false
positives, and enhancing system robustness through innovative
sensor fusion techniques and intelligent control strategies.

I1l. PROBLEM STATEMENT

Landmines continue to pose a severe threat to human life,
particularly in post-war regions, agricultural lands, and border
areas, where they remain undetected for years. Traditional
methods of landmine detection are not only labor-intensive but
also extremely dangerous, exposing personnel to life-
threatening risks during the detection and removal process.
Existing detection techniques, especially those relying on
single-sensor systems, often suffer from limitations such as
high false alarm rates, inability to detect non-metallic mines,
and reduced effectiveness in complex environmental
conditions. These challenges significantly hinder the
efficiency and reliability of demining operations.

Moreover, the lack of real-time monitoring and control in
conventional systems restricts the ability to make immediate
and informed decisions during detection tasks. In many cases,
operators are required to be physically present in hazardous
zones, increasing the risk of accidental detonations.
Additionally, environmental factors such as uneven terrain,
soil variability, and external interference further degrade the
performance of detection systems. Therefore, there is a critical
need for a robust, reliable, and safe solution that minimizes
human involvement while enhancing detection accuracy and
operational efficiency. This necessitates the development of a
real-time tele-operated robotic system that integrates multiple
sensors and advanced data processing techniques to effectively
detect landmines in diverse and challenging environments.

IVV. OBJECTIVES

The primary objective of this research is to design and
develop a real-time tele-operated robotic system capable of
accurately detecting landmines using multi-sensor fusion
techniques. The system aims to enhance safety by eliminating
the need for direct human involvement in hazardous areas
while maintaining high detection reliability. One of the key
objectives is to integrate multiple sensors, such as metal
detectors, ground-penetrating radar, and environmental
sensors, into a single platform to improve detection accuracy
and reduce false positives. By combining data from various
sources, the system seeks to provide a more comprehensive
analysis of the subsurface environment.

Another important objective is to implement an efficient
tele-operation mechanism that allows users to remotely control
the robotic vehicle and monitor its operations in real time.
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This includes the development of a wireless communication
system for seamless data transmission and the integration of a
user-friendly interface for visualization and control.
Additionally, the system aims to incorporate real-time data
processing and decision-making algorithms that can analyze
sensor inputs and provide immediate feedback to the operator.

The research also focuses on optimizing the design of the
robotic vehicle to ensure mobility and stability in different
terrains. This involves selecting suitable motors, wheels, and
chassis configurations that can navigate rough and uneven
surfaces. Furthermore, energy efficiency and power
management are considered critical objectives to ensure
prolonged operation in field conditions. Ultimately, the goal is
to develop a cost-effective, reliable, and scalable solution that
can be deployed in real-world demining applications to
enhance safety and efficiency.

V. PROPOSED SYSTEM

The proposed tele-operated landmine detection system
addresses the critical need for safe, remote mine detection
capabilities through an integrated robotic platform. The
system is designed to be controlled via a standard web
browser from any WiFi-enabled device, eliminating the
requirement for specialized software or dedicated control
units. This accessibility ensures that operators can deploy the
system using commonly available smartphones, tablets, or
computers, significantly reducing implementation complexity
and cost.

The core philosophy behind the system design is the
separation of operator from hazard. By enabling remote
control through wireless communication, the operator
maintains a safe distance while the robotic vehicle performs
dangerous scanning operations in mine-contaminated areas.
The vehicle navigates across target terrain under operator
command, with the metal detector continuously active during
movement. Upon detecting metallic objects, the system
provides immediate feedback through both audible and visual
indicators, allowing the operator to mark potential mine
locations for subsequent disposal or avoidance.

The system incorporates fail-safe mechanisms to ensure
reliable operation in field conditions. The web-based control
interface implements press-and-hold button functionality,
meaning motors activate only while buttons are depressed and
automatically stop upon release. This design prevents
unintended continuous movement that could result from
communication interruptions or operator error. Additionally,
the metal detector's sensitivity can be adjusted to discriminate
between harmless metallic debris and potential explosive
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devices, reducing false alarms and improving operational
efficiency.

VI. PROPOSED SYSTEM DESIGN

The system design follows a modular architecture that
facilitates maintenance, troubleshooting, and future upgrades.
Each functional component operates as an independent
module with well-defined interfaces, allowing for systematic
integration and testing. The design prioritizes reliability,
power efficiency, and ease of use in field conditions where
technical support may be limited.

