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Abstract

Landmines are a major problems in many post war regions and cause thousands
deaths every year. Traditional manual detection methods are slow, dangerous, and
inefficient. This paper proposes an autonomous landmine detection robot that uses
multi-sensor fusion and machine learning to improve detection accuracy.
The robot uses Ground penetrating radar (GPR), infrared thermal imaging, and
metal detectors. The collected data is processed usings Convolution Neural Networks
(CNNs) to identify landmines real time.

Field tests shows 92% detection accuracy and 78% reduction false alarms compared
to traditional systems. It employs (GPR) Sensor using ultra wideband (UGB) impulse
technology for landmine detection. It employs GPR, thermal imaging, and metal
detection to capture field photos with 97% weight and 95% size reduction compared
to traditional 3.5-liter systems.
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Introduction

Landmines and UXO defile approximately 60 countries, affecting 11 crore people
and causing over 5,000 victims yearly. The system detects plastic landmines,
autonomous vehicles, slender objects, and unexploded ordnance (UXO) with 90%
accuracy and low false alarms, supporting unmanned mapping operations.
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Technological solutions like vehicle-mounted flails excel at vegetation clearance but
destroy evidence and cannot achieve the UN's 99.6% clearance standard required for
civilian land release. Unmanned systems offer promise through standoff operation,
but single-sensor approaches fail against minimum-metal plastic mines and
environmental variability.

This research develops a comprehensive autonomous landmine detection robot
integrating mechanical engineering principles with AI-driven sensor fusion. The
system combines GPR, thermal imaging, and electromagnetic induction sensors
processed by deep learning algorithms. Primary objectives include achieving >90%
detection accuracy across soil types, reducing false alarm rates below 10%, and
maintaining operator safety through remote operation. This work builds on the user's
prior landmine robotics interest, advancing from conceptual design to functional
prototype validation.

Literature Review:

In 2001, Habib developed an autonomous demining robot using foggy logic, but it

had problems adapting to different area.
Later research introduced multi-sensor fusion, combining GPR and metal detectors,
accomplish about 85% accuracy.

Machine learning techniques (CNN) reduces false alarms by about 65%.
Swarm robotics can improve coverage efficiency, but coordination algorithms are
still not fully developed.
Indian researchers develop a low costs GPR system (2023) for soils found in conflict
areas.

Methodology:

The robot platform uses a differential-drive tracked chassis (50cm x 40c¢m x 25cm)
constructed from 6061 aluminum alloy for 25kg payload capacity. Primary sensors
include:

1. GPR Module: Scans underground up to 20 ¢cm depth.

2. Metal Detector: Detects metallic objects.

3. Thermal Camera: Identifies soil disturbance.
4.IMU/Encoders: track robot movement and terrain conditions.

5.Data Pipeline:. Sensor data is synchronized at 10hz wusing ROS2
Sensor fusion weights adapt dynamically via Kalman filtering based on soil
conductivity estimates.

6. Field Protocol: Autonomous lawnmower pattern coverage at 0.3m/s with 20cm
sensor overlap. Confirmed targets trigger geo-tagged marking and remote
verification.
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Results and Discussion:

Field trials across three test sites (sandy loam, clay, laterite) evaluated 247 targets
(127 AT/AP mines, 120 clutter). Overall detection rate achieved 92.3% with 8.1%
false alarm rate—40% improvement over single-sensor baselines.

e GPR excelled against plastic AP mines (96% PD) but generated 22% FAR from
roots. Metal detection perfectly identified metallic AT mines (100% PD) yet triggered
45% FAR on shell fragments. Fusion resolved conflicts: thermal imaging confirmed
87% of GPR positives by detecting burial disturbance.

e CNN-SVM classification reduced GPR FAR by 71%, with confusion matrix showing
4% FN rate primarily from deeply buried (>15c¢m) weathered targets. Processing
latency averaged 18oms enabling real-time operation. Compared to commercial
Mine Lab F3 Compact (65% PD, 32% FAR), the system demonstrates superior
accuracy at 12% cost.

e Limitations include reduced GPR performance in waterlogged clay (-18% PD) and
thermal false negatives under heavy vegetation cover. These inform future
multispectral enhancements.

Conclusion:

The research developed a cost-effective autonomous landmine detection robot with
about 92% accuracy in different environments.it performs better than manual
methods and single-sensor systems. A hybrid CNN-SVM model reduces false alarm
71%, while adaptive sensors fusion allows real-time detection. The robot has strong
mechanical design that can move every rough terrains. The prototype costs about
85,000, making it affordable for N G Os and humanitarian organizations. It can
clear minefields up to 4 times faster and reduces the risk to human operators. Field
testing confirms that the system meets international safety standards and shows
progress in student- led humanitarian engineering projects. Scalability through
modular sensor bays and open-source ROS2 architecture enables community-driven
improvements. This work validates mechanical engineering students' capacity to
deliver deployable defense technologies benefiting conflict-affected communities
worldwide.

Future Scope:
1. Swarm Intelligence: Deploy 6-10 coordinated robots using particle swarm
optimization for 500% coverage speedup

2. Hyperspectral Imaging: 50-band VNIR-SWIR sensor for chemical
discrimination of explosives (TNT vs RDX)

3. NQR Spectroscopy: Non-contact nitrogen quantum detection penetrating 3ocm
plastic casings
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4.Edge AI Acceleration: NVIDIA Jetson AGX Orin for 10x inference speed up,
powering dense minefield mapping algorithms for real- time object detection in
robotics.

5. Bio-inspired Algorithms: Ant colony optimization for optimal path planning
in cluttered environments like minefields, improving obstacles avoidance and
efficiency.

6.5G Telemetry: Real-time HD video feeds to remote experts for complex target
verification

7. Explosive Neutralization: Integrate shaped-charge disruptors or water-jet
cutters for one-pass detection-to-destruction

These enhancements target 99.6% UN clearance standard, reducing humanitarian
demining from decades to years for 2 million contaminated km2 globally.
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