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Figure 1 Tiramisu Toolbox Content
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provide support to people in need, and thus enable the most vulnerable to preserve human dignity. 
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Figure 2.  
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Flight altitude Max. 
transversely to time for time for 

Time left for 

170 6,8 56,66 85 30
160 32 53,33 80 320 55
150 6,0 30 50,00 75 300 80

5,6 28 70 280 105
130 5,2 3,7 26 65 260 130
120 60 155
110 3,1 22 36,66 55 220 180
100 2,8 20 33,33 50 200 205

3,6 2,5 18 30,00 180 230
80 3,2 2,2 16 26,66 160 255
70 2,8 2,0 23,33 35 280
60 1,7 12 20,00 30 120 305

• Flight altitude value around 120 m,
• 
• Flight route length from 70 m to 350 m.

•  to 
5.6  and around 6

• 

a b
 to 1.8
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aluminum platepiezo actuator
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Band-pass filters

prodderPiezo driver

Power supply Tactile augmentation device
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Aluminum plate

Piezo actuator

Fig. 7. Experimental setup of proposed prodder system.
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The 

Red soil River sand

No. Target type Setting
1
2
3 On the ground

Wood
5 Wood
6 Wood On the ground
7 Stone
8 Stone On the ground

Stone
10 Aluminum On the ground
11 Aluminum
12 Aluminum
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No. Target type Setting
13

On the ground
15
16 Wood On the ground
17 Wood
18 Wood

1. 
2. 

3. 

5. 

No. Target type

1 85.71
2 100
3 100 100

Wood
5 Wood
6 Wood 100 57.13
7 Stone
8 Stone 100 100
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No. Target type

Stone 100 100
10 Aluminum 85.71 85.71
11 Aluminum 85.71 100
12 Aluminum 100
13

100 100
15 100 100
16 Wood 85.71
17 Wood 85.71
18 Wood

landmine surrogate.

freedom
Mean of Computed F 

Target type 3
2

Setting 2
Error 28
Total 35
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from the bombed Belgrade
 
 
 
 

Figure 3: Risk assessments and ALARP
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1914 -1915 1941 
German bombing

1944 
Allies bombing

1944 
Belgrade Operation

Small arms ammunitions 1 0 0 1
Artillery shell till 76mm 18 0 0 36
Artillery shell up 76mm 24 0 0 32
ADW 1 24 36 9
AP/AV mines 0 0 0 6
Torpedo/ river mines 8 0 0 1
Chemical munitions 0 0 0 0

Activity Risk Risk level

Shallow earthworks

Small arms ammunitions 1
Artillery shell till 76mm 6
Artillery shell up 76mm 12
ADW 8
AP/AV mines 8
Torpedo/ river mines 8

Chemical munitions 8

Excavation works

Small arms ammunitions 1
Artillery shell till 76mm 36
Artillery shell up 76mm 32
ADW 36
AP/AV mines 1
Torpedo/ river mines 1

Chemical munitions 0

Piles

Small arms ammunitions 1
Artillery shell till 76mm 36
Artillery shell up 76mm 32
ADW 36
AP/AV mines 3
Torpedo/ river mines 0

Chemical munitions 6

Underwater works

Small arms ammunitions 1
Artillery shell till 76mm 1
Artillery shell up 76mm 32
ADW 36
AP/AV mines 1
Torpedo/ river mines 8

Chemical munitions 0
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Residual Risk 
Probability Grading Risk tolerance Action

1-4 Low Tolerable Monitoring the risk. Pro-active educations of all 
personnel

5-12 Low-Medium Partly tolerable

13-27 Medium-high Intolerable Advance Mitigation Measures should be con-
sidered. Situation should be monitored. Risks 
to be mitigated subject to the mitigation being 
reasonable, practical and affordable. Mitigation 
Measures should / will be implemented. All risks 
to be mitigated.

28-82
High High intolerable
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1. Mapping the situation in RS
2. Mapping the situation in the region - through regional expert team
3. 

5. 
6. 
7. 
8. 
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ios , Marc Pirlot, Alain Doucet 21

to perforation from fragments usually generated in an explosion and blast tests provide an insight to 

21 Department of Weapon Systems and Ballistics, Royal Military Academy,Belgium
Corresponding e-mail: george.kechagiadakis@dymasec.be
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Second Shot

First Shot

Δx

 
 A double tap test resulting in perforat

 Within this region the dual shots had long time interval but the 
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of individual photos.

