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ANALYSIS OF THE POSSIBILITY OF UTALIZATION OF HONEY BEES

IN EXPLOSIVE DETECTION
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Sazetak

Cinjenica da p&ele mogu otkriti eksploziv nadale-
ko je poznata jos od kraja 90-tih, osobito od kada
je Americka agencija za istrazivacke projekte
(DARPA) 1999. prikupila prijedloge na temu kon-
troliranih bioloskih i biomimetric¢kih sustava.
Pcelinji med je u Republici Hrvatskoj jos od
1994.,1997., 1999., 2002., poznat i odobren kao
osjetljiv pokazatelj nuklearnog zagadenja (nakon
Cernobila). Primjena péela za otkrivanje ek-
sploziva i nagaznih mina koriStena je u nekoliko
znanstveno-istrazivackih i razvojnih projekata.
Postoje dva glavna aspekta primjene pcela:
bioloskih i tehnickih. Bioloski aspekti su, izmedu
ostalih, obuka pcela, procjena njihove osjetljivosti
na razlicite eksplozive i metode njihove primjene
te ih u ovom ¢lanku ne¢emo razmatrati. U ovom
¢lanku ¢emo razmatrati tehnicke aspekte primjene
pcela za otkrivanje eksplozivnih naprava i naga-
znih mina, posebne metode, tehniku i tehnologiju
prikupljanja podataka i informacija od pcela koje
njuse eksploziv.Za otkrivanje pcela iznad ek-
splozivnih uzoraka koristeno je nekoliko metoda
i tehnika: lociranje pcela pomocu lidara, lociranje
pcela koje nose mikrovalni dipol i otkrivaju
harmonicnost radarskih valova, otkrivanje pcela
pomocu spektralnih znacajki. Ova tehnika je vrlo
komplicirana te je u Hrvatskoj istraZen i odo-
bren alternativni pristup za procjenu Sire dis-
tribucije pcela: detekcija pcela iz zraka pomocu
elektro optickih senzora, koriStenjem termalne
kamere i digitalne obrade fotografije. Trec¢i smjer
istrazivanja i razvoja namijenjen je ru¢nom sen-
zoru za detekciju eksploziva i jedan takav sustav
je dostupan (VASOR136).

Kljucne rijeci: pcele, detekcija eksploziva, na-
gazne mine, obuka pcela, otkrivanje eksploziva i
mina

Abstract
The fact that honey bees can detect explosive is
widely known since late *90, particularly when

US Defense Advanced Research Projects Agency
(DARPA) solicited in 1999 proposals on Control-
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led Biological and Biomimetic Systems. The
honey of honey bees was known and approved

in Croatia in 1994, 1997, 1999, 2002, as the
sensitive indicator of the nuclear pollution (after
Chernobyl). The application of the honey bees for
the detection of the explosive and the land mines
was treated in several scientific research and
development projects. There are two main aspects
of the application of the honey bees: biological
and technical. The biological aspects are among
others, the conditioning, training of honey bees,
and assessment of their sensitivity for the various
explosives and methods of their application and
will not be considered. In this paper we consider
technical aspects regarding the application of the
honey bees for explosive and landmine detection,
particularly methods, techniques and technologies
of gathering data and information from honey
bees smelling the explosive. For the detection

of the honey bees over explosive samples were
used several methods and techniques: locating the
honey bees by lidar, locating the honey bee car-
ing the microwave dipole and detecting the third
harmonic of the radar waves, detecting honey
bees by spectral features. This technique is very
complicated and alternative approach was re-
searched and approved in Croatia for assessment
of the bees’ distribution over wide area: detecting
the honey bees from air by electro optical sen-
sors, using long wave thermal camera and digital
image processing. Third direction of research and
development is aimed for the handheld sensor for
detection of the explosive and one system is avail-
able (VASOR136).

