Explosive Detection
in Mine Action

Research Landscape, Challenges & Future Directions

5-Minute Overview - Mine Action Research Session



THE SCALE OF THE PROBLEM

60+ ~ 6,200 100M+

countries affected casualties recorded annually mines still estimated
by landmines & ERW (ICBL monitor 2025) in the ground

Detection is the critical bottleneck: finding the device safely is far harder than disposing of it.



DETECTION TECHNOLOGIES

Q Metal Detection L% Ground Penetrating Radar I Infrared / Thermal
EMI-based; ubiquitous in the field. High Detects physical anomalies regardless of Exploits heat differential from buried
false alarm rate for low-metal & minimum- metal content. Challenged by soil objects. Weather and soil moisture
metal content mines. heterogeneity & clutter. sensitive.
‘;} Chemical Vapour Sensing T2l Biosensors & Dogs @ Multi-sensor Fusion
Detects explosive trace (TNT, TATP, RDX). Olfactory detection remains best-in-class. Current consensus: no single sensor wins.
Very high sensitivity, but complex in real- Research on biosensor arrays aims to Fusion of complementary modalities is the

world environments. replicate this. research frontier.



KEY RESEARCH CHALLENGES

=

False Alarm Rate (FAR)

In operational settings, deminers spend 90-99% of time investigating false alarms. Reducing FAR without losing sensitivity is the central
trade-off in detection research.

Environment Variability

Soil type, moisture, clutter, vegetation, and UXO age drastically affect sensor response. Algorithms trained in one theatre fail in another —
domain adaptation is unsolved.

Minimum-Metal & Improvised Devices

Modern conflict produces plastic-cased IEDs and victim-operated devices. Traditional EMI detection is nearly blind to them; chemical traces
offer the most promising path.

Ground-Truth Data Scarcity

Lack of labelled, field-collected datasets limits machine learning advances. Synthetic data and physics-based simulation are active mitigation
strategies.



RESEARCH TRENDS & OPPORTUNITIES

Emerging Research Directions

. Al & Deep Learning

CNNs for GPR image classification; physics-informed neural nets for clutter rejection

. Autonomous & UAV Platforms

Drone-borne sensor arrays for rapid area survey; reduced human exposure

. Hyperspectral Imaging

Detects surface soil disturbance and explosive residue discolouration

. Standoff Chemical Detection

Quantum cascade laser spectroscopy, LIBS, and Raman for trace detection at distance

. Digital Twins & Simulation

FDTD and FEM simulation for sensor modelling; synthetic training data generation

® Open Opportunities

Benchmark datasets for cross-sensor fusion

Transfer learning across geographic theatres

Explainability for operator trust (XAl)

Low-cost, field-deployable chemical sensors

Human-machine teaming for decision support

Standardised performance metrics for
detectors



Framing the Discussion

The technology gap is not just engineering — it's system integration: sensor + algorithm + operator +
environment.

Research must engage with the humanitarian context: speed, cost, and reliability matter as much as sensitivity.

Interdisciplinary collaboration (physics, chemistry, ML) is not optional — it is the only path forward.

We need more field data, more open benchmarks, and closer research—practitioner feedback loops.

Let's discuss.
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