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The Ottawa Treaty -
A world without mines by 2025



Maputo Action Plan and Maputo +15 Declaration: Fulfilling the
Mine Ban Treaty’s Promise of a World Free from Landmines

Hrvoje Debac

Introduction to the Mine Ban Treaty

The Treaty’ was adopted in Oslo on 18 Sep-
tember 1997 by more than 90 states and
opened for signing in Ottawa on 3 and 4
December 1997. As such, it was the result
of joint action and cooperation between the
non-governmental organizations (NGOs), at
the international level led by the International
Committee of the Red Cross (ICRC) and most
notably the International Campaign to Ban
Landmines (ICBL; for their persistence and
determination in calling for the Treaty, the
ICBL and its coordinator Jody Williams were
awarded the Nobel Peace Prize in 1997), and
the core group of states that included Austria,
Belgium, Canada, Germany, Norway, South
Africa and Switzerland. The unprecedented
level of synergies that were forged between
like-minded governments and non-govern-
mental sector and civil society in the course
of the Treaty’s creation were instrumental in
fostering negotiations and hosting diplomat-
ic conferences (the so-called Ottawa Process?)
that would ultimately lead to the adoption of
one of the most successful humanitarian dis-
armament instruments in the history of mul-
tilateral diplomacy. The Treaty consequent-
ly entered into force on 1 March 1999 and
currently has 164 States Parties representing
more than 80% of the world’s countries. The

LA shorter reference (used here for the sake of brevity) to the Con-
vention on the Prohibition of the Use, Stockpiling, Production
and Transfer of Anti-Personnel Mines and on Their Destruction,
also known as the Anti-Personnel Mine Ban Convention or even
more popularly known as the Ottawa Convention.

2 For a detailed timeline of the most important events in this pro-
cess see: https.//www.apminebanconvention.org/ottawa-process/
overviewy/.

Treaty is rightfully considered one of the
most widely accepted international treaties
and one widely implemented. Overwhelm-
ing compliance by States Parties and others
has meant almost universal acceptance of the
mine ban. The annual United Nations Gener-
al Assembly resolution on the anti-personnel
mines has also been systematically gathering
support among non-signatories. Further-
more, the Mine Ban Treaty is considered the
first disarmament treaty with explicit hu-
manitarian goals, imposing obligations for
assisting victims, including social and eco-
nomic reintegration of mine victims.

Key provisions of the Mine Ban Treaty

According to the Treaty, an ”anti-personnel
mine” means a mine designed to be explod-
ed by the presence, proximity or contact of
a person and that will incapacitate, injure or
kill one or more persons (...).? States Parties
commit ,never under any circumstances” a)
to use anti-personnel mines; b) to develop,
produce, acquire, stockpile, retain or transfer
them; and c) to assist, encourage or induce
in any way anyone to engage in any activi-
ty prohibited by the Treaty. States Parties are
obliged to destroy all stockpiles of anti-per-
sonnel mines within four years, and to clear
mined areas under their jurisdiction or con-
trol within ten years. Nevertheless, States
Parties are allowed to maintain a , minimum
number absolutely necessary” of anti-per-
sonnel mines for permitted purposes, such
as training in mine detection, clearance and

3 Article 2.1 of the Mine Ban Treaty
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destruction techniques. They also undertake
to provide international assistance to other
States Parties for implementing their obliga-
tions (e.g. mine clearance, victim assistance
programs etc.). Other articles cover transpar-
ency measures and reporting by states, and
ensuring compliance.

Organization of work of the Mine Ban
Treaty

As stipulated by the text of the Treaty, its
work is organized and guided through the
annual Meetings of the States Parties (MSPs),
convened by the Secretary-General of the
United Nations, and Review Conferences
(RCs), convened by the Secretary-General of
the United Nations as well, in five-year re-
view cycles’. MSPs thus serve to analyze the
application or implementation of the Treaty,
and in particular: the operation and status of
the Treaty; matters arising from the reports
submitted under the provisions of the Trea-
ty; international cooperation and assistance;
development of technologies for mine clear-
ance; facilitation and clarification of compli-
ance with the Treaty; and submission of re-
quests and related decisions as provided for
in Article 5. RCs provide States Parties with
an opportunity to: review the operation and
status of the Treaty; take decisions on submis-
sions of States Parties as provided for in Arti-
cle 5; if necessary, to adopt in its final report
conclusions related to the implementation of
the Treaty. In addition to this, the (Informal)
Intersessional Work Program was created by
the States Parties recognizing the importance
of having a half-year assessment of progress
in implementing Treaty’s provisions. These
Intersessional Meetings, unlike MSPs and
RCs, are convened by the current President
of the Treaty half-way between two MSPs.

Until now, the UN Secretary-General has

L Articles 11 and 12: http://icbl.org/media/604037/treatyenglish.
pdf.

convened seventeen MSPs and three RCs.?

Apart from the work conducted by meetings
and conferences, the Treaty is guided in its
day-to-day functioning by its President (pres-
idency starts at the conclusion of the previ-
ous MSP and concludes at the end of the fol-
lowing MSP), which is assisted in its work by
the Coordination Committee set up of four
thematic committees.’ Finally, the entire ma-
chinery of the Treaty is supported by the Im-
plementation Support Unit (ISU)?, the de facto
secretariat of the Treaty which supports the
States Parties and is directly accountable to
the States Parties.

Review Conferences in General

As mentioned before, three review confer-
ences had been organized so far; the first was
held in Nairobi, Kenya in 2004; the second in
Cartagena, Colombia in 2009; and the third
in Maputo, Mozambique in 2014.° The im-
portance of review conferences lies in the fact
that each one serves as the all-inclusive plat-
form enabling meticulous assessment of the
progress made in the previous review cycle.
In practice, this means that every aspect of
the Treaty and mine action in general, will be
thoroughly discussed, analyzed and assessed
in order to ensure sound foundation upon
which the recommendations for the new re-
view cycle will be modeled. All these recom-
mendations are then channeled and shaped
in the form of a relevant action plan which
is the ultimate outcome of every review con-
ference. This action plan is the roadmap for
the future work, containing a set of concrete
measures that provide States Parties with ad-

2 More on this: https./fwww.unog.ch/80256 EE600585943/(http
Pages)/7177FF06087BE4F3C12582180064B82C?OpenDocu-
ment.

3 For more on the work of committees see: https.//www.apmine-
banconvention.org/committees/committees-overviewy.

* For more on the ISU see: https:/fwww.apminebanconvention.
org/implementation-support-unit/activities/overviewy.

5 https.//www.apminebanconvention.org/review-conferences/.
p
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equate tools to implement provisions and ob-
ligations of the Treaty.

The Third Review Conference - “The Ma-
puto Review Conference on a Mine-Free
World”

At the critical moment in the Treaty’s histo-
ry - fifteen years after its entry into force and
tifteen years after the First MSP in 1999 in
Maputo, Mozambique - the States Parties met
again in Maputo to review the Treaty’s im-
plementation and assess the remaining chal-
lenges in eradicating mines from the world.
From June 23" to 27™ 2014 nearly one thou-
sand delegates participated in formal sessions
and dozens of side events acknowledging
the Treaty’s accomplishments and preparing
for the next phase of work. In total, 79 States
Parties participated in the conference, with
twelve States not parties attending as observ-
ers, including the United States of America,
China and India. Libya and Lebanon also
attended the meeting. “The Maputo Review
Conference on a Mine-Free World” was orga-
nized in a country bearing a significant sym-
bolic meaning, which in turn marked that
particular time in the life of the Treaty for a
number of reasons. Here, we will cite some of
them: a) in the early 1990s, Mozambique was
one of the countries with the highest level of
negative humanitarian effects of anti-person-
nel mines use. Along with some other heavi-
ly mine-affected countries, Mozambique was
one of the birth-places of the anti-landmines
movement whose positive effects could be
best witnessed first-hand in Mozambique; b)
when the Treaty was adopted, the clearance
of all mined areas was a distant goal, and to
many for a number of reasons, a rather ab-
stract one. By the time of the Third Review
Conference, however, Mozambique has
cleared almost all of its suspected hazard-
ous areas except some remote ones which
were cleared later in the year thus allowing

Mozambique to declare a mine-free status
in 2015; c) soon after the Treaty entered into
force, Mozambique hosted and presided over
the Treaty’s First Meeting of the States Par-
ties (IMSP) in May 1999, which established
the Treaty as the international community’s
framework for mine action. The Maputo Re-
view Conference marked the return to where
international efforts to implement the mine
ban actually began, only this time building
on fifteen years of lessons learned and expe-
riences gained; d) in May of 1999, there were
only 55 States Parties to the Treaty, and Mo-
zambique was only one of 18 States in Africa
that had committed to mine ban. Moreover,
at the same time the IMSP was taking place,
new use of anti-personnel mines was tak-
ing place. In 2014 however, there were 161
States bound by the Mine Ban Treaty making
it virtually universalized in Africa. Since the
strong international stigma against landmin-
es had developed in the meantime, the new
use of mines became a rare practice. World
leaders and ordinary citizens considered it
unacceptable in the modern world, meaning
the norms embodied by the Treaty have tak-
en a firm hold; e) the international commu-
nity made a solemn promise to mine victims
obliging States Parties to continue providing
assistance to victims long after mines are
cleared and stockpiles are destroyed. As an
added value, the “Maputo Review Confer-
ence on a Mine-Free World” was an opportu-
nity to re-energize a high level international
interest to continue momentum in the fight
against landmines and revive the Treaty in a
changing and new environment.

The Maputo Action Plan (2014-2019)

Despite significant progress that was made
and numerous lives that were saved, the
States Parties were quite aware that challeng-
es remain and therefore the Maputo Review
Conference was used as a venue for the in-
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ternational community to regroup in order to
deal better with the realities of what remains
to be done in the anti-landmines movement.
Building on the Nairobi (2005-2009) and Cart-
agena (2010-2014) Action Plans, in the Mapu-
to Action Plan for 2014 to 2019 (MAP)! States
Parties agreed to promote universalization of
the Treaty and to implement remaining obli-
gations on mine clearance, stockpile destruc-
tion, victim assistance, international coopera-
tion, transparency and information exchange,
compliance and implementation support. In
tulfilling the promise of a mine-free world, at
the high political level States Parties adopted
the Maputo Action Plan with 31 specific com-
mitments to enhance implementation and
promotion of the Mine Ban Treaty during
the period leading to the Treaty’s fourth five-
year review in 2019. The value of the MAP
lies in the fact that it aims for significant and
sustainable progress towards the achieve-
ment of time-bound obligations while ac-
knowledging local, national and regional cir-
cumstances in its practical implementation.
By agreeing to the MAP, the States Parties
also undertook to implement the measures in
a cooperative, inclusive, age-appropriate and
gender-sensitive manner.

“Maputo +15 Declaration”

In addition to the M AP, the States Parties ad-
opted the “Maputo +15 Declaration”? com-
mitting themselves to intensify efforts to
advance the goals of the Treaty. But most im-
portantly, by subscribing to the Declaration,
the States Parties expressed their aspiration

to meet these goals to the fullest possible ex-
tent by 2025.

Dhttps /fwww.maputoreviewconference.org/fileadmin/APM-
BC-RC3/3RC-Maputo-action-plan-adopted-27]Jun2014.pdf.

2 https./fwww.maputoreviewconference.org/fileadmin/APM-
BC-RC3/3RC-Maputo-declaration.pdf.

Conclusion

The innovative mechanisms, that were estab-
lished in 1999 to support the implementation
of the Treaty, have proved useful for States
Parties, international organizations and civil
society for coordinating efforts to ensure that
the Treaty’s obligations are met. At the Third
Review Conference States Parties have reas-
sessed those structures and adapted them to
meet the challenges of the future. Howev-
er, their success will be measured in terms
of concrete results: cleared minefields, de-
stroyed stockpiles, improved assistance for
victims, success in ensuring respect for the
Treaty’s prohibitions and norms and effec-
tive international cooperation and assistance.
In this sense, it seems only logical, as provid-
ed in the Maputo Action Plan, to maximize
opportunities for creating synergies with
other relevant instruments of international
humanitarian law and human rights law, to
ensure the best use of resources, thus reflect-
ing the realities of mine action in the field. As
it was emphasized many times before, cases
of Mozambique or Algeria and other States
Parties that finished clearing their minefields
or are very close to doing so, are living proof
that the challenge of eradicating anti-person-
nel mines can be met through high-level po-
litical will, good planning and the necessary
human, technical and financial resources,
supported by the solid partnerships which
have underpinned the success of the Mine
Ban Treaty.
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Global mine action experiences
(Mine and ERW contamination)



Experiences from the Federation of Bosnia and Herzegovina in
Residual Unexploded Aircraft Bombs Management

Sead Vrana, MA

Introduction

From 2007 to 2017 Federal Administration
of Civil Protection has disposed of 50 heavy
weight unexploded aircraft bombs (UXB). It
is five times increasing as compared to the
1997-2007 period. That urged evaluation and
identification’ of the risks related to this kind
of the explosive remnants of war. In addition
to that disposal procedures needed to be an-
alyzed too and necessary improvements sug-

Image 1: Areas where UXBs have been found from 2007 to 2017
Location-contamination-activity

Excavations in construction engineering
caused uncovering of the most unexplod-
ed aircraft bombs, thirty-three or 66%. All
bombs in urban and suburban environment

LGICHD Management of Residual Explosive Remnants of War
(MORE) issue June 2015.

10

are found 0.4 to 6 meters deep. Five are
found under the buildings or roads during
demolition or reconstruction, and only two
are excavated with manual tools. Agriculture
led to four findings of which two on surfaces
that have been previously processed. During
mass tombs exhumations four bombs are
found, during mine clearance one, outdoor
activities two and during diving six bombs
are found underwater. Only three bombs,
two in uninhabited and one in rural environ-
ment are found on the ground. Upon field re-
sults excavations have been identified as the
activities with the highest and demining with
the lowest risk of finding an unexploded air-
craft bombs.

Forty-four or 88% of found bombs are World
War Two leftovers and 6 from War in Bos-
nia and Herzegovina 1992-1995. Most of the
bombs from WW2 have been found in sub-
urban (47%) and urban (30%) environment,
while only one bomb from The War in Bosnia
and Herzegovina 1992-1995 has been found
in the suburb. As the criteria for the character-
ization of the environment population densi-
ty and the development of the infrastructure
within the bomb danger radius is taken. Out
of thirty-three bombs found in urban and sub-
urban environment ten were 500kg/10001bs
and fifteen 250kg/500lbs (78%). Thirty-two
of those bombs were remnants of the WW2.
One, which was brought and placed as a
demo charge under the local road, remained
after the War in Bosnia and Herzegovina.
Two German bombs have been placed as the
demo charges at the location where German
airport use to be and one American was in

The 15t International Symposium “Mine Action 2018.”



the same manner by German forces placed
on the bridge and found in the river under
the bridge. Underwater findings are specific
as bombs under the water are out of reach
to the general population but it is necessary
to mention that all of those are found in the
parts of the watercourses through urban (3)
and suburban (3) surrounding and all are
WW?2 remnants. This data place 78%, three
quarters, of all unexploded aircraft bombs
found from 2007 to 2017 in densely inhabited
areas where possible consequences are very
heavy and extensive safety procedures for
the disposal must be applied. According to
that absolutely highest risk from the unex-
ploded aircraft bombs are in urban and sub-
urban areas.

Image 2: Locations where UXBs have been found in Sarajevo from
2007 to 2017.

Historical analysis

Through analysis of the available sources of
the aircraft bombs use in the Bosnia and Her-
zegovina it is determined that Axis bombs in
the urban and suburban areas are left after so
called April War- German and Italian attack
on the Kingdom of Yugoslavia from 06 to 17
of April 1941. Inthose circumstances military
installations were attacked and also cities
Banja Luka, Biha¢, Bijeljina, Jajce, Mostar, Pri-
jedor, Sarajevo, Tuzla and Zenica? were un-
selectively bombed. In rural and uninhabited

2 Vojislav Miki¢ , Neprijateljeva avijacija u Jugoslaviji 1941-
1945, Vazduhoplovstvo u strategiji NOR-a, Vojno-izdavacki
novinski centar, Beograd, 1986.

areas Axis bombs are in highest number of
cases anti-guerilla warfare leftovers.

Remaining Allied forces bombs have been
found close to the locations which were tar-
geted by the strategic and sometimes tactical
aviation. All strategic targets were located
in the areas which are today considered ur-
ban and suburban. Analyzing operational
chronology?® and available historical sources*
related to the Allied bomber air force units’
engagements during World War Two, 98
attacks on 30 targets in 20 cities and settle-
ments in Bosnia and Herzegovina are iden-
tified. Bosanski Brod had 13 strategic attacks
(6 on marshalling yards, 2 on road bridge,
2 railroad bridge, 3 on oil refinery, 1 on city
area), Sarajevo had 11 strategic and 4 tactical
attacks (11 on marshalling yards and railroad
facilities, 4 on airport), Banja Luka had 8 stra-
tegic (5 on airport, 3 on German barracks),
ViSegrad had 8 strategic (4 on bridges i 4 on
troops), Mostar 7 strategic (6 on airport and 1
on German military installations), Biha¢ had
6 strategic and 3 tactical (3 on railroad station,
6 on barracks and troops), Zenica had 4 stra-
tegic and 6 tactical (8 on railroad bridge and 1
road bridge), Doboj had 4 strategic (railroad
bridge), Prijedor had 2 strategic and 1 tacti-
cal (troops), Livno had 2 strategic (troops),
Drvar, Bosanska Krupa, Bosanska Gradiska
and Bosanski Novi respectively had 1 strate-
gic (troops), Fojnica had 1 strategic (bridge),
Prijedor had 1 strategic and 1 tactical (troops),
Rogatica had 1 strategic (railroad), Travnik
had 2 tactical (railroad), Konjic had 2 tacti-
cal (railroad station), Bosanska Otoka had 1
tactical (road bridge), Bijeljina and Busovaca
had 1 tactical (troops). In relation to the other

3 Richard G Davis, Bombing the European Axis Powers A
Historical Digest of the Combined Bomber Offensive 1939-1945,
Air University Press, Maxwell Air Force Base, Alabama 2006.

4 Operational and intelligence reports from 2nd, 98th,
301st,376th, 449th, 450th, 454th, 484th Bomber Group (BG),
15th Air Force (AF) USAAF, and No. 25 and No.39 Bomber
Squadron SAAF, No.254 Wing, Balkans Air Force.
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available historical sources it is determined
that all tactical aviation engagements reports
have not been revealed’. Total amount of
bombs dropped in tactical and strategic at-
tacks have been estimated to 8-10 thousand
short tons. Aside from bomber aviation also
fighter-bomber aviation has been engaged
mostly on road and railroad transports, air-
ports and enemy troops in ground support
roles. Those attacks were significantly small-
er by amount of the bombs dropped and in
reports are most often given wider areas of
the engagements instead of the specific tar-
gets?.

Ordnance analysis

Only two uncovered UXB’s needed to be
blow in situ as danger from the uncontrolled
explosion was unacceptably high due to their
fuzes construction. Both were found in sub-
urban area during excavations. Remainder of
the bombs, except German, were fitted with
impact/inertia action fuzes so removing the
fuze and destruction on the demolition range
were procedures applied in those situations.
German bombs were fitted with lateral electri-
cal impact fuzes and all were extracted from
situ without removing the fuzes. On three
found bombs fuze were already removed
and on one fuze was broken off. Forty-nine
bombs were high explosive demolition with
contents weight ratio (CWR) from 30% to
50%. Incendiaries were not found even those
were used by German Luftwaffe’. One was
target practice bomb. Nine of ten 500 kg/1000
Ibs bombs were British and one was German.
Twelve of twenty-one 250kg/500 Ibs bombs
were American, six German and three were

I Zbornik dokumenta i podataka, Borbe u Bosni i Hercegovini
1944. god, tom IV, books from 21 to 39, Vojnoistoriski institut
Jugoslovenske narodne armije, Beograd, 1960.

2 Zbornik dokumenta i podataka, Jugoslovensko ratno vazduhop-
lovstvo, tom X, books 1 and 2, Vojnoistoriski institut Jugoslov-
enske narodne armije, Beograd, 1967.

3 Daily report Fluggruppe Kroatien to XV Gebrigs Korps Wehr-
macht dated 20.04.1944.

12

British. Bombs under 125 kg /250 1bs, in total
nineteen, were German (6), Italian (5), Soviet
(3), American (2), British (1), French (1), Yu-
goslav (1). Through analysis of the historical
sources it is revealed that German Luftwaffe
was using bombs up to 500 kg*, American up
to 1000 kg’ (only in attacks on bridges in Ze-
nica, Doboj and Brod) and British up to 2000
kgt (in attacks on oil refinery in Brod and
marshalling yards in Sarajevo). In available
historic sources use of the chemical long de-
lay fuzes is recorded in attacks on marshal-
ling yards in Sarajevo, railroad bridge in Zen-
ica, refinery in Brod and targets in Visegrad’.
Data on bombs removed from 1945. to 1992.
is missing thus preventing full analysis but
with available pieces of information plau-
sible risk and worst case scenario are iden-
tified. Plausible risk on identified targeted
locations is finding of the 250-500 kg bomb,
most probably American or British during
excavations up to 5 meters deep. Worst case
scenario means discovery of the 1000 - 2000
kg bomb in the urban area or bomb fitted
with a chemical long delay fuze which re-
quires demolition in situ and in the most ex-
treme case it's uncontrolled detonation on
discovery or during disposal. Reason for this
is exceptional sensitivity and unpredictabil-
ity of the fuzes of this kind and possibility
of the unpredicted detonation even without
any manipulation. However, the worst case
scenario is much less probable as so far this
type of fuze is found on only one bomb.

# Report of the commander of Zaluzani airport to the Headquar-
ters of the 5th Corps of the Yugoslav Peoples Liberation Army on
captured air force material dated 26.09.1944.

5 Operational reports: 455th BG, 15. AF dated 9.8.1944, 449. i
450. BG, 15th AF dated 23.11.1944.

¢ Operational report: Bomber Squadron No.37, 231st Bomber
Wing, 205th Bomber Group of Royal Air Force (RAF) dated
07.11.1944.

7 Operational report: 98th BG, 15. AF dated 23.11.1944, 449th
BG, 15th AF dated 20.11.1944, Daily report 205. Bomber Group
RAF dated 08.07.1944 and 20.11.1944.
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Image 3: Aerial photo of the marshaling yards Alipasin Most in
Sarajevo bombing by 301 BG, 15" AF, USAAF on 09.08.1944.

Disposal protocols

In Federation of Bosnia and Herzegovina
Federal Administration of Civil Protection
(FACP) has exclusive jurisdiction over unex-
ploded ordnance disposal for which purpose
8 explosive ordnance disposal (EOD) teams
have been formed. Order of actions applied
for the disposal of the single bomb is isola-
tion, evacuation, neutralization, extraction,
destruction, asanation. Isolation is the initial
action taken by the first authorized person
in situ, usually a police officer, and it means
full access ban in the bomb’s immediate sur-
rounding. Upon FACP EOD team arrival
positive identification of the item and also
hazards and risks is undertaken and accord-
ingly operational plan is made. According
to the plan external services; local civil pro-
tection, paramedics, police, firefighters and
Red Cross are being engaged as the logistic
and operational support. Also responsible
authorities are requested for complete traf-
fic ban on endangered roads, railroads and
waterways and for the establishing of the
no flight zone over the risk area. According
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to the surrounding, planned rendering safe
procedure and bomb mass evacuation is be-
ing carried out within the radius from 200
to 1000 meters. The biggest evacuation was
undertaken in Bosanska Otoka when total
displacement of the population within 1000
meters radius is done for the in situ demoli-
tion of the 250 kg bomb. Evacuation is the re-
sponsibility of the local community services
and practically and logistically is the most
demanding phase in the single bomb dispos-
al process. For executing full obligatory evac-
uation it is needed, according to the existing
laws, to declare state of the emergency with-
in the bomb’s danger radius otherwise it is
impossible to force residents to evacuate. Be-
cause of that in some local communities for
a lower risk tasks residents are being given
a choice whether to evacuate with obligatory
movement ban within danger radius during
the task execution. However in the worst case
scenario, when immediate evacuation might
be mandatory, current practice would not
be sufficient and efficient enough. Neutral-
ization is the rendering safe procedure. This
means disassembling the fuzing mechanism
from the bomb, usually by one of the dy-
namic tools (dearmer or rocket wrench) and
rarely manually. In situations when fuzes
are identified as an unarmed or when bomb
is German with the electrical fuzes, bombs
are transported with the fuzes. Extraction
is the phase which comprehends loading,
transporting, eventual temporary storing
and unloading of the bomb. All UXB trans-
ports on public roads are done under the po-
lice escort between 0300 and 0500 hrs in the
morning on the roads completely closed for
all other traffic. Transport is done by two el-
ement convoy; first element transports the
bomb and in second element, on the safe dis-
tance, medical and firefighting support team
is moving along. When demolition in situ is
required, extraction is not applied and for the
destruction itself one of the low order meth-
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ods are being used to eliminate shock wave,
fragmentation, noise and seismic shock. It is
usually done by shape charges and thermite
incendiaries. These methods are also applied
for the destructions on the demolition ranges
in the controlled environment for the training
purposes. In two cases when destruction in
situ was required extensive protection works
have been undertaken. In one of these cases
55000 sand bags containing 2200 cubic meters
of sand were used for the protective barrier.
Asanation is the process of the returning the
location in original state after the destruction
and is usually done as the joint effort of the
FACP and the local community.

Tl = e b e

Image 4: British 10001bs MkIV general purpose bomb destroyed on

Lapov Dol range, July 2014.

Needed improvements

Currently, in Bosnia and Herzegovina prac-
tice of obligatory area check for UXBs on
identified risk locations does not exist. In ad-
dition, program of UXB awareness does not
exist for neither endangered populations nor
local civil protection professionals. Highly
developed mine awareness program is most-
ly focused on mine risk areas and population
threatened by that kind of hazard. For more
complete risk management related to the
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UXBs and also other residual ERW contam-
ination it would be advisable to extend mine
risk education program to train at least local
civil protection professionals. Trough that
activity necessary prevention component in

residual UXB management would be estab-
lished!.

T GICHD, June 2015.
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Analysis of Demining of Asphalt-Concrete Surfaces of the
Airport of Zadar - lessons learned, 25 years later

Matika D., Fabijanci¢ T.

Abstract

The approach and methodology for demin-
ing of the asphalt-concrete surfaces of the Za-
dar airport twenty-five years later was ana-
lyzed in the article. The demining was carried
out during the period from February, 04th to
May, 04th 1993 during the military operation
“Maslenica”. The experiences of Pula airport
demining were significant for the successful
demining of the Zadar airport since the Za-
dar airport was mined in a similar way. Les-
sons learned on complex facilities demining
like the runways are presented in this article
to the expert public as a valuable contribu-
tion to humanitarian demining in War con-
ditions.

Key words: demining, airport, runway, les-
sons learned

1. Introduction

The day when the last UNPROFOR mem-
ber left the airport was considered the day
of the liberation of the civil airport from the
enemy army, and that was the first time that
the Croatian flag was put up on top of the
tower. Civilian airport was occupied by en-
emy army from the 17 of September 1991.
to 25" of January 1993. or a total of 495 days.
The Rule of the Conversion of Social Compa-
nies was brought out, and the Board decided
to change the current name RO “Aerodrom
Zadar” into “Zra¢na luka Zadar” d.d. (“Air-
port Zadar stock company). Figure 1. shows
members of Croatian Army in front of pas-
senger terminal at the Zadar airport.
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Figure 1. - Members of the Croatian Army in front of the passen-

ger terminal at the Zadar airport

[Source: Chronology of events, 1993]

For better understanding of the then situa-
tion at the Zadar airport, specially concern-
ing demining of the civilian and military part
of that airport, memories of Ivan Vitanovi¢,
Croatian army retired brigadier Ljubomir
Cerovac, Croatian army retired brigadier and
Antun Jeric¢evi¢, Croatian army retired brig-
adier general. Brigadier Vitanovi¢ states: ,I
knew that the runway was mined and I was the
first person to find this out in 1992. The area of the
civil airport was full of challenges and I was never
sure where a trap and surprise were awaiting. I
was the commander and the person that was put
in direct danger, where I had to always make the
first step forward and then command my troops
to do the same... According to our discoveries,
there were 20 holes with explosive placed under
the runway to blow it up, in every hole there was
around 160-200 kg of explosive. Below the mili-
tary runway there were 26 drill holes, and below
the aircraft runway there were 18 drill holes (64
drill holes total). The activation of each hole with
explosive could be accomplished in many ways.
We were mostly concerned with the possibility of
activation by remote control. There was a possi-
bility that the enemy could blow up any hole at
will or the whole runway by not being close to the
civil airport... According to all that we found in
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the area of the civil runway, we concluded that the
civil and military runway in Zadar was mined in
the same way as the one in Pula.. “PU+2xZD"
was painted on the civil runway by base paint.
The same way in 1992, I also managed to discover
and note down all the markers and places of the
twenty explosive holes under the civil runway”.