Key words: honey bees, detect explosive, land
mines, training of honey bees, explosive and land-
mine detection

1. INTRODUCTION

The honey bees are like the dogs the best friends

to the humankind. It is not embarrassing that their
role is not limited only to the honey production and
the pollination. A very interesting analysis of the
military application of the honey bees [20] pro-
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vides a novel view on bees and has strong anchor-
age in programs of the US Defense Advanced
Research Projects Agency (DARPA) [23,27] since
2000 (SRI 2000). The (hy)story of the honey bees
and the detection of the explosive, unexploded
ordnance (UXO) and the landmines has several
phases and milestones. The basic research of the
transport of chemical signatures from buried land-
mines, UXO, models and prediction started in late
‘90 by support of DARPA [15, 16, 17, 23, 27] and
is crucial for understanding the application of the
honey bees for the considered purpose. The ap-
plication of the honey bees for the estimating the
impact on the environment by chemicals and other
agents of harm are presented in [11,22,19,12]. The
very important application of the honey bees is
assessment of the impact of the nuclear contami-
nation after the nuclear plant’s accident. It was
example of Chernobil [5], of course the applica-
tion for Japanese nuclear plant Fukushima is
possible too.

2. SIDEWARD DETECTION OF THE HON-
EY BEES

The training and conditioning the honey bees to
find trace level of explosives was successful and
romising. [6,22] Due to former references about
nuclear contamination assessment by honey [5]
and new achievement regarding explosive detec-
tion by honey bees [6], the Scientific Committee
of Croatian Mine Action Centre (CROMAC)
supported Prof. N. Kezic proposal to start own
research about land mine detection with the honey
bees. Despite several attempts to get grant for this
research [2,3], it was finally recognized in 2011
and supported in FP7 project (TIRAMISU 2011).
In 2003 DARPA organized a dedicated brain-
storming meeting (Rudolph 2003) and invited and
supported N. Kezic and M. Bajic to participate
[9,10,3]. At this brainstorming M. Bajic and N.
Kezic for the first time presented new concept

of the assessment the space-time distribution

of honey bees over the area of interest by aerial
nadir imaging by electro optical sensors and
digital processing, Fig. 1. In Bromenshenk’s team
approach bees were detected by video cameras,
visually and by Lidar [5,6] while the search and/
or scanning was done sideward in the horizontal
plane. The sideward detection of the honey bees
by Lidar in the horizontal plane has significant
disadvantage and forces to increase the technical
complexity [18,19]. The crucial limitation is that
the considered terrain has to be flat and the honey

bees cannot be detected on the ground surface.
The lower height of the detection in vegetation
free space is 60 cm above the ground.

Figure 1. The aerial nadir imaging by electro optical sensors
and digital processing enables imaging of bees on and above
the surface, [3]. The sideward detection of the honey bees

by Lidar requires flat terrain; bees cannot be detected on the
surface.

3. AERIAL ELECTRO OPTICAL NADIR
IMAGING OF THE HONEY BEES

The aerial nadir imaging of the honey bees on and
above the terrain, announced at DARPA brain-
storming [3], is competitive to sideward detection
of the honey bees in rather all aspects. The detec-
tion of the honey bees on and above the ground
surface is possible by digital cameras in the vis-
ible and near infrared wavelengths, although the
greatest potential has long wave infrared remote
sensing, while the honey bees have generally
large thermal contrast in comparison to the
terrain, Fig.2.
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Figure 2. Histograms of the temperatures of honey bees (blue)
and the environment (red) [10].

Probability of the detection, recognition and
identification of the honey bees is defined by
Johnson’s criteria (Johnson 1958) and can serve
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as guidance for the selection of the operational
parameters of the electro optical sensor. But the
more serious problem is the clutter produced by
the vegetation on the ground surface and the brute
-force detection is rarely satisfactory. The solution
was derived by use of the principal components
analysis [8] and was developed to the applicable
level [9]. Method starts with aerial image acqui-
sition in visible, or in near infrared, or in long
wave (thermal) in frared wavelengths, Fig. 1,
whereas thermal infrared provides better detection
in clutter, Fig. 2. The processing of images, the
Principal Component Analysis, enables detection
of movement of bees even if the spatial resolution
and signal to clutter ratio are low and direct detec-
tion of bees is not possible, Fig. 3. Output of the
method is map that defines the spatial temporal
distribution of honeybees over the target area, Fig.
4. Although the suitable method was developed

in 2006. the main obstacle for its deployment was
the lack of availability of the suitable aerial plat-
form. In this domain happened changes in several
last years and now are available several options
for aerial platforms that are suitable for applica-
tion over the area where honey bees travel and
search the targets. The unmanned radio control-
led helicopter, hexacopters and blimp are cheap
and their application is no longer obstacle for the
deployment of the considered technology, Fig. 5.