 

visibility of the landslide.
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operations and time of autonomy in the air.
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position and the number of landmines.
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    Floodplain areas 

258 175 138 68,20
321 172
378 256 5067

2

107887 m2
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depth, Figure 5.

50, 100 and 200 m3
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τ ρ ρ0 = ⋅ ⋅ = ⋅ ⋅ ⋅v vg J A
p

g J R

v

τ ρ ρk n vg d= ⋅ ⋅ −( )0 047 50,

50- median diameter.

3

3

h A
(m2

V
2

2 2

115.2 0.02
0.33 5.22 3.28
0.33 5.22 -6.00 2.15

12.17 -0.25
3+000 8.76 0.57 -7.01

0.77 7.22 5.66
5.16 17.71

1.08 0.77 10.55 6.23
5.15 17.87 13.55

1.22 0.58 5.67 -6.80 1.35
0+000 1.1 6.55 0.76 10.16 -2.31

3

After the eventual starting, mines are moving in the river in the form of a mixture of sediment 
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 some years ago.
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Calculation of elypse area (scattering of KB-1 on the 
ground) and approximation of elypse area with rectangle 

area

R2 =82,5 m

R1 = 90 m

a= 180 m

b=
16

5 
m

x180

Step 1

a. 

b. 

d. 

Definition of maximum length L of the area 
contaminated by KB-1

KB-

(180 + 180)

Dra en Šimunovi dip.ing.

Definition of maximum width W during inspection 
of the KB-1 contaminated area

KB-

Step 4
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e. 2 or app. 12 ha; see Fig.11

f. 

g. 

P= LW = 360 . 330 

P =118 800m2    

Defin -
tion)

several missiles 

a. 

b. 
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KB-1.
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mine-free.

Location
Size of mined areas

(app. square meters)
Number of mines45 

Armenian border 1.291.500 20.430
Azerbaijani border 85.800 2.990
Iranian border 14.321.800 198.570
Iraqi border 5.917.500 69.050
Syrian border 190.500.000 615.450
Total 212.116.600 906.490
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Figure 1 - Define the boundaries of a Hazardous Area with D-BOX for 
Operations. Baselines of Hazard Areas can be stored for reporting, 
lessons learned and staff training.  
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Figure 5 - Multi-Temporal with Coherence color composite methodology. 

 
Figure 6 - Example of land use map. 
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Figure 7: Image mosaic. 
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Figure 8: Extracted discontinuities and accessibility estimation. 

 

Figure 9: 3D map over satellite image. 
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Figure 10 - Photograph of cluster munition bomblet scenario, ManMade 
Object detection camera automatic detection in reproduced scene, Image 
improved for visual confirmation of ManMade object.
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Figure 11: Distributed Sensor Network carrier. 
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Figure 13: Graphical user interface with 3D visualization (left) and risk assessment procedure (right) of the Quantitative 
Mine Risk Analysis tool.
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Figure 14: Import of satellite images (left) and 3D point clouds (right) into the Quantitative Mine Risk Analysis tool to 
facilitate the scenario modelling process.

Figure 15
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Figure 15: Expected building damage displayed in the 3D 
visualization of the Quantitative Mine Risk Analysis tool.
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Figure 16 - Proposed D-BOX sensor data-fusion concept.
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Centralised data management in the demining world : The Tiramisu Repository Service 

Didier Peeters  , Dirk Schmidt  , Gerd Waizmann  , Josef Riesch  1 2 3 4

1. Introduction 

Information systems play a more and more important 
role in modern demining actions. They enable effective, 
collaborative and secure management of demining 
actions. They also improve the human interface for more 
and more complex tools like sensors and detectors and 
enable the usage of new technologies like Geodata, GIS 
mapping and sensor fusion or modular toolkits. But 
these systems also have to be usable in remote areas 
with poor infrastructure and without expert knowledge 
available. This brings new challenges for data 
management, data communication and data security.  