What happened at Pula airport, which briga-
dier Vitanovi¢ mentions in his memories? On
November 101991 about 13:15 hours, during
the attempt of puling out the explosive from
the pipe at first mined hole under the runway
at the Pula airport, for whom they were cer-
tain that isn’t additionally mined, explosion
happened which caused death of Ministry of
internal affairs (MUP) pyrotechnicians Stevo
Grbi¢, Vicalj Marjanovi¢, Marijan Vinkov-
i¢ and Dusan Bulesi¢, members of Croatian
Army. Figure 2. shows article from Glas Istre
from 13" November 1991. about the death of
four pyrotechnicians at Pula airport.

Figure 2. — Death of pyrotechnicians at the Pula airport
[Source: Glas Istre, 13" November 1991.]

Difficult task of puling out the death bodies
of killed pyrotechnicians from mined area
was performed 11" and 12" November 1991.
This task was conducted by lieutenant col-
onel Ljubomir Cerovac with group of min-
ers. One of the miners was hanging with his
hands and head towards ground attached
from the crane. From that position he put a
steel rope under the bodies, which after that
were removed from the spot where they were
killed. November 12 1991 Chief of the Gen-

eral Staff of the Croatian Army, general An-
tun Tus signed an order in which lieutenant
colonel Ljubomir Sumanovac was named the
commander and lieutenant colonel Ljubom-
ir Cerovac deputy commander of Pula air-
base. The next day, 13" November 1991 the
order for demining Pula airport was signed
by the Chief of the General Staff of the Cro-
atian Army. In this order lieutenant colonel
Ljubomir Cerovac was named as coordinator
for demining, major Jozo Nenadi¢ for demin-
ing green area and pyrotechnicians for demi-
ning the objects were assigned from Ministry
of internal affairs (MUP) Rijeka and rear base
of General Staff of the Croatian Army.

Cerovac is remembering:” we didn’t know the
kind of fuses we were dealing with. My group
consisted of Drago Opasic Billy, Danilo and Vla-
do Dragicevi¢ and Slobodan Bursic. We saw that
everything is mined and decided to dig meter by
meter near the runway until finding the pipe.
Problem was that we didn’t now which kind of
fuses were in them. We concluded that it would
be best if we saw the pipe and fix the explosive by
wire. On that way we manage to pull from each
hole one to two charges, while filing the blanks
with sand bags. At Danilos suggestion two con-
nected iron boards were made in Uljanik which
were set in part of pipe towards runway. All of
that we also covered with sand bags. We didn’t
touch fuses at the middle of the pipe, we cleaned
pipe entries and by using all kinds of tools made
in Uljanik, ropes and Tatra truck filed with 8§ m’
of soil and pulled out part of pipe (with charge and
fuses inside) on green surface between runways.
We left pulled part there for 72 hours in which it
had to explode no matter what kind of fuse was
inside. 1500 kg of explosive detonated while 8500
kg was saved. Out of 47 holes, 20 detonated while
being pulled out, but none of them transferred
explosion at runway. Demining lasted until 7"
March 1992 when the runway was given for use
to Croatian Air force”.

Special piety is necessary to be appointed to
deceased Croatian Army pyrotechnicians at
Pula airport. May they have thanks and glory
for all of eternity.
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Brigadier general Antun Jericevi¢ remem-
bers: , During the liberation operation “Maslen-
ica” the complex of the Civil and military Airport
Zemunik was liberated. Taking into consideration
the situation and all the problems that had to be
solved in order to quickly put the complex in func-
tion again, the Commanding Officer of the Head-
quarters of the Croatian Army forward a working
Organization under his command with the mis-
sion of safe and organized enabling of the airport
for its function. It is necessary to mention that
the runways and the taxi runway were mined and
partly destroyed. Certain facilities within the air-
port and green surfaces were also mined. Besides
this, all the objects installations and facilities were
destroyed and run down. During the mining of
the runway, several members of the enemy army
were killed. Unfortunately, during his attempt
to clear the mines, a pyrotechnician from Zadar
Alen Bruketa was killed. Two French UNPRO-
FOR members were killed on the civil runway be-
cause of an explosion that was activated by remote
control of the enemy army. The runways and taxi
runways were mined with deep explosive holes
and armed with commando-terrorist fuses type:
light, electronically timed, remote controlled and
mechanical. There were more than 10 tons of TNT
in the holes. More than a thousand different mines
and other fatal devices along with several hundred
“little bell devices” that were thrown even during
the clearing of the mines were removed from green
surfaces of the airport. Brigadier Antun Jericevic
was the head of this working organization and his
deputy was brigadier Josip Buncuga. The working
organization formed four basic subgroups for:

* demining of runways and taxi runways, the
head was lieutenant colonel Dario Matika
and deputy brigadier Ljiubomir Cerovac,

* demining of green surfaces and facilities, the
head was brigadier Fedor Santini,

* the restoration of the facilitates of the air base
Zadar, the head was lieutenant colonel Ivan
Pavlinovi¢ and deputy major Veljko Bubuc,

* the restoration of the facilitates of the civil air-
port was done by the mobilized employees of
Airport Zadar led by Slobodan Vrdoljak

The majority of work was done by the subgroup
for demining the runways and taxi runways that
was made up of pyrotechnicians from several
commands of the Croatian Army... The mission
was completed without any human casualties, ex-
cept the wounding of the soldiers by a “little bell”.
The airport was completely cleared of mines and
only the military runway was enabled for flights.
The civil runway, even though it was cleared from
mines, was not ready for flying because of two
large construction damages caused by an explo-
sion on the runway induced by the enemy army.”

2. Demining and acomplished results

As it was stressed by brigadier general An-
tun Jericevi¢ in the last chapter, main effort
was done by subgroup for demining run-
ways and taxi runways, which constituted
pyrotechnicians from many Croatian Army
units. Specifically, they were demining as-
phalt-concrete surface at the aircraft runway
of the Zadar airport. Analysis presented in
this article will be focused on the runway
PSS-2 (civilian runway) which was 2000 m
long and 45 m wide. The PSS-2 was placed
near the Sukosan-Zemunik road, to be more
precise, between villages Babin Dub and Ze-
munik Donji. Mining of the mentioned run-
way PSS-2 should have been done according
to “Plan for destruction of the Zemunik air-
port” created in 1981. This Plan for destruc-
tion is shown with sketches at Figure 3. and
Figure 4., where the holes (mine wells) are
shown with numbers from 1 to 20. Each hole
contained approximately 250kg of TNT ex-
plosive. Figure 4. shows the shape of holes
with dimensions.
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Figure 3. — Plan for destruction of the runway PSS-2 (civil run-
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Figure 4. — Appearance of the hole at taxi runway and runway
[Source: Study, 1993]

Holes (mine wells) number 10, 11, 15 and 18
detonated completely and caused a death
of two UNPROFOR members and Croatian
Army pyrotechnician - Alen Bruketa. Holes
number 3 and 9 detonated incompletely
and didn’t make any damage to the runway
PSS-2. The only damage was done to wire
lines which were spread along the runway at
green surface (night signalization and thun-
der protection).

By visual examination of the holes (approach
to the hole entries was impossible because
the green surface wasn’t demined) which
were marked with stone columns, the follow-
ing was determined:

« above of all unexploded holes the stone
columns were placed (dimensions
100x100x400 mm) in purpose to mark ev-
ery single hole and to close plastic pipes
above the holes which contained explo-
sive charges.
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+ possible presence of classic commando
fuses with explosive charge, electric and
remote control fuses. This estimate was
made by analyzing the circumstances in
which two UN officers and one pyrotech-
nic from Croatian Army got killed.

« real possibility that wire connections for
runway illumination were used to acti-
vate selected holes.

Considering that mentioned runway PSS-
2 damages were different (dimensions of
the damaged runway were from 11x3 m to
15x4m), we started with establishing a pos-
sible amount of explosive in each hole. By
gathering additional data and further analy-
sis, the amount of explosive was determined
in every hole (see Table 1).

Holes Lensth A " Total
OBJECT  from HOLE MARK eng Amoun amount
o () k)
(kg)
8 1,2,5,7,10,12,15 and 18 272 224 1.792
3 3.8and 13 26,7 216 648
1 17 262 212 212
3 14,16 and 19 255 208 624
PSS-2
2 6 and 20 225 176 352
1 4 22 172 172
1 9 21 160 160
1 11 17 120 120
Total 20 4.080

Table 1. - Determined amount of explosive type TNT in every hole
under runway PSS-2

[Source: Study, 1993]

All presented data indicated that runway
PSS-2 was mined according to Plan for de-
struction from 1981 but with significant devi-
ations which referred to following;:

a) enemy forces gave up activating explo-
sive charges in holes in a classic way,
which is detonating through four forma-
tion mine-explosive stations (MES), as it
is shown on picture 3.

b) mine holes were equipped with comman-
do fuses with the purpose of destroying
runway PSS-2 and causing as many hu-
man casualties as possible.

c) special electronic and mechanical fuses
were used for setting so called “Booby
traps” directed against professional py-
rotechnicians performing the demining
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Towards that, the enemy forces” intention
during mining runway PSS-2 wasn’t to pro-
tect their own forces but to deliberately cause
human casualties during the demining of the
runway. Their intention succeeded by kill-
ing two UN officers and one Croatian Army
pyrotechnician, whose assumption was that
they are dealing with “classic mining” of
runway PSS-2 with force protection purpose,
which after the end of fighting activities
would be demined the same way. But, the
actual conditions were far from international
conventions and regulations. Unfortunately,
“Criminal mining intention” was confirmed
in this case, the same way it happened at Pula
airport in 1991, when four members of Croa-
tian army got killed.

3. Lessons learned in demining

Demining of the runway PSS-2 was con-
ducted according to approved Study called
-“Conceptual solution of demining as-
phalt-concrete surfaces of the aircraft run-
way”, which was approved February 19,
1993 by the Chief of the General Staff of the
Croatian Army, general Janko Bobetko. The
concept of demining was divided in seven
phases as following;:

« removing vegetation from green surfac-
es, 7 m from the edge of the runway,

« clearing an approach to the hole entries,

- soil excavation in order to approach the
plastic tubes with explosive charges,

« drilling, fixing and sawing the pipes and
explosive charges,

« inserting so called “Sandwich” to prevent
transfer of detonation,

+ destroying front (cut part) part of the
pipe,

+ pulling out the explosive charge from the
rest part of the pipe.
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Figure 5. shows an idea how to demine the
holes described before trough each phase.

ELECTRIC 07.-1.0m

PULLING OUT

lINSTALATIONg !

RUNWAY

4 i ©
‘b I > _—
—!{' 3 ;'
B \
3
T 3

Figure 5. - Idea of demining the hole [Source: Study 1993.]

END OF THE PIPE WITH
so-called “SANDWICH”

Commando fuses were placed (electric and
mechanical fuses) in the upper part of the
hole, which is above so called “Sandwich”
for preventing transfer of detonation. In this
case the content of the upper part of the plas-
tic pipe wasn’t pulled out, it was detonated
(counter-mining), taking care of the fact that
detonating wave doesn’t spread to the lower
part of the plastic pipe which contained the
rest (substantial higher) of the explosive.

Counter - mining neutralized commando
fuses, which were thrown out to the green
surface due to blast wave from upper part of
the plastic pipe. All the parts of the comman-
do charges that were thrown on the green
surface were collected and distributed to
MUP. On April 8, 1993 the Center for crime
expertise issued an expert report on the ex-
plosives, fuses and detonating capsules gath-
ered during demining of runway PSS-2 at
Zadar airport. Figure 6. shows parts of com-
mando fuse with plastic explosive and TNT
bullet (MT-4) made of 4 kg TNT explosive
that was found after counter-mining the hole
number 13.
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Figure 6. - Parts of commando fuse, plastic explosive and TNT
bullet.

[Source: Expertise report]

Based on expertise, it was determined that
hole 13 contained lightening fuse witch is
in program of the “Institute for security”
from Belgrade, created in factory “Rudi Ca-
javec” in Banja Luka. Mark of named fuse
was “USS_T”. By the rest pieces of the elec-
tric-conductor, the expertise concluded that
the fuse was connected with electric-detonat-
ing capsule, witch meant that it was in active
state. Electric battery “VARTA” type 6LR 61
-9V was use as source, electric-detonating
capsule for military use with azide initial
fuse mark EK-40-69 was used as detonating
capsule. It is a capsule identical to capsule
number 8 with which it is possible to activate
compressed explosive TNT type. Near the
earlier mentioned capsule, 207, 4 gr plastic
penthrite was set, which is military explo-
sive with purpose in commando actions. It
was in formation use in ex-JNA as plastic ex-
plosive “PEP-500” packed by 500 gr. It was
often used to transfer detonation between
initial detonating capsule EK-40-69 and TNT
bullet, or to activate charge with help from
one additional fuse. Main explosive charge
was TNT bullet with amplifier for activation
with detonating capsule number 8. Figure
7. shows special commando fuse with deto-
nating capsule and TNT bullet from the hole
number 19.

Figure 7. - Commando fuse with detonating capsule and TNT bul-
let

[Source: Expertise report]

By the Cyrillic marks at cover of the com-
mando fuse “USE-T RCBL 90 00”7, expertise
had concluded that it was special electron-
ic-tempted fuse made in factory “Rudi Caja-
vec” Banja Luka in 1990. After opening the
fuse it was established that time of activation
delay was set at 0900 minutes (possible set
is 9999 minutes). Electric battery “VARTA”
type 6LR 61 -9V was use as source. Battery
was in opened original cellophane cover,
while electric lines of the fuse were connect-
ed with electric conductors of the detonating
capsule and were insulated with black insu-
lation tape. Figure 8. shows special mechani-
cal fuse together with TNT bullet.

Figure 8. — Mechanical special fuse with TNT bullet
[Source: Expertise report]

The 15t International Symposium “Mine Action 2018.”



At the special mechanical fuse, with Cyrillic
letters was written “UMNOP-1", that mark
points that it is fuse: mechanical-step upon-
release-pull model 1. This fuse was in pro-
gram “Institute for security” from Belgrade
(described in catalog from 1988. under num-
ber 228, were offered in complete with other
mechanical fuses). This fuse has momentarily
activation and is used for completing differ-
ent formation and improvised explosive de-
vices. In this specific case shown at picture
8, the fuse is missing the safety device from
strike needle (radial safety device) which
meant that the mentioned mechanical fuse
was in active state. It is especially important
to mention that there was a perforation made
at the bottom side of TNT bullet in explosive
through which an insulated wire was pulled
with the ring at one end of it. Similar wire of
the same kind was found in explosive charge
in other holes. Wire with ring and mechani-
cal fuse (UMNOP-1) at the bottom of charge
should be used for activating the TNT bullet
during the operation of puling out the explo-
sive charge in case of the demining the run-
ways. Namely, from upper side there was
primary fuse (lightning or tempted), while in
shape of trap from below side was mechan-
ical fuse set for pull activation. That kind of
mining is contrary to international conven-
tions and regulations, because its goal was
to prevent demining and to cause human ca-
sualties. That was the reason of the death of
Croatian Army pyrotechnicians at the Pula
airport, because the trap was set with special
commando fuses. Based on total conducted
expertise end evaluation results, it was de-
termined that in mining of runway PSS-2 the
following was used:

a) lightning fuse mark “USS_T” manufac-
ture mark “RCBL”. It was developed in
Institute for security in Belgrade and was
in formation usage in ex-JNA. Activation
of the fuse would come after lighting the
sensor with light 2-7 Lux of strength,
which will enable the contact between
source of electrical current (battery 9V)
and electric -detonating capsule. The

b)

d)
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other parts of that kind of fuse were in
holes number 13, 15, 16 and 17.

tempted fuse mark “USE-T” with manu-
facture mark “RCBL” 9000 (produced in
1990). It was developed in the Institute
for security in Belgrade (described in
catalog from the year 1988 under num-
ber 219) and was in formation usage in
ex-JNA. Activating the fuse was possible
to postpone at max. 9999 min in steps by
one minute which was set with dial plate
in the shell under the battery. In specific
case the dial plate was set to activate after
0900 minutes or 15 hours. The fuse was
found in hole number 19; it was not acti-
vated.

fuse mechanical-step upon-release-pull
model 1 mark “UMNOP-1" was also de-
veloped in the Institute for security in
Belgrade and was in formation usage in
ex JNA. The fuse is activated mechani-
cally by stepping, release or by pulling.
In this specific case it was visible that
the safety device from strike needle was
missing (radial safety device), activation
by pulling in direction of fuse was pre-
dicted (during puling out the explosive
charge). The fuse was found in the hole
number 19. Axial fuse was attached to the
ring of wire from TNT bullet MT-4, end
detonating capsule was in next charge.

TNT bullet MT-4 was main charge. In ev-
ery plastic pipe hole between 30-53 peac-
es of these bullets were placed and con-
nected by rope which was passing axially
trough every bullet and in that way con-
necting TNT bullets in one whole. But, at
the TNT bullet from the hole 13, besides
the rope, there was an insulated metal
wire (140 cm in length), pulled through
conductors. The purpose of this wire
could not be established because some
parts that would explain its purpose were
missing. But it is possible to assume that
this wire could be used as antenna for re-
mote activation. Besides that, its function
could be self destruction, because cutting

21



22

that kind of wire (through which is flow-
ing electric current) could stop the work
of electromagnet which would cause the
spring from other side to connect batter-
ies with detonating capsule and activate
the explosive. In first case signal connec-
tor and appropriate fuse with detonating
capsule are missing, and in the other case
appropriate electric complex and deto-
nating capsule.

By following all presented evidence from Ex-
pertise minutes, it can be claimed that special
commando fuses were set to activate explo-
sive charge during the operation of demin-
ing of the runways and taxi runways of the
Zadar airport. Lightning fuses would have
been activated after excavation (lightening)
and mechanical during pulling out the TNT
bullets from plastic tubes each hole. Tempt-
ed fuse represented “sham” or “trap”. Al-
though it was set at 0900 minutes (15 hours),
it wasn’t set in active position by liberation of
the mechanical safety, and the time was not
running. Taking into the consideration that
metal wires near rope in conductors existed,
the opinion of expertise is that there was a
possibility to activate explosive charge using
radio signal, but there were no sufficient evi-
dence for this claim.

All of the fuses, detonators and explosives
used in mining the runway PSS-2, were in
formation usage in ex-JNA and were devel-
oped in the Institute for security in Belgrade.

Conclusion

This article analyses the approach and meth-
odology of demining the asphalt-concrete
surfaces of aircraft runway of the Zadar air-
port, at PSS-2 runway example (civil runway).
Without knowledge, transferred experiences
and lessons learned from demining Pula air-
port, demining of runway PSS-2 wouldn’t be
so successful and without human casualties.
Special piety is necessary to be given to the
deceased at Pula and Zadar airport and their
sacrifice should never be forgotten.

Mentioned airports and their runways were
mined in commando way with fuses, deto-
nating capsules and explosives which were in
formation usage in ex-JNA and were devel-
oped in the Institute for security in Belgrade.
That way implied setting the “sham”, "trap”
and other non standard forms of mining,
which ensures that explosion will occur and
cause larger number of human casualties. It
needs to be stressed again that in this case
civil runway was mined. This way of mining
was opposite to all international conventions

and regulations.

Lessons learned on demining complex ob-
jects (as the airports in Pula and Zadar were)
are presented to the expert public and for
sure are valuable contribution to the human-
itarian demining in war conditions.
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Use of mine detection dogs in Croatia
Danko Dezdek

Mine detection dogs (MDD) are used contin-
uously in Croatia from the end of 1990. Their
capability for finding mines are dependent
on their highly sensitive olfactory system.
Dogs are most efficient when odors of explo-
sives in landmines and unexploded ordnance
(UXO) are exposed by their defragmentation
following use of demining machines.

In Croatia suspected worksite is searched by
two different MDD-s at the same part of the
worksite, to ensure the same UXO is discov-
ered and that none is missed. Regular work
capability testing is performed on testing
site where MDD search for mines that are
grounded for years. From buried landmines
the complete “bouquet” of smells from var-
ious chemical compounds is vaporized into
the air. The work capability test also include
dog identification, vaccination check, obedi-
ence and socialization skills. The main goal is
correct assessment of dog capability to detect
landmines and UXO.

Use of MDD in humanitarian demining, to-
day and in future, is faced with new pos-
sibilities and challenges. When mines are
grounded on difficult terrain in perspective
of configuration, soil characteristics and veg-
etation where use of other demining proce-
dures are limited, use of MDD is needed. To
make landmine-detecting dogs more reliable
and make better selection of working MDD
lines discovering the effect of breed differ-
ences, morphometrical, biochemical and cel-
lular characteristics on dog olfactory system
is needed.

Key words: humanitarian demining, dog,
testing, smell picture, working lines
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Abstract: In Mine Action domain, reduction
of Suspected Hazardous Area extent is a very
important task. It can be done by using ad-
vanced computer vision methods and artifi-
cial intelligence algorithms on airborne and
space imagery in order to extract new infor-
mation of SHA and to detect indicators of
mine presence. We introduce the concept and
describe a procedure of strong mine presence
indicators detection by using convolutional
neural networks and rule-based inference.
Also, we propose a recommender system
that improves detection quality with interac-
tive relevance feedback. Such a system may
also assist in post-processing procedures and
classification of indicators after their detec-
tion.

Keywords: Strong mine presence indicators,
DNN, Rule Based System.

Introduction

In the framework of Mine Action, reduction
of Suspected Hazardous Area (SHA) extend
is an important goal since it is often overes-
timated. The Non-technical survey (NTS)
is procedure aimed at reducing potentially
hazardous area and releasing the land where
there is no evidence of mine contamination
[1]. In this process, the airborne and space-
borne imagery processing and interpretation
can provide valuable evidence about the in-
dicators of mine presence and indicators of
mine absence [2]. In particular hyperspectral
imagery, which can enable detection of small
spatial structures in images due to fine spa-
tial resolution of recently operated sensors.

The concept of mine indirect indicators is in-
troduced by [3]. We primarily focus on de-
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tection and extraction of strong indicators of
mine presence (IMP) - objects related to the
military activities and mine laying(trench,
battlement, bunker, shelter) process since
they are proven to be more significant than
other indicators [2]. Example of one strong
mine presence indicator type is shown in Fig-
ure 1.

Figure 1. Color image of the scene with several shelters for heavy

weapons.

Detection of the strong indicators of mine
presence is highly demanding due to a large
diversity of object manifestations related to
the climatological, topographic, warfare and
other features of SHA. Experts with in-depth
field knowledge and experience convention-
ally identify such indicators via visual image
interpretation [4]. We consider an intelligent
algorithms approach for detection of such in-
dicators in order of reducing photo-interpret-
er time-consuming job.

Detection of strong mine presence indi-
cators with deep neural networks

Artificial neural networks (ANNs) are bi-
ologically inspired machine learning algo-
rithms [5]. They can be employed in super-
vised and unsupervised learning mode. In
the first approach they are used as classifiers
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and in the second for clustering. If they are
used as classifiers a significant number of
samples must be available for training before
the network can be used. The training dataset
must be diverse enough to avoid overfitting
which, along with excess computing time,
are the major issues with ANNSs. The overfit-
ting can be detected if an ANN demonstrates
near perfect performance during training
and very poor results when applied to a gen-
eral dataset.

Recent developments in ANNs have signifi-
cantly advanced performance of contempo-
rary visual recognition systems [6]. Thus,
ANNs have been very successful in con-
tent-based image recognition of different ob-
jects, people and animals where a very large
number of different images in the same class
are available for training. Deep learning net-
works or deep neural networks (DNNs) are
one of the most recent types of ANNs [7].
They are typically feedforward networks but
the distinguishing feature are multiple hid-
den layers between the input and output lay-
ers (Figure 2). It has been shown that these
algorithms can model complex non-linear re-
lationships. Yet again, as with previous types
of ANNs, DNNs also include many variants
of a few basic approaches. DNN architecture-
sare not identical and each has found success
in specific domains. Similarly to other ma-
chine learning applications, it is difficult to
compare performance unless architectures
they have been evaluated on the same data
sets.

Figure 2. Typical configuration of a deep learning neural network
with densely connected multiple hidden layers.

Because of their characteristics we believe
that DNNss are currently the most promising
approach for strong mine presence indicators
detection if multiple representatives of indi-
cators are available. Multispectral and hyper-
spectral imagery of the same mine suspect-
ed area can greatly assist DNNs in detection
since each view can be treated as an addition-
al learning set.

In this application a human interpreter must
setup an initial feature “ground truth” data-
base which will be used for network training.
Selection of optimal imagery is very import-
ant since ANNs performance (i.e. classifi-
cation accuracy and precision) are sensitive
to changes in resolution [8]. The choice of
spectral channels, image size and other visu-
al pertinent parameters must be maintained
once they are set. After the minimal “ground
truth” database has been constructed by
hand a feedback loop using a recommender
system may be used to facilitate the database
development [9]. In this iterative process
(Figure 3) a neural network will examine a
scene and for each segment will present pos-
sible classifications to the interpreter. He will
select a class which best describes the feature
or propose and entirely new object class. The
network will continue to go through the im-
ages and with each iteration the number of
class representative images will grow. Sub-
sequently, system performance in detection
of hard mine presence indicators will be con-
tinually improved. In the first iteration the
class set will be empty and the learning pro-
cess will entirely depend on selection of vi-
sually significant features and the skill of the
operator. However, for a new type of terrain
another feature dataset will have to be con-
structed. In this case, even by using the de-
scribed human-in-the-loop training process,
a sufficiently rich corpus of indicator exam-
ples may not be always available, or could be
difficult and time consuming to develop. In
such cases a feature databases has to be con-
structed for each terrain type.
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Figure 3. UML activity diagram of strong mine presence indica-

tors image analysis.

In our approach we suggest that DNNs may
be used for detection of strong indicators
(such as trenches, military emplacements,
bunkers, shelters etc.) while a rule-based rea-
soning engine are to be employed in construc-
tion of mine danger maps. An experienced
terrain interpreter is crucial for a successful
aided detection of strong mine presence indi-
cators with artificial intelligence algorithms
which is a prerequisite for mapping of mine
suspected areas.

Rule based system as possible replace-
ment for expert eye interpretation of
the scene

Although some authors state that human
expert can hardly be replaced by automatic
methods of digital image processing [10],af-
ter detection of strong indicators of mine
presence with DNNs, Rule Based System is
needed to enables the implementation and
application of the human expert logic for cat-
egorization and classification of indicators.
When a problem is to fiddly and beyond any
obvious algorithm based solution and logic
changes often, we should use Rule Engine
[11].Rule engine systems are applicable to all
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industries, and the main features are quick
adaptation to changes by adding new or
changing existing rules which corresponds to
the specificity of indicators, time conditions,
facilities on the ground, terrain configuration
etc., and frequent changes in rules that arise
due to changed operating conditions, new
regulations or procedures, new priorities,
and enables direct change and manage of
rules independently of all other parts of com-
puter infrastructure. [12] Application of rules
based system in the allocation of strong mine
scenario indicators (trench, roads, buried
coverings, bunkers, drywall, rock boulder,
bridge, gas) [10] enables interactive manage-
ment of the system depending on the chang-
es in the indicators and mines, separation of
data and logic and building knowledge da-
tabase.