Figure 3. Processing the Images [i and I i+1 into the princi-
pal components PCIi, i+1 & PC2i, i+1 [9]
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Figure 4. The temporal - spatial density of the honeybees, as-
sessed by all (N-1) processed PC2. [9]

60

4. HANDHELD SENSOR WITH HONEY
BEES

The honey bees can be used as the sensors in the
handheld detector for the security checks. The
first example is VASOR 136 [13], Fig. 6. The in-
formation about this new system is not available,
but it should be considered as a tool for quality
control after the clearing operations on the mine
field.

Figure 5. The unmanned aerial vehicles (UAV) with electric
engines, available in Croatia for the considered purpose. All
are radio controlled and provide route on the digital moving
map. a) Blimp, payload 1 kg, endurance 1 h. b) UAV helicop-
ter, endurance 10 min. ¢) Hexacopter, endurance 20 min.

Figure 6. a) The VASORI136 contains b) 36 cartridges each
containing one bee. [26]: “Filtered in by a standard gas
mask cartridge is a constant supply of clean air. When an
operator presses a button on the VASOR, an air sample is
taken from the environment that exposes the bees to ambient,
unfiltered air. If the bees have been trained to respond to a
vapor in that air, the bees will exhibit a proboscis extension
reflex response and the response will be translated by the VA-
SOR into a simple result shown on the screen display”.
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Figure 7. a) The flights of the honey bees were investigated
by the harmonic radar. b) The honey bee carries the small
antenna. ¢) Route in the orientiring flight. d) Route in the

foraging flight. [7]

5. THE BASIC TECHNICAL CHARACTER-
ISTICS AND THE PARAMETERS OF THE
HONEY BEES

The basic characteristics of the honey bees that
are important from technical point of view are
following:
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* one hive has from 20,000 to 40,000 bees, 50%
of them are foraging,

» the radius of the foraging is from 1 to 3 km,

» the speed of the bees is 3.66 m/s in the ori-
entiring flights, and 5,61 m/s in the foraging
flights, Fig. 7,

* bee detect drop of scent at area 100 m2 in 15
minutes.

* density of bees above the target terrain is
controlable by changing number and positions
of hives.

The research of the honey bees is continuing,
there are several very interesting examples. In
“Balch et al. 2001 was applied automatic track-
ing and the dancing of bees was analysed [4]. A
study [1] shows that it is possible for honeybees to
both learn to discriminate between similar human
faces and to subsequently recognize a target face
when it is presented in conjunction with novel
distracters faces. DARPA again focuses resources
towards insects in a new program Hybrid Insect
Micro Electromechanical Systems (MEMS) [15].
Program is aimed at developing tightly coupled
machine-insect interfaces by attaching electronic
payloads to the muscle or neural systems during
the early stages of metamorphosis. The purpose
of the MEMS payload will be to guide the insect’s
locomotion, determine its position, and extract
power to operate the electronic systems.

Acknowledgement

International Symposium “Humanitarian Dem-
ining 2012”

24th to 26th April 2012, Sibenik, Croatia
Editor-in-Chief

Nikola Pavkovi¢

6. REFERENCES

[11 (A.Dyer et al. 2005) Adrian G. Dyer,
Christa Neumeyer, Lars Chittka, 2005,
Honeybee (Apis mellifera vision can
discriminate between and recognise
images of human faces, The Journal of
Experimental Biology 208, 4709-4714,
Published by The Company of Biologists
2005. doi:10.1242/jeb.01929

[2] (Bajic & Kezic 2003a) Bajic M., Ke-
zic N., 2003a, Minefield detection by

[3]

[4]

[5]

[7]

(8]

[10]

airborne remote sensing of honeybees
clusters, project aimed to operational
system implementation, Workshop at
the International Trust Fund, Ljubljana,

Slovenia, 24.01.2003.