Several cooperative tools have been developed by the 
EU funded project TIRAMISU, that can help to solve 
these demands. These tools give support for the 
demining workflow starting with pattern recognition on 
satellite or aerial images, support for sensor data 
management enabling sensor fusion, infrastructure for 
precise navigation and flexible data communication even 
at remote places of demining up to support for decision 
makers, report generation and documentation.  

The tools for these purposes will be presented and also 
the cooperation between them on the basis of a demining 
workflow scenario:  

* The Tiramisu Repository Server (TRS) acts as a data 
repository that serves either through internet or by a 
rugged field server device the data storage and 

retrieval needs. It is based on open standards and 
popular internet technologies. Through MA-XML, 
data exchange with actual demining data systems like 
IMSMA is under development.  
* Infrastructure for precise positioning using multi 
satellite navigation systems like GPS, Glonass and 
Galileo, flexible ad-hoc data communication 
infrastructure including connecting to the internet 
through satellite communication can be provided by 
the TCPbox. The TCPbox also supports vehicles like 
robots or drones with position and communication 
capabilities and also enhances demining sensors and 
detectors with a genuine interface for automatic data 
transfer into the TRS data repository for further 
evaluation.  

* For interaction with humans there are several tools 
cooperative. A QGIS based system with support for 
more detailed sensor and image data processing 
cooperates with the TRS. The Decision Support Client 
DSC can be used for easy information queries and 
presentation of the data involved. The T-IMS system 
can also be used for generating reports and supports 
also interfacing to IMSMA based systems.  

To demonstrate the actual developments, an integration 
of the TEODOR robot vehicle, equipped with a Vallon 
sensor array and a TCPbox delivering data to a TRS 
server system, detailed analysis and computation of 
sensor data through the FDS, display mission data on the 
DSC and reporting with T-IMS is planned to be 
demonstrated during the conference.

 Didier Peeters, ULB-IGEAT, Belgium, dpeeter1@ulb.ac.be1

 Dirk Schmidt, DIALOGIS UG, Germany, dirk.schmidt@dialogis.de2

 Gerd Waizmann, proTime GmbH, Germany, gerd.waizmann@protime.de3

 Josef Riesch, proTime GmbH, Germany, sepp.riesch@protime.de4



170

The 12th International Symposium “MINE ACTION 2015”- 27th to 30th April 2015, Biograd, Croatia

International Symposium “Humanitarian Demining 2015” - 28th April 2015, Biograd, HR

2. General description 

More than a software, what we actually propose is an 
operational standard for data storing and exchange 
between all the contributors and parties of a local 
demining organisation. The objective is to address all the 
needs for data sharing, and to improve the security on 
the field by providing accurate and exhaustive 
information, as well as the overall efficiency of the 
management. 

Practically, the Tiramisu Repository Service (TRS) is a 
database with geographical capabilities, working in a 
client-server architecture, in which different tools store 
and read data.  The inner structure is made of data tables 
allocated to divisions (the schemas) covering each a 
specific main functionality.  It will be hosted in an office 
on a desktop computer or as a server in a computing 
centre and will have its robust, battery-driven lighter 
version for accompanying the field missions.  So the 
TRS centralises the information and makes it available 
to all the tools whenever and wherever they need it. 

As in the usual IT world what we call a standard is a 
normative specification of a technology or methodology, 
applicable here to the IT demining operations. Its 
objective is to guarantee an universal compatibility 
between different systems developed independently. 

In the text below we will distinguish two different 
versions of  the TRS: 
• the National-TRS hosted in the national demining 

headquarter,  
• and the Field-TRS which is hosted on a rugged 

Unix-box  and used outdoors on the demining site. 

The figure below gives an overview about the basic 
software and hardware components of the Field-TRS. 
All the software components are based on popular open 
source programs and give a comprehensive computing 
environment. even if no (or a very limited) internet 
connection is available. The hardware components are 
assembled in a single ruggedised metal box, which can 
operate independent of external power supply and 
internet connection.  