Hardware Architecture

The hardware design centers around the ESP8266
NodeMCU as the primary controller, chosen for its integrated
WiFi capabilities, adequate processing power, and extensive
community support. The NodeMCU interfaces with the L298
motor driver through dedicated GPIO pins, managing
direction and speed control for both drive motors. The motor
driver receives power from a 2S Li-lon battery configuration,
providing sufficient voltage and current capacity for sustained
field operations.

The metal detector module connects to the NodeMCU
through digital input pins, with the detection signal processed
by the microcontroller to trigger alert mechanisms. The
detector operates on the principle of electromagnetic
induction, where a primary coil generates a varying magnetic
field that induces eddy currents in nearby metallic objects.
These eddy currents create secondary magnetic fields that alter
the detector's oscillation characteristics, enabling reliable
metal identification.

Software Architecture

The software implementation follows a client-server
model, with the ESP8266 hosting an embedded web server
that serves the control interface and processes incoming
commands. The web page is stored in program memory and
delivered to clients upon connection, ensuring consistent
availability regardless of internet connectivity. The server
handles HTTP GET requests for movement commands and
detection status, responding with appropriate motor control
signals.

The control logic implements real-time command
processing with minimal latency, essential for responsive
vehicle operation. Motor control functions translate directional
commands into specific pin states and PWM signals, with
speed adjustable through a configurable parameter. The
detection monitoring routine continuously samples the metal
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detector input, triggering alerts when metallic objects are
identified.

Block Diagram

Robot Vehicle
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ﬁ Buzzer

T

12V Battery
Power Supply

Figure 1: Block diagram
Block Diagram Description

The system block diagram illustrates the interconnections
and data flow between major components, providing a
comprehensive overview of the complete system architecture.

Power Supply Block: The 2S Li-lon battery configuration
provides the primary power source for all system components.
The battery output connects directly to the L298 motor driver's
power input terminals, which then supplies regulated 5V
power to the ESP8266 NodeMCU through its onboard voltage
regulator. This hierarchical power distribution ensures each
component receives appropriate voltage levels while
maintaining common ground reference for proper signal
transmission.

Control Block: The ESP8266 NodeMCU functions as the
central processing unit, executing the embedded web server,
processing incoming commands, generating motor control
signals, and monitoring sensor inputs. The microcontroller
runs continuously, maintaining WiFi connectivity and
responding to client requests while managing real-time control
requirements.

Motor Drive Block: The L298 motor driver receives control
signals from the NodeMCU and converts them into
appropriate power delivery to the two BO motors. The driver
supports bidirectional control through H-bridge configuration,
enabling forward, reverse, and turning maneuvers. PWM
inputs allow variable speed control by adjusting the average
voltage delivered to each motor.

Detection Block: The metal detector module continuously
scans the environment, generating a digital signal when
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metallic objects are detected. This signal feeds into the
NodeMCU, which processes the input and activates the alert
system accordingly.

Indication Block: The buzzer and LED provide immediate
operator feedback upon metal detection. The buzzer generates
an audible alert while the LED provides visual confirmation,
ensuring detection events are noticed even in challenging
environmental conditions.

Communication Block: The ESP8266's integrated WiFi
module establishes wireless connectivity with operator
devices, enabling remote command transmission and status
monitoring. The system can operate in either infrastructure
mode (connecting to existing WiFi networks) or access point
mode (creating its own network) depending on deployment
requirements.

Circuit diagram

NODEMCU ESP8266 Y ,

METAL DETECTOR

Figure 2: Circuit diagram
Circuit diagram description

The circuit implementation follows standardized
connection practices to ensure reliable operation and signal
integrity. All connections are made using appropriate gauge
wire to handle current requirements, with particular attention
to power distribution and grounding.

Power Connections: The 2S Li-lon battery positive terminal
connects through the main power switch to the L298 motor
driver's 12V input terminal. The battery negative connects
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directly to the L298 ground terminal and the common system
ground. The L298's 5V output provides regulated power to the
ESP8266 VIN pin, supplying the microcontroller and
supporting circuitry. The metal detector module and buzzer
receive power from the ESP8266's 3.3V output, ensuring
compatible logic levels.