(Bajic & Kezic 2003b) Bajic M., Kezic
N., 2003b, Discussion at DARPA Bee
Brainstorming Meeting, Defense Science
Office, DARPA, Arlington, VA, USA, 29
January, 2003.

(Balch et al. 2001) Balch T., Khan Z.,
Veloso M., 2001, Automatically Track-
ing and Analyzing the Behavior of Live
Insect Colonies, School of Computer
Science Carnegie Mellon University,
Pittsburgh, PA 15213, trb@cs.cmu.edu
(Barisic et al. 2002) Barisic D., Bromen-
shenk J.J., Kezic N., Vertacnik A., 2002,
The role of honey bees in environmental
monitoring in Croatia, In: Honey Bees:
Estimating the Environmental Impact of
Chemicals, J. Devillers and M. Pham-
Delegue, Taylor and Francis, New York,
pp. 160-185.

(Bromenshenk et al. 2003) Bromenshenk
J.J, et al., 2003, Can Honey Bees Assist
in Area Reduction and Landmine Detec-
tion?, Journal of Mine Action, Issue 7.3,
2003, pp. 24-27.

(Capaldi et al. 2000) Capaldi E.A., Smith
A.D., Osborne J.L., Fahrbach S.E., Far-
ris S.M., Reynolds D.R., Edwards A.S.,
Martin A., Robinson G.E., Riley G. M.
P. & J. R., 2000, Ontogeny of orienta-
tion flight in the honeybee revealed by
harmonic radar, NATURE,VOL 403, 3
February 2000, pp. 537- 540.

(Cosovic Bajic et al. 2004) Cosovic Ba-
jic et al., 2004, Hyper-temporal remote
sensing in the biometrics, Proceedings
of the 24th EARSeL Symposium, New
Strategies for European Remote Sensing,
Dubrovnik, Croatia, 25 — 27 May 2004,
Millpress, Rotterdam, 2005,
pp. 729-736.

(Cosovi¢ Bajic 2006) Cosovi¢ Bajic S.,
2006, Image processing techniques for
hybrid remote sensing using honeybees
as multitude of acquisition sensors,
Proceedings 26th EARSeL Symposium
New developments and challenges in re-
mote sensing, May 29 — June 2, Warsaw,
Poland, on CD.

(Cosovic Bajic et al. 2003) Cosovic Ba-
jic S., Bajic M., Kezic N., 2003, Thermal

61



POLYTECHNIC & DESIGN

Vol. 2, No. 1, 2014.

62

[12]

[18]

infrared signatures of the bees as poten-
tial biosensors for explosive detection,
Int. Conf. Requirements and Technolo-
gies for Detection, Removal and Neu-
tralization of Landmines and UXO,
15-18 September 2003, VUB, Brussels,
Belgium, Vol. 2, pp. 430-434.

(Devillers et. al. 2002) Devillers J.,
Pham-Delegue M, 2002, Honey Bees:
Estimating the Environmental Impact
of Chemicals, Taylor and Francis, New
York, 2002.

(Ficklen 2003) Ficklen D., 2003, Honey-
bees for Detection of Chemical Explo-
sives and Environmental Contaminants,
2003 AFCEE Technology Transfer
Workshop, San Antonio, Texas, USA.
(E. Zolfagharifard 2011) Elie Zolfa-
gharifard, 2011, UK engineers develop
bee-based security device, The engineer,
28 March 2011, http://www.theengineer.
co.uk/sectors/military-and-defence/in-
depth/ uk-engineers-develop-bee-based-
security-device/ 1008007 article
(Johnson 1958) J. Johnson, 1958, Analy-
sis of Image Forming Systems, Proc.
Image Intensifier Symposium, US Army
Engineer Research and Development
Laboratories, Fort Belvoir, Va., 6-7 Oct.
1958 (AD220160).

