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CLEARING THE PATH:
HOW TECHNOLOGY IS CHANGING MINE ACTION
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As we move further into the 21st century, the global challenges we face 
con�nue to evolve, but one constant remains—the devasta�ng impact of 
landmines and explosive remnants of war (ERW). These silent killers, 
sca�ered across over 60 countries, claim thousands of lives each year, 
leaving behind a legacy of fear and uncertainty. For millions of people, the 
threat posed by landmines doesn’t end when the conflict stops; it lingers, 
threatening lives and livelihoods, limi�ng access to essen�al services, and 
s�fling economic recovery.

Humanitarian mine ac�on is more than a technical endeavour—it is a moral 
obliga�on. We cannot allow en�re communi�es to remain hostage to the 
destruc�ve legacy of war. This is where technology can, and must, play a 
pivotal role. By leveraging the latest innova�ons, we can make mine 
clearance safer, faster, and more efficient, reducing the human toll of conflict 
and offering hope to those living under the shadow of landmines. Some 
advancements we are witnessing today in technology—drones, ar�ficial 
intelligence and machine learning, and robo�cs, —are already improving the 
way we approach mine ac�on, but there is more that can be done with the 
right concentra�on of resources.

These technologies are not just tools; they are enablers of change, 
accelera�ng clearance opera�ons and transforming the way we gather data, 
assess risks, and deploy resources. This progress is not a luxury but a 
necessity. Every mine cleared brings us one step closer to our ul�mate goal 
— a world free from the threat of landmines. HALO remains commi�ed to 
inves�ng in meaningful technological advances in pursuit of this goal. 

However, technology alone cannot solve the problem. It must be 
accompanied by the dedica�on of skilled human operators, the support of 
governments, and the unwavering commitment of organisa�ons working 
�relessly in the field. Our collec�ve efforts are needed to harness these 
innova�ons and ensure they are used where they are most effec�ve — 
saving lives and rebuilding communi�es.

As we explore the role of technology in humanitarian mine ac�on, let us not 
forget the human impact of our work. Every life saved, every village cleared, 
and every child given the chance to play safely is a reminder of why we do 
this — and why we must con�nue. Technology provides new opportuni�es - 
it’s up to us to choose what to pursue.

James Cowan
Chief Execu�ve, 
The HALO Trust

FOREWORD 
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The Wilton Park report, Preparing for success at the Fi�h Review Conference of the Mine Ban 
Treaty, released in June 2024, made the case for more technological innova�on as part of the 
next ac�on plan. 

It explained that “the sector should develop streamlined but robust processes for assessing the 
u�lity of new technologies for the mine ac�on sector, emphasising the importance of early 
engagement with and trialing by mine ac�on operators”.

This briefing paper examines the role of technology and programma�c innova�on in ensuring 
that funding for mine ac�on is used as efficiently as possible – reduc�ons in cost per square 
metre will mean that more lives are saved, and land can be put back into produc�ve economic 
use sooner.

It is based on secondary desk research and key informant interviews with figures in HALO and 
the wider sector and we’d like to thank all those who contributed.

EXECUTIVE SUMMARY
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THE KEY FINDINGS OF THE PAPER ARE:

 There is no technological “silver bullet” to delivering a mine free world but instead vast 
poten�al in using innova�on across the spectrum of humanitarian mine ac�on to improve 
efficacy, efficiency, and safety. Tech can also inspire poli�cal will to what is possible, an 
essen�al ingredient as we look to the future.

 The pace of technological change is outstripping the ability to develop effec�ve standards and 
consistent approaches to regula�on by na�onal authori�es. 

 Barriers remain in developing certain technologies from a laboratory concept to a field-ready 
prototype.

RECOMMENDATIONS

 Operators need to be�er coordinate to understand needs and capabili�es as well as 
collaborate to share informa�on from the results of trials of new technology or approaches. 
Smaller operators in the sector may be wary of cost when considering adop�on of new 
technology. Sharing state-of-the-art technology, data and analy�cs or ren�ng equipment 
where resources are limited could be an efficient solu�on. Na�onal authori�es should look to 
fast-track technologies that have been proven in other countries.

 Donor investment in research and development (R&D) should be viewed as an essen�al 
component of modern humanitarian mine ac�on, not a nice to have. However, few donors 
invest in mine ac�on R&D. With decades of clearance ahead in many countries, investment is 
needed to bring forward the end point as quickly as possible. Donors should also look to 
leverage military innova�on through enhanced military to civilian dialogue, as well as consider 
how barriers to prototyping and commercialisa�on of certain cu�ng-edge technologies can 
be overcome. Currently less than $20m is commi�ed to R&D by donors each year - this is 
primarily the US Defense Department funding plus a few other small contribu�ons.