Expert Systems based on Rule engine could
generate confidence and danger maps of
mine suspected area with several risks and
confidence categories. These kinds of maps
provide very important information for the
end-user and thus can speed up the decision
process of reducing, confirming or extending
MSA, if necessary.

Conclusion and future work

In the process of Non-technical survey up-to-
date information of the strong mine presence
indicators position is of great importance,
but usually is not available. For gathering
needed information spaceborne and airborne
imagery can be very useful. In the paper, we
propose an approach for detection categori-
zation of the strong mine presence indicators
on such imagery by applying deep neural
networks and Rule Based System. The aim of
this approach is to help domain experts by
speed-up the process of indicators detection
and identification with affiliated confidence
level. We believe that DNNs are currently
the most promising approach for strong mine
presence indicators detection due of their
characteristics to model complex non-lin-
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ear relationships. On other hand Rule Based
System can assist in the implementation and
application of the human expert logic for cat-
egorization and classification of indicators af-
ter detection. Also, Expert Systems based on
Rule engine can be used to provide import-
ant information to the end-user - danger and
confidence maps of MSA.

Further work will be focused on initial de-
sign development of the proposed system
which should be tested with the key use cas-
es to prove the technology’s design and ap-
plicability in realistic scenarios.
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Operational consequences of a non-linearity of the

harmonic radar

Milan Bajic, Sinisa Lackovié

Abstract: The harmonicradar (usually known
as the non-linear junction detector - NLJD) is
an advanced solution for the detection of the
improvised explosive devices (IED), which
are the contemporary invading threats. This
radar emits the electromagnetic waves at the
frequency f, (in decimeter wavelengths) and
receives waves on harmonic frequencies (2 f,,
3 f,) generated by nonlinear electronic com-
ponents or by oxidized junctions of different
metals in IED. The radars known in mine
action (the ground penetrating radar - GPR,
the synthetic antenna radar - SAR) detect
the targets by means of the electromagnetic
waves scattered from passive target struc-
ture. The detecting range of these radars can
be increased by increase of the radiated pow-
er, antenna gain, sensitivity of radar’s receiv-
er, while they function in the linear mode.
Contrary, the harmonic radars have several
limitations which have strong impact on op-
erations which will be described. The avail-
ability of the theoretical models for harmonic
radar is limited to the use in free space, ex-
perimentally derived models for limited se-
lection of targets are dominating. The needs
and requirements for harmonic radars are
well defined for military and security do-
mains, but since 2014 they have been in ever
growing demand for the humanitarian coun-
termine action as well.

Keywords: harmonic radar, improvised explo-
sive devices, humanitarian countermine action

1. Introduction

The harmonic radar is a new technology with
expected significant impact in countering
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IED [1], [2]. It is also an actual operational
detecting tool in Syria conflict [3]. Our work
is based on the results from [1] and the later
steps made in [4], [5]. After short comments
of the empirical data from [1], the conse-
quences of interaction with environment are
shortly outlined. The relations of IED with
the harmonic radar were analyzed by means
of propagation model for linear polarization,
electrically smooth soil surface, and for deci-
meter wavelengths.

2. Set of experimental data

The analysis in this work is based on the data
collected for several number of objects which
appear in IED activating parts, Fig. 1, [1]. This
is consequence of a non-linear features of the
harmonic radar. The key non-linear feature is
the second harmonic’s (n=2) pseudo non-lin-
ear radar cross section o = o, which is not
constant but depends on the product of spa-
tial power density S [W/m?] of electromag-
netic waves on target and the specific targets
radar cross section o [m*/W], [6]. The ge-
ometry of analysis in [1] and [4], [5] is shown
on Fig.2, where are defined maximum detec-
tion distance D, height H1 of radar, H2 of a
target, the soil surface parameters, Ah surface
roughness, r coefficient of the reflection. The
influence of the heights H1, H2, soil moisture
condition (dry/wet) on maximum distance D
where the considered targets were detected
is shown in Tab.1. The Tab.2 shows influence
of target’'s angular orientation on maximum
detection distance D and on the estimated
pseudo non-linear radar cross section o,.
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Figure 1 Targets used in the analysis (Table 1), obstacles used in the analysis: h) set of bricks, i) concrete blocks, j), k) concrete tube, [1].

Targets
Toy Car la dry 11.5m-185m 11m-14m
IR sensor 1b dry 20m-30m 11 m-23.5m
NOKIA1616+ELs. 1c dry 14 m - 22m 125 m-17m
Meteo station 1d wet 12m-13.5 m 9m
Remote Control le wet 183 m-20m 16.5m-17m
Nokia5130c 1f wet 10.5m - 11m 7 m
%8::;; shell 1g dry - 2-3m
M2 dipole & diode dry 70 m | 235m |

Table 1 Detection distances D (m) for components of IED. Ground surface: dry, wet, [1].

D 13 115 | 155 | 135 4,0
Toy car, H2=1,2m s, 70,34 | 73,53 | 6576 | -69,36 i
D 27,2 20 30 2 10,0
Infra-Red sensor, H2=1,2m s, 51,10 | 59,11 | -48,55 | -56,63 10,56
NOKIA1616 & electric switch, D 14 19,3 17 18,5 5,3
H2=12 m o, 6841 | 60,04 | -63,35 | 61,15 8,37
D 17 18 16,5 20 3,5
Toy car, H2=0,5m s, 63,35 | 61,86 | 64,13 | -59,11 5,02
D 25,5 21 28 23 7,0
IR sensor, H2=0,5m s, 52,78 | 57,84 | 50,35 | -5547 7,49
NOKIA1616 & electric switch, D 16 19,3 22 20 6,0
H2=0,5 m o, 64,93 | 60,04 | 56,63 | -59,11 8,30
D 11 14 13 12 3,0
Toy Car, H2=0m s, 74,69 | 68,41 | 7034 | 72,43 6,28
D 11 14 13 12 3,0
Infra-Red sensor, H2=0 m s, 7243 | 7469 | -6841 | 70,34 6,28
NOKIA1616 & electric switch, D 13,5 15 14 12,5 25
H2=0 m o, 69,36 | 66,61 | 6841 | 71,36 475

Table 2 Influence of target orientation on D (m) and o, (dBm), [1].
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Detecting distances D are always smaller if
the target was at H2=0 (on the soil surface) if
compared with data when target was elevat-
ed at H2=1,2 m, Tab.1l. Similar analysis has
been done for other sets of H1, H2 data with
similar behavior. The change of the angular
orientation of the target caused variations of
D from 2 m to 10 m, and changes o, from 4,72
dBm to 10,56 der Tab.2.

3. Situational model

The mentioned empirical data were collected
in the situation shown on Fig.2. The amounts
of D, H1, and H2 have been selected in rang-
es which appeared in [1]. The surface rough-
ness Ah_satisfies a Rayleigh criterion for
wavelength A , Ah <} D/(8(H1+H2)) and the
surface is electrically smooth. For decimeter
wavelengths and the grazing angles <~ 2° the
reflection coefficient can be approximated
by r~1 for linear vertical and for horizontal
polarizations. It was provided that the anten-
na pattern diagram in the vertical plane was
nearly constant in directions of R and R1. To-
tal amount of the resulting electrical field E is
sum of direct and reflected waves.

E = (60PG)"*(e"™/R)F(R) + r(60PG)"
(™) /(R1+R2))F(R1) 1)

B = 2m/A, P is transmitted power (W) at A, G is
the gain of radar antenna, R = [D2+(H1-H2)
12~ D+(H1-H2)? /2D, R1+R2 = [D*+(H1-H2)*
12~ D+(H1+H2)*/2D

2)
R1+R2-R ~2H1H2/D 3)
Where Ej, = (60PG)"? (e®*/R)F(R) and ap-
proximated amount of electrical field is
E= ED (1+re—jﬁ2H1H2/D) (4)
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E = 2jE, e/ Psin(BH1H2/D), if r~-1 | E/
(jEp ePH/Py | = | 2sin(BH1H2/D) |
(5)

Harrmonic radar
Transmittingfl

Receiving 2 = 2f1, 13 = 3f1
Antenna gain G, and

pattern diagram F[6)
*, =13, fer t, 12,12

Non-explosive part of IED
Receiving f1, transmitting
2=20L13=3M1

Reflaction
coafficientr

Figure 2 The propagation model of the harmonic radar and IED
above the flat ground plane and electrically smooth surface, for
linear polarization, [5].

The oscillatory distribution of E1 and E2 has
deep minima, where minima of E2 cause loss
of the detection (marked on Fig. 3). In the case
of the manual detection of IED, this means a
risk for the person which can wrongly con-
clude that there is no IED

Oucilatory fleld dhiribution and loss of detectlon cowerage

G —i7 R —Mas I
. # Lows of delaction
i 1
[ 1 3 i " ! . ] . " [

12, [1 fleks vieengih o

Hovinpraal risTas s m, bafy - endian, righv - smge

Figure 3 Example of the spatial oscillatory non-monotonic dis-
tribution of the electrical field strengths, E1 on Al (radiated by
radar), E2 on A2 (radiated by electrical and electronic nonlinear
elements of IED), [5]. Note that extreme values of E1 and E2 do
not overlap.
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4. Conclusion

The harmonic radar (NL]D) is novel tool for
detection of the IEDs, and its characteristics
are non-linear. The characteristics of IED as
a target are non-constant, they depend on
the spatial power density of electromagnetic
waves on target. The radar equation of har-
monic radar exist for the free space but is not
available for real situation when radar and
target (IED) are above the soil surface. De-
veloped propagation model was derived by
use of data from [1] and cannot be applied if
empirical data on detecting ranges D are not
available.
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Robotics and Remote Sensing for Humanitarian Mine Action &

ERW Survey (RRS-HMA)

John Fardoulis, Steven Kay, Alaa AlZoubi, Nabil Aouf, Ranah Irshad

Abstract

A number of initiatives have been undertak-
en using robotics and remote sensing in the
humanitarian mine action (HMA) sector over
recent years. A new consortium of specialists
from space and robotics sectors in the United
Kingdom (UK) has been formed to determine
how to build upon previous knowledge, in
taking robotics and remote sensing to the
next level in HMA. Focussing on de-risking
and applying novel technological solutions
to surveying activities. This paper provides
an overview of the consortium’s proposed
strategy and objectives for tackling the cur-
rent challenges in HMA as well as a brief
overview of relevant technologies. The paper
shall also outline the objectives of an on-go-
ing GCRF funded project, whose outcomes
shall lay the foundation for future technolog-
ical developments and field demonstrations.

Introduction

The UK consortium led by STFC RAL Space,
together with Cranfield University and Far-
doulis Robotics is investigating how to gain
the most impact in coming years from spin-
ning in current state-of-the-art space and ter-
restrial robotics, unmanned aerial systems
(UAS) and satellite technology.

Currently there are over 100 million active
landmines around the world, with contam-
ination from explosive hazards increasing
due to new conflicts. Traditional methods
of dealing with landmines involve manual
techniques using prodders, metal detectors,
heavy machinery, dogs and rats. However,
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these methods are dangerous, time-consum-
ing, potentially error prone and labour inten-
sive. Current state-of-the-art techniques can
benefit from the integration of higher tech-
nology and automation.

Large projects such as Tiramisu [1], D-BOX
[2], SADA [3], SAFEDEM [4] and others
prior have investigated how to assist HMA
processes using more advanced technolo-
gy and systems. Our goal is to build upon
previous learning, using past research as a
starting point to help streamline workflows
and allow time to spend on sensors, system
integration, software & techniques. This can
take place whilst simultaneously deploying
equipment with a high technology readiness
(TRL) during field trials. The key will be a
balanced research and development (R&D)
portfolio - ranging from immediate fieldwork
using currently available UAS technology,
through to more intensive R&D required to
instrument ground rovers and make opera-
tion autonomous.

Sensing Scales

A holistic, toolkit approach is important,
as contamination and environmental con-
ditions vary significantly across the world.
Three scales of sensing will be required, earth
observation from satellites, for relatively
low-resolution surface data on a wide-area,
country scale. UAS sensing for high-resolu-
tion surface data on regional scale, which is
explained in [3]. Plus, high-resolution surface
and ground-penetrating data from rovers on
a site-specific scale. The focus of this paper is
on the potential from ground rover and UAS
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platforms, with plans in the use of satellite
technology reserved for explanation in more
detail at a later stage.

Overview - Ground Rover System

In this section, we present an overview of the
Ground Rover System (GRS) and a review
of relevant technologies, building upon the
consortium’s prior work and reviewing prior
HMA activities. The GRS consists of a rover
platform with on-board autonomy capabili-
ties, which has a select sensing payload in-
tegrated for surveying activities. The GRS is
monitored and can be tele operated by an on-
site ground segment.

A. Rover Platform

Several mechanical demining and landmine
surveying systems have been proposed and
demonstrated in the past. A recent FP7 proj-
ect[5] notes that many lessons have already
been learned, however there are still out-
standing requirements to be satisfied before
small robotic platforms can be effective with-
in HMA. [5] concludes that robotic hardware
research should focus on advanced mecha-
tronic designs and robot mobility while reit-
erating that such systems are best adopted in
collaboration with other systems, supporting
the proposed holistic approach.

The rover platform shall be based upon the
existing All Terrain Rover designed and built
by RALSpace (RAL-ATR) [6]. TheRAL-ATR’s
development has been primarily driven by
the requirements of Agricultural Technolo-
gy research, which calls for a small, rugged
yet low-cost instrumentation platform with
advanced mobility capabilities. From such a
direct crossover and synergy of applications
and field deployment heritage. Further, com-
petitive functional and performance charac-
teristics enforce the suitability of the platform
for adoption within HMA surveying. A brief
overview of the RAL-ATR is provided in Ta-

ble 1, where a direct comparison to similar
platforms can be made in [5].

Type Four-wheeled, All Terrain, Independent
Wheel Steering

Autonomy Autonomous (with payload), Semi-Autono-
mous, Tele operated

Cost ~£10,000 (without autonomy payload)

Dimensions / 0.5m x 0.5m x 0.25m / 20kg

Weight

Speed (m/s) Max: 0.5

Operation Time | Max: 8hrs, Li-Ion Batteries, 24V, ~20Ah

Payload Max: 20kg

Table 1, RAL-ATR Platform Overview
B. Landmine Detection Techniques

Previous work studying landmine detection
used different techniques, and a review is
provided by [7]. Five techniques have been
proposed: Metal Detector Technologies;
Electromagnetic Methods; Acoustic/Seismic
Methods; Mechanical Methods; and Biologi-
cal Methods.

Both Ground Penetrating Radar (GPR) and
hyperspectral technologies have shown
promising results for landmine detection.
GPR technology transmits a regular se-
quence of packets of electromagnetic energy
into the material or ground, and detects sig-
nals reflected from the buried target. Then,
the presence of the landmine can be detected
by analysing reflected signals. Some notable
existing works have used GPR for landmine
detection[8] and shown good performance.
However, it has some challenges such as:
GPR measurement is sensitive and can be af-
fected by complex interactions among mine
metal content and soil moisture profiles[7].
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Therefore, in our study we will overcome this
limitation by considering different configura-
tions, and fuse GPR data with other sensors
to reduce the false alarm rate.

On the other hand, Infrared (IR) and hyper-
spectral imaging have been used for land-
mine detection, with methods in [7] [9] show-
ing promise. They have the advantage of
performing the detection remotely, and thus
more safely than metal detectors. Howev-
er, some factors (e.g. wind and rain) should
be considered which might affect measure-
ments.

C. Autonomy Capabilities for Landmine
Surveying

Autonomous rovers are becoming a more
popular and viable method for landmine sur-
veying!'l. There are several advantages such
as being; safe, fast, and provide a platform
for integrating multiple sensors. However,
developing a real time autonomous rover
navigation system is a challenging task. Re-
cently, the signal and autonomy group at
Cranfield University has developed different
techniques for real time autonomous naviga-
tion systems, including multispectral navi-
gation for self-localisation[11] and trajectory
analysis methods[12], with a review provid-
ed by [13].

Overview - UAS Platform

Small unmanned aerial systems (sUASs),
are made up of an unmanned aerial vehicle
(UAV or “drone’), a payload, ground control
system, live video feed and other peripherals.
The level of field-readiness can be split into
commercial off-the-shelf (COTS) equipment,
or more novel bespoke, scientific systems. Us-
ing sensors operating in the visible light and
IR spectrum can provide utility for a range of
purposes, as outlined in Table 2. Identifying
anomalies from buried contamination near
vegetation via sUAS hyperspectral imaging
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is another option, requiring field trials to de-
termine the feasibility of such a technique. In-
tegrating novel sensors will require a longer
timeframe and a greater investment in R&D.
Hence, the emphasis in this paper is on firstly
deploying COTS equipment, with potential
for immediate impact.

A. Deployment Gap

sUASs can be better leveraged in the HMA
sector. Hence, a case-study approach is part
of our strategy, to capture and publish re-
al-world data from field trials, using experi-
enced sUAS operators to closely collaborate
with national authorities and HMA actors
across a range of operating environments.
Such an initiative will help build confidence,
explain techniques, and outputs can be used
by national authority and INGO partners to
help secure donor funding for sUAS capacity
building programs.

B. SUAS Utility

The utility available from sUASs spans a
range of operations from; Non-Technical
Survey (NTS) to mapping, cartography, GIS,
as an airborne asset during EOD operations,
QA/QC, through to post clearance assess-
ment, and donor reporting. Gathering deci-
sion making data is the key, rather than get-
ting too caught up with technology. Hence
starting with COTS, to help stimulate the cat-

egory.

(D

Anti-vehicle
landmine

Anti-personnel
landmine

Figure 1- shows how a FLIR sUAS thermal camera can see AV
and AP mines in long grass.
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Approach/ Technology Readiness Examples of sUAS Uses - Deployable Today
Technique Level (TRL)
Visual (RGB) & V-NIR | High (COTS) * Rural NTS * Urban NTS * Site progress reporting &
Sensors QA/QC * Recce * Cartography, GIS & base
Thermography Now maps * Pre-deployment planning * TS & clearance
Visual (RGB) & V-NIR | High (hardware) * Evidence gathering * Spotting in long grass (light
sensors vegetation) * Near surface anomalies (needs field
Thermography testing) * Secondary evidence capture (NTS) * ERW
characterisation * Infrastructure inspection

Table 2- shows example uses of sUAS in HMA & ERW clearance, using COTS equipment available today.

Goals & Future Work

The current phase of the project is focussed
on a feasibility study and building collabo-
rations with national authorities, INGOs and
major stakeholders operating in contaminat-
ed environments. Collaboration will be es-
sential, to build upon previous learning, gain
input into system requirements and to devel-
op methodology. Field trials will be required,
which need to take place under the auspices
of national authorities, in conjunction with
operators. The priority is trying to assist
contaminated low and middle-income coun-
tries (LMICs), initially staging a collaborator
workshop in one of the SE Asian countries
of Cambodia, Lao PDR or Vietnam. The con-
sortium is also seeking collaborations with
representatives from other LMICs requiring
assistance.

Subject to the outcome of the feasibility study,
the next phase will be to apply for funding to
secure a longer-term R&D, and field demon-
stration program. COTS sUAS systems could
be deployed for immediate field trials, taking
place in parallel whilst more intensive R&D
takes place for novel rover and sUAS system
integration, sensor, and software develop-
ment. The long-term goal of the UK consor-
tium is to develop and deploy novel, flexible
tools to gain better situational data, increase
productivity, improve safety and reduce
costs for the land release process in post-con-
flict arenas.
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Design and development of an NQR-based explosive
detection system for humanitarian demining

Yui Otagaki, Panagiotis Farantatos, Waqas Rafique, Jamie Barras,

Panagiotis Kosmas

Abstract

Our groupis currently developing the world’s
first low-cost, rugged and portable system
for anti-vehicle mines (AVMs) detection in
the humanitarian demining setting. Our por-
table system is developed with a Field Pro-
grammable Gate Array (FPGA) based con-
troller, which controls an in-house designed,
energy-efficient Class-D power amplifier that
can power the in-house developed magnetic
loop antenna (MLA) probe sensor transceiv-
er of the system. Finally, we propose a novel
method for robust interference cancellation
from the outdoor environment, which can
further improve the system’s detection per-
formance.

Landmines are a major international problem,
and it is important to detect suspicious ob-
jects with high probability of success. Nucle-
ar Quadrupole Resonance (NQR) is drawing
attention as an effective method for remotely
detecting bulk explosives. The main methods
utilized today for landmine detection such as
metal detection and Ground Penetrating Ra-
dar (GPR) aim in detecting the casing materi-
al of mines. However, metallic debris is often
present on the ground leading to false alarms,
delaying the landmine clearance process. As
NQR exploits signal detection specific to the
target explosive material, it can allow demin-
ers to specifically look for explosives used in
landmines, making NOR an effective method
for landmine explosive detection by reducing
the rate of false alarms compared to the more
commonly utilized metal detection methods.
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Introduction

NQR is a radiofrequency spectroscopic tech-
nique where explosive materials are detected
by applying transmission pulses at a particu-
lar resonance frequency specific to the mate-
rial of the target explosive, and detecting the
presence of the signals emitted from the tar-
get. In particular, an external alternative-cur-
rent (AC) magnetic field at a specific reso-
nance frequency is irradiated against a target
substance containing nuclei with the nuclear
spin of 1 or above. By detecting the magnetic
resonance signal from the excited substance
during its relaxation, the target substance
can be remotely inspected. As many explo-
sives include the nitrogen nucleus 14 with a
nuclear spin of 1, it is possible to detect them
through the use of NOQR [1].

Unlike Nuclear Magnetic Resonance (NMR),
NQR does not require a static magnetic field
to be additionally applied, which provides
the opportunity to reduce the overall NQR
system’s size. Its main hardware components
are an NQR console, a transmitter-receiver
circuit and an antenna.

NQR spectrometer

The structure of the portable NQR apparatus
are shown in Fig. 1. A gradiometer coil was
used for the NQR antenna to eliminate the
environmental noise [2, 3]. The system was
constructed from a low impedance trans-
ceiver circuit comprising a class-D amplifier
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for transmission, a trans-impedance amplifi-
er for reception and a transmit-receive (TR)
switching circuit. The system is controlled by
an FPGA (De0-nano, Altera Corp.), which is
used to generate burst waves to the power
amplifier, process acquired signals and con-
trol the TR switching circuit.

Power supply

.

Antenna

NQR control
unit
<0
Transmitter 10 em
receiver unit
Power Powvier
supply supplhy
DO LSy TrARGAMTTIEr fRCEed Antenna
MNOR control unit wndt
Clags-D arnplilier
(4
[ > |
TR switch (DI
FPGA AD Post 0 switch
CofveErter amplifier
Receiver IV o' 2
amplifier =

Power
supply

Fig. 1: The schematic diagram of the proposed portable NQR spec-

trometer.

The output impedance of the in-house devel-
oped class-D amplifier is very low (Z~1€) [4],
and therefore it does not require series and
parallel capacitors for tuning and matching
as in commonly used 50 € resonance circuits.
Consequently, the output current from the
power amplifier is shunted to an antenna and
a parallel capacitor. This parallel capacitor
reduces the current flow into the antenna. In
order to achieve stronger magnetic field gen-
eration, a series resonance circuit is directly
connected to the output of the class-D ampli-
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fier, without a parallel capacitor, compensat-
ing for the amplifier’s low output voltage.

Experiments

The NQR signal from sodium nitrite
(NaNO,), which has an NOR response with
similar characteristics as the RDX explosive
compound, was successfully obtained by our
portable NOR system (Fig. 2). The resonance
frequency during the transmission and the
reception was set to ~3.605 MHz. The set pa-
rameters for the NQR measurement were as
follows: detection sequence, Free Induction
Decay (FID); time between pulses, 100 msec;
number of accumulation, 200; total acquisi-
tion time, ~20 sec.

14 . .
— B —NQR signal |
= 12
< 10
=
= g
C
2 s
& 4
=2
n 2
0
3.59 3.682

3.6 3.61
Frequency [MHz]
Fig. 2: NaNO,NQR spectrometer signals.

Antenna Design

We selected a single turn magnetic loop an-
tenna (MLA) coil as the system’s probe. The
MLA functions as a narrowband transceiver
surface coil in order to detect N NQR signals
in the frequency of 3.41 MHz. As its function-
al specification is the detection of AVMs, its
sizing is designed to be proportional to an
AVM size, leading to a coil diameter in the
region of 400 mm. The preliminary concep-
tual electromagnetic design of the engineer-
ing parameters of the antenna is performed
through the use of Finite Element Analysis
(FEA, Comsol Multiphysics, Fig. 3) [9].
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Fig. 3: FEA simulation of MLA and magnetic field distribution
400 mm away from its geometrical centre, which is the usual dis-
tance of a buried landmine.

Out of the commercial options available, a
copper wire of diameter of 8 mm and thick-
ness of 2 mm was chosen as the tube con-
ductor, as it exhibited the lowest simulated
return loss during transmission. By conduct-
ing a frequency sweep with respect to the
calculated port impedance of the MLA, its
Q-factor is preliminarily calculated as Q22.
Furthermore, as an MLA of this size has its
resonant frequency in the region of approx-
imately 108 MHz, its operation at 3.41 MHz
can be achieved through the use of a fixed
tuning capacitor parallel to its conductor con-
nections. A matching capacitor can be added
for adjusting the overall impedance as seen
by the NQR spectrometer circuit.

1n# Port iImpadance [Ohm] VS Frequency Sweap [MHz]

1.8 1

Q=22 ——»

Port Impedance [Ohmj

a — - -

] 50 100 150
Frequency [MHz]

Fig. 4: Q-factor preliminary calculation.

Interference Cancellation

Interference can be a major hurdle in detect-
ing the NQR from the signal of interest. It can
be caused by several factors such as impuri-
ties in the NQR sample, detection hardware
noise or the background environment. How-
ever, the main cause of interference is radio
signals present in the outdoor environment
and it is difficult to shield against at it [5].
Therefore interference cancellation is needed
to aid the detection of NQR signal [6-8].

In order to cancel the interference, the data
are firstly divided into small parts, with each
part containing a single echo. Interference
cancelation is then performed in each part
separately, by picking out frequency compo-
nents with strong interference and removing
them from overall signal. This is performed
by setting a fixed threshold value equal to
twice the value of the average threshold
spectrum intensity and cancelling out all the
interference frequency components whose
spectrum intensities are higher (Fig. 5).

vvvvv

Fig. 5: Interference cancellation with fixed threshold value for sim-

ulated data shown in both time and frequency domain.

Conclusion

In this paper, a summary of the current de-
sign and development status of a portable
and low-cost NQR explosive detection sys-
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tem was presented. The NQR apparatus can
be powered by mobile batteries, due to the
low power consumption of the in-house de-
signed class-D amplifier, while by the use of
an FPGA its size and cost are further reduced.
Additionally, the utilization of an MLA easily
constructed from commercially available an-
nealed copper tube ensures the low-weight,
low-cost as well as the simplification of the
antenna manufacturing sophistication. As the
size of the substance inspection system based
on commercially available NQR spectrome-
ters is generally too bulky to use on the field,
these engineering specifications can lead to
the effective reduction of the size, assembly
effort, total cost of the NQR detection system,
ensuring its portability, ruggedness and low
weight, while simultaneously maintaining
robust detection of explosive materials.
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Bees for Explosive Detection

Nikola Kezi¢, Zdenka Babic, Janja Filipi, Graham Turnbull, Ross Gillanders,
James Glackin, Goran Mirjanic, Mario Mustra and Nikola Pavkovic

Abstract

NATO Science for Peace and Security Pro-
gramme accepted to support Bees for Explo-
sive detection at the end of 2017 year. Con-
ditioning of a colony has been challenge and
its use in a test mine field conditions was
one of the research goals in TIRAMISU FP7
project. An aim of the programme is to de-
velop innovative methods and technologies
for the detection of legacy landmines. This
will be achieved by the advancement and
integration of current state-of-the-art tech-
niques, namely, bee colonies in conjunction
with organic semiconductor-based explo-
sive vapour sensing films, and UAVs with
high-definition and thermal imaging cameras
and image processing and analysis software.
The use of these methods together will allow
both the passive sampling of an area to con-
firm the presence of explosive materials, and
the active pinpointing of landmine locations.
The major objective of Bees for Explosive is to
work with end-users and experts to ensure a
high-impact delivery of the project’s results.