 
FIG 1. THE FIELD TRS 

3. The final user first 

The demining world is currently evolving with the 
release of many software tools aiming at supporting the 
whole chain of operations.  Tiramisu and D-Box projects 
are illustrating perfectly this tendency.  Hence, many 
software are proposed to the demining community with 
an ever growing redundancy, which can be seen as a 
better chance for the final user to find better solutions.  
Yet, it is seldom easy for the demining actors to switch 
from one solution to a new one even if the latter fits 
more their needs, because this switch would mean either 
the loss of previously collected data or a difficult and 
expensive effort to transfer them to the new system.  
This transition stress could be lowered if the different 
software were sharing some standardisation, and this is 
possible by the adoption of free standards, such as those 
on which the TRS and its current partner tools are based, 
i.e. the OGC protocols, Openlayers, HTML5, ODBC, 
SQL, PostGIS, . If the different proposed systems 
share the same elementary building bricks that don't 
belong to any specific company, then the final users will 
always find solutions to eventually transfer their 
precious data between different systems, and escape 
from a probable captivity where they become gradually 
more and more dependent on a single actor. And 
forward-looking it is a question of sustainability to think 
about solution, which keeps the growing number of data 
accessible and usable for other people or companies next 
month, year or even in ten or twenty years. 

4. The data flow 

We consider that tools benefitting from the data 
repository can be seen either as data providers, as data 
users or as both.  The data producers are the sensors, the 
remote sensing and consequent GIS operations, the 
surveyors, the general geographical regional data, the 
UXO databases.  The data users are the decision makers, 
the deminers themselves, the MAC's management, the 
donors, the engineers developing new tools.  

Internally the TRS has schemas devoted to the reception 
of data and others to present the data, with different 
access rights predefined and controlled by the server, so 
that a tool sees only what is necessary to itself.  
Automatic functions stored within the database and 
developed accordingly to the specific needs of some tool 
can perform additional tasks like add some metadata or 
achieve a complementary data processing. These stored 
procedures allow different tools to benefit. 

5. The current developments 

The development of the TRS is an extra task in the 
framework of the Tiramisu project and had to be done 
with a small budget having led to the limitation of the 
features currently available. At the moment we can 
propose the following: 

• Support of a metal detector.  Here the field TRS is 
connected to a TCP-box, which in turn is  connected  

  2
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to a metal detector array mounted on the robot 
'Teodor' , all tools are developed within Tiramisu.  5

The array generates data (positioning and time stamps 
provided by a TCP-Box and detectors signals) that is 
fed into the TRS every minutes where a 
complementary process transform them into map 
layers that can be visualised in a GIS tool also 
connected to the TRS, such as the DSC7 tool or 
QGIS .  The GPS tracks and all the geo-positioned 6

detectors signals are stored in the database for further 
use.  

FIG 2. METAL DETECTORS SIGNALS 

• The TCPbox implement a flexible infrastructure for a 
distributed ad-hoc data communication infrastructure 
and support for precise navigation using multiple 
satellite navigation systems like GPS, Glonass and 
Galileo (GNSS). Different versions of the TCPbox 
can act as communication hubs and equipped with 
different GNSS receivers they  also support precise 
positioning using realtime kinematic algorithms 
(RTK). In areas without internet infrastructure they 
can serve as a gateway to a (satellite) internet 
connection and also act as a local reference station for 
correcting GNSS signals. 

     FIG3. TEODOR WITH MD AND TCPBOX 

• Survey data collected by T-IMS2 are transferred by 
MaXML files.  T-IMS is a mobile app used to collect 
data in the field and it uses MaXML (an XML 
formalisation of the Mine Action data created by the 
GICHD and enhanced during the Tiramisu project) as 
a transfer file format.  The TRS has an input schema 
designed to receive the MaXML data loaded by a side 
module to T-IMS. 

• Similarly a module developed in QGIS with a live 
connection to a TRS instance has been developed in 
the framework of the Non Technical Survey (NTS) 
for Mine Presence Indicators (MPI).  It allows the 
user to identify on a ground image - obtained from 
public sources or from aerial engines such as UAV's - 
the MPI's that are used to describe the past war 
activities and consequently locate the possible mine 
fields.  This module can be used in a semi-mobile 
way on the field with a laptop and a GPS positioning 
or in the office. 