 The sector at large needs to improve support to innova�on through the “Mine Ac�on 
Technology Workshops”, the GICHD-led “Technological Hub”, strengthened links to the Mine 
Ac�on Support Group and poten�al new partners including entrepreneurs, manufacturers, 
start-ups and groups such as the accelerator programme hosted by the Kyiv School of 
Economics.
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The scale of the challenge in Ukraine is driving innova�ve approaches, leveraging drones and AI 
analysis to be�er inform risk-management decisions about reduc�on and cancella�on, in turn 
reducing costs of unnecessary clearance. The increasing commodi�sa�on of drones, and the 
greater availability of high-resolu�on satellite imagery will con�nue to improve the accuracy of 
non-technical survey in the future and should be considered integral to the process.

The use of open-source data is increasingly central to non-technical survey (NTS) work and 
should not be seen as par�cularly new or groundbreaking. However, there is a need for greater 
rigour in managing and analysing the diverse conflict-related datasets available. Social media and 
connected popula�ons can o�en provide solid evidence about conflict events—such as the 
loca�on of specific units and the types of weapons used—but this data is inconsistent in quality 
and quan�ty across different regions. Furthermore, misinforma�on presents a significant 
challenge in obtaining reliable evidence.

The scale of interest and exper�se in demining in Ukraine can provide benefits for the global 
demining sector. As a recent report on demining from the Tony Blair Ins�tute suggested 
“Ukrainian entrepreneurs and start-ups will need to play a cri�cal role in developing and 
manufacturing the technological innova�ons that will enable demining opera�ons to scale 
efficiently and effec�vely”.

UNCHARTED GROUND:
TRANSFORMING LANDMINE CLEARANCE 
WITH NON-TECHNICAL SURVEY APPROACHES
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Amazon Web Services (AWS) is inves�ng $4 million to 
support the work of The HALO Trust to use ar�ficial 
intelligence (AI) with drone imagery to locate minefields 
and other explosive remnants of war in Ukraine. 
Innova�ng with AWS will enable HALO to make wider use 
of the high-resolu�on drone footage it collects, including 
tes�ng machine learning (ML) models for iden�fying 
mines. AWS and HALO will explore new ways to map 
minefields and priori�se mine clearance—while saving 
lives and restoring communi�es.

A HALO deminer in Ukraine checks for trip wires during clearance opera�ons.
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The average deminer in HALO will spend approximately two thirds of their �me manually digging 
through ground to inves�gate signals made by a detector. Current detec�on technology has a high 
‘false posi�ve’ rate, meaning the majority of these signals turn out not to be an explosive hazard. 

On average a deminer may excavate seven signals in a day, but one in every 85 will result in the 
successful iden�fica�on of an item of explosive ordnance. This is a problem, but how can it be 
addressed? 

In a perfect world, every signal excavated would lead to the discovery of an item of explosive 
ordnance. However, detectors currently used across the sector search predominantly for metal 
or for disturbances in the ground, using ground penetra�ng radar. In doing so, it is inevitable that 
non-explosive ‘clu�er’ in the ground, such as scrap metal, will result in a false posi�ve. 

The solu�on is to explore the range of detec�on methods that search directly for explosive 
compounds. One example is the partnership between HALO and MRead an Australian-based 
company, may have the answer. Using magne�c resonance technology, MRead are developing a 
detector, which they hope will enable the detec�on of explosives in the soil (rather than the 
metal elements within the mine as has tradi�onally been the case). If successful, this would 
enable deminers to only excavate when there is detec�on of explosives in the ground, removing 
the likelihood of false posi�ves resul�ng from clu�er in the ground. 

For deminers, this will mean far fewer excava�ons per day, and a far higher percentage of excava�ons 
that result in the removal of an item of explosive ordnance. In turn, the efficiency of opera�ons 
could be expected to improve significantly, allowing HALO to get more items out of the ground in 
a shorter �me, and consequently return more safe land to the communi�es in which we work. 

Primary search method in Afghanistan for manual IED 
clearance - Vallon VR1 Wirehound detector (GPR)

BEYOND THE SURFACE:
INNOVATIONS IN DETECTION TECHNOLOGY 
FOR SAFER LANDMINE CLEARANCE
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There are also other advanced detec�on techniques which have been known in the lab for many 
years but have yet to be put into prac�cal applica�on – rapid advances in edge compu�ng, signal 
processing, machine learning and mobile power sources may provide the opportunity to deploy 
these techniques in the field.

While magne�c resonance and other advanced techniques may, in �me, revolu�onise the future 
of mine clearance opera�ons, con�nued investment in innova�on has allowed the sector to take 
great leaps forward in recent years.

In Afghanistan, the widespread emplacement of Improved Explosive Devices from 2005 to 2021 
led to a largely new threat for the sector. IEDs with zero or close to zero metal components 
created a challenge for opera�ng procedures previously largely reliant on the detec�on of 
metallic elements in ordnance. 

This led to the trialing and adop�on of ground-penetra�ng radar detectors capable of iden�fying 
both disturbances in the soil indica�ve of explosive canisters as well as elements commonly found 
in IEDs such as wires or carbon rods. The adop�on of this method has saved the sector millions 
in donor funding, resul�ng in produc�vity increases of over 600 percent. HALO Afghanistan has 
now cleared over 5,000 IEDs. Each item cleared represents a life and a livelihood protected. 