(J. Judy 2012) Jack Judy, 2012, Hybrid
Insect Micro Electromechanical Sys-
tems (HI-MEMS), DARPA, USA, http://
www.darpa.mil/Our  Work/MTO/Pro-
grams/ Hybrid Insect Micro_ Electro-
mechanical Systems (HI-MEMS).aspx
(J. Phelan & Webb 1999) James M. Phe-
lan and Stephen W. Webb, 1999, Chemi-
cal soil physics phenomena for chemical
sensing of buried UXO, Sandia National
Laboratories for Strategic Environmen-
tal Research and Development Program
and DARPA, Contract DE-AC04-
94AL85000.

(J. Phelan et al. 1999) James M. Phelan,
Matt Gozdor, Stephen W. Webb, Mark
Cal, 1999, Laboratory Data and Model
Comparison of the Transport of Chemi-
cal Signatures From Buried Landmines/
UXO, Sandia National Laboratories for
Strategic Environmental Research and
Development Program and DARPA,
Contract DE-AC04-94A1.85000., SPIE
Paper 1999.

(J. Shaw et al. 2005) J. A. Shaw et al.,

[19]

[20]

2005, Polarization lidar measurements
of honey bees in flight for locating land
mines, OPTICS EXPRESS, 25 July
2005, Vol. 13, No. 15, pp. 5853-5863.
(K. Repasky et al. 2006), Kevin S. Re-
pasky, Joseph A. Shaw, Ryan Scheppele,
Christopher Melton, John L. Carsten,
Lee H. Spangler, 2006, Optical detection
of honeybees by use of wing-beat modu-
lation of scattered laser light for locating
explosives and land mines, 10 March
2006, Vol. 45, No. 8, APPLIED OPTICS
(L. Delaney 2011) Lois Delaney, 2011,
Military Applications of Apiculture: The
(other) Nature of War, MMS Execu-

tive Summary, link in Bees and Battles,
Loudoun Beekeepers Association News
letter, November 2011, Volume 2,

Issue 6

[21] (R. Carson, 2006) R. Carson, 2006, Anti-

[23]

[24]

[25]

Terror Sting — UK, Hands On, Series 7:
Programme 1 (of 8) - ‘Animal Magic’,
March 28, 2006, http://www. handsontv.
info/series7/02_animal magic reports/
report2.html

(Rodacy et al. 2002) Rodacy P.J., Bender
S.F.A., Bromenshenk J.J., Henderson
C., Bender G., 2002, The Training and
Deployment of Honeybees to Detect Ex-
plosives and other Agents of Harm, Pro-
ceedings SPIE Aerosense Conference,
Detection and Remediation Technologies
for Mines and Minelike Targets VII,Vol.
4742, [4742-54], 1-5 April 2002.
(Rudolph 2003) Rudolph A., 2003,
DARPA Bee Brainstorming Meeting,
Defense Science Office, DARPA, Ar-
lington, VA, USA, 29 January, 2003.
(TIRAMISU 2011) Seventh Framework
Programme, 2011, Toolbox Implemen-
tation for Removal of Anti- person-

nel Mines, submunitions and UXO,
TIRAMISU, SEC 2011.4.2-2, Project
number 284747, Version 0.3, November
2011.

(SRI2000) SRI, 2000, DARPA Insect
Tracking Workshop, Southwest Research
Institute, Aug. 2-3, 2000, 6220 Culebra
Road, San Antonio, TX, USA.

(T. Goodman 2010) Ted Goodman,
2010, New Bee Sniffing Technology
Can Detect Many Dangerous Vapors At
Once, Physorg.com, March 28, 2010.
Accessed 30.03.2012. http://www.phys-
org.com/ news 188894292 html



POLYTECHNIC & DESIGN

Vol. 2, No. 1, 2014.

[27] (Webb 1998) Stephen W. Webb, Stefan
A. Finsterle, Karsten Pruess, James M.
Phelan, 1998, Prediction of the TNT
Signature from Buried UXO/Landmines,
Sandia National Laboratories for Strate-
gic Environmental Research and Devel-
opment Program and DARPA, Contract
DE-AC04-94AL85000.

AUTOR

(NS NN

Dr. sc. Slavica Cosovi¢ Baji¢ - nepromjenjena
biografija nalazi se u ¢asopisu Polytechnic &
Design Vol. 1, No. 1, 2013.

63