 
FIG 4. THE DSC USER INTERFACE 

• The Decision Support Client (DSC) is probably the 
Tiramisu tool that takes more advantage of the TRS.  
It is a web-based interface fitted for a tablet that 
allows to display data from the TRS, such as the one 
generated by the tools described above, with a wifi 
connection to the TCP-Box field network. The DSC is 
based on HTML5 and can be used independently of 
the hardware. It is the TRS keystone for the decision 
makers, presenting on the same display the different 
types of data related to one area. It also provides 
access to collaboration tools like group calendar, task 
lists, shared documents and other management 
services hosted by the TRS. 

6. The next developments 

The Tiramisu project is still ongoing and even if the 
plans for the TRS are almost reached, we may have the 
opportunity to add some useful functionality. 
The TRS has a modular structure and is progressively 
augmented with different tools developed inside the 
Tiramisu project.  This allows us to consider the addition 
of other functionalities not yet implemented: 

, 7 See project Tiramisu5

 See http://www.qgis.org6

  3
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• The TRS would be a perfect place to implement the 

T-Priority, a tool to compute the priorities among 
the different areas to care for.   

• The T-PCH is a tool used to delineate the different 
suspected hazardous areas based on the indicators 
previously collected.  A functionality designed to 
delineate PCH along  linear feature like trenches or 
defence lines is already available but there is much 
more work still to do and we might integrate other 
algorithms already developed separately 

• Additional sensors as data sources should be added 
to make the TRS a real universal data management 
tool. In addition to the storing of sensor data, 
functionality for setup and control of sensors to 
support mission planning is a helpful extension. 

Obviously the more tools are integrated with the TRS 
the best.   

7. Scalability / Openness / Adaptability 

Because of the openness of the TRS and with attention 
to favour end-users, it is possible and highly desirable 
that other actors, among which the MAC, develop their 
own functionalities to enrich the TRS capabilities and to 
customise it to their specific needs.  As it is said in last 
year's paper [1] there are different ways to interact with 
the TRS and as long as the authority in charge of 
operating the system allows it by defining the access 
rights, many things are possible.  Moreover the add-ons 
developed by third parties could easily be shared 
between the different users in the HD community. 

8. Demo scenario   

To illustrate the role of the TRS for integrated demining 
data management, here's a simple scenario of hypothetic 
successive demining operations: 

1.  Limited-size satellite images or aerial photos over a 
mine contaminated suspected area and/or vectorial 
delimitations/characterisations of PCH (= Potential 
contamination hotspot resulting of the remote 
sensing analysis) are processed by analysts using 
Land Impact Survey Tools, and are stored in the 
National TRS. [Result: A PCH is identified] 

2. The relevant PCH data are loaded on mobile field 
devices (tablet or laptop) of a Non-Technical Survey 
Team for on-site exploration purposes. Additional 
geo-referenced observations (photos, videos, notes) 
are collected via T-REX.MPIC (Mine Presence 
Indicator Collector) or T-IMS [Result: A PCH is 
further validated by on-site observations and a 
field-report is generated (with T-IMS) and stored in 
National TRS.] 

3. The geographical material and the field report are 
used for further analysis at the MAC. The analysis 
result with the map(s) – now probably augmented 
with drawings/markings from the analysis staff – is 
stored in the National TRS. [Result: Material for 
decision support is prepared and provided.] 

4. Based on the analysis result, decision makers from 
the MAC task a Technical Survey Team (TST) to 

enter the area. The task is defined in an order based 
on data stored in the TRS and it is also stored and 
shared on the TRS. [Result: Decision is made and 
TST-Task is defined, stored and shared.] 

5. A “snapshot” with the data relevant for that specific 
area is transferred from the National-TRS to the 
Field-TRS. The Field-TRS will be set-up and 
connected to all TCPboxes installed on the different 
sensor platforms, and additional computers or 
mobile devices on site via the Wifi Field Mesh-Net. 
[Result: Field-TRS, TCPboxes and Wifi Mesh-Net 
are up and running.] 