The problem of legacy landmines in post-con-
flict areas still carries a huge cost in terms of
injury to civilians, unfarmed land, loss of
trade and communication, and there is po-
tential security threat of the availability of
explosive materials being scavenged by ter-
rorist organisations for homemade explosive
devices.

Humanitarian demining is expensive, time
consuming and presents high risks and
threats. Besides well-developed techniques
and procedures such as metal detectors and
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prodders, use of biological methods is recom-
mended. Existing bio-systems, including bee
colonies, can be trained and used efficiently
as standalone detection tools. Bees orientate
well in space and in their search for food,
depend on a well-developed sense of smell
[1]. As ideal pollinators, bees collect a partic-
ular food, and remain attracted to its odour
as long as the pasture exists, even if a new
source of food occurs in the vicinity. Know-
ing their behaviour and biology, it is possible
to manage bees. We can direct bees to search
the scent that we associate with the source
of food, or to have flights in specific area
directed by artificial sources of food. Dura-
tion of training is very short, i.e. after two to
three days bees can link odour with the food
source. Persistency to the trained-on odour
is not long lasting - only one to three days
- but it is possible to prolong interest using
short morning re-conditioning. The experi-
ence in the training of bees for plant pollina-
tion is the basis for training bees to detect the
odour of explosives. Since the odours of DNT
and TNT are very discreet, training of bees
is complex activity. Likewise, it is possible to
train bees to recognise the other scents, but
the most complex training is on raw military
TNT.

Honeybees are widespread in almost all in-
habited areas and they present inexpensive
tool available at any location. Procedures
and methods for honeybee training had been
developed (in TIRAMISU FP7-project), and
consequently bees can be used as the tool for
control of target area on a target scent.

In this project, we propose two complemen-
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tary methods for the detection of explosive
devices. Both methods use honeybees trained
to smell explosive. The first one (passive
method) is based on development of new
sensors that should enable detection of ex-
plosive particles collected by honeybees, and
in that way determine if an area covered by
the flight of a bee colony is suspected to con-
tain explosives. The second one (active meth-
od) is designated for localisation of explosive
devices in a suspected area. For this purpose,
new methods for monitoring honeybees over
the landmines will be proposed, and auto-
matic (computer) analysis of high definition
georeferenced video obtained by UAVs will
be employed for honeybees detection and
tracking. A space-time density map of trained
honeybees should point to the location where
an explosive device may be located.

Honeybees - passive method

The main task of the passive method is to de-
tect the presence, or lack of explosives in a
wide area of interest. Honeybees have been
used to monitor heavy metals, volatile chem-
icals, and radioactive materials [2]. As hon-
eybees collect water and forage for nectar
and pollen, the electrostatic charge on their
body hair attracts dust, pollen, soil, and oth-
er 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 environ-
ment of the hive. Honeybees can be direct-
ed 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 high sensitivity of organic semiconduc-
tor films to nitro-aromatics has led to these
materials being considered in recent years as
a useful technology for explosive vapour de-
tection [3,4]. The sensors work by a change
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in light emission (fluorescence or laser light)
when minute quantities of TNT-like mol-
ecules come into contact with the polymer
film. The sensors are promising for detec-
tion of collected particles of explosives in
bee hives, but more work is required to in-
tegrate sampling and detection. Experience
has shown that periodic sampling within the
hive could allow a much more reliable meth-
od for vapour sensing, since several steps are
eliminated from the previous procedure.

By combining the passive method of hon-
eybee explosive vapour collection, and im-
proved discrimination of the vapours, it
is anticipated that a practical and reliable
methodology for explosives detection can be
achieved.

Honeybees - active method

The main task of the active method is to di-
rectly locate explosives in the field of inter-
est. Honeybee colonies will be trained in a
closed mesh tent for 4 - 5 days with sugar
syrup in an environment of TNT odour. Fly-
ing bees in the tent will associate food with
the smell of TNT. The conditioned honeybee
colony will then be transferred onto the test
minefield. Trained bees should search for
the targeted odour and then hover over the
area of odour presence, i.e. over the location
of a buried landmine in a free-flight over an
area. However, the main limiting factor in
the use of bees for explosives” detection is the
inability to track their movements in a free
flight. In general beekeeping, many efforts
have been investigated in bee monitoring in
a hive and at a hive entrance. But monitor-
ing of bees in nature is still an issue. Tracking
systems that use video imaging, lidar, radar
taggants and pigments have been extensive-
ly studied in order to find and track honey-
bees in a minefield, but an automatic system
which allows the establishment of foraging
patterns and bee densities is still missing.
All the above mentioned technologies have
some advantages and disadvantages regard-
ing automatic bee detection, tracking and be-
haviour analysis. Video acquisition process,
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which is needed to be made in order to track
movement of trained honeybees across a po-
tential minefield, consists of many task- and
equipment-related steps. In order to cover as
much ground as possible in the short time, it
is necessary to use more than one video cam-
era and an algorithm for movement of un-
manned aerial vehicles which carry cameras.
The size of each individual honeybee is very
small in comparison with the environment
which may contain explosives and it is neces-
sary to assure detection of honeybees so that
suspicious areas can be isolated. Video acqui-
sition will be achieved using 3 UAVs which
fly in formation and provide slightly over-
lapping videos. This research has the goal of
developing an automatic system to establish
foraging patterns and space-time bee density
map based on data captured in the minefield.
We plan to leverage recent advances in the
area of computer vision and machine learn-
ing in order to design a system for visual
detection of bees which is robust to challeng-
ing imaging conditions and other sources of
degradations. The approach will be based on
modern methods for moving object detection
and tracking, which are robust to variations
in imaging conditions, such as lighting and
camera movements. Although a considerable
amount of work on these types of algorithms
has been done, the algorithms for moving ob-
ject detection have been focused mainly on
larger objects. Therefore, an important chal-
lenge that will be addressed in this project is
detection and tracking of small moving ob-
jects. In order to reduce the number of false
positives in detection of honeybees, besides
moving object detection, we also intend to use
object classification, as bees or other objects,
based on their appearance and features. The
main ingredients of this approach are repre-
sentation of images using visual features and
their classification via machine learning ap-
proaches. In this project we will analyse the
possibilities to apply deep neural networks
(DNN) to the task of detection of honeybees.
We will evaluate using both pre-trained net-
works and end-to-end training for the specif-
ic problem of this project. Furthermore, since
it is of interest to move parts of the detection

algorithm to an embedded system near the
camera, we will investigate the possibilities
of implementation of DNN on small embed-
ded systems such as Raspberry Pi. Besides
conventional imaging in the visible spec-
trum, we plan to investigate how using of
thermal imaging can help in segmentation of
honeybees, as objects of thermal footprints
different from backgrounds.

Both honeybee passive and active methods
can be used as standalone methods, however
better results are expected if used simultane-
ously or sequentially. For instance, the pas-
sive method can be used to initially survey a
particular area, followed by the active meth-
od then used to pinpoint landmine locations
with accuracy. That way, using the active
method, costly human and technical resourc-
es can be reduced and safety of deminers that
are directly involved in the process can be in-
creased. These methods can also be applied
for suspected hazardous area reduction and/
or to confirm the completion of the demining
process in internal and external quality con-
trol.
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[4] Yang, Y.; Turnbull, G.A.; Samuel, 1.D.W.
(2010) Sensitive Explosive Vapor Detection
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Honeybee video-tracking for explosive detection

Aleksej Avramovié, Ratko Pilipovié, Vladan Stojnic, Vedran Jovanovic,
Igor Sevo, Mitar Simi¢, Vladimir Risojevi¢, Zdenka Babi¢

Abstract:

The utilization of honeybees for automatic ex-
plosive detection has been tested during the
last few decades. Many biological and techni-
cal aspects have been considered, in order to
understand all the possibilities for honeybee
utilization for explosive detection. The scope
of this research is an overview of the honey
bees tracking capabilities during the video
surveillance of areas potentially contaminat-
ed with land mines. The analysis of tracking
results may guide to the conclusion of explo-
sive existence which do not include human
survey of the examined area. In this paper we
present an approach for detection and track-
ing of honeybees, which enables obtaining a
spatio-temporal histogram of honeybees oc-
currence, and eventually to conclude if there
is explosive or not in the area under surveil-
lance.

1. Introduction

Worldwide, countries that have been in-
volved in war confrontations usually have
major problem with remaining minefields,
even several decades after the war. Demin-
ing methods involving humans are time con-
suming and dangerous, with possible fatal
outcomes. Also, the methods of this kind are
usually very expensive.

In the past few decades, many research and
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development projects have been realized in
order to determine the possibilities of using
honeybees in the detection of explosives,
landmines and other unexploded ordnance.
Honeybees are known to have excellent
sense of smell, which they use to look for
food. Training honeybees to smell the ex-
plosive, enables us to actively use them to
search for landmines. Trained honeybees are
expected to hover over landmines and explo-
sives. Therefore, honeybees can be used for
inspection of areas potentially contaminated
with land mines. Using honeybees for explo-
sive detection is safer and cheaper compared
to methods involving humans.

Bee4Exp is project, supported by NATO
Science for Peace and Security Programme,
which investigates methods for the detection
of explosive devices using honeybees trained
to smell explosive. One of the goals of Bee-
4Exp project is to utilize the novel methods
for honeybee tracking over the examined
area. In this research we try to determine the
exact parameters that should be used for vid-
eo monitoring in order to reliably and accu-
rately track honeybees during the inspection
of areas potentially contaminated with land
mines.

2. Related work

Possibilities for usage of honeybees for detec-
tion of explosives have been widely investi-
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gated lately. In several programs of US De-
fense and Advance Research Projects Agency
(DARPA), honeybees were tested for possi-
bilities of chemical signature transport in or-
der to detect explosives and other agents of
harm [1, 2, 3].

Important research on honeybees training for
explosive detection was done during sever-
al research projects. The overall goal of these
projects was to determine the methods for bee
training and tracing. The method proposed in
Tiramisu project included the application of
principal component analysis to a sequence
of video frames in order to track honeybees
[4, 5]. Also, interesting details on possibilities
of usage of honeybees in explosive detection
is given in [6, 7, 8]. Despite intensive research
in previous years, several important ques-
tions are left open. How to efficiently capture
high quality video during the honeybees’ fly
over the observed area and how to accurately
detect small objects (honeybees) in high reso-
lution videos?

3. Methods for honeybee video-tracking

In this phase of the Bee4Exp project, we im-
plemented a computer vision algorithm for
moving object detection and tracking in
several video sequences containing flying
honeybees. The algorithm includes: video
stabilization, optional frame preprocessing,
moving object detection and optional post-
processing. In Fig. 1, block diagram of the
proposed method is given.

Video stabilization is done by estimating
geometric transformation between different
video frames, thus it is a crucial step which
enables efficient segmentation of moving ob-
jects and background. In essence, video sta-
bilization transforms every video frame into
the same coordinate system, so moving ob-
jects are more likely to be separated from the
background.

video input

A
video
stabilization

1

frame 1

frame N

frame /

moving object
detection

i frame and video |
| A |
! postprocessing !

Figure 1. Block diagram of the proposed method for honeybee vid-

eo-tracking.

Frame preprocessing may include different
processing steps in order to enhance moving
objects of interest and/ or to remove the effect
of non-ideal video stabilization. For example,
in this research we experimented with calcu-
lating difference between the current and pre-
vious frame. This difference should empha-
size object with large movements between
two frames and reduce the background.

Moving object detection includes algo-
rithms for background/foreground separa-
tion in the sense that foreground represents
moving objects, honeybees in our case. In this
research, we used mixture of Gaussians for
foreground detection.

Postprocessing may be included to addition-
ally filter the detection results, model honey-
bee traces, visualize multiple bee traces or to
make spatio-temporal histogram of honey-
bee’s activity over inspected area.
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4. Used Videos and Results

In order to test the proposed approach, we
used videos captured on different locations
and with different cameras parameters. For
initial experiments we used short videos ob-
tained during the initial phase of Bee4Exp
project. Those videos mostly show individ-
ual honeybees in full HD video with 30 fps,
taken from about one-meter distance. Next,
we experimented with various videos with
lower resolution and framerate, captured
with mobile devices and few meter distance.

After visual analysis of videos, we could
notice the following: (1) Individual bees are
hard to detect in a single frame, multiple
frames should be used for motion detection;
(2) Good contrast of honeybees and back-
ground is important for accurate detection
and can be obtained during the sunny day;
(3) capturing from large distances makes
honeybees appear to small and nearly impos-
sible to detect.

The result of honeybee tracking, using the
method described in previous section, is the
following. For the illustration, a short video
with resolution 1080x1920 pixels and fram-
erate of 30 fps is analyzed. An example of
a frame from the video, after stabilization, is
given in Fig 2. Since the position of a honey-
bee is hard to determine in a single frame, it is
highlighted. In the Fig. 3, the result of frame
preprocessing is given. Concretely, this step
includes converting frame in grayscale and
subtraction of corresponding pixel values of
previous grayscale frame. Although the pro-
cessed frame from Fig. 3 gives a good estima-
tion of honeybee position, it still may contain
a significant amount of noise that could lead
to false positive detection. Fig. 4 gives the re-
sult of foreground detection using method
based on mixture of Gaussians. As we can
notice, honeybee in the current frame is suc-
cessfully detected.

Figure 2. One frame from video, showing the honeybee. Position of
the honeybee is highlighted.

Figure 3. The result of frame preprocessing.

Figure 4. Result of honeybee detection on the current frame, after
the preprocessing and foreground detection (background is given

as gray).

Figure 5. Honeybee trace captured during the whole video. The
white trace represents the places where honeybee is detected on
each video frame (background is given as gray).
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Nevertheless, observation of one single frame
usually does not give a sufficient amount of
information to make any kind of conclusion
on bee activity over investigated area. For the
purpose of honeybee tracking for explosive
detection, we are interested in estimation of
honeybee’s trace over the specific spot, in or-
der to make a spatio-temporal histogram of
honeybees occurrences and to conclude if the
observed area is suspicious to explosive or
not. Fig. 5 gives honeybee trace for the exam-
ple video.

Conclusion

In this paper, we investigated possibilities to
utilize computer vision algorithms for honey-
bee tracking during the investigation of areas
potentially contaminated with land mines.
Experimental results showed that tracking
algorithm can be successfully implemented
in the case of still background, good fore-
ground/background contrast and sufficient
video resolution.
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The rationale and concept of collecting IED, UXO and

landmines signatures

Milan Baji¢, Tamara Ivelja

Abstract

The actual post-conflict scene is abundant
with a variety of the explosive remnants of
war (ERW), among them the most import-
ant are the landmines, unexploded ordnance
(UXO), and the invading threat, the impro-
vised explosive devices (IED). There exist and
are known contemporary techniques for de-
tection of landmines and UXOs. The IEDs ap-
pear in abundant versions as “remnant IED”
or an “operational IED”, but the knowledge
about IEDs is based on general descriptive
data. In comparison with landmines, for IED
is typical lack of relevant technical data, from
a very limited number of data sources. Our
aim is to consider and to discuss the ratio-
nale and consider the approach for collecting
signatures of the IEDs, UXO, and landmines.
Following spectral and sensor domains were
considered: hyperspectral (HS) and decime-
ter wavelengths of harmonic radar (non-lin-
ear junction detecting - NLJD). HS imagery
of IED in a real environment is not publically
available (if it exists at all). The possible ap-
proach is to simulate IED objects on HS im-
agery of various environment types, which
are available from different sources. The lack
of harmonic radar data of IED causes larger
difficulty due to non-linear electromagnetic
processes related to target and the propaga-
tion in a real environment. Foreseeable di-
rection for research and development of IED
detection methods and solutions should be in
joining HS and NLJD approach.

Key words: IED, UXO, landmine, hyperspec-
tral, NLJD.
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1. Introduction

The landmines and UXO are the most known
explosive remnants of war (ERW) with
well-established detection methods whereas
IED, due to their nature, are hard to detect
and demand new solutions, see in [1]: ,,IED
is defined as an explosive device fabricat-
ed in an improvised manner incorporating
destructive, lethal, noxious, pyrotechnic or
incendiary chemicals and designed to kill,
injure, damage, harass or distract. IEDs are
often made from commercially available
products and/ or military munitions, are sim-
ple in design and are usually cheap in labor
and cost to produce. IEDs are highly versa-
tile weapons due to the multiple methods
available for their construction, delivery, and
initiation. This versatility allows them to be
rapidly adapted to achieve different effects
against varying targets, defeat the tactics
and counter-measures employed by oppo-
nents and/or changes in the supply of raw
material for their construction”. The aim of
the paper is to present concept of collecting
IED, UXO and landmines signatures, which
will support and advance the operational
research and development of counter IED /
countermine action. The order of consider-
ation is IED, UXO, and landmines with focus
on the hyperspectral sensing and the appli-
cation of decimeter wavelengths harmonic
radar. Besides the ERW signatures, it is also
very important to consider the environment
signatures. The concept of the near real time
decision support system based on cognitive
situational awareness and aerial hyperspec-
tral and harmonic radar concludes the paper.
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2. Status of the need

The counter IED awareness is present more
than 20 years but significant comprehending
step of advancement necessity is made after
NATO initiative illustrated in [2]. In 2015, the
Egyptmilitary released the description of IED
problem and a need for a solution in ground
convoy IED protection in post-conflict situa-
tions [3]. Described issue is an ongoing prob-
lem with periodical intensifications. Due to
our experience and references in R&D and
operational deployment in countermine and
UXO technology [4], [5], [6], [7], Fig.1, Fig.2,
in 2016 we were asked to test and certificate
harmonic radar technology (NLJD), [8].

Note that harmonic radar was used in op-
erations during 2017 in Syria. Counter IED
operational research trends are indicated in
[, [10].

LoDt

—Grass aVg.
—S0il avg.
—REBK grey avg.

— REK light avg.

04 04s os [ a6 065 o7 07s [¥] 0.8s 03
Wavelength pm

d

Figure 1. a) UXO reflectance spectra measurements with hy-
perspectral line scanner. b) Color photography of UXO. c) Col-
or RGB wvisualisation of the hyperspectral cube. d) Graph of

the corresponding reflectance spectra of UXO, soil and grass.
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Figure 2. Aerial hyperspectral cube of the terrain example a) RGB
visualisation, b) reflectance spectra of trees (green), grassy soil
(turquoise), concrete (gray), dirty road (red).

3. Promising tools for counter IED survey
- hyperspectral scanner and harmonic
radar

Merging the hyperspectral, [7], and harmon-
ic radar data acquisition from the unmanned
aerial vehicle (UAV) seems to be a promis-
ing technology for early warning systems in
front of ground vehicles convoy, [3]. For this
approach three crucial problems exist: a) se-
lection of representative IED types and lack
of their signatures, b) inability to define IED’s
response in the real environment when using
harmonic radar above the ground, c) lack of
IEDs data measured by harmonic radar. One
example of representative IED types is given
in [10], while Fig 3 shows spectral signature
of our measured IED selection.
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Landmines spectra

Figure 3. Reflectance spectra of four landmines/IEDs and soil.

The IED hyperspectral signatures can be
collected by imaging sensors and spectro-
radiometers. Based on applied technologies
final output can vary from a hyperspectral
cube with reflectance or the radiance val-
ues, [4], [5], [6], Fig.1, Fig.2 to discrete reflec-
tance measurements, Fig. 3. The abundance
of IED variations is large and growing, but
still with no available IED spectral signatures
database, including ones within the relevant
environment. One of the approaches to deal
with this issue is to simulate objects as pre-
sented in [11] for landmines. Since landmin-
es can be simulated on a different scenes of
the hyperspectral imagery we propose sim-

ilar approach with IEDs. A simulation will
be done based on the collected IED spectral
signatures and simulated on available hyper-
spectral imagery.

Analysis of the data collected with harmonic
radar within real surroundings above ground
surface is presented in [9]. It shows an obsta-
cle for research and operational application
of IED detection.

For the convoy counter IED support, we de-
veloped a concept of the advanced decision
support system shown in Fig. 4. The goal of
such system is to collect and analyze all rel-
evant data in order to assist convoy decision
makers in the real time (situational aware-
ness), starting from approved usefull GIS
based multicriteria decision support system
for mine action [12].

In our future work we will continue research
of the situational awareness system and con-
tinue collecting IED, UXO and landmines
signatures. Cordially invited to establish co-
operation.
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Figure 4. The concept of the situational awareness decision support system for ground vehicles convoy in counter IED support during

postconflict operations.
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Dual Sensor “ALIS “ for Humanitarian Demining

Motoyuki Sato, Kazutaka Kikuta, lakov Chernyak

I. Introduction

In conventional humanitarian demining op-
eration, landmine detection was carried out
by EMI (Electromagnetic Induction) sen-
sors (Metal detector). However, problem of
detection of mines by EMI Sensor is large
amount of metal debris which have to be re-
moved together with land mines. In order to
increase the efficiency of land mine detec-
tion, GPR (Ground Penetrating Radar) has
been employed. A combined sensor of EMI
and GPR is called “Dual Sensor” in human-
itarian demining. We have developed ALIS
(Advanced Landmine Imaging System) dual
sensor since 2002 and have deployed it in
mine affected countries. In this paper, we in-
troduce the technology used in ALIS and its
achievements.

Il. EMI and GPR for humanitarian
demining EMI

sensors, which is also called as a metal de-
tector, has widely been employed in detec-
tion of buried landmines, UXO and explosive
substances. EMI sensors can detect only elec-
trical conducting material included in these
explosive objects. In contrast, Ground Pene-
trating Radar (GPR) can also be used for not
only metallic objects, but also non-metallic
objects. GPR is sensitive to even very small
targets such as gravels and tree roots, and
even inhomogeneous soil moisture. There-
fore, if we use only GPR for detecting land-
mines, we will be confused by numerous
images of subsurface material. Therefore the
idea of Dual sensor is we use EMI sensor as
a primary sensor, and then we use GPR as a
secondary sensor for classifying the detected
objects. Tohoku University has developed a
dual sensor ALIS since 2002 [2]-[9].
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The ALIS prototype was equipped with a
camera which is set on the pole of the sen-
sor head, which looks down on the ground
surface, and the movement of the sensor
was estimated from the captured images of
the ground, then it could track the position
of the sensor, while it is moved by a hand
of an operator for survey. The GPR system
used in ALIS uses cavity back spiral anten-
nas and operates at 1-3 GHz. We found that
GPR can image more than 20cm, which is
required from UN standards. The GPR data
and EMI sensor acquired with the sensor po-
sition information are recorded on a PC and
are processed simultaneously to visualize the
data. One of the unique points of ALIS is that
it can use Synthetic Aperture Radar (SAR)
processing for GPR image reconstruction [3].
As far as we were concerned, there is no oth-
er dual sensors which can use SAR process-
ing for obtaining GPR images for hand held
GPR sensor, which can be used for landmine
detection. It should be noted that SAR pro-
cessing is equivalent to migration processing
used in GPR signal processing.

lll. ALIS development

The development of ALIS started in 2002,
and the first prototype of ALIS was complet-
ed in 2004. We conducted field tests of ALIS
operation in an evaluation test site prepared
in Afghanistan in 2004, using inert mines [5].
In this test we could confirm that SAR pro-
cessing is quite useful for GPR under the real
mine field condition. If we test GPR perfor-
mance in sandpit, most GPR systems can
image the buried landmine clearly, because
sand is homogeneous and there is no clut-
ter. In real mine field conditions, very strong
clutter which is caused by the gravel and
tree roots in the soil, and inhomogeneity of
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soil moisture distort the GPR image of bur-
ied landmines. However, we found that SAR
processing reduce the clutter drastically, and
we could recover clear GPR images. The ini-
tial test in Afghanistan has to be quitted, be-
cause of the unstable political situation, and
we continued the test in Cambodia in 2006.

Fig.1 ALIS (Second generation prototype) operated in a mine field

in Cambodia.

Based on the field experiment, we developed
the second-generation prototype ALIS. The
tirst porotype of ALIS was operated by 2 op-
erators. One of the operator scan the sensor
head and the second operator processes the
data and analyses the SAR images to detect
buried mines. However, after the test eval-
uation, we found that the system should be
operated by one operator in real mine fields,
and the second generation prototype of ALIS
can be operated by one operator as can be
seen in Fig.1. The system is composed from 3
components, which include sensor head, PC
for signal processing and display and back-
pack including electrics board and battery.
“This type of ALIS was tested in Croatia in
2006 and 2007 at the Test-site Benkovac of
the Croatian Mine Action Centre - Centre for
Testing, Development and Training (CRO-
MAC-CTDT), as part of the wider joint co-
operation project between Japan Science and
Technology Agency (JST) and CROMAC-CT-
DT. In 2008, in co-operation with CROMAC
and CROMAC-CTDT, it was used as a veri-
tying method of conventional QA/QC (qual-
ity assurance/quality control) procedures
that were carried out by QA/QC officers of
CROMAC”6].

IV. ALIS deployment in mine afected
countries

We conducted the evaluation test of the sec-
ond-generation prototype ALIS in Cambodia
in 2009 together with CMAC

(Cambodian Mine Action Centre). Then,
CMAC gave the certificate to ALIS for op-
eration for humanitarian demining, and de-
cided to use the prototype of ALIS in mine
clearance operation in mine fields. Tohoku
University and CMAC agreed to organize
a team for ALIS and 2 sets of the prototype
ALIS systems have been used in mine fields
since 2009. Since 2009, more than 254,867m?2
mine area has been cleared, and more than
80mines have been detected by ALIS. To-
tally 15,621 metal fragments were detected,
and demines have judged that 12,081 (77%)
detected objects out of them are not mine.
There was not case that mine was judged as
a fragment. This means, if ALIS is used for
mine clearance operation, more than 70 % of
detected objects by metal detectors does not
have to be excavated as possible mines. We
believe this will drastically shorten the time
for excavation.

V. ALIS

Based on our experience of operation of ALIS
in mine affected countries including Croatia
and Cambodia, we have continued hardware
development of ALIS and it was completed
in 2017. This “Advanced ALIS” is composed
from one unit, which include EMI and GPR
sensor head and its electronics and batter-
ies, and an Android tablet which is used for
SAR processing and data display. One of the
major technical change compared to the con-
ventional ALIS is its senior position track-
ing function. Conventional ALIS has used
web camera and image based sensor posi-
tion tracking system. In the Advanced ALIS,
we are now using accelerometer equipped
within the sensor head for the sensor posi-
tion tracking. For the signal processing, we
use a tablet (Panasonic Toughpad), which
works on Android. Other technical specifi-
cations of the advanced ALIS including EMI
and GPR performance have not been charged
from prototype ALIS.
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115 mm

200 mm

Fig.2 Advance ALIS (Size for transportation is shown)

Therefore, we believe that the technical per-
formance of the advanced ALIS has already
been validated by ALIS prototype operations
in mine fields.

The system is powered by Ni-MH recharge-
able battery, and works more than 6 hours.
The size of the system is shown in Fig.3, and
it is not much different from conventional
EMI sensors (metal detectors) used for hu-
manitarian demining. The total weight of
the equipment including the battery is 3.1kg.
Data acquisition starts by pushing a button
on the sensor handle, and after finishing the
data acquisition by pushing the button again,
Synthetic Aperture signal processing auto-
matically starts and the EMI signal and 3-D
GPR reconstructed image will be displayed
on the window of the tablet. The operator can
change the depth of the 3-D GPR image and
can identify the buried mine and its depth.
Semi-automatic landmine detection software
will also be implemented for assistance of the
mine recognition.