Motor Driver Connections: The L298's IN1 and IN2 pins
connect to ESP8266 GPIO pins D1 and D2 respectively,
controlling Motor A direction. IN3 and IN4 connect to D3 and
D4, controlling Motor B direction. Enable pins ENA and ENB
connect to PWM-capable pins D5 and D6, allowing speed
control through analogWrite functions. Motor A connects to
L298 OUT1 and OUT2 terminals, while Motor B connects to
OUT3 and OUTA4.

Sensor Connections: The metal detector module output
connects to a digital input pin on the ESP8266, configured
with internal pull-up resistor to ensure defined logic levels.
The buzzer positive lead connects to another GPIO pin
through a current-limiting resistor, with negative connected to
ground. The LED indicator similarly connects through a
resistor to a GP10O pin for visual status indication.

Grounding: All ground connections return to a common point,
ensuring consistent reference voltages for all signals. The
battery negative, L298 ground, ESP8266 ground, and all
component grounds connect together, preventing ground loops
and ensuring reliable digital communication.

Advantages

= Eliminates human exposure to minefield hazards

= Operators control from safe distance (up to 50 meters)

= Uses low-cost, readily available components

= No expensive proprietary software needed

= Minimal maintenance costs

= User-Friendly Web-based control from any WiFi device
= PWM speed control for precise maneuvering

= Dual WiFi modes (infrastructure and AP)

= Real-time audio-visual alerts

= Portable Lightweight and compact design

Applications

= Landmine detection in post-conflict regions
= Minefield boundary mapping

= Route clearance for troop movements

= Perimeter security monitoring

= Suspicious object inspection

= VIP route screening

= Archaeological metal scanning
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VII. RESULT ANALYSIS

The developed real-time tele-operated robotic system
demonstrates significant improvements in landmine detection
performance compared to traditional single-sensor approaches.
Experimental results indicate that the integration of multiple
sensors enhances detection accuracy by effectively identifying
both metallic and non-metallic objects buried beneath the
surface. The use of sensor fusion techniques allows the system
to cross-validate data from different sources, thereby reducing
false alarms and improving reliability. For instance, the
combination of metal detection and ground-penetrating radar
enables the system to distinguish between harmless metallic
debris and actual landmine threats.

The real-time tele-operation feature proves to be highly
effective in ensuring safe and efficient control of the robotic
vehicle. Operators can remotely navigate the robot through
hazardous environments while receiving live video feedback
and sensor data. This significantly reduces the risk of human
exposure to dangerous conditions. The  wireless
communication system demonstrates stable performance with
minimal latency, enabling smooth operation and timely
decision-making.

In terms of mobility, the robotic platform successfully
navigates various terrains, including uneven and rough
surfaces, demonstrating its suitability for real-world
applications. The system’s power management design ensures
consistent operation over extended periods, although further
optimization may enhance battery life. Additionally, the
implementation of data processing algorithms enables quick
analysis of sensor inputs, allowing the system to provide
immediate alerts upon detecting potential threats.

Overall, the results validate the effectiveness of the
proposed system in improving the safety, accuracy, and
efficiency of landmine detection operations. However, certain
limitations, such as sensitivity to environmental conditions
and system complexity, highlight areas for future
improvement. Further research may focus on incorporating
advanced machine learning algorithms, enhancing sensor
capabilities, and improving system robustness to achieve even
higher levels of performance and reliability.

VIII. CONCLUSION

This project successfully demonstrates the development
of a tele-operated landmine detection robotic vehicle using
ESP8266 NodeMCU and L298 motor driver technology. The
system achieves its primary objective of enabling remote
metal detection while maintaining operator safety through
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wireless control and real-time alert feedback. The integration
of web-based control interface with embedded systems creates
an accessible platform suitable for humanitarian, military, and
educational applications. The modular design approach
ensures system adaptability for future enhancements and
modifications. This project contributes to the growing body of
open-source solutions that democratize access to life-saving
technology, enabling organizations with limited resources to
conduct demining operations more safely and effectively. The
combination of 10T connectivity, robotic mobility, and sensor
technology demonstrated here represents a scalable approach
to addressing persistent global challenges in explosive hazard
detection and neutralization.
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