6. During Technical Survey, the sensor data of the 
mine detector(s) with position and timestamp are 
stored on the Field-TRS. [Result: Documentation of 
geo- and time-referenced measurements] 

7. Map layers are generated to show a spatial 
visualisation of sensor measurements (‘heat map’) 
and the position tracks of the sensor platforms on 
the DSC tablet PC of the Head of the Technical 
Survey Team. (Previous measurements of other 
sensor surveys on the same area can be visualised as 
map overlays.) [Result: Map visualisation of the 
measurements on the DSC] 

8. Periodical reports will be generated summarising 
the collected data and activities for the PCH. They 
are stored as PDF in the Field-TRS. [Result: Shared 
PDF documents via the TRS-D owncloud service] 

9. When all the work in the PCH is done, the Field-
TRS will be synchronised with the National-TRS 
[Result: All data referring to that specific mine 
action site are backed up and available for further 
investigations – whenever needed]  

9. Conclusion 

As more and more demining tools need input data from 
other tools and produce more data that might be input 
for others, a centralised data management gets more and 
more a urgent need also for deminers. During the 
Tiramisu project, the Tiramisu Repository Service TRS 
was developed and integrated with several other 
Tiramisu tools from sensor data to decision support to 
demonstrate an open approach for data handling along 
the demining workflow from satellite image analysis to 
technical survey and documentation. We are open to 
cooperate with further tools for a real comprehensive 
support along the demining process to make demining 
more efficient, results more reliable and well 
documented also for future use.

  4
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Unmanned aerial vehicles in chemical, biological, radiological and nuclear environment:  
Sensors review and concepts of operations 

 
 

Júlio Gouveia-Carvalho*, Wilson Antunes*, Tiago Gonçalves†,  
Mário Monteiro Marques‡, Victor Lobo‡ 

    
 

ABSTRACT 
 
Recent crisis like the use of chemical warfare agents in Syria and the Fukushima accident, presents a need for 
new technologies, which may lead to the deployment of unmanned aerial vehicles (UAV) to detect chemical, 
biological, radiological and nuclear (CBRN) threats in the future. Unmanned aircrafts are an ideal choice when 
operations are required in environments that would be hostile to a manned aircraft or its crew. Airborne sampling 
or observation missions related to CBRN threats would be ideally suited to unmanned aircrafts. Sensors can be 
fitted to a range of types, from a small man-portable system for local tactical use, to large aircraft-sized systems 
for global monitoring.  
 
This review aims to describe some trends on CBRN sensors and integration on UAV platforms and also to 
identify concepts of operations involving the use of UAV in a CBRN scenario. From the technical perspective 
the biggest challenge is to combine the avionic flight system of the UAV, the sensor systems and the wireless 
communication link while guaranteeing the absence of any mutual interference. Another issue that is addressed 
is related to the need for decontamination of the platforms after an operation in a “hot zone”. Modular approach 
with disposable components or the use of low cost systems could be a solution where smaller systems can be 
disposed in a safe area once data has been gathered rather than having to recover to an airfield where it would 
have to be decontaminated, or risk contaminating personnel and other equipment. 
 
The knowledge of CBRN sensor technologies, future trends and concepts of operations are some of the main 
issues that should be addressed for identifying research and development (R&D) opportunities for further 
development of UAV for CBRN operations.  
  
 

 
 

Introduction 
 
Current developments in unmanned aerial vehicles (UAV) trace their beginnings to World War I. Efforts during 
the Interwar Period, World War II, and afterward ultimately led to the development of cruise missiles, aerial 
targets, and the current family of UAV. The UAV have the ability to transmit to the battlefield commander real-
time intelligence, surveillance, and reconnaissance information from hostile areas. They can also act as 
communication relays, designate targets for neutralization by other assets, or attack the targets themselves with 
onboard munitions and then loiter while streaming real-time battle damage information back to friendly forces, 
all without risking the lives of an aircrew.1 

 
The use of UAV is crucial in highly contaminated environments, having several advantages including: reduction 
and/or elimination of life loss risk; access to inhospitable and inaccessible environments; incorporation of 
several advanced technologies, complementary and coordinated with each other, increasing the efficiency and 
speed of missions; enables greater maneuverability, mobility, flexibility, versatility and autonomy over 
conventional means; involves lower maintenance and consumables costs; increases survivability due to small 
size and possibility of coupling highly differentiated technologies that make UAV virtually undetectable.2 

 
There are three types of UAV: (1) pilotless target aircraft that are used for training purposes (such as target 
drones); (2) nonlethal aircraft designed to gather intelligence, surveillance, and reconnaissance (ISR) data; (3) 
unmanned combat air vehicles (UCAV) that are designed to provide lethal ISR services.1 