We conducted the evaluation test at a test site
of CMAC in February 2018. Fig.4 shows on
example of the data. Fig.4(a) shows the EMI
signal, superimposed with the trajectory of
the antenna. The area of survey is 40cm by
40cm in this case. It will be typically around
50cm by 50cm, which a deminer can scan
the sensor head without moving. Fig.4(b)-
(d) show GPR horizontal images (C-scan) at
different depths. The deminer can change the
depth of the C-scan image by sliding the dis-
play by a figure, then can judge the shape of
the buried objects. After the data acquisition,
signal processing takes only a few seconds,
and the deminer can judge the images imme-
diately after the scanning.
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Fig.3 ALIS system

The scanning operation of the ALIS antenna
is not much different from the conventional
EMI sensors. Therefore we believe the intro-
duction of ALIS is easy for deminers who
have experience on EMI sensor operation.
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Fig.4 EMI and GPR signal processed by ALIS. Type-72 mine

model is buried at 10cm in sand.

VI. Conclusion

We described the development of ALIS,
which is a dual sensor for humanitarian de-
mining in this paper. ALIS technology has
been established based on the evaluation test
of operation in real mine fields in Cambodia.
ALIS is 3,100g in weight and much smaller
than the previous prototype ALIS equip-
ment. Software is implemented on Android
tablet and 3-D GPR reconstructed image can
be shown on the display by Synthetic Aper-
ture Radar processing.
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The Indicators of Mine Presence and Absence in Airborne and

Satellite Non-technical Survey

Andrija Krtalic, Ivan Racetin, Dubravko Gajski

Abstract

The key object of interest in airborne and sat-
ellite Non-technical Survey are the indicators
of mine presence and absence. That is why
it is of great importance to establish an ad-
equate list of indicators that will ensure the
quality use and implementation of aerial and
satellite Non-technical Survey. Close cooper-
ation of all experts in the process of airborne
and satellite Non-technical Survey is needed.
Experts in the Mine Action Centers conduct
an analytical assessment of existing Mine
Information System data and establish a list
of special and general requests for collect-
ing additional information from the depth
of Suspected Hazardous Area. Experts in re-
mote sensing methods help them in forming
the list of indicators for a specific geographic
area. After multi-sensor airborne data collec-
tion and procurement of satellite images of a
particular Suspected Hazardous Area, mine
scene interpreters are locating and extracting
the indicators from these images. The level of
confidence is then assigned to the extracted
indicators. In locating the indicators in the
images, mine scene interpreters use expert
and contextual knowledge of conducting
war doctrines in particular geographic ar-
eas and (optional) simpler image processing
methods. Geocoded indicators and their con-
fidences are input for the production of Mine
Danger Maps. This paper describes the role
of indicators in Non-technical Survey pro-
cesses in Croatia and Bosnia and Herzegovi-
na within TIRAMISU - Advanced Intelligent
Decision Support System.

Key words: non-technical survey, indicator
of mine presence, indicator of mine absence,
mine scene interpretator, georeferencing,
confidence

The 15™ International Symposium “Mine Action 2018.”

1. Introduction

The ‘Non-Technical Survey refers to the col-
lection and analysis of data related to the
presence, type, distribution and surrounding
environment of mine/ERW contamination
without applying technical interventins, in
order to provide better determination of the
presence or absence of mine/ERW contami-
nation, and to support land release prioritisa-
tion and decision-making processes through
the provision of evidence’ [1]. Remote sens-
ing used for that purpose in the humani-
tarian demining in Croatia [2] and Bosnia
and Herzegovina [3]. Remote sensing can
provide a good insight in the areas that are
contaminated by mines [4] without entering
these areas. The goal of using remote sensing
is to collect image data (aerial and satellite
images) about Suspected Hazardous Area
(SHA), and find and/or extract the indica-
tors of mine presence [5], [6] or absence [7]
on it. The indicators of mine presence depend
on the geographical area where the conflict
takes place and the doctrine of warfare in
that area. This is why close cooperation be-
tween demining experts and remote sensing
experts is needed to determine an adequate
list of indicators.The mine scene interpreters
[8] and experts in image processing are need-
ed for finding, locating and extracting the
indicators. The first ones are photo-interpret-
ers (mainly), former members of the military
and familiar with war doctrine. They include
contextual knowledge in interpretation and
search the indicators manually. On the other
hand, the other experts use image processing
methods to enhance indicators in images [9],
[10]. Consequently, it results making the fu-
sion with the information from other avail-
able sources (mine information system) with-
in TIRAMISU Advanced Intelligent Decision
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Support System [11], [12]. The interpretation
and use of data fusion results are intended
for the estimation of the awareness that the
assessment of the contamination of suspi-
cious areas should be updated. [13].

2. The indicators in mine action in
Non-technical Survey

Indicators of mine presence (Figure 1) are the
objects within the SHA that are assumed to
be protected by mines, and indicators of mine
absence (Figure 2) are objects within the SHA
that are assumed not to contain mines [4].

Figure 1. Indicators of mine presence (in red circle) - military po-
sition consisting of various fortifications (trenches, drywalls, shel-
ters for soldiers, shelters for artillery).

Figure 2. Indicators of mine absence (green polygons) — areas in
use within SHA.

The experts from Croatian and Bosnia and
Herzegovina Mine Action Centers conduct
an analytical assessment of the existing Mine
Information System data and establish a
list of special and general requirements for
collecting additional information from the
depth of specific SHA within TIRAMISU -

Advanced Intelligent Decision Support Sys-
tem (T-AIDSS) [12]. The purpose of this ac-
tion is to collect new information about the
existing SHA for its redefinition.

2.1 List of indicators

The experts of war doctrine and humanitar-
ian demining in a particular geographical
area (Croatia and Bosnia and Herzegovina)
formed the list of natural and man-made
objects for a specific geographic area (type
of terrain and climate) that can be used for
military purposes (indicators of mine pres-
ence, Table 1) and can be seen on aerial and
satellite imagery according to their familiar-
ity with the manner of conducting of conflict
and to the experience from demining projects
that were previously carried out.

Nr. | Indicators of mine presence Importancce
1 Minefield records 1
2 Mine accidends 2
3 Table marking of the minefield 3
4. Fortifications 4
5 Trenches 5
6 Bunkers 6
7 Natural objects modified to serve for fire |7
action
8. Dry wall (in a battle area) 8
9. Shelters for artiltery, vehicles, infantry
10. | Bridges, passes of water ways 10
11. | Dominant hill 11
12. | Edges of forest 12
13. | Fords 13
14. | Heliodrom 14
15. | Roads not in use (in a battle area) 15
16. | Abandoned overgrown areas 16
17. | Demolished houses (on the first front line) | 17
18. | Observation posts (usually for hunting) 18
Nr. | Indicators of mine absence Importance
1 Houses in use 1
2 Areas in use 1
3 Roads in use 1
4 Step terrain, slope greater than 30 degrees | 1
5 Swamp terrain 1

Table 1. List of indicators created for SHAs in Croatia.
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Furthermore, the possibility of recognition
and extraction of indicators of mine presence
on aerial and satellite images greatly depends
on the image quality and corresponding
ground sampling distance. Because of that,
the process of creating a list of indicators is of
great importance for the implementation of
high-quality Non-technical survey. It is nec-
essary to ascertain whether a particular object
(indicator) can be detected and recognized
on aerial and satellite images. This taks is to
be accomplished by remote sensing experts
in the process of forming a list of indicators
of mine presence and absence. Furthermore,
they need to determine the methods of re-
mote sensing and image processing that will
ensure locating or extracting the indicators
on digital images.

2.2 Locating and extracting of indicators
in mine action

The processing and interpretation of aerial
and satellite images starts with the visual,
subjective triage of the imagery. The mine
scene interpreters conduct the subjective
analysis of the images using expert, common
and contextual knowledge of war doctrine in
a particular geographical area. However, im-
age interpretation could be also computer-as-
sisted by conducting some particular meth-
ods of image processing for the purpose of
extracting of indicators of mine presence [9],
[10], [13]. A human as interpreter can hardly
be replaced by automatic methods of digital
image processing, but, some methods of dig-
ital image processing can help in the identifi-
cation of certain anomalies in the scene and
easier detection of indicators. The basic idea
of interactive methods of semi-automatic in-
terpretation of digital images of SHA is to
provide assistance to the interpreter in the
interpretation of digital images rather than
to replace him [14]. Methods of image pro-
cessing should be simplified and automat-
ed so they could be carried out by persons
without much knowledge of image process-
ing. The images that contain the indicators of
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mine presence and absence are selected and
georeferenced. Georeferencing of an airborne
image is an important step in setting up the
indicators in relation to other objects in the
environment within a common coordinate
system. After that, each indicator is vector-
ized and stored in GIS.

e W

Figure 3. The result of launching the dark line detector — automat-
ically detected part of the trench (blue line within red elipse) [9] on
aerial RGB image.

2.3 The level of confidence of indicators

Humanitarian demining is a very danger-
ous and risky business and no information
from the field should be ignored no matter
how insignificant it may seem. The quality of
interpreter’s work depends on: quality and
ground resolved distance of images and its
processing; knowledge of war doctrine, and
in a particular, the experience of interpreter.
For this reason, each interpreter determines
also the subjective confidence of his state-
ment for each located indicator. If he is sure
that the object to be seen on the image is an
indicator, he records the confidence = 100%.
If he should notice any anomaly in the shape
of indicator on the image that he finds sus-
picious, he records the confidence = 25%.
Between these two extreme cases, the confi-
dence from 50 to 75% is applied depending
on the interpreter’s assessment.
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3. Inputs for Mine Danger Map

Determination of confidence level is very
important step within T-AIDSS methodol-
ogy because georeferenced indicators and
their confidences are main inputs for the pro-
duction of Mine Danger Maps [4], [7], [13].
Mine danger maps are products of multi-cri-
terial data analysis and data fusion within
T-AIDSS methodology [12]. The most import-
ant parameters related to the performance of
multi-criterial data analysis are the impor-
tance of indicators, the confidence of data in
mine information system and the confidence
of the statements made by the interpreter of
the mine scene. Mine danger maps show ar-

eas and hazard levels of mines in SHAs [4],
[13].

4. Conclusion

Airborne and satellite Non-technical Sur-
vey can provide useful insight in the depth
of SHA. In this way, the surveyors of mine
action centers can get an insight into the cur-
rent state of depth of SHA without entering
it physically. For the best performance of
Non-technical Survey, it is necessary to an-
alyze the existing data in the mine informa-
tion system and to define the list of indica-
tors of mine presence that can be detected
and located on aerial and satellite images.
The indicators of mine presence are the main
objects that are used to define the boundar-
ies of SHA. On the basis of new information
about the existence or absence of indicators
of mine presence (that were not known be-
fore), it is possible to reconstruct previous-
ly defined SHA. The interpreters of mine
scenes locate and mark off indicators of mine
presence and absences supported by image
processing methods. Georeferencing of aeri-
al images is an essential preprocessing step
for the most accurate positioning indicators
in the surrounding area (a common coordi-
nate system). Image processing methods are
a powerful tool that greatly helps in locating
the indicators, but the ultimate decision to
detect the indicators and determine the con-

fidence is left to the human, the interpreter
of the mine scene. The data prepared in this
way are input data for the production of a
mine danger maps that is the main result of
the Non-technical Survey and a useful source
of information to experts from mine action
center in the process of reducing and better
(re)defining of SHA.
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The Influence of Spatial Calibrations of Hyperspectral Line
Scanners on the Accuracy of Geocoding of Hyperspectral

Cube

Dubravko Gajski, Silvio Semanjski, Andrija Krtali¢

Abstract

Although calibration during geocoding pro-
cess shows drastic improvements in achieved
geocoding accuracy, the internal orientation
error remains. In order to properly determine
these errors, we must first of all know the
mathematical model of mapping of the line
sensor. The mathematical model of mapping
of the line sensor has been expanded to ac-
count for the distortion of the lens in order
to eliminate all systematic errors induced
by displacement of the real sensor mapping
plane from the ideal mathematical model of
the central projection. After a mathematical
model was established, a calibration of the
hyperspectral scanner was performed in the
laboratory, observing test samples from 5 dif-
ferent recording sites. Calibration elements
are determined by airborne beam equation
(BBA method).

Key words: hyperspectral scanner, spatial
calibration, parametric geocoding, accuracy

1. Introduction

The presence of mines, which remain in the
field after the military operations, is a ma-
jor threat, even after military operations are
over,. By the November 2015, 61 countries
contain areas with left behind mines [1]. Cro-
atia is particularly vulnerable to mine danger
due to proximity of the populated areas to
the minefields. Therefore, often comes to the
triggering of murderous mines and explo-
sives with tragic consequences for unaware
civilians. There are basically two approaches
to detect dangerous areas polluted by mines:
1. Detection of individual mines - explosive

detection procedures, and 2. Detection of
mine presence and mine absence indicators
- using contextual knowledge. Although nu-
merous research is being conducted on ap-
propriate explosive detection technologies,
the reliability of mine detection is still unsat-
isfactory, especially in the conditions of the
harvested terrain - which is also typical for
mine suspected areas [2]. Therefore, a sec-
ond approach was used within scope of the
complex technology-research project TP-06 /
0007-01, where multispectral and hyperspec-
tral imaging technology was successfully
used for the purpose of detecting mine pres-
ence and absence indicators visible from the
scene. For this purpose, a multi-sensor pod
has been constructed with a built-in hyper-
spectral scanner and an inertial measuring
unit (IMU) (Fig 1)

Figure 1. Placement of push-broom hyperspectral scanner and the

inertial measurement unit (IMU) within the multisensor pod.

2. The module for hyperspectral imaging

This module allows obtaining georeferenced
data recorded by the ImSpector V9 hyper-
spectral line scanner (HSLS) equipped with
CCD sensor (PCO PixelFly) when scanning
from the aerial platform. To allow record-
ing with relatively unstable platforms such
as light airplanes and helicopters, the hy-
perspectral line scanner is equipped with
additional devices that allow continuous
measurement of the position and orientation
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parameters of the scanner during flight. The
inertial measurement unit iMAR-iVRU-RSSC
is integrated with L1 frequency GPS receiver,
an optimum positioning sensor, taking into
account spatial resolution of the hyperspec-
tral line scanner at the expected flight profiles
and the need of targeted applications such as:
staining on the Adriatic, burning of fires, re-
cording mine suspect surfaces, water quality
monitoring, disease detection, etc.

The hyperspectral imaging module is de-
ployed at different platforms [3], further
justifying the need for calibration of the sys-
tem with this level of complexity in order to
obtain high-quality results. The methodol-
ogy for creating a geocoded hyperspectral
cube based on a line scanner was developed
within TP-06 / 0007-1 and detailed in [4]. Ex-
amination of the geocoding accuracy of the
hyperspectral cube was carried out at the
Faculty of Geodesy of the University of Za-
greb, Department of Photogrammetry and
Remote Sensing [5].

3. Calibration of hyperspectral line
scanner during geocoding

During parametric geocoding process per-
formed in PARGE software (by ReSe compa-
ny) it is possible to calibrate the parametric
geocoding system in such a way as to observe
the point of the calibration field. This calibra-
tion eliminates the impact of the most signif-
icant errors in parametric geocoding, the er-
rors of the orientation parameters provided
by inertial reference system and positional
parameters provided by the GNSS unit, and
error induced by unaligned axis of the hyper-
spectral scanner with the parts of the inertial
reference system and visual field of view of
the hyperspectral scanner. For the purpose
of carrying out this calibration, a calibration
field was prepared at the airport of Pula (Fig.
2). This calibration field consists of 10 ground
control points (GCP) marked as white cross-
es. The “true” coordinates of GCPs were de-
termined by the static GNSS measurements
and precise tachaeometry.
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Figure 2. Calibration field at the military airport of Pula. Ground

control points are marked as white crosses.

The differences between ground truth (refer-
ence), geodetic coordinates of ground control
points (GCP), and the coordinates read from
the geocoded hyperspectral cubes, with and
without calibration performed in PARGE
during geocoding process, are shown in Ta-
ble 2. The significant rise in geocoding accu-
racy by use of calibration during geocoding
process is evident.

4. Laboratory calibration before
geo-coding

Although calibration during geocoding
shows drastic improvements in geocoding
accuracy, the internal orientation errors re-
main. In order to properly determine these
errors, we must know the mathematical map-
ping model of the line sensor. The mathemat-
ical mapping model of the line sensor has
been expanded to account for the influence
of the lens distortion in order to eliminate all
systematic errors induced by displacement of
the real mapping sensor plane from the ide-
al mathematical model of the central projec-
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tion. After the mathematical model was es-
tablished, a calibration of the hyperspectral
scanner was performed in a laboratory, by
observing test pattern (Fig. 3) from 5 differ-
ent recording sites.

Figure 3. Test pattern for laboratory calibrati-on of the hyperspec-

tral scanner [6].

Intrinsic parameters of the hyperspectral
scanner are determined by bundle block ad-
justment method (BBA) and are shown in
table 1. The diagram of radial distortion is
shown in Fig.4 [6]

Using the intrinsic parameters of the hy-
perspectral line scanner, obtained by lab-
oratory calibration, significantly improves
the accuracy of the geocoded hyperspectral
cube, compared to the calibration performed
during geocoding process, making it twice
better than without it, as it is shown in Table
2.

X, (pix) | c (pix) [ K1 K2 K3
497.5 3605

3 0.69 | -0.08 |0.003
+-0.1pix ¥ 1 4

pix

Table 1. Intrinsic parameters of the hyperspectral scanner for yel-

low-green colour [6]

Figure 4. Diagram of radial distortion for ImSpector V9 and yel-

low-green colour (in pix.). [6]

Coordinate differences on GCPs (true - geocoded)
. . Calibration Laboratory ca-li-
WlthOl{t calibra- during geocod- bration before
tion T .

ing geocoding
Ay | Ax Ay Ax Ay Ax
[m] | (m] | [m] | [m] | [m] | [m]
-23.70 | 10.20 -1.10 -1.10 -0.31 0.21
-2543 1.94 -1.27 0.96 -0.58 0.33
-23.80 | 15.81 -0.3 0.49 -0.36 0.45
-2496 | -2.81 -0.44 0.01 -0.44 0.15
2299 | 945 -0.61 -0.25 -0.26 -0.35
-23.87 | 2.67 -1.13 0.93 0.31 0.11
-2444 | 6.38 0.34 0.32 0.22 0.21
-25.21 8.67 0.61 -0.27 0.28 -0.17
-24.70 | 8.20 1.30 -0.32 0.53 -0.28
-23.75 8.00 0.65 -0.52 041 -0.32

y x y x y x
0.78 | 5.16 0.88 0.65 0.40 0.29

Table 2.

5. Conclusion

The spatial calibration of hyperspectral line
scanner has shown as a necessary method
to reach a useful accuracy of the geocoded
hyperspectral cube. It is especially the case
when the scanner is bundled with low-cost
inertial measuring unit, GNSS-sensor and
unstable aerial platform. However, even in
such cases it is possible to get reliable results
and obtain hyperspectral cubes of reasonable
spatial accuracy. First of all, the ground con-
trol points are necessary to remove the im-
pact of systematic errors due to the imperfec-
tions in system integration of hyperspectral
scanner, GNSS and IMU. Although in many
applications of the remote sensing achieved
spatial accuracy might be satisfactory, the
previous laboratory calibration of the hyper-
spectral scanner has a major impact on the
geocoding accuracy.
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Uncertainty in Mine Risk Visualization within Non-technical

Survey

Andrija Krtali¢, Ivan Racetin

Abstract

Landmines affect the lives of people living
in war-affected countries. The real challenge
in humanitarian demining nowadays, with-
in Non-technical Survey, is finding new ap-
proaches to SHA reduction. The establish-
ment and use of mine information systems
in humanitarian demining can improve the
land release process by efficient mapping of
suspected hazardous areas and visualizing of
mine risk on it. Croatian Mine Action Center
established such system and uses it for mark-
ing all suspected hazardous areas in Croatia.
Nevertheless, data in this system comes from
different sources and contains some inherent
uncertainty. The level of ambiguity is being
attempted to diminish by conducting analyt-
ical assessments of mine information system
data and by collecting additional informa-
tion about suspected hazardous areas. The
landmine risk mapping requires defining the
input data (indicators) from mine informa-
tion systems and additional data that most
suitably capture the association between the
spatial objects of interest in the surrounding
geographic area. The confidence level for
each indicator is determined, which is, in
fact, an estimate of the level of uncertainty.
The fusion of all existing data is used after
that for the purposes of creating of mine dan-
ger maps. These maps show the overall un-
certainty of all input data and need further
action for their use in reduction according to
the Croatian Mine Action Center Standard
Operational Procedures.

Key words: uncertainty, confidence, input
data, area reduction, danger maps

1. Introduction

Croatia confirmed its resoluteness in solving
the mine problem by bringing the Law on
Demining in 1996 and by the establishment
of the Croatian Mine Action Center in 1998.
The ultimate result of all mine action activ-
ities is a defined suspected hazardous area
(SHA) in 2008 [1]. Croatian Mine Action Cen-
ter has developed its own mine information
system, adjusted to complex humanitarian
demining procedures and the implementa-
tion of public procurement and quality con-
trol processes for technical surveys and de-
mining in Croatia [2], [3]. All data collected
about SHAs are stored in that system. In 2010
Standard operating procedure - Mine Reduc-
tion in SHA [4] was adopted and the reduc-
tion of SHA has begun. However, experi-
ence in working with data and data analysis
showed a high level of uncertainty of data [5].
It is possible to reduce or eliminate the level
of uncertainty and ambiguity of data by col-
lecting new data on the current state of the
SHA. Among other methods, aerial and sat-
ellite Non-technical Survey [6] in Croatia and
Bosnia and Herzegovina was used for this
purpose [7], [8]. An overview of the risk vi-
sualization according to the data from mine
information system and new collected data
on SHA is presented in the article.

2. Croatian Mine information system for
mine action

The main components of the Croatian Mine
information system are: spatial database
(Figure 1), applications for system admin-
istration, system for collection of field data,
and center for data conversion (scan cen-
ter) [3]. Information and data in this system
comes from different sources (field survey,
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interviews with the local population, military
maps, publications of war actors) and con-
tains certain level of uncertainty. These infor-
mation allow estimates of the impact of the
mine problem on the affected areas, therefore
it is necessary to minimize the uncertainty.

N

Figure 1. Display of spatial data stored in mine information sys-

tem (by the courtesy of Croatian Mine Action Center).

2.1 Uncertainty of data

Uncertainty of data is manifested in the im-
possibility of positioning minefields or any
other object used for military purposes (indi-
cator of mine presence) within the SHA based
on minefield record or existing (unchecked)
information stored in mine information sys-
tem [5]. Indicators of mine presence are ob-
jects on the Earth’s surface (residues of war
activities) that point to mine risk in their
surroundings [9], [10]. For the purpose of
characterization of uncertainty, the level of
confidence is introduced and associated with
every information and data entering in mine
information system. Furthermore, the confi-
dence level is also assigned to each new in-
formation or data (indicator) which enters in
mine information system by Non-technical
survey actions. All indicators do not have the
same importance, so the level of their confi-
dence is a very important parameter in land-
mine risk visualization.

2.2 Input data

The input includes data from the mine infor-
mation system (Figure 1), expert knowledge,
airborne and satellite data from Non-techni-
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cal survey, contextual data. More precisely,
it includes indicators of mine presence (de-
tected on visual input data from mine infor-
mation system and additional collected aerial
and satellite images) and their impact on the
environment (expert and contextual knowl-
edge). Remote sensing is applied in the field
of mine action by multispectral sensors that
detect individual indicator through the use
of aerial and satellite data (Figure 2), hyper-
spectral imaging or ground-penetrating ra-

dar [5].

Figure 2. Indicators of mine presence (red and blue) and absence
(green) detected on aerial and satellite images (new information)

and stored in mine information system (known information).

3. The landmine risk visualization

The mine risk visualization is based on the
representation of the position of indicators of
mine presence in the coordinate system (Fig-
ure 1 and 2) and their impact on the environ-
ment. This impact is shown by the polygons
(buffers) around the indicator. The mine risk
is presented with (mostly) color scale, and
confidence affects the color level (darker color
indicates higher risk) (Figure 3). Uncertainty
has been introduced in mine risk visualiza-
tion in this way. TIRAMISU Advanced Intel-
ligent Decision Support System (T-AIDSS)
[11] is an operational Non-Technical Survey
system which can collect data about SHA,
conduct multi-criteria analysis and data fu-
sion and, produce Mine danger maps [12] of
SHA.

3.1 Mine danger Maps

Mine danger maps are the final outcomes of
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the methodology implemented within the
T-AIDSS (based on multi-criterial analysis
and data fusion) and represent the visualiza-
tion of mine danger based on scientific meth-
ods (Figure 3). The results of these methods
include overall uncertainties of information
and data from mine information system and
additional collected data. Two variants of
risk visualization are made for each SHA.
One for indicators of mine presence - Mine
danger map (Figure 3), and one for indicators
of mine absence - The proposal to reduce the
SHA (Figure 4).

ERCEEREZENFOANLGS

Figure 3. Part of Mine danger map with scale of danger (a darker
red area means a greater risk of mine).

Visualization of the position and zone of in-
fluence around the indicator gives a better
insight into the state of the SHA than pre-
senting only the position of indicator of mine
presence.

Figure 4. The proposal to reduce the SHA (green areas).

Experts from Mine action centers can use
these maps for various actions in humani-

tarian demining. The result from the maps
seek to improve the identification of the areas
where there is no threat, and thus the parts
of SHA can be proposed for mine reduction
(Figure 5) or better definition of existing
SHA. Based on the visualized IMP zones of
influence, potential danger areas and those
with no IMP influence can be detected. Sur-
veyors from national MACs can be sent into
these areas to confirm or refute information
from mine danger maps on the basis of legal
procedures.

Figure 5. The evidences derived in a mine danger map enable ex-
pert to reduce area declared for demining. Legend: SHA - light
blue; Mine danger - different levels of red; Indicators of mine
presence - pink, Area at a back of trenches that can be re-
duced - light green. In the example this reduction covers 0.770
km?.

5. Conclusion

A well-organized mine information system
and quality spatial data (with low level of
uncertainty) about SHA are of great help for
quality visualization of mine risk. Gradation
of uncertainty is achieved by determining the
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level of confidence for any data that exists or
enters the mine information system. Existing
uncertainty of data about defined SHA stored
in mine information system can be dimin-
ished by conducting analytical assessments
of mine information system data and by col-
lecting additional information about SHA.
The aerial and satellite based Non-technical
survey for collecting additional data from
SHA is used in Croatia by T-AIDSS. The im-
pact of all indicators on the environment are
visualized on the mine danger map, as well
as the remaining overall uncertainty of data.
However, mine hazard maps are a useful
source of information to formulate proposals
for better definition of SHA or for its reduc-
tion.
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Segmentation of the aerial RGB images of Suspected
Hazardous Area for the needs of Non-technical Survey

lvan Racetin, Andrija Krtalic

Abstract

In the mine action community, Non-Techni-
cal Survey is implemented to provide infor-
mation for better spatial definition of mine
or explosive remnants of war contamination.
Airborne and spaceborne surveys of wider
Suspected Hazardous Area (SHA) regions
are often executed to collect information
about physical changes and circumstanc-
es that may be employed in the subsequent
technical interventions. Simple electro-opti-
cal sensors which acquire data from the vis-
ible part of electromagnetic spectrum, like
DSLR or SLR cameras, can be used for this
kind of surveys. These aerial RGB images
are then inspected by trained human photo
(mine scene) interpreter who is familiar with
the military doctrine and specific character-
istics of the conflict. Mine scene interpreter
seeks for the indicators of mine presence and
absence. Novel image processing techniques
could provide benefits to the standard pho-
tointerpretation workflow by making it more
efficient. Geographic object-based image
analysis (GEOBIA) is one of them. The idea of
GEOBIA is to process georeferenced images
at the object level, as the entities found in the
environment are usually objects (or grouped
pixels) instead of single pixels. This approach
enables analysis of spatial relations and geo-
metrical object parameters. The main step in-
fluencing the GEOBIA results is the quality
of image segmentation. In this paper, results
of more image segmentation algorithms are
tested on the color aerial images of SHA and
images of exploded ammunition depot in
the Croatia. Acquired results are discussed,
while potential and constraints of image seg-
mentation for application in the Non-techni-
cal survey are underlined.

