
B
E
E
4
E
X
P BIOLOGICAL METHOD (BEES)

FOR EXPLOSIVE DETECTION
N

AT
O

 S
PS

 P
ro

je
ct

 G
53

55
 Pr

oj
ec

t d
ur

at
io

n:
 N

ov
em

be
r 2

01
7 

– 
O

ct
ob

er
 2

02
1





Project  
partners

Croatian Mine Action Centre - Centre  
for Testing, Development and Training 
Zagreb, Croatia

Katarina Markt, NPD 
katarina.markt@ctro.hr,  
nikola.kezic@zg.t-com.hr

University of Banja Luka 
Faculty of Electrical Engineering
Banja Luka, Bosnia & Herzegovina

Zdenka Babić, PPD 
zdenka.babic@etf.unibl.org

University of Zagreb 
Faculty of Transport and Traffic Sciences 
Zagreb, Croatia

Mario Muštra, Co-Director
mmustra@fpz.unizg.hr

University of St. Andrews 
Organic Semiconductor Centre
St. Andrews, Scotland

Graham Turnbull, Co-Director  
gat@st-andrews.ac.uk

3



Background

Humanitarian demining is time 
consuming and expensive, and 
poses high risk for deminers. 
Therefore, the use of biological 
methods should be encouraged. 
Honeybees are widespread in 
almost all inhabited areas and 
they present inexpensive tool 
available at any location.

The Bee4Exp project aims to develop a tool allowing the detection of landmines  
in contaminated areas using a multidisciplinary, innovative approach.
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Background

Landmines are still present in post-conflict 
areas in many countries around the world, 
where they take a heavy toll in terms of 
civilian casualties, unfarmed land and loss 
of trade and communication. Furthermore, 
they pose a potential security threat as 
explosive materials are scavenged by 
terrorist organisations for homemade 
explosive devices.



The goal of the project is to develop 
innovative methods and technologies 
for detection of landmines, using 
trained bee colonies in conjunction  
with:    
  organic semiconductor-based 
explosive vapour sensing film   

  UAVs with high-definition and 
thermal imaging cameras   

  image processing and analysis 
software
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Project goal

This will allow both the passive 
sampling of an area to confirm the 
presence of explosive materials, 
and the active pinpointing 
of landmine locations. The 
interconnecting component of 
the project are trained honeybee 
colonies.



Background

Project
objectives

  To develop novel explosives 
detection tools for humanitarian 
demining, using honeybees in 
combination with explosive vapour 
sensors and advanced imaging 
techniques.

  To condition honeybee colonies for 
active sensing and improve training 
methods.

  To develop approaches for high 
resolution image acquisition of 
minefields to track honeybee flights 
using UAV mounted cameras.

  To develop image processing 
methods and data handling for 
automatic detection of bees in the 
video and quantification of their 
movements.  

  To advance the explosive vapour 
sensors of the University of St. 
Andrews by integration with the 
beehive via preconcentrators, 
and improved selectivity to target 
vapours for identification of 
collected particles of explosives.  

  To assess the performance of the 
technologies in laboratory and test-
minefield conditions
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The main task of the active method 
in Bee4Exp is to train honeybees to 
detect the scent of explosives and to 
track and trace them to find their most 
visited gathering spots. As honeybees 
are trained to search the scent of 
explosives, this particular spot is most 
likely to have unexploded ordnances. 

Active 
method

Tracking and tracing of honeybees 
in the open field is a challenging 
task, which is addressed using 
UAVs equipped with video capturing 
devices and cutting-edge video-
processing algorithms. In general, 
the active method relies on UAV 
technology and ultra-high resolution 
cameras in order to pinpoint the 
exact places where honeybees are 
gathered. 
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Background
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Illustration of heatmap fusion over the entire minefield 
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A combination of traditional video 
processing algorithms, such as 
video stabilization and background 
subtraction, and deep learning are 
used for detection of honeybees.  

Flying honeybee detections are 
accumulated into spatial density 
maps. Peaks of detection counts in 
the obtained spatial density maps 
can provide a good indication of 
presence and location of landmines 
in the surveilled area.



Background

Passive  
method

The main task of the passive 
method is to detect the presence, 
or lack of explosives in a wide area 
of interest. As honeybees collect 
water and forage for nectar and 
pollen, the electrostatic charge on 
their body hair attracts dust, pollen, 
soil, and other particles, including 
chemicals from their flight area. 
Thousands of honeybees from a 
single colony accumulate these 
particles in flight and bring back to 
the closed environment of the hive. 

Honeybees can be directed to fly in 
specific areas by placing artificial 
food sources in different positions. 
On their return, they bring back to 
their hives particles of chemicals as 
well as biological agents and other 
materials collected during flight. 
The particles of TNT collected in 
the beehive can be measured and 
analysed using equipment for the 
specific detection of nitro-aromatic 
vapours. 

The sensors work by a change in light emission (fluorescence or laser light) 
when minute quantities of TNT-like molecules come into contact with the 
polymer film. 
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Preconcentrators allow the build-
up over time of trace chemicals 
in the environment. By adapting 
these polymer materials into 
4-channel cartridges for insertion 
at the colony entrance, returning 
bees deposit explosive materials 
attached to their hair via foraging.

It is estimated from results that the 
lower mass of collected explosive is  
5 ng, with an upper mass of well over 
1 mg per field sample. The result also 
estimates that an individual bee might 
carry 35 ng of explosives per trip.
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Background

A light-emitting polymer is exposed 
to the preconcentrator, which 
releases the built-up explosives when 
thermally treated. The light emission 
decreases in real-time on contact 
with an explosive particle, shown 

by a characteristic curve as shown 
below. This indicates the presence of 
explosives, and hence land mines, in 
the surveyed area. This informs the 
Active team that this area is a suitable 
target for training and deployment.
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