Similarly in Angola, the South African Number 8 An�-Vehicle mine contained such low levels of 
metal it was impossible to reliably detect through exis�ng technology in HALO.

In areas of Angola that HALO work, this mine has been used to create some of the largest and 
most dense minefields in the world. One such minefield is 18 kilometres long, containing an 
es�mated 60,000 landmines. With no detector able to iden�fy the mine safely, HALO’s only 
op�on would have been excava�ng en�re minefields in full, an incredibly laborious, inefficient 
and environmentally damaging endeavour. 

The trial of the GPZ7000 (originally designed to detect gold), led to the iden�fica�on of this 
detector as a viable clearance method capable of iden�fying the small metal components within 
the Number 8 mine. 

Thousands of Number 8 mines have now been destroyed thanks to the research and tes�ng invested. 
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BREAKING NEW GROUND:

The clearance of explosive contamina�on in rural areas in many of the countries HALO works is 
not a straigh�orward process. Dense vegeta�on, trip wires, and booby traps pose challenges to 
manual deminers, resul�ng in slow and inefficient clearance efforts.

In places such as Ukraine, tripwires are a common threat. Using deminers to manually search for 
tripwires is ineffec�ve and �me consuming, requiring painstakingly slow and delicate search 
methods.

In areas with heavy vegeta�on such as Sri Lanka, preparing the ground (i.e. cu�ng back dense 
vegeta�on) to allow detectors to operate is �me consuming and dangerous. 

In such contexts, manual clearance is not effec�ve and investment in mechanical assets to either 
clear explosives or prepare land for quicker manual clearance has been essen�al. 

In Ukraine, the scale of new contamina�on, widespread use of tripwires, and o�en difficult 
vegeta�on has led to the introduc�on of remote-controlled vegeta�on cu�ers. 

One such machine is the Robocut, which both removes vegeta�on in advance of detector search, 
but also cuts through tripwires, improving both the safety and the speed of clearance opera�ons. 
This is an example of how commercial off-the-shelf technology from another industry, with minor 
modifica�ons (such as remote camera systems), can be applied to demining. 

The Robocut at work in the minefields of Ukraine

CUTTING EDGE SOLUTIONS 
FOR MINE CLEARANCE
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The world will con�nue to urbanise this century, as it did the last. Over half the global popula�on 
currently resides in urban areas, and the UN projects this to reach 70 per cent by 2050. As conflict 
is increasingly urbanising too, or at least affec�ng ci�es more, HALO is adap�ng and advancing 
new technologies to overcome these dis�nct challenges. 

HALO priori�ses mechanical clearance in countries with urban contamina�on, such as Yemen and 
Libya. Using armoured plant machinery such as front-loaders and excavators, operators can clear 
areas contaminated with debris – such as damaged and destroyed concrete – as well as explosives 
more efficiently and safely than manual clearance teams. 

In addi�on, under the �tle ‘urban recovery’, HALO is trialing the integra�on of mine ac�on with 
debris management. In this model, debris is cleared of all hazards (including explosives, asbestos, 
etc.) and waste, sorted, and recycled through crushing. The model recognises debris as a valuable 
resource for reconstruc�on, as recycled materials can be used for (re)construc�ng essen�al 
infrastructure like roads and flood defenses. 

This approach to urban recovery can bridge the humanitarian-development-peace nexus, or parts 
thereof depending on the local context, as the rebuilding of the arterial roots of the community 
accelerates economic growth and access to healthcare and services, contribu�ng to the 
sustainable rebuilding of ci�es devastated by conflict. 

Crucially, the model opens avenues for funding models beyond the humanitarian mine ac�on 
sector. Achieving value for money with HMA-specific funding in urban se�ngs is challenging, 
considering the addi�onal costs involved in comparison to rural or semi-rural se�ngs. The model 
can therefore alleviate the use of scarce HMA-specific resources and aim for scaled opera�ons 
that address some of the wider problems facing recovering and rebuilding urban communi�es.  

NAVIGATING RECOVERY:

Mechanical assets working through the rubble in Sirte, Libya

INNOVATIVE SOLUTIONS FOR URBAN 
RECOVERY IN HUMANITARIAN MINE ACTION



THE HALO TRUST, CARRONFOOT, THORNHILL, DUMFRIES, DG3 5BF

The HALO Trust is a company limited by guarantee. Registered in England No. 2228587. Registered Charity No. 
1001813 and (in Scotland) SC037870. Registered Office: One Bartholomew Close, Barts Square, London EC1A 7BL

The HALO Trust (USA), Inc. is a 501(c)(3) not-for-profit organiza�on US Federal Tax ID Number 52-2158152
Office: 1730 Rhode Island Ave NW, Suite 206, Washington, DC 20036

www.halotrust.org 