Keywords: humanitarian demining,

non-technical survey, indicators of mine
presence, GEOBIA, segmentation

Introduction

In the mine action community, Non-Techni-
cal Survey (NTS) is implemented to provide
information for better spatial definition of
mine or explosive remnants of war contam-
ination (ERW) [1]. Airborne and spaceborne
surveys of wider Suspected Hazardous Area
(SHA), as the integral parts of NTS, are often
executed to collectinformation about physical
changes and circumstances that may be em-
ployed in the subsequent technical interven-
tions. Simple electro-optical sensors which
acquire data from the visible part of electro-
magnetic spectrum, like Digital single-lens
reflex (DSLR) cameras, can be used for this
kind of surveys. These color aerial images
of mine scene are then usually inspected by
the trained human photo-interpreters (mine
scene interpreters) who are familiar with the
military doctrine and specific characteristics
of the conflict. Mine scene interpreter seeks
the indicators of mine presence and absence
(IMP and IMA). This process is time consum-
ing and relies on the knowledge and experi-
ence of the interpreters, while simultaneously
the number of trained interpreters is limited.

Novel image processing techniques could
provide benefits to the standard photointer-
pretation workflow by making it more effi-
cient. Geographic object-based image analy-
sis (GEOBIA) is one of them [2]. The idea of
GEOBIA is to process georeferenced images
at the object level, as the entities found in the
environment are usually objects (or grouped
pixels) instead of single pixels. This approach
enables analysis of spatial relations and geo-
metrical object parameters. The main step in-
fluencing the GEOBIA results is the quality
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of image segmentation. Segmentation is the
underlying concept for creating objects from
pixels, and involves dividing the image into
regions or objects that have common proper-
ties [3]. In this paper, performance of image
segmentation algorithms on the color aerial
images of SHA and images of exploded am-
munition depot in the Croatia for the needs
of humanitarian demining is compared.

Data and methods

Color aerial image (RGB) of SHA located
in the Dinara mountain range (Croatia) ac-
quired in October 2013 by 3K system [4] was
used for evaluation of image segmentation
algorithms for extraction of the IMP (Figure
1). For the analysis of ERW and unexploded
ordnances (UXO), color aerial image of ex-
ploded ammunition depot in Padjene, Croa-
tia (Figure 2) acquired by Nikon D90 camera
(integral part of AI DSS system) was selected
[5], [6]. Both flight campaigns were carried
outin the scope of EU FP7 project TIRAMISU.

Figure 1 Color aerial image of SHA on the Dinara
mountain, IMP are marked with red boxes

Figure 2 Color aerial image of UXOs and aluminum
markes used for analysis in Padjene, Croatia

The 15t International Symposium “Mine Action 2018.”

Image segmentation algorithms implement-
ed in the eCognition (Trimble Geospatial,
Sunnyvale, California) and ENVI (Exelis Vi-
sual Information Solutions, Boulder, Colo-
rado) were evaluated. Image segmentation
process incorporated in the ENVI consists
of four steps: computation of gradient map
from the input image, computation of cumu-
lative distribution function from the map,
map modification by Scale Level value and
segmentation of modified map using the wa-
tershed transform. Edge and intensity meth-
ods are used for transforming the multispec-
tral to single-band images. In this study, edge
method was used, while scale parameter was
determined heuristically.

Chessboard, quadtree-based, contrast split,
multiresolution, multi-threshold and con-
trast filter segmentation are supported in the
eCognition and they execute at the pixel level
[3]. From this list of algorithms, multiresolu-
tion segmentation is the most general one and
it is applied in this study. It is a bottom-up
segmentation algorithm which locally mini-
mizes average heterogeneity of image objects
for a given scale. Multiresolution segmenta-
tion is defined by scale parameter which de-
fines maximum standard deviation the ho-
mogeneity criteria and homogeneity criteria
which is defined by shape and compactness
values. To determine the values of the scale
parameter in the eCognition, an Automated
Estimation of Scale Parameter (ESP2) tool [7]
was used. ESP2 tool results with three differ-
ent scale parameters at the three different hi-
erarchy levels. Only first two hierarchy levels
are presented, as the size of IMP and UXO
on the used images is small in relation to the
mine scene area.

Results and discussion

In the ENVI algorithm, value of scale param-
eter for the Edge method was 65 (Figure 3b)
for the mountain Dinara scene, while for the
Padjene scene two segmentation with 40 (Fig-
ure 4b) and 65 (Figure 4c) scale values. Size of
kernel was 3 and no merging was done.

7
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In the case of multiresolution segmentation
algorithm, scale values of 59 (Figure 3c) and
173 (Figure 3d) were used for Dinara scene,
while 84 (Figure 4d) and 144 (Figure 4e) for
Padjene scene. Values of shape and compact-
ness parameters where 0.1 and 0.5 respec-
tively.

By visually inspecting the aerial photos (Fig-
ure 3a and 4a) we can easily spot man-made
object placed in the natural scene (bunker in
Figure 3a, aluminum crosses and UXOs in
the Figure 4a). Translation of human visual
and cognitive system for mine scene inter-
pretation to the computer language proves
not to be easy task at all.

IMP, like bunker of shelters, are usually
made of material found in their surround-
ings (stone and wood). Because of that, for
segmentation algorithms it is difficult or even
impossible to delineate them as separate seg-
ments. If the IMP stands out from the terrain,
then its shadows increase the contrast from
background. In these cases, it is possible to
produce segments which will represent the
IMPs (Figure 3).

Depending on the amount of detriment, UXO
can differ in its shape and color. It may be
slightly damaged, so only its shape experi-
enced changes. On the other hand, it could
be burned or corroded which affects its col-
or. In the visible part of spectrum, aluminum
is quite similar to the white stones, corroded
metal to the earth, while there are no signif-
icant color tone differences between burned
(grimed) objects (e.g. UXO or tree). If the
UXO is placed on the objects with similar
tones (aluminum UXO on the stones or cor-
roded UXO on the earth), we should not ex-
pect great results from segmentation. But in
the opposite case (e.g. corroded UXO located
over the stones), segmentation will be useful
tool.

Figure 3 a) color aerial image, b) ENVI segmentation,
c) and d) multiresolution segmentation with different
scale parameter

a S AT e
| L

Figure 4 a) color aerial image of UXO, b) and c) ENVI
segmentations with modified scale parameter, ¢ and d
- multiresolution segmentations with different scale
parameter

Conclusion

Airborne and spaceborne surveys, as the in-
tegral parts of NTS, are executed to collect
additional data about SHA. Standard pro-
cedures of data processing rely on the mine
scene interpreters, which manually examine
the aerial images and seek for IMP/IMA or
ERW/UXO. Interpreters use not only images,
instead they gather all available data (topo-
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graphic maps, contextual data) before the im-
age inspection, while being the familiar with
the military doctrine of local conflicts.

Tested segmentation algorithms showed
potential when the high contrast between
the target (IMP or UXO) and background is
present. But when this condition is not met,
segmentation struggles to create adequate
segments. GEOBIA can be useful tool to the
photo interpreter to reduce its workload but
can’t be its replacement.

Acknowledgment

The research leading to these results has re-
ceived funding from the European Com-
munity’s Seventh Framework Programme
(FP7/2012-2013) under grant agreement n°
284747, project TIRAMISU.

References

[1] IMAS 08.10 (2009). Non-technical survey. First Edi-
tion, 10 June 2009, Amendment 2, March 2013. Retrieved
March 1, 2018, from https//www.mineactionstandards.
org/fileadmin/MAS/documents/imas-international-stan-
dards/english/ (01/03/2018)

[2] Blaschke, T.; Hay, G. ].; Kelly, M.; Lang, S.; Hofmann,
P.; Addink, E.; ... & Tiede, D. (2014). Geographic ob-
ject-based image analysis-towards a new paradigm. ISPRS

journal of photogrammetry and remote sensing, 87, 180-
191

[3] Navulur, K. (2007). Multispectral Image Analysis
Using the Object-Oriented Paradigm, Taylor & Francis
Group, Boca Raton, USA

[4] Kurz F.; Tiirmer S.; Meynberg O.; Rosenbaum D.;
Runge H.; Reinartz P.; Leitloff |. (2012). Low-cost optical
Camera Systems for real-time Mapping Applications. Pho-
togrammetrie - Fernerkundung - Geoinformation, 2012,
159-176

[5] Bajié, M. (2010). The Advanced Intelligence Decision
Support System for the Assessment of Mine-suspected Ar-
eas, Journal of Conventional Weapons Destruction, Vol. 14,
Issue 3, article 28, pp. 69-75

The 15™ International Symposium “Mine Action 2018.”

[6] Krtalic, A. (2016). TIRAMISU Advanced Intelligence
Decision Support System, The 13th International Sym-
posium INE ACTION 2016, Book of papers, 26-29 April
2016, Biograd, Croatia

[7] Drigut, L.; Csillik, O.; Eisank, C.; Tiede, D. (2014). Au-
tomated parameterisation for multi-scale image segmenta-
tion on multiple layers. ISPRS Journal of Photogrammetry
and Remote Sensing, 88, 119-127

73



Improved organic semiconductor explosive sensors for

application on minefields

J.M.E. Glackin, R.N. Gillanders, N. Kezic, ). Filipi, G.A. Turnbull

Abstract

Here we present progress made in the devel-
opment of an organic semiconductor based
sensor system for explosive vapours. The
sensors, originally developed in the TIRA-
MISU project!, monitor a change in fluores-
cence from a polymer film when it is exposed
to trace vapours of TNT and similar explo-
sives. The approach could be promising for
applications in remote explosive scent trace
(REST detection) for the technical survey of
mine fields. Successful deployment of the de-
tection system in the field, however, requires
an improved method for sample collection
and delivery to the sensor, and an approach
to address the potential problem of false de-
tection of distractants. We report here recent
progress addressing these challenges.

Introduction

Organic semiconductors are commonly used
in OLED television and smartphone displays.
Due to their chemical and physical properties
they can also be used as a sensor to “sniff” for
nitroaromatic explosive vapours**, such as
trinitrotoluene (TNT) with sensitivities com-
parable to canine methods. This is done by
monitoring the light emission from thin films
of the organic semiconductor when excited
by an external light source such as a laser
or LED. The presence of nitroaromatic mol-
ecules in the film causes a drop in the light
emission, which is taken as an indication as
the presence of explosives. In this paper we

74

will discuss the work done to improve va-
pour delivery to these sensors, and to reduce
the possibility of false positives.

Application to remote explosive scent
tracing (REST)

REST detection uses air sampling through a
filter which is then tested for the presence of
explosives. This technique has been devel-
oped by Mechem in their MEDDS system, us-
ing trained dogs as the detection mechanism
for both explosives and drugs’. The REST
collection approach could also be combined
with the organic semiconductor explosives
sensor, to allow on-field testing of samples
for minefield area reduction. After initial field
trials with the organic semiconductor based
system developed in the TIRAMISU project,
it was found that adaptations to the sampling
filters were needed to enhance the delivery
of collected explosives residues to the sensor.

In order to maximize the amount of explosive
vapour and particles collected in the filter,
materials to which explosives, such as TNT,
selectively bind have been investigated.® In
our studies the fluorinated polymer Aflas®
(AGC Chemical Europe Ltd) was chosen as
a suitable coating. This polymer acts as a
preconcentrator which specifically accumu-
lates explosives molecules, maximising the
amount of explosive vapours collected. After
sampling, the exposed filter is then placed
in a sealed chamber with the sensor film, as
shown in Figure 1 to test for the presence

The 15t International Symposium “Mine Action 2018.”



of explosives. An apparatus for performing
these measurements in the field has also been
developed. When heated above a certain
temperature, the explosive molecules bound
to the preconcentrator gain enough energy to
desorb from the film. This generates a cloud
of explosive vapour which can then be inter-
rogated by an organic semiconductor explo-
sive sensor, as shown in Figure 2.

These materials are also being used in the
Bee4exp project to collect explosive residues
picked up by bees while foraging, to devel-
op a passive method of area reduction and
quality assurance when clearing landmines.
Entry and exit of honeybees from the hive
are segregated using tubes which contain
paper “doormats” coated with the Aflas®
preconcentrator polymer. As the bees forage
around a mine suspected area, tiny amounts
of explosives residues are picked up on their
bodies, which are then deposited and con-
centrated on the “doormats” in the hive en-
trance. A preliminary field trial conducted in
September 2017 on the Benkovac test site has
shown promising results, with work continu-
ing to improve the sampling and collection
methods.

Introducing selectivity using molecular
imprinted sol gels (MISG)

We also report an approach to improve the
selectivity of the sensor against possible dis-
tractants. Much in the same way that not
every metal object detected by a metal de-
tector is a landmine, not every nitroaromatic
vapour indicates the presence of explosives.
Common non-explosive nitroaromatics in-
clude pesticides, such as dinoseb and per-
fume ingredients such as musk ketone. We
are addressing this problem through the use
of a molecular imprinted sol gel (MISG) to
discriminate between similar analytes.
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Figure 1: Lab based setup for measuring REST samples. The sen-
sor and filter are placed together in a sealed chamber and the sensor
response is monitored as the filter is heated up to release the collect-
ed explosive vapours.
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Figure 2: Response of a super yellow thin film sensors exposed to
silicon wafers that have previously been exposed to DNT contami-
nated nitrogen. The wafers are heated to 1000C in a sealed chamber
with the sensor, and the light emission of the sensor is monitored.
The red trace is the response from a bare silicon wafer and the black
trace the response from a Aflas® coated wafer.

Sol gels are a solution processed glass-like
material whose properties can be controlled
and adapted by the choice and ratio of pre-
cursors used. It has been shown that partic-
ular sol gels can selectively bind to nitroar-
omatic templating molecules”®. The addition
of a small amount of nitroaromatic molecules,
such as TNT, can imprint the shape of the tar-
get molecule into the film when the film is
formed. After washing out the template, the
film can subsequently selectively sorb the tar-
get molecule. We have integrated the recog-
nition sites with our sensor films to increase
selectivity against some possible distractants
such as agricultural pesticides.
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Conclusion

The REST sampling method has been com-
bined with organic semiconductor explosive
vapour sensors to improve vapour delivery
to our sensors with the use of the preconcen-
trator polymer Aflas®. This preconcentrator
material has been used in the Bee4exp project
to test for trace amounts of explosive picked
up by bees foraging in mine contaminated
areas. Further field trials are ongoing to de-
velop the method for area reduction in mine
suspected areas.

Molecular imprinted sol gels have been
demonstrated as a simple solution to the
problem posed to organic semiconductor
sensors by nitroaromatic distractants such
as pesticides without the need of complex
chemistry or the development of new sensor
materials.
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Benefits of using modern mobile technologies for field data
collection and information management in mine action “It all

starts in the field”

Torsten Vikstrém, Stefan Kallin

Abstract

Mines and unexploded ordnance all over the
world are still taking its toll as lifelong suf-
fering or death. It strikes blindly and effects
innocent civilians. The European Union has,
by the project TIRAMISU, taken on the task
to boost clearing of the deadly legacy left in
countries plagued by war. One cost effective
and safe solution is the SITE Information
Management System, T-IMS.

T-IMS is a GIS centric stand-alone software
application built for mobile use to support all
tield data collection within the scope of Mine
Action/Humanitarian Demining, following
the steps of Non-Technical Survey (NTS),
Technical Survey (TS) and Clearance opera-
tions to Quality Assurance/Quality Control
(QA/QC) and the final Reporting and Anal-
ysis.

T-IMS improves the general survey process-
es with significantly increased finalization of
activities directly through field work - with-
out additional office work. The recording
of the path of the surveyors and geospatial
positioning significantly improves safety of
field activities.

T-IMS combines easy-to-use computer soft-
ware with the use of standards for informa-
tion storage, data exchange and increased
interoperability. By following and adapting
to widely accepted and used standards, for
instance International and National Mine Ac-
tion Standards (IMAS/NMAS), standards
developed and maintained by the Open Geo-
spatial Consortium (OGC) and the Geneva
International Centre for Humanitarian De-
mining (GICHD), organizations using T-IMS
have the ability to connect, integrate and
exchange information and reports with oth-
er systems and tools commonly used by the
Mine Action Community, such as IMSMA
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NG and the new IMSMA Core.

T-IMS has been operationally validated by
CTDT and CROMAC.

Introduction

“There is an emergent consensus that an excessive
use of clearance resources in areas that may not
contain landmines and/or explosive remnants of
war (ERW) represents an error in miscalculation
rather than justifiable prudence. Tens of millions
of dollars have been invested in survey since 2009.
At large, the global survey efforts did not yield
any conclusive data and could have been applied
differently. This is a concern which continues to
be the single biggest obstacle to faster and better
aimed mine clearance. This has increased the in-
ability to establish a clear baseline of the remain-
ing hazard, time and resources needed, which
are fundamental for the eradication of this global
threat. To treat this problem a solid information
management system is required.”

M. Bold

Technology Development

The technology developments at the turn of
the 21st century now offer a broad range of
new technical breakthroughs such as infor-
mation technology and telecommunications.
Yesterday’s powerful desktops are being
transformed to sensory input and output de-
vices merging intelligent software and exten-
sive connectivity. We are getting more reli-
ant on current existing multifaceted network
connections and adapting to “smart environ-
ments” that are changing the ways we op-
erate and interact. Easy access to interactive
global networks with further simplification
of computer use, can improve the ways we
gather, analyze, monitor and evaluate infor-
mation.

Mine action would benefit immensely allow-
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ing it to shift away from the traditional hier-
archical command and control structures and
hence opening up for horizontal networks
and co-operative teams. Consequently, this
would enhance the ability in decision-mak-
ing, monitoring and evaluation in parallel
with continuous improvement. In conse-
quence, this will increase efficiency but at the
same time will also provide scope for grow-
ing transparency along with the national ca-
pability to bridge mine action with human
security.

Mine action needs to embrace a culture of
creativity, experimentation and openness for
change. Nonetheless, technological advances
in themselves provide no conclusion as to the
extent and manner in which they can be used
unless resources are freed to allow creativity.

The importance of standards

By combining easy-to-use computer soft-
ware with the use of standards for informa-
tion storage, data exchange etc. increased in-
teroperability is enabled. By following and
adapting to widely accepted and used stan-
dards, such as International and National
Mine Action Standards (IMAS/NMAS) and
standards developed and maintained by the
Open Geospatial Consortium (OGC) and the
Geneva International Centre for Humanitar-
ian Demining (GICHD), organizations using
T-IMS have the ability to connect, integrate
and exchange information and reports with
other systems and tools commonly used by
the Mine Action Community, such as IMS-
MA.

Mobile Technologies in Mine Action

still as of today, a lot of the information col-
lected in the field by surveyors and deminers
is captured by hand with the use of pen &
paper, separate GPS-units and hand drawn
maps over the current area and situation.
Over time, this is a very time and effort con-

suming way - often combined with high
risk - to collect sensitive information. Infor-
mation that often need to be passed several
steps by hand to finally end up in an IM-sys-
tem, where it is consolidated and make basis
for new and improved manual maps to be
drawn.

By using modern mobile technology tools for
field data collection, such as T-IMS, this ap-
proach and process will be vastly improved
in many areas:

+ All captured information in the field -
what, when and by whom - is accessible
for reporting and communication in na-
tive form, which means that no further
modification of data need to be done.

« Everyone involved in survey, clearance
and QA /QC could and should be able to
contribute & report.

«  No more human errors and errors from
manual handling.

- Situation awareness. Digital up-to-date
maps with historical information, also
showing the carriers’ current position
substantially improves safety in the field.

- Standardized map symbology - for the
whole process of land release - minimiz-
es the risk of misunderstanding and mis-
interpretation.

+ Collected and captured information over
larger areas can be compiled periodically
and shared - in a common and standard-
ized way - with donors and others of in-
terest.

+ Provides a basis for making the right pri-
orities for action: Put action where action
is needed.

T-IMS - The SITE Information Manage-
ment System

T-IMS is a stand-alone very user-friendly
Field Data Collection tool primary for the de-
miner’s use in the field. It is for use in the early
stages of Non-Technical Surveys through the
phases of Technical Survey and Mine Clear-
ance as well as the following Quality Assur-
ance and reporting. With T-IMS, hazardous
areas (SHA/CHA), indicators of mines or
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UXOs, GPS-trackings etc. can easily be de-
tined and positioned in the GIS map module.

With T-IMS’ intuitive search engine, findings
such as UXOs or landmines will easily be
identified and can likewise be positioned with
high accuracy in the map. T-IMS is optionally
equipped with off-line CORD (Collaborative
ORDnance data repository) which is a result
of the cooperation with the James Madison
University - JMU). This database consists of
approx. 5 000 ordnance objects. Any type of
attachment - such as geo-referenced photos,
voice recordings, videos, images and docu-
ments - may be attached to any activity.

T-IMS is built for use under rough conditions
as well as in extreme environments. It runs
with 100% of its functionality off-line. The
overall concept, design and usability have
been evolved by deminers with many years
of use and great experience from earlier gen-
erations of like applications. It is built for use
in the field and its user interface is complete-
ly adapted to touch technology, meaning that
data capture with T-IMS is extremely intui-
tive and easy. T-IMS is fully usable without a
touchpad or a mouse.

The TIRAMISU project

The European Union has, by the Project TI-
RAMISU, taken on the task to boost clearing
of the deadly legacy left in countries plagued
by war. The project, funded by the European
Union’s Seventh Framework Program (FP7),
aimed to provide the Mine Action communi-
ty with a global toolbox to assist in addressing
the many issues related to Humanitarian De-
mining, thus promoting peace, national and
regional security, conflict prevention, social
and economic rehabilitation and post-con-
flict reconstruction. This toolbox cover the
main mine action activities, from the survey
of large areas to the actual disposal of explo-
sive hazards, including mine risk education.
To reach the level of expertise needed the TI-
RAMISU team included organizations that
were involved in some of the most important
European and international research projects
in mine action of the last fifteen years. The
TIRAMISU consortium consisted of 26 part-
ners from 12 different countries, with a total
budget of approx. EUR 20 million. The TIRA-

MISU project started up in 2012 and was end-
ed by December 2015.

The SITE Information Management System
(T-IMS) - described in this document - is an
outcome of the TIRAMISU project.
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Inclusion model for the first category of the 100% disability
Homeland War veterans in the MRE in the Republic of Croatia

Adela Zobundzija, Durda Adlesi¢, Tatjana Badrov

Abstract

This paper presents the educational model
which involves the members of the special
police who participated in training of the
Homeland War veterans of the first category
with the 100% disability. The idea of this spe-
cificapproach is to ensure that the MRE of the
population is provided throughout involving
the Homeland War participants, who could,
with their experience and authority, convinc-
ingly influence the educational effectiveness
of the target groups. The presented model is
a result of a project prepared by the Associ-
ation for the Support and Encouragement of
community “Croatia Helps”, as approved
and funded by the Ministry of War Veter-
ans on a public tender entitled “Psychologi-
cal and social empowerment and raising the
quality of life for Croatian veterans of War,
veterans of War with disabilities and family
members of a deceased, detained or missing
War veterans from the Homeland War”. The
participants of the education were educated
during the course of three modules, which
involved the improvement of communica-
tion skills and teaching methods, the neces-
sary preparatory information for the MRE of
the population and information on the possi-
bilities of starting a job and supporting entre-
preneurship in future demined areas.

Key words: Education, Mine Suspected Area,
100% disability Homeland War veterans,
Communication skills, Entrepreneurship
support

Introduction

According to the available reports presented
by Landmine Monitor, 8.4 million of people,
throughout 61 countries, have participated
in Mine Risk Educations from 2007 to 2008,
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indicating an increase in comparison to 2006
and reported 7.3 million of people, which is
also the largest number of participants ever
evidenced by a Landmine Monitor. [1]

There are different approaches and methods
of MRE, and one of the more innovative ones
is elaborated in the article entitled “The Child
to Adult Method in Mine Risk Education”
[2], which outlines six steps of educating the
children which afterwards educate adults
about the mine risk. This Child-to-Adult ap-
proach includes: Understanding of activities,
Finding out more, Discussing and planning,
Taking action - Educating the adults, Eval-
uating what was done and Doing it better
based on the observations. Although innova-
tive, during the application, results revealed
weaknesses of this approach, such as using
children as an educator of adults requires
confidence in the abilities of children who
have no experience and formal education-
al background, and therefore require parent
support and engagement. Due to the lack of
experience, the child’s self-esteem and com-
munication skills require a lot of encourage-
ment and careful leadership at the beginning
of the project. At the same time, the lack of
experience and skills children compensate
with the openness and creative approach to
the problem which also requires adult open-
ness toward accepting children as educators,
indicating this as a more significant challenge
than training the children for educating the
adults.

The paper describes educational model upon
which members of the special police units
provided training of the trainers, the first
category of the 100% disability Homeland
War veterans. The idea of this approach is to
ensure that the education of the population
is performed by the Homeland War partici-
pants, who could, based on their experience
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and authority, through educational activi-
ties, more convincingly influence the target
groups. The model presented is a result of
a project that was submitted by the Associ-
ation for the Support and Encouragement
of community “Croatia Helps”, which has
been accepted and funded by the Ministry
of War Veterans on a public tender entitled
“Psychological and social empowerment and
raising the quality of life for Croatian veter-
ans of War, veterans of War with disabilities
and family members of a deceased, detained
or missing War veterans from the Homeland
War.”

The general objective of the project is the psy-
cho-social reintegration of the Croatian vet-
erans of War, Croatian veterans of War with
disabilities, victims and their family mem-
bers.

The specific objectives of the project are the
psychological empowerment of Croatian
veterans of War, former members of the spe-
cial police and the first category of the 100%
disability War veterans with the reduction
of their social exclusion through their active
involvement in the community, increasing
their competences for educating the popula-
tion on the dangers of Mine Suspected Areas.

The education program is in line with the ac-
tivities of the Croatian Mine Action Center [3]
and the CROMAC - Center for Testing, De-
velopment and Training d.o.o. (HCR-CTRO
d.o.0.). [4]

The purpose

The objective of the paper is to illustrate the
model where members of the special police
from the Homeland War are educating the
Homeland War veterans of the first category
with the 100% disability, so they could con-
duct further population education on Mines
and Explosive remnants of war in the Repub-
lic of Croatia. This model includes training
of the trainers (former special police offi-
cers), their education of the Homeland War
veterans of the first category with the 100%
disability, for the implementation of further
population education in Mine Suspected Ar-
eas and the psychological empowerment of

their wives who are actively supporting this
demanding process during main education,
but also during the field education of the
population.

The methods

Although around 20 of the War veterans, for-
mer members of the special police, passed
several education cycles for mine risk educa-
tors, the first activity included the selection
of four former special police officers who had
the best predispositions and affinities to work
with Homeland War veterans of the first cate-
gory with the 100% disability. The mentioned
education was held in two cycles: the first in
the period from 27 to 29 November 2017, and
the second from 7 to 8 March 2018. After the
selection, in the first module, four former
members of the special police were educated
for the education and mentoring tasks of the
Homeland War veterans of the first category
with the 100% disability. At the same time, as
this training of four Homeland War veterans
of the first category with the 100% disabili-
ty led by former members of the special po-
lice was performed, their wives / caregivers
have participated in a psychosocial empow-
erment program aimed at supporting their
husbands during their education, and during
the implementation of population education
on mine threats.

The first module included three workshops:

1st Workshop: “Specifics of the Individual
teaching”

Although previously involved in the train-
ing of MRE educators, former special police
officers did not have adequate competences
for training of the trainers approach, and in
particular for the sensitive target group of
Homeland War veterans of the first catego-
ry with the 100% disability. Therefore, it was
necessary to acquaint them with the specif-
ics of the education for this population that,
apart from basic teaching methods, included
the consideration of the special organization-
al forms to the psychological barriers that
may or could appear. Additional topics were
verbal, nonverbal and written communica-
tion and preparatory and presentation skills
performance.
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2nd Workshop: “Preparation, implementa-
tion and evaluation of education on Mine
Suspected Areas”

The aim of this workshop was to enable the
special police officers to tailor Mine Risk
Trainings to the specificity of the target group,
the Homeland War veterans of the first cate-
gory with the 100% disability. During indi-
vidual exercises, the participants performed
the presentations, received feedback and
thus upgraded their communication skills.