 

* Laboratório de Bromatologia e Defesa Biológica do Exército - Portugal 
† Laboratório de Toxicologia e Defesa Química do Exército - Portugal 
‡ Centro de Investigação Naval (CINAV) - Portugal
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Unmanned aircraft can also be divided into categories based on an aircraft’s maximum gross take-off weight and 
normal operating height or altitude. Categories start with weight classes, which are further divided on the basis 
of the operational altitude of the unmanned aircraft as follows: class I (<150kg) further sub-divided into micro-
UAV (<2kg), mini-UAV (2-20kg), small-UAV (20-150kg); class II (150-600kg); class III (>600kg) further sub-
divided into MALE (medium altitude long endurance), HALE (high altitude long endurance).3 

 
An unmanned aerial system (UAS) can be divided into five distinct elements: (1) the air vehicle element consists 
of the airframe, propulsion and the avionics required for air vehicle and flight management; (2) the payload 
element is comprised of payload packages, these can be sensor systems and associated recording devices that are 
installed on the UAV, or they can consist of stores, e.g., weapon systems, and associated control/feedback 
mechanisms, or both; (3) the data link element consists of the vehicle data terminal (VDT) in the air vehicle and 
the control data terminal (CDT) which may be located on the surface, sub-surface or air platforms; (4) the UAV 
control system (UCS) element incorporates the functionality to generate, load and execute the UAV mission and 
to disseminate useable information data products to various comand control communications computers and 
intelligence (C4I) systems; (5) the launch and recovery element incorporates the functionality required to launch 
and recover the air vehicle.4  
 
CBRN Sensors and detectors 
 
The CBRN sensors and detectors integrate the payload element of a UAS and consist of a wide range of sensors 
and detectors comprising different technologies related to the specific scenario and threat. 
 
As a radioactive isotope decays, it emits a variety of types of radiation, including alpha particles, beta particles 
and X-rays, suffer from self-absorption within the source, resulting in different emission characteristics for 
different source shapes. Therefore, radiation detection instruments rely on impingement of gamma rays.5 

 
Several types of detectors like dose rate meters or scintillation detectors can be used as payload in UAV. The 
radiological detectors require good sensitivity, whereas good energy resolution is needed for identification of 
nuclides. On the other hand, a very sensitive detector may be saturated inside an active plume. In that case at 
least dose rate measurement must be carried out. For dose rate measurement a Geiger-Müller counter is robust 
and reliable and a detector can combine low and high dose rate sensors. The use of several detectors gives 
additional operational reliability in the case of a failure in one detector there may still be available data from 
another one.6 
 
Chemical detectors should ideally present capability detection such as good selectivity and sensitivity, lower 
response time, low rate of false alarms, and good performance and portability allowing to operate under a variety 
of environment conditions in short time (for set up, warm up and reset), with lower power requirements and 
lower use and maintenance costs. Presently there is no single detector with all the desirable capabilities and 
performance functions. Moreover, in most cases it does not specify the chemical, but classification within a 
chemical group instead.7 

 
During identification process there are three levels according to order of confidence, quality and length time: 
provisional, confirmed and unambiguous identification.8 Provisional identification allows the location and 
classification of chemicals, whether through detectors with photoionization, flame ionization, electrochemical or 
catalytic sensors for location purposes, or through reagent-based tests such as papers and detection kits or 
colorimetric tubes, flame spectrophotometry, traditional ion mobility spectroscopy, surface acoustical wave for 
location and classification purposes. Also, there are still orthogonal detectors which have more than one 
technology mentioned above, allowing lower rates of false alarms and consequently more reliable results. 
Generally, all these technologies present high sensitivity, fast response time, portability, and power supply 
autonomy. However, there are some use restrictions: higher number of false positive results, location and 
classification without specification and poor performance in the analysis of complex and trace samples. 
 
Detection of biological agents used in bioterrorism or as warfare agents poses many challenges to detection 
platforms. Environmental detection of biological threats face two main obstacles: the ubiquity of 
microorganisms and the complexity of the environment. Bacteria, virus and other microorganisms are widely 
present in the environment, constituting a large and complex environmental biological community background, 
from which pathogenic biologic agents must be distinguished from non-pathogenic agents. Nevertheless, 
biologic agents are associated with diverse types of complex matrices such as air, water, soil, biological fluids, 
among others.9 The identification of microorganisms in different matrices is also an additional challenge to 
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detection platforms, and these systems must be able to identify specific targets characteristic of pathogens, 
rejecting signals originated from non-pathogens or matrix backgrounds. 
 