3rd Workshop: “Demined Areas - What af-
ter?”

The aim was to acquaint the former members
of the special police and Homeland War vet-
erans of the first category with the 100% dis-
ability on the possibilities of entrepreneur-
ship activities and funding sources for the
population after the demining activities have
ended. Special attention has been dedicated
to the possibilities of applying for national
and EU funds and other entrepreneurial sup-
port, with a focus on setting up agricultural
production on demined areas, especially for
the young farmers.

The second module intention was to get
Homeland War veterans of the first category
with the 100% disability acquainted with the
content of MRE in Mine Suspected Areas, in
addition to the Mine awareness training and
preparation training for the field exercise.

The third module was devoted to the psy-
chological empowerment of wives / care-
takers of the Homeland War veterans of the
first category with the 100% disability, while
the fourth module, which is not elaborated
in this paper, involved the practical perfor-
mance of Mine risk educations, conducted
by the Homeland War veterans of the first
category with the 100% disability, in the two
most Mine-contaminated Croatian Counties
(Sisak-Moslavina and Karlovac County). All
training sessions were held at the Special
Hospital for Medical Rehabilitation “Varaz-
dinske Toplice”, an area which was specifi-
cally tailored to the needs of Homeland War
veterans of the first category with the 100%
disability.
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The results

After each workshop, evaluation of the suc-
cess was carried out through the evaluation
questionnaire. An overview of the evaluation
results made by the workshop participants
are shown below:

Workshop Name:

R1: Specifics of the Individual Teaching

R2: Preparation, implementation and evalu-
ation of education

R3: Introduction to the Mine dangers

R4: Demined Areas - What after?

Elements of R1 R2 R3 R4
assessment

Clarity and 4,88 5,00 4,80 5,00
understanding of the

content

Engagement of the 4,88 5,00 5,00 5,00
topic
Quality and clarity of | 5,00 5,00 | 4,80 4,86
the presentations

Lecturer 5,00 4,83 5,00 5,00
presentational skills
The quality of 4,88 14,83 5,00 4,86

practical training /
exercises

The usefulness of 4,88 5,00 5,00 5,00
replies to participants'
questions

Suitability of area and | 4,75 5,00 5,00 5,00
equipment

Table 1: Overview of the average grades expressed by the education

participants according to evaluation elements

Aside from the evaluation of the defined

assessment variables, the education partic-

ipants have also, in the open Q/A session,

expressed their opinions on the most useful

parts of the course as well as their interest in

participating in future educations.

* The most useful parts of the educations,
according to the participants, were:

* the practical ability to apply the learned

* preparation to become a lecturer

* communication in the process of teaching
others

* new information on investment opportu-
nities in the demined areas (especially for
young farmers aged 18 to 40)
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* networking and specific involvement of
the wives of the Homeland War veterans
of the first category with the 100% disabil-
ity, in the project activities

* The participants have also expressed their
interest for further education in the fol-
lowing topics:

* written business correspondence; e-mail
and social networks

* communication skills - continuation

* support for the programs intended to-
ward the associations of persons with
physical disabilities

Discussion

The illness of one member of the family caus-
es the suffering of other members, disrupts
effective communication and family dy-
namics. All those who care about the most
vulnerable, especially those with a high de-
gree of disability, share a range of common
problems that include disrupted physical
and psychological functioning. Given the
long-term exposure to multiple stressful sit-
uations, the aforementioned problems can
lead to more serious health and psychologi-
cal consequences. There are only a few indi-
viduals who can regress their disrupted psy-
cho-physical stability by their own strengths
and without sustained support provided
from their environment.

It is therefore important to encourage activ-
ities focusing on the inclusion of the Home-
land War veterans of the first category with
the 100% disability into socially beneficial
activities, where they will again feel useful,
beneficial and socially engaged, in addition
to working on useful activities such as MRE.
Mentioned educational activities, complete
support, mentoring and assistance can be
provided by former special police officers,
nowadays retired veterans, who are confront-
ed with a very similar challenge in reintegrat-
ing into society. Both target groups have a
very similar experience from the battlefield,
so there is a reasonable expectation that the
Homeland War veterans of the first category
with the 100% disability will be more open
to working with former members of the spe-
cial police with whom they share experiences
from the Homeland War.

Conclusion

The synergy of experiences and authorities
that in the joint learning and work of former
members of the special police force and the
Homeland War veterans of the first category
with the 100% disability, can effectively in-
fluence the educational outcomes of the pop-
ulation during the MRE activities. Lectures
provided by the experienced War veterans,
and ones with a disability, have additional
impact, because they are supported by the
authority and experience of their lecturers
participation in the Homeland War, and as
such, more effectively influence the percep-
tion and attention span of listeners, to whom
information on risks, dangers and (non) ac-
ceptable behaviour and actions, could even-
tually save life.

Re-socialisation of former members of the
special police and the Homeland War veter-
ans of the first category with the 100% dis-
ability, through providing education of the
population in Mine Suspected Areas, dis-
plays one of the possible models of inclusion
of these groups into socially useful activities.
Their interest in active learning and teaching
is inspirational, and shows that there are pos-
sible models that can have a positive impact
on the individual level, but also on current
and useful topics in the wider social context.
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Explosive Hazards Community of Experts

Promising C-1ED Tools

Yvan Baudoin, Yves Dubucq, Torsten Vikstrom

International CBRNE Institute

Introduction

Forming an integral part of the International
CBRNE Institute (ICI - www.ici-belgium.be/
news) , the EXPLOSIVES KNOWLEDGE
CENTER / COUNTER EXPLOSIVE HAZ-
ARDS Community of Experts (EKC/C-EH
CE) intends to ensure sustained impact on
the demining community and value to the
general public, support the European Union
(EU) Security facing explosive hazards threats
(and possibly CBRNE threats) and welcome
Experts in Explosive Hazards-related issues.
The proposed Community of Experts shall,
inter alia, focus on the exploitation of the
toolboxes and initiatives developed in EC
projects so far and on expanding their appli-
cation to other explosive hazards threatening
civil society.

To avoid duplication and ensure the ongo-
ing exchange with practitioners and experts,
cooperation with existing Centres will be
established, e.g. with the NATO Explosive
Ordnance Disposal Centre of Excellence,
the Counter Improvised Explosive Devices
Centre of Excellence (C-IED COE), the Inter-
national Centre of Demining (CID), located
in Madrid, the United Nations Mine Action

Service!, the Geneva International Centre for
Humanitarian Demining (GICHD?), the Eu-
ropean Corporate of Security Associations
(ECSAY).

&

— Secretariat

CBRN KC EKC

The Community, administratively managed
by his Explosive Knowledge Centre (EKC)
will be coordinated by a Decentralised Steer-
ing Committee, responsible for external rela-
tions and visibility, while the members of the
community are acting in five Technical Task
Forces, or TTF, and will pursue the objectives
described below.

Objectives of TTF1- TTF 5: Technology
Watch and Shared R&D

* Continuously improve technologies*
through an exchange of R&D results
among the scientific community and
through adequate interdisciplinary tech-
nology transfer

* Share expertise and particularly research
through dedicated workshops in close co-
operation with the above mentioned Cen-

L www.mineaction.org/unmas
2www.gichd.org
Swww.ecsa-eu.org

* In particular: Detection Tools, Robotics (UGV, RPAS), Protec-
tion tools, Neutralisatio/Disposal/Forensic
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tres and other stakeholders

* Monitor the developed tools and prepare
their validation and their wider imple-
mentation.

* Prepare the validation and wider imple-
mentation of tools, in particular in the
current context of terrorist threats in Eu-
rope’

* Improve technologies countering Impro-
vised Explosive Devices

Objectives of TTF 2: Validation and Eu-
ropean Standards

* Promote EU-wide standards of relevant
counter explosive hazards (C-EH) tech-
nologies, tests and evaluations of C-EH
equipment

* Maintain a dedicated area of permanent
lab-space for baseline testing of perfor-
mance and suggest appropriate test ar-
eas for field testing, e.g. the CID or/and
the C-IED COE in Spain, the HCR-CTRO
Test Facilities in Croatia, the ICI facilities
in Belgium, the Joint Research Centre in
ISPRA, Italy, among others

Objectives of TTF 3: Training and Risk
Education (Centrum

* Develop Survey (prediction, prevention,
detection) e-Tutor

* Offer advanced multinational e-C-EH
courses and C-EH training

* Risk Education tools for C-EH Practi-
tioners

* Develop EOD/IED e-Tutor and have
them validated

* Support the training of practitioners in
the domain of Improvised Explosive De-
vices (with possible CBR(N) payload)

Objectives of TTF 4: Meeting the C-EH
Practitioners Requirements

* Support comprehensive and integrated
use of Information Management Systems

5 European Program HORIZON focusing on the Security - In April 2015
the European Commission adopted the European Agenda on Security
(EAS) for the coming five years. On the basis of the EAS, the Council
adopted in June 2015 the renewed European Union Internal Security
Strategy 2015-2020 confirming tackling and preventing terrorism,
radicalisation to terrorism and recruitment as well as financing related

to terrorism, preventing and fighting serious and organised crime and
preventing and fighting cybercrime as the main priorities for European
Union’s actions
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(IMS) as requested by end users
* C(lose cooperation with practitioners in
the field of Counter Terrorist activities

and the European Corporate Security As-
sociations (ECSA)

The ICI-EKC currently improves the tools de-
veloped under the FP7 TIRAMISU/D-BOX
projects. The following table summarizes
the most important operational tools and
promising C-IED tools refers to the Points of
Contacts (POC). Feel free to contact them for
detailed information and possible implemen-
tation agreement. More on red lines: read
www-link

T-IMS torsten@sitescandinavia.se
(SITE, Sweden)

APT (UNIGTE, Italy) zoppi@dimec.unige.it
(C-IED) info@pierretra.com
MINERVA (IDS, L.nuzzo@idscorporation.it

Italy) (C-IED)

TR-LAUNCHER
(RMA, Belgium)

geokecha@gmail.com

Yves.dubucq@ici-belgium.be
Protective Equipment
(ICI, Belgium)

Hyperspectral
detection tools

Nikola.pavkovic@ctro.hr
www.fp7-tiramisu.eu

Neutralisation Set Januszko@witi.wroc.pl

www.fp7-tiramisu.eu

Mobile UXO Januszko@witi.wroc.pl
CONTAINER www.fp7-tiramisu.eu
Mine (IED) Risk patfordemining@gmail.com
Education for Adults

Computer game
for school children
education on mine /

m.kacprzak@imm.org.pl

IED risk

Handbooks for http:/ /www.cbrneltd.com/
CBRNE, Crisis img_external/products/
management, ppe-thumb.png www.d-box-

demining guidelines project.eu

2. C-IED Descriptions

2.1. T-IMS

The Information Management System
(T-IMS)’, a mobile field data collection tool

6 T-IMS : read further by: “From the field : mobile technologies
for Mine Action; The Journal of Conventional Weapons Destruc-
tion”
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for humanitarian demining, is a software ap-
plication for C-IED operators and surveyors
in the field. T-IMS optionally contains the
Collaborative ORDnance Data Repository
(CORD), hosted and managed by the Center
for International Stabilization and Recovery
(CISR) at James Madison University (JMU).
CORD provides access to approximately
5,000 ordnance objects offline. Such system
may easily been connected to IMSMA! pro-
posed by the GICHD?. Compatible with the
new IMAS IED’

2.2. MINERVA

MINERVA is a vehicle-mounted ground pen-
etrating radar (GPR) sensor for counter-IED
and mine route clearance. It is a product of
IDS’s past experience in developing and
manufacturing market leading GPR systems
and its expertise in radar systems and anten-
na design. It uses from one to four modular
antenna arrays to produce radar images of
the subsoil, from 2D images to complex re-
al-time high resolution 3D tomography.

2.3. APT

A versatile adapted agricultural tractor was
developed under the European Union’s TI-
RAMISU R&D project. The machine was
subjected to multiple detonations at the
CROMAC test centre and sustained only the
most superficial damage. With no repair nec-
essary, APT (Area Preparation Tractor) was
then moved into a live minefield for accep-
tance testing*. After a brief period of Oper-
ator training with the remote controls, the
APT was handed over to a Croatian demi-
ning team and moved into the minefield. A
new Stage now involves the development of
an alternative tool that shares the same rising
and falling platform and extends APT for use
as a C-IED robot.

2.4. Fragment protective textile

The assessment of the resistance of a material
under near simultaneous multiple impacts,

I Information Management System for Mine Action
2 Geneva International Centre for Humanitarian Demining
3New Standard on initiative of UNMAS

* As required in IMAS 03.40, Test and Evaluation of Mine Ac-
tion Equipment.

as in a case of the fragmentation generated
by IED explosion, can be roughly described
by single ballistic impact tests. Therefore the
Department of Weapon Systems and Ballis-
tics of the Royal Military Academy, has de-
veloped a technique that takes into account
the interactions of multiple near simultane-
ous impacts. This technique, called Triple
Launcher, has certified the new fabric de-
veloped by Hotzonesolutions- ICI. A high
strength and highly dense textile structure
provides an ideal IED fragment protection. It
prevents micro fragments such as dirt, sand
and debris from penetration. The number of
penetrating fragments is minimized and the
penetration depth is reduced. The perfor-
mance has successfully been tested according
to STANAG 2920, with velocities up to 410
m/s

2.5. Computer game for children educa-
tion on IED risks

Great Rally on the Back of Electronic Tur-
tles is a board-type game, and rally through
a terrain with mine /IED risks is its content.
Electronic turtle, serving as a pawn in the
game, is depicted as three-wheeled vehicle,
equipped with camera and tiny intelligence
- derived from cybernetic turtle that was de-
signed for initial cybernetic experiments with
artificial intelligence. The subjects of observa-
tion are different objects, situated on the path
or past it, shoved with cybernetic turtle’s
camera. And just quizzes and observations,
when correct answers and truthful observa-
tions bring needed grains, make up educa-
tive mechanism of the game. The game has
been tested successfully in one school in Po-
land and in two schools in Croatia. Detailed
description of the game, as well as methods
and results of its testing, are presented in the
Computer Games Journal (http://link.spring-
er.com/article/10.1007 / s40869-016-0026-z).

2.6. BILLY GOAT RADIO

Billy Goat radio is a Risk Education (RE)
tool aimed at enabling the operators living
in mine and other explosive affected areas to
write and produce short educational serial
dramas which will be broadcast by radio and
performed live by a team of local actors trav-
elling through the interested region.
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HIEDC (Humanitarian Improvised Explosive Device Clearance)
& IEDD (Improvised Explosive Device Disposal)

Risk Management by Response Training in HMA (Humanitarian

Mine Action)
Philip Jowett MBE, IMCSE,

Benjamin Remfrey MBE, IMCSE, MI Exp. E

Abstract

In this short article MAT Kosovo will en-
deavour to convey a concept of operations
for Humanitarian Improvised Explosive
Device Disposal Clearance (HIEDC) from
a humanitarian mine action (HMA) context.
Considering recent changes to the threats
faced by HMA clearance operatives from
randomly seeded IEDs and booby traps
(BT) it is imperative that processes and pro-
cedures are developed to ensure safe con-
duct of operations which reduce risk and
mitigate threats.

International

IMAS

Currently there is a requirement for a re-
view of the IMAS Test and Evaluation Pro-
tocol 09.30/01/2014, Version 1.0, 30 October
2014 - Explosive Ordnance Disposal (EOD)
Competency Standards and development
of a robust set of Standard Operating Pro-
cedures (SOP), which will require ALL in-
volved actors from within the HMA indus-
try to come together and work in cadre to
resolve this issue

Index Terms - HIEDC - Humanitarian Im-
provised Explosive Device Clearance.
IEDD - Improvised Explosive Device Dis-
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posal. HMA - Humanitarian Mine Action.
UAS - Unmanned Aerial Systems.

I. Concept of Operations

1. Conduct of HIEDC differs in many ways
to CIED operations conducted by mili-
tary personnel. Militaries operate within
a non-permissive milieu. Their role is to
utilise CIED techniques for:

a. Manoeuvrability.
b. Operability and force protection.
c. To gain intelligence.

d. Deny the enemy their resources and to
gain convictions.

2. Military forces do not in the main conduct
mine clearance operations, this is general-
ly the role of Humanitarian Mine Action
organisations (HMA) or in country mili-
tia. Although HMA are utilising military
CIED search techniques these have been
adapted to encompass International Mine
Action Standard (IMAS) protocols and
processes untimely leading to the release
of land.

3. Within a HMA environment the ultimate
objectives are to clear land of ERW to fa-
cilitate land release back to the populace.
The key EOD philosophies within Hu-
manitarian Mine Action being to:

a. Preservation of live.

b. Preservation of property and the envi-
ronment.
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c. Return the situation to normality.

4. Differences in operational objectives, the

90

environment in which HMA is conduct-
ed and the processes implemented for
IED clearance are different in many ways
from military operations, such as:

a. Clearance and Search within HMA
deals with the clearance of legacy' /
abandoned? IEDs and Booby traps and
explosive Remnants of War (ERW) in
a post conflict situation.

b. The focus of a threat assessment must
look at the situation in the past tense.
Whether conducting an initial threat
assessment for planning or conduct-
ing a personal threat assessment on
the ground the clearance operator
must think “What was the target”?
“What was the terrorist Modus Oper-
dani (MO) of operation?

c. Over time any ground sign may have
disappeared due vegetation growth
and weather, such as rain washing
away signs of disturbance.

d. Clearance assets work without au-
thority to remove people and to estab-
lish cordons and are beholding to oth-
er agencies, such as Police or military
assets to support their operations.

e. CIED techniques should only be con-
ducted within a permissive environ-
ment and as such clearance teams
should not be under external threat of
attack or be targeted by hostile actors’.

f. CIED operations constantly place
clearance assets in the highest possi-
ble threat areas for protracted periods
to locate ALL threat items. This puts
them at constant risk from devices
which have been emplaced to specif-
ically target other assets such as mili-
tary, police and EOD clearance teams.
Although clearance teams were/are
not the intended target, they still face
the same risks from secondary and

victim operated (VO) mechanisms
whilst on operations.

g. Clearance assets lack certain special-
ist equipment and high numbers of
personnel which are often available to
military assets which will make any
task more onerous.

h. Clearance assets do not conduct oper-
ations from within a protective cordon
however, they will need to implement
cordons when conducting the dispos-
al phase of an EOD task to ensure the
safety of others. They will be reliant
on other agencies for support such as
IEDD operators.

i. HMA operations are conducted in ac-
cordance with IMAS, NMAA, organ-
isational SOPs often under the remit
of a National Mine Action Authority
(NMAA) or UN. Clearance assets are
accountable for your actions.

j. HMA demining teams conduct clear-

ance operation where aspects of that
operation may or may not incorporate
search procedures.

k. Clearance assets must ensure the ar-
eas and environments cleared and
searched are free from any explosive
danger / ERW to enable land release
processes to be implemented. This in-
cludes the implementation of IMAS
marking systems and processes which
enable subsequent Quality Checks
(QC) of clearance operations to be im-
plemented.

5. Clearance asset processes and procedures

need to be systematic, thorough and doc-
umented to ensure compliance and ac-
countability with IMAS land release pro-
cesses.

CIED and Search operations within a
HMA environment should not differ in
approach to that of conventional dispos-
al of mined and cluster strike areas. The
build-up, planning, technical survey,
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marking of CHA’s, management of op-
erations and documentation processes
should be similar to that of IMAS for con-
ventional clearance operations. The major
difference HIEDC has from conventional
demining is in the operational conduct
and procedures of clearance within the
confirmed hazardous area (CHA). The
risks and identified threats require an
alternate approach for the location and
neutralisation of these seeded IEDs and
boobytraps.

trained personnel are not Improvised
Explosive Device Disposal (IEDD) oper-
ators. IEDD operators have a greater lev-
el of training and equipment; providing
a remote response capability such as; re-
mote operated vehicles (ROV).

. HIEDC level 3 qualified operators (team

leaders) will have the same levels of ca-
pability for the disposal / render safe of
explosive hazards as that of a IMAS EOD
Level 3/3+ clearance operator, in that
they are cable of:

Il. Implementation of other HMA capa-
bilities
7. Conduct of HIEDC will involve the im-

plementation of current and advancing
HMA capabilities within the phases of an
operation, such as:

a. Planning - Previous military records,
Use of Unmanned Aerial systems
(UAS) for mapping of areas.

b. Non-technical Survey - Use of Un-
manned Aerial systems (UAS) and
ROV for remote reconnaissance, im-
agery, 3D modelling, thermal im-
print, topography etc.

c. Tech Survey -UAS / ROV / Mechan-
ical assets / MDD/EDD: for area

reduction and GIS, task monitoring
(UAS).

d. Clearance and Search operations -
UAS / ROV / Mechanical assets /
MDD/EDD: Implemented into the
various procedures to reduce risk and
mitigate threat to HMA operatives.

a. Blow in Place (BiP).
b. Low Order Techniques (LOT).

c. Thermite disposal (drip or pyro torch-
es).

d. Pulling.

e. Tracing of trip wires and gagging of
fuses.

f. Excavation of an explosive target.

g. Limited manual techniques - Detona-
tor removal. (untapping from detonat-
ing cord).

No differently from conducting RSP within a
demining, BAC task site or conducting Spot
tasks.

10. Any disposal or render safe deemed be-
yond the scope of HIEDC trained person-
nel will be dealt with by a fully qualified
IEDD operator, these include:

a. Vehicle Clearance (opposed to vehicle
search on base security operations).

lll. CIED Operator Limitations

8. It should be understood that HIEDC b. Advanced electronic trigger mech-
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anisms such as, PIR, light sensitive,
prototyping board activated devices.

Body clearance (suicide belts) second-
ary devices and other complex IEDs.

Support to
Clearance.

Building/compound

IV. Other limitations include:
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a.

CIED techniques are not structured
to deal with mines (except for IED
mine belts) or sub-munition clear-
ance. Where there is a threat of mines
or sub-munitions conventional IMAS
demining clearance procedures are to
be used.

IMAS EOD level 3 qualified person-
nel to be employed as Team Leaders
(TL) who have successfully complet-
ed a level 3 HIEDC training course or
equivalent.

Only the TL to render an IED inoper-
able utilising those techniques taught
through training.

Manual render safe procedures are
not to be carried out unless specific in
theatre training has been undertaken.

Where possible a qualified IEDD op-
erator / No2 should be in support of
HIEDC operations. This may be as
a deployed asset with the clearance

teams or as an on-call response asset
should an IED be located.

IEDC techniques are not structured
to deal with mines (except for IED
mine belts) or sub-munition clear-

ance. Where there is a threat of mines
or sub-munitions conventional IMAS
demining clearance procedures are to
be used.

g. IMAS EOD level 3 qualified personnel
to be employed as Team Leaders (TL)
who have successfully completed a
level 3 HIEDC training course.

h. Only the TL to render an IED inoper-
able utilising those techniques taught
through HIEDC training. Manual
render safe procedures are not to be
carried out unless specific in theatre
training has been undertaken.

i. If an IEDD operator is in support of
HIEDC operations the asset is to con-
duct all render safe procedures.

j. Clearance teams may assist in the col-

lection of intelligence and forensic ev-
idence however, this is not the remit
of the clearance assets and should be
the focus of other national assets. Op-
eration should not be compromised
or place clearance assets in danger for
the collection of intelligence or foren-
sic evidence.

V. CIED planning

11.

12.

Operational Planning - If clearance and
search operations are to be successful
they must be well planned, coordinated
and managed effectively. It is the remit
of the planner to coordinate agencies and
assets. Operations should be based on the
perceived threat from IEDs, boobytraps
and ERW at the time of placement as this
will dictate the operational required and
identify requirements for resources and
personnel. The level of response should
be considered to avoid wasting key assets
to minor tasks.

Clearance and Search Capability - Op-
eration Managers / Commanders should
consider carefully the assets and equip-
ment they require in a theatre of opera-
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tion to ensure the CIED assets are able
to respond and meet the demands of the
task. A CIED training cadre should cover
the following disciplines:

a. Clearance and Search Doctrine, Policy.

b. IED and Boobytraps / Methods of Op-
eration / Threat Assessment.

c. Base security / Op security and Ac-
tions On. (optional)

d. Person Search. (optional)
e. Vehicle Search. (optional)

f. Area Clearance. (IED seeding and rub-
ble areas).

g. Building Clearance - Disruptive and
Assurance (VIP) Search. (optional)

h. Route Search / checks / VPs.
i. Compound Clearance.

j-  Clearance of built up areas.
k. Clearance of human remains.

. Clearance of collapsed buildings.

Adwvarsaries Alm [

Probable Advarsaries Intant

Possible
threats
threats

Unlikely
threats £
— -
Location dm% Type of Threat /
Ground capability

VI. HIEDC recommended levels of train-

ing

1. Personnel attend a tiered training pro-
gramme of 3 levels of CIED training.
Given the nature and inherent danger

involved in IED clearance the following
prerequisites are suggested:

a. IMAS Level 1 HIEDC Clearance and
Search Team Member. Role: Team
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Member (TM). Prerequisites: IMAS
EOD level 1-2 with 6 months experi-
ence.

b. IMAS Level 2 HIEDC Clearance and
Search Team 2i/c. Role: Team 2i/c.
Prerequisites: IMAS EOD Level 2-3
with 6 months experience.

c. IMAS Level 3 HIEDC Clearance and
Search Team TL. ROLE: Team Lead-
er: Prerequisites - IMAS EOD Level 3
with 6 months experience.

VIIL. IMAS IEDD Operator

a. IEDD Operator and No2 - Separate
qualification and training required.
Recommendation that IEED are inter-
national with minimum of 2 years’ ex-
perience.

b. IMAS Level 3+ and have attended a
HIEDC course with a minimum of 6
months experience as a HIEDC TL.

VIIL. In Summary

CIED is an effective tool to identify and locate
legacy/abandoned IEDs, boobytraps ERW and
render inoperable; ultimately providing a safe en-
vironment for QA/QC and land release. They are
not procedures that are implemented where there
are minefields or sub-munitions. If areas are iden-
tified through Non-technical and technical survey
to contain mines or sub-munitions conventional
mine clearance techniques should be implement-
ed. Where possible IEDD assets should always
support HIEDC operations.
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Shifting Mines: Countering “New” Legacy Contamination in
Flooded Areas using 2D Hydraulic Models

Lior Asaf, Matan Biederman, Leonid Grinis, Michael Heiman

Abstract

Along the Israeli borders, large areas of land
have been designated as SHA’s as a result of
the potential mobilization of Anti Personal
Mines (PRBM-35 and nol0 types) by major
floods over the last 50 years. A new meth-
odology to reduce the size of the Suspected
Hazardous Areas (SHA) and manage the
risk in these areas by predicting the poten-
tial transport of the mines following season-
al flood events that took place in the last 50
years is presented.

The method was developed for the first time
for INMAA (Israel National Mine Action
Authority) and applied in five demining
projects in Israel. Lab experiments and 2D
hydraulic model predictions were verified
independently in the field using data col-
lected from the INMAA, and from mines re-
moved at the Sapir site. Ninety seven percent
(97%) of the 379 mines that were found at the
Sapir site were located in areas calculated to
have a risk Category of 4 (high). The other 3%
of the mines were found to be located in risk
Category 3 (medium) areas. No mines were
found in risk Category 1 (very low) areas or
risk Category 2 (low) areas. This methodol-
ogy proved to reduce the work and risk as-
sociated with mine removal operations (50
% decrease in SHA areas), save valuable re-
sources, improve safety, and significantly cut
costs (over 100 million US$ in IMMAA proj-
ects).

1. Introduction

Along the Israeli borders, large areas of land
have been designated as SHA’s as a result of
the potential mobilization of Anti Personal
Mines (PRBM-35 and nol0 types) by major
floods over the last 50 years. In an attempt
to save costs, minimize the damage to natu-
ral values and reduce the safety risks of im-
plementing such actions, Ecolog Engineering
Ltd. (Ecolog) was requested by INMAA to
develop a methodology to reduce the size
of the SHAs and manage the risks at these
sites by predicting the potential transport of
the mines using hydrological and hydraulic
modeling following large flood events (Fig-
ure 1).
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Figure 1 : SHA's sites
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2. Methods and Materials

The concept is simple analysis of the terrain
(natural and manmade), and flow conditions

(Water depth and velocity), during past floods
by hydraulic models to allow the determina-
tion

of different risk levels for mine transport in
SHA - Suspected Hazardous Areas. During
the first phase of the project, a conceptual mod-
el including assessment of risk zone based on
the results of 2D hydraulic simulation for past
flood events was developed (Table 1).

Category |Risk Description | Color
low |fiood :

3 Madiu
m have low energy (fow) regime which has low

Argad that have been flooded by some event, but| Yellow

chance to mobilize mines [V<0.3 m,/secor De0.1m )

Table 1: Categories for risk zones for mine hazard in SHA sites.

3. Lab Experiments

Since literature and research data regarding
boundary conditions for mines movement
during floods was not available, we devel-
oped lab experiments to determine the flow
conditions for mines initial movement and
deceleration under various slopes (0 %-8%)
and terrain material (e.g. Small Pebble, Medi-
um Pebble, Small Gravel and Grable) (figure
2). The lab experiments were not planned to
reconstruct a specific river or stream but to
rather to analyze the general boundary con-
ditions for mine movement under natural
flow. During the experiment we preformed
7943 measurements of Anti Personal Mines
(PRBM35 and No. 10 types in 1:1 scale) trans-
port in various flow, slope, and terrine condi-
tions. The Lab result for 0 % are presented in
Figure 3. From the lab results we can predict
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the hydraulic conditions that can transport
Anti Personal Mines like PRBM35 and No. 10
under natural flow at various bed material.
The minimum velocity is around 0.3 m/sec
for small gravel (blue squares) and the corre-
sponding water depth is around 0.1 m.

{1) Frame, (2) Pump , (3) Flow meters, (4) water valve
(5] water tank # 1 (8] flow experiment tunnel (7) water tank #l‘]

Figgure 3. Flow experiment setup
Figure 2: Flow experiment setup
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Figure 3: Initial movement for M35 mine at % slope as a function of
gravel bed material (blue, green and red lines are Minimum, Mean
and Maximum velocity values respectively

4.2D Hydraulic Simulation

Digital Elevation Models (DEM) were con-
structed using aerial photographs, satellite
and LIDAR measurements while examining
natural morphological and man-made chang-
es undergone at the stream at the investigat-
ed areas, in recent decades. The DEM’s were
used as the basis for the hydrological models
for past major floods since the installation of
the minefields in 1968. Rain statistics from
1944- 2016 were used to determine rain inten-
sity and accumulated rain for past major flow
events. Following the hydrological survey and
determination of the flood hydrographs for
the major floods event (from 1970, 1975, 1987,
1993, 2004 and 2010), a 2D numerical flow
model (by TUFLOW software) was developed
to calculate the two-dimensional velocity and
water depth raster’s across the SHA to deter-
mine the feasibility of mine movement. The
simulation calculated the velocity and water
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depth for each 5m*5m cell throughout the
flow event in each of the SHA sites. A typical
model grid is for 4-25 km”2 corresponding to
160,000-1,000,000 cells. Figure 4 presents the
maximum velocity raster for the 2010 flood
event at the Sapir site. Based on the results of
the 2D hydraulic model, the SHA was divided
into four levels of risk based on the hydrau-
lic conditions during the flow event (Tablel)
from Category 1-very low risk, to Category 4
- high risk). Model predictions were verified
independently using data collected from the
INMAA, from mines evacuated at the Sapir
site. Figure 5 presents the location of mines
at the Sapir site over the risk zone map. It's
important to indicate that the location of the
mines were unknown to us during the pro-

duction of the risk zone.

-

-

Fia 1 |

Figure 4: Velocity flow raster for the 2010 event
(850 m3/sec) at Sapir Site

Figure 5: Location of mines at the Sapir site over the
risk zone map

5. Results and Discussion

Ninety-seven percent (97%) of the 379 mines
that were found at Sapir site were located in
areas calculated to have a risk Category of
4. The other 3% of the mines were found
to be located in risk Category 3 (medium)
areas. No mines were found in risk Catego-
ry 1(very low) areas or risk Category 2 (low)
areas. Figure 6 summarizes the results for
the risk zone from the five SHA sites. In each
site the final polygon for each risk zone was
produced in ArcGIS was the base for future
demining operation and the final clearance of
the SHA sites. The overall area of Category
1-2 is between 17% at Sapir site to 86.9 % at
Naama site. The total low risk area is around
12,000,000 m”2 (51.3 % from total area).If we
considered based on the actual evacuation
cost the total saving would be over 100 M$
for the Israeli National Mine Action Authori-
ty. Therefore quite a significant cost saving of
around 50 % from initial demining operation
estimation was achieved using the risk zone
approach. The methodology applied in the
project received the 2017 first prize for inven-
tion in the Israeli Civil Service Sector.
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Figure 6: Categories for risk zones for mine hazard in SHA sites
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6. Conclusions

1. New methodology to reduce the size of
the Suspected Hazardous Areas (SHA’s)
by predicting the potential transport of the
mines using hydrological and 2D Hydrau-
lic modeling was newly developed.

2. The model was tested in 5 sites in Israel
adjacent to major dry wadies in the Arava
Valley, the Dead Sea and Jordan Valley re-
gion (Naama, Tamar, Zin, Sapir, Tsofar and
Tzukim sites).

3. The total low risk area is around 12,000,000
m”2 (51.3 % from total SHA area).

4. Ninety-seven percent (97 %) of the 379 mines
that were found at Sapir site were located
in areas calculated to have a risk Category
of 4 (high). The other 3% of the mines were
found to be located in risk Category 3 (me-
dium) areas.

5. No mines were found in risk Category 1
(very low) areas or risk Category 2 (low) ar-
eas.

6. This methodology proved to reduce the
work and risk associated with mine remov-
al operations (50 % decrease in SHA areas),
save valuable resources, improve safety,
and significantly cut costs (over 100 million
US$ in IMMAA projects).

7. The methodology developed during this
project is now available for use in other
SHAs worldwide.

The 15™ International Symposium “Mine Action 2018.”
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Cultural Heritage in Mine Suspected Areas: A GIS Data Base

Igor Kulenovi¢, Neda Kulenovi¢ Oceli¢, Josip Cerina, Josipa Bogunovié

Introduction

Every armed conflict is primarily an inten-
sive spatial practice. The military engage-
ment creates separate relations in space or
the space is mobilised in a military manner.
Lines are established along with demarcation
zones, military positions, roads etc. which to-
gether cut through the common social space
of the civilian life. Upon the cessation of an
armed conflict, the military installations are
in a direct collision with the everyday lives of
the people. The contamination of space with
the UXO (unexploded ordnance) and ERW
(explosive remnants of war) is one of the
most long-lasting and real negative conse-
quences of an armed conflict. Such a contam-
ination presents the most significant obstacle
for people returning to a space or resocial-
ization of space. Negative consequences of
armed conflict together with UXO and ERW
are numerous and properly identified, espe-
cially those which concern the basic needs of
people and communities.

The focus of this paper is still inadequately
discussed topic of cultural heritage in MSA
(Mine Suspected Areas). The destruction of
cultural heritage in the context of an armed
conflict, as well as the necessity to protect
the cultural heritage in such an eventuality,
has been identified a long time ago.’ The first
proper international legal framework whose
focus is the protection of cultural heritage in
an armed conflict is The Hague Convention,
1954.? Although the Convention establishes a

L For history of the protection of cultural heritage in an armed
conflict see: Johannot-Gradis 2015.

2 Convention for the Protection of Cultural Property in the Event

framework for protection of cultural heritage
in an armed conflict,’ the emphasis is primar-
ily on the deliberate destruction and looting
and not on the destruction of cultural heri-
tage generally, which inevitably takes place
in an armed conflict.* However, it is precisely
the “incidental” infliction of damage which
is the most common. This form of damage is
not obvious as is the case with the first-class
monuments and properties with the level of
protection at the international scale such as
The Old Town in Dubrovnik, for instance. The
prevailing damage inflicted upon the cultur-
al heritage most commonly occurs within the
actual practice of warfare: by cutting through
the space measuring in hundreds of kilome-
tres and encompassing extremely large areas
of space which are the subject of building
the military infrastructure, the placement of
landmines included. Hence, the space is cut
through with the whole historical stratifica-
tion and historical depth of that space envel-
oped in the process: numerous archaeolog-
ical sites, landscapes and other monuments
are affected, known and unknown, formally
protected and unprotected.

The estimation of the total, that is the real
damage inflicted upon the cultural proper-
ties demands enormous painstaking work
and research because such estimates must be
founded upon the actual spatial data. Now-

of Armed Conflict, Hague (Netherlands) 1954, First protocol
1954, Second protocol 1999.

3 For the history of legislation on protection of cultural heritage
in an armed conflict see: Techera 2007.

* The military necessity is integrated in The Hague convention
which is a subject of numerous discussions, for instances: Frulli
2011., Techera 2007.
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adays, such a project is most certainly con-
ceivable with the use of landscape archaeol-
ogy methods including the analysis of aerial
and satellite imagery, LIDAR data with the
assistance of GIS etc. The proposed approach
demands accounting for all military engage-
ments in a certain area. In this context it is im-
portant to note that UNESCO recently pub-
lished a military manual for the protection
of cultural property.” Military engagement
is commonly defined in broad and general
terms as types of military action that might
interfere with cultural properties. The place-
ment of anti-personnel mines and other ex-
plosive devices as a means of negative action
against the cultural heritage during and con-
sequently long after the armed conflict is not
cited once. The issue of the MSA and cultur-
al heritage is neither sufficiently recognized
nor systematically addressed as a means of
inflicting damage in an armed conflict.

Cultural Heritage in the MSA in Croatia:
A Background

As early as 1991, Croatia adopted several
legislatives acts’® concerning war damage.’
Naturally, the assessment of war damage
on cultural properties and sites was includ-
ed in the acts. The work on the estimation of
war damage on cultural properties was con-
ducted under aegis of Ministry of Culture.
The reports produced by these efforts clear-
ly demonstrate that the focus was placed on
religious architecture and other well-known
and emblematic registered cultural monu-
ments and sites which were a part of inhab-
ited areas and subjected mostly to the acts of
deliberate destruction.? Not a single instance
of inflicting direct or indirect damage to ar-
chaeological sites or other cultural properties

5 O’Keefe et al. 2016.
6 Zakon o utvrdivanju ratne stete (NN 61/91).

7 Uputa za primjenu Zakona o utordivanju ratne stete (NN
54/93).

8 The data in this paper are presented by the counties with the
overall elaboration of the types and the extent of damage and
restoration: Ukraincik, Ursi¢ 1998/1999.
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was listed in the declaration of war damage,’
either by placing landmines or building mil-
itary obstacles or other installations. This in-
evitably brings us to a conclusion that such
actions were not considered in the assess-
ment of war damage. According to a formal
response issued by the Ministry of Culture
at our request, the estimation of war damage
conducted by the Ministry did not include
archaeological sites or other cultural proper-
ties in the MSA, the record of such properties
or sites are not kept and the Ministry did not
participate in any capacity in the process of
demining such places.!” This fact has to be
considered and evaluated in the context of
the circumstances at the time. The tools, data
and software solutions at our disposal today
were not available at the time which would
enable different and more efficient manage-
ment of a post-conflict situation at the level
of the entire space with every regard to secu-
rity issues.

The MSA is a pressing problem which de-
mands numerous stakeholders, whose pur-
view is some aspect of managing space, as
part of the solution to that problem. The arti-
cle 7" from the Law on the Mine Action clearly
states as much where the Ministry of Culture
is listed’” among the stakeholders involved
in demining efforts. All cultural properties
on the territory of Republic of Croatia fall
under the direct jurisdiction of the Ministry
of Culture. The legal framework is defined
by countless laws and international conven-
tions, of which the Republic of Croatia is a
signatory state. This legislation elaborates
on various aspects and means of protecting
and safeguarding of cultural heritage, han-

9 Ibid.

10 An official information provided by the Ministry of Culture,
Republic of Croatia, at the request of the co-author (February 22™
2018).

1 Law on the Mine Action (Zakon o protuminskom djelovanju,
NN 110/15).

2 The Ministry of Culture has already been integrated as a stake-
holder in the article 4. The Law on the Humanitarian Demining
(Zakon o humanitarnom razminiranju, NN 153/05) no longer

in force, it is substituted by Law on the Mine Action (Zakon o
protuminskom djelovanju, NN 110/15).
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dling of archaeological finds, the execution
of works etc.! The inclusion of the Ministry
of Culture in the demining legal framework
is easily comprehensible when the problem is
viewed from a spatial perspective. The MSA
arbitrarily encompass enormous tracts of
land including every aspect of spatial content
that may be present in that area. Although it
is abundantly clear that the demining pro-
cess falls exclusively under the jurisdiction
of Croatian Mine Action Centre (HCR), other
stakeholders listed in the law on the demin-
ing action’ are direct stakeholders in space.
Their participation in the process could and
should be in the form of inter-institutional
cooperation in defining measures, categori-
sation of areas afflicted by the ERW, defining
demining priorities and standards, provid-
ing funds, defining consequences of contam-
ination with UXO and ERW etc. We find it
plausible to claim that the legislation on de-
mining which included all stakeholders with
some stake in management of space, compre-
hended the issue of MSA with full implica-
tions and reach in mind. However, the cor-
responding practice of cooperative problem
solving appears to be missing completely in
this particular instance.

Cultural Heritage in the MSA in Croatia:
The Aftermath and How to Deal with It

The estimated damage on cultural properties
is not fully accounted for simply because all
manners of destructive actions are not taken
into consideration as well as the entire scope

Lakon o ocuvanju i zastiti kulturnih dobara RH (NN 69/99,

NN 151/03; NN 157/03, NN 87/09, NN 88/10, NN 61/11 , NN
25/12, NN 136/12 , NN 157/13,NN 152/14 i 44/17), Pravilnik
o0 uvjetima za fizicke i pravne osobe radi dobivanja dopustenja za
obavljanje poslova na zastiti i ocuvanju kulturnih dobara (NN
74/03, NN 44/10), Pravilnik o arheoloskim istraZivanjima (NN
102/10), Pravilnik o odredivanju kulturnih predmeta koji se sma-
traju nacionalnim blagom drZava clanica Europske unije (NN
38/04), Convention on the Means of Prohibiting and Preventing
the Illicit Import, Export and Transfer of Ownership of Cultural
Property, 1970, Paris (Ratification law NN 12/93), European
Convention on The Protection of The Archaeological Heritage
(Revised), Valletta, Malta 1992., (ratification law NN 4/04,
9/04), Convention on the Value of Cultural Heritage for Society,
Faro, 2005 (ratification law NN 5/07) etc.

2 Zakon o protuminskom djelovanju (NN 110/15).

of military engagement. This claim appears
all the more valid from the current perspec-
tive when new technologies, tools and per-
spectives are available which enable a more
comprehensive treatment of the problem.
Nowadays, the fact that a whole range of
significant archaeological sites is affected by
various forms of military engagement such
as building military positions and other in-
stallations, the placement of landmines etc.
seems quite straightforward. The elaboration
of the relationship between cultural heritage
and MSA clearly demonstrates that years af-
ter the cessation of armed conflicts numerous
unforeseen consequences of wars are en-
countered. It is reasonable to claim that actu-
al damage has never been fully assessed and
analysed. The same is true for various agents
of destruction, whether their deployment is
direct or indirect or what negative impact
of such actions may be. Consequently, the
damage inflicted upon the cultural heritage
during the course of the Homeland war is
yet to be fully assessed, according to any as-
sessment criteria as are the various means of
inflicting damage and the repercussions this
might have for cultural heritage.

The problem of cultural heritage in the MSAs
will be illustrated by a case study from the
Zadar hinterland. The area under discussion
in geomorphological terms is a region where
karst poljes and limestone ridges alternate
in a regular succession. The entire area is ex-
tremely rich with various remains from the
past. However, a single class particularly
stands out: monumental drystone wall ar-
chitecture dating from Later Prehistory, the
Bronze and Iron Ages. This architecture is
often coupled with burial mounds from the
same period. Such assemblages are common-
ly placed on limestone ridges and their posi-
tion is, as a rule, prominent and dominating.
Such sites are labelled hillforts in the profes-
sional literature and they constitute the most
ubiquitous and emblematic class of sites on
the entire eastern Dalmatian coast and the
hinterland. The immense size of the hillforts
enables their easy detection from the air, on
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aerial and satellite imagery which are readily
available for over a decade. The sites them-
selves are well known from the seminal and
basic scientific literature.®) Numerous such
sites find themselves in the MSA (Fig 1.).

- ‘ﬁ. P\-;_

fects. The final step is the definition of stan-
dards or protocols for demining activities at
archaeological sites which are in accordance
with proper legislation concerning both pro-
tection and safeguarding of cultural heritage

Fig 1. Prehistoric hillforts in Zadar and Sibenik hinterland in the MSA, base map: geoportal.dgu.hr, MSA data
provided by HCR, March 2018 (made by authors)

The case study presented in this paper is not
comprehensive in terms of presenting com-
plete spatial information available on the
cultural properties or specifically in this case
archaeological sites in the MSAs. It is more
of a heuristic device to illustrate an example
of managing such a situation. One aspect of
management may be formulated through the
definition of the scale of negative impacts.
The first level includes the actual inflicted
damage as well as its forms and manifesta-
tions at the level of each individual site. Po-
tential general negative impact is defined at
the second level which stem from the fact
that archaeological sites are found within an
MSA. Such areas are subjected to demining
activities by default. The next step in man-
agement is defining goals and corresponding
measures in order to mitigate negative ef-

3 For instance: Batovi¢ 1987., 1990., 1990.a, Brusi¢ 1976.
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and mine action.

The damage at the level of each individual
cultural property* effected through the im-
pact of ERW can be defined as direct through
the infringement upon the material integrity
of the site (Table 1.). The damage to the site
takes place on two occasions: first, when the
explosive devices are placed and then when
they are removed. Since demining activities
are inevitably carried out using metal detec-
tors, metal artefacts are removed which con-
stitutes selective and hence biased removal
of archaeological finds from the cultural lay-
ers. This practice decreases the scientific val-
ue of site as it the cause of permanent loss
of scientific information. The discovery of
archaeological finds during demining works
is not uncommon. That much is demonstrat-

4 The criteria for defining the damage on cultural properties is
formulated after Sirovica 2015.
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ed by the exhibition under the title “’Pars pro
toto — Archaeology in the Minefield” (" Pars pro
toto — Arheologija u minskom polju’") organized
by the Lika Museum in Gospi¢ and opened
in November 2017. The exhibition was pro-
duced as a result of cooperation between de-
miners and an archaeologist and it presented
archaeological finds discovered during dem-
ining works.!

The indirect damage may be formulated as
inaccessibility of the cultural property for
scientific research, valorisation and develop-
ment of cultural products and tourism (Ta-
ble 1.). The demining of archaeological sites
and other cultural properties ensues for more
than 20 years with no participation whatso-
ever of institutions whose direct jurisdiction
are cultural monuments.

Cultural heritage in the MSA

The form

of damage Criterion

Damage type and description

The placement of anti-personnel mines infringes upon the material integrity of ar-
chaeological sites and other cultural properties

Material
integrity

Direct properties

Demining disturbs the material integrity of archaeological sites and other cultural

damage Demining permanently alters the content of cultural layers by removal of metal and

other archaeological finds

The loss of information on context and content of cultural layers by removal of metal
and other archaeological finds

Scientific

Inaccessibility of a cultural property for scientific research

Indirect

. Inaccessibility of a cultural property for valorisation

Economic
Inaccessibility of a cultural property for development and integration into cultural/

tourist product

GOALS

1. CONTROL AND REDUCTION OF DAMAGE ON CULTURAL HERITAGE

2. ENABLEING ACCESSABILITY OF HERITAGE

Table 1. An example of defining criteria for war damage on cultural heritage in the MSA

Cultural heritage in the MSA

Measures

Integration of spatial data on cultural properties in MSA in MIS HCR

Categorization of areas in MSA: category “cultural heritage”

Development measure: “’demining cultural heritage”

Defining standards of demining cultural heritage

Outreach programs on procedures during demining on cultural properties

Integration of demining cultural properties into ISKB Teuta, Ministry of Culture

Table 2. An example of measures for reduction of damage on cultural heritage in the MSA

I Kolak 2017., https.//muzejlike.hr/2017/11/27/otvorena-izlo-
zba-pars-pro-toto-arheologija-u-minskom-poljuy, visited
26.02.2018.
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Therefore, it is impossible to adequately es-
timate the effects of the general negative im-
pact which can be formulated as gross loss of
heritage value and scientific data in Croatia.
The loss is caused by the undeniable neces-
sity of conducting demining work and just
as necessary use of the metal detector which
simultaneously results in a selective removal
of metal artefacts which were once an inte-
gral part of the site.

imperative that the activities are conducted
jointly and in an atmosphere of compromise.
The first step in that direction presents the in-
tegration of spatial data on cultural heritage
in MSA into the Mine Information System of
Croatian Mine Action Centre (MIS HCR).

Vector data with the area of each individual
cultural property simultaneously present the
“cultural heritage” category which is equiv-
alent to other categories such as agricultur-

Cultural heritage in the MSA

Integration of data on cultural properties into MIS HCR

Category “cultural heritage”
Priority “cultural heritage”

The zone of application of special demining stan-
dards

Spatial data “’cultural heritage”

Zone 2

Zonel

The area surround-

The area of site ing the site

Table 3. Multifunctional category “cultural heritage”

Fig 2. Hillfort Gradina near Vuksic, an example of the spatial category “’cultural heritage”, base map: geopor-
tal.dgu.hr, MSA data according to HCR, March 2018. (made by authors)

General goals may be formulated in relation
to the negative effects: control and reduction
of damage and enabling access and avail-
ability of heritage (Table 1.). The reduction
of damage may be formulated through mul-
tiple measures (Table 2.) which demand the
participation of the institutions with proper
jurisdictions, namely the Ministry of Culture
and Croatian Mine Action Centre (HCR). The
jurisdictions of these institutions inevitably
overlap in such situations. Therefore, it is

The 15t International Symposium “Mine Action 2018.”

al land, settlement, protected area etc. or a
type of demining priority? (Table 3., Fig 2.).
Cultural heritage as a category can further
present a basis for a development measure
”demining of cultural heritage”” and a means
for securing funds for demining actions. It is
important to note that spatial data “cultural

2 After the priorities defined in the National Program of Mine
Action Program, Republic of Croatia 2009-2019 (Nacionalni pro-
gram protuminskog djelovanja Republike Hrvatske 2009.-2019.,
NN 120/09.).
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heritage”, apart from the category and the
priority, simultaneously presents a zone of
special demining standards (Fig 2.).

The articulation of standards during demin-
ing activities’ is precisely the area of compro-
mise. Special standards should be formulated
depending on the particularities of each indi-
vidual situation. However, the general prin-
ciple always must be that safety of deminers
takes precedence over all other issues. The
standards are necessary and present a mea-
sure whose direct intention is to reduce the
damage on a cultural property. This primar-
ily refers to handling of archaeological finds
which are inevitably removed from their
original context. Archaeological sites are of-
ten places of high intensity of metal detector
signal and metal and other archaeological
finds are removed in the process of demin-
ing. Since it is virtually impossible to apply
the norms defined by the legislation concern-
ing protection and safeguarding of cultural
heritage, it is necessary to define measures
for handling of archaeological finds. This
may be formulated as through collecting the
archaeological finds and handing them over
to the proper museum institution authorised
to store such material. For that purpose, it
is necessary to conceptualize outreach pro-
grams and open communication channels
between the stakeholders involved in order
to reach common ground on the importance
and significance of cultural heritage as uni-
versal value in need of care and protection.
Such programs would also present a means
to control and reduce the damage which is in
this case unfortunately necessary. The spatial
data on the overall demining efforts should
be integrated into ISKB Teuta’ of Ministry
of Culture in order to re-evaluate the war
damage on cultural properties, particularly
at archaeological sites where metal detector
was used. It is an extremely important infor-

1 Special standards were deployed in demining projects conducted
at a World Heritage site at Afghanistan and two sites on the ten-
tative list for consideration as World Heritage sites (in Georgia
and Laos), see: Aldrich et al. 2015.

2ISKB TEUTA is presented in Krizaj 2007. and the data which is
accumulated are compatible with the MIS HCR.

mation for all demining actions already con-
ducted which were not under the supervi-
sion of authorised institutions for protection
of cultural heritage.
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@ MINEFIELDS

Minefields.info is an application for Android and iOS smart phones. The applications
main purpose is to warn the user of a life-threatening danger caused by entering an
area suspected of being a minefield. If the user gets closer to an area suspected of
being a minefield the application will alert them.

The application also has a "Call for Help” option. In case the user finds themself in an
area suspected of being a minefield, the safest thing to do is to stay in place. In order
for the rescue team to know their exact location, the user can use the application to call
the competent service. The application takes the user location data and sends it to the
competent service via SMS.

If the user should come across an unknown object suspected of being an explosive
device the application allows them to report the unknown device with the exact location
to the authorities.

~The application is available in the Google Play and App Store where everyone can
download and use it for free.

Minefields from other countries can be added to the application. This way the user only
- needs one application which will alert them about approaching the mine suspected
~ area regardless in which country he is located. If the user calls for help in the

" application or reports the unknown device, that call or report will go to the competent
~ service in the country in which it is located.

For more information please contact:
www.bounty.hr + info@bounty.hr « +385 95 360 360 1 S ELE
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The 4" Generation Metal Detectors
Metal Detector VMF4 Metal Detector VMH4

A real “transformer”

The VMF4 unfolds in just

a few simple steps from a
miniaturized bundle into an
ergonomically optimized
detector for continuous use.

Keep it simple
The classic one-piece design
with the longest telescoping
¥ pole and most rugged model
of the product family.

Metal Detector VMC4

Ultra-compact and ultra-lightweight
Designed for Special Forces as well
as EOD and special humanitarian

demining tasks, the VMC4 offers full
search performance standard to the
4th generation detectors, but

condensed into the smallest and
lightest possible package.

All 4" generation Vallon metal detectors have
the same basic outstanding characteristics:
Pairing excellent search performance with
state-of-the-art features including GPS and
integrated web-server.

The new Detector Generation meets
highest performance demands

with optimized hardware for field use
in all operating conditions

on all soils

day and night

Vallon GmbH ® Arbachtalstr. 10 ® 72800 Eningen ® Germany
Tel. +49.7121.9855-0 ® Fax: +49.7121.9855-100 ® E-Mail: info@vallon.de ® www.vallon.de
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www.dok-ing.com

Bozena

demining system

RELIABILITY
KNOW-HOW
EFFICIENCY |
SAFETY o S

S & WAY INDUSTRIES, a.s. Tel: +421 45 5501 402
:B‘\ b9 Priemyselna 937/4, 963 01 Krupina, E-mail: info@way.sk my.
— W SLOVAKIA Web: www.bozena.eu




Sjaj u tami.

HHEP

Vise od struje
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Croatian Post is aware of its important role in the society and from day
to day accepts that responsibility through a series of activities. On the
occasion of the International Day of Mine Awareness, on 4 April 2018
Croatian Post issued a commemorative postage stamp ,International
Day for Mine Awareness” and a special postmark ,No to Mines*.

In Croatia there is still about 405 km2 of mine suspected area. Despite
the great success of the Croatian mine action system and the fact

that in 2017 there were no mine casualties, it is necessary to continue
reminding and sensitizing the public about the present mine danger and
the problems landmines cause as well as foster care for mine victims.
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