Concerning the complex nature of biologic agents and the necessity to process samples by an operator, before 
running an assay in a biologic detector, the integration of these devices into mini UAV is quite limited. 
Nevertheless a great diversity of small aerosol collectors, consisting of a small vacuum pump and filter cassettes 
are available. These simple air sample collection systems can easily be mounted in a UAV and employed to 
collect air samples inside a suspect aerosol cloud. The air samples could then be processed by an operator (in the 
field on a reach back laboratory) using commercially available point detection systems, or conventional 
laboratory diagnostic systems to evaluate the nature of the collected samples. 
 
Concepts of operations 
 
CBRN defence is divided into five enabling components: (1) detection, identification and monitoring; (2) 
information management; (3) physical protection; (4) hazard management; (5) Medical countermeasures and 
support. The main objectives of the detection, identification and monitoring component are to detect and 
characterize CBRN incidents, identify the agents and hazards, to delineate areas of contamination, and monitor 
the changes. This is acomplished by performing several tasks in the contaminated or suspected area increasing 
the risk of exposure of personnel. These tasks include surveillance, reconnaisance, survey, sampling, 
identification and monitoring.10 
 
In CBRN response, control zones are established to ensure the safety of all responders and control access into 
and out of a contaminated area. The three zones established at a chemical, radiological, nuclear, and some 
biological incident sites are often referred to as the “hot zone”, the “warm zone”, and the “cold zone”.11 

 
The main area of operations with a UAV equiped with CBRN sensors is the “hot zone”, and that could imply the 
contamination of the UAV during the process. This aspect poses a problem related to the recovery of the 
platform after the mission. To adress this issue there must be developed concepts of operation to minimize the 
risk of exposure of personnel to the contaminants.  
 
In a real CBRN scenario the response teams leave the contaminated area after performing thorough 
decontamination procedures. To minimise the risk of contamination outside the “hot zone” only a minimum 
ammount of equipments leave the contaminated area. The “use and drop” approach applied for UAV deployment 
in a CBRN scenario is based on establishing a landing zone within the “hot zone”. As the CBRN sensor systems 
and the core components of the UAV are valuable items, and also the need to recover data for analysis, the 
development of UAV for CBRN operations should consider its modularity, including the main components 
designed for decontamination procedures combined with other disposable components or the use of low cost 
systems that can be disposed in a safe area. 
 
The use of UAV in CBRN scenarios with its main purpose for detection or sampling tasks, combines the 
advantages of manned and aerial approaches. This aspect is maximized with the use of vertical take off and 
landing (VTOL) platforms. The main issues that should be addressed in these type of aircraft are the possibility 
of cross-contamination, and the interaction with the environment due to the “downwash” of the propellers that 
could pose some problems of dispersion of contaminants and affect the detection performance. 
 
The integration of multiple UAV should also be considered in a CBRN scenario. Compared with single UAV, 
the cooperative UAV system can perform with more safety and efficiency. It could reduce the time for tasks, 
lower the demand of capacity for one UAV, and is operated in a distributed manner, which increases the 
redundancy and robustness of the entire system. Moreover, multiple UAV can share information with each other 
by wireless communication, so some advanced and optimal algorithms can be implemented such as gradient 
searching and contour mapping of contaminated areas.12 

 
Conclusions 
 
Due to the rapid advancement in UAV and experience that has been gained by many nations involved in 
contemporary operations worldwide, CBRN detection in its current form is very likely to experience a fast 
transition towards a decade of new capabilities. Generally in the past the main focus has been concentrated 
around mounted and dismounted CBRN reconnaissance. With the emergence of new technologies and the focus 
on force protection in all operations, capability requirements are now addressing a new topic of unmanned 
platforms as part of CBRN defence operations.14 
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The UAV continue as the most dynamic growth sector of global aerospace industry this decade, Teal Group's 
2012 market study estimates that UAV spending will almost double over the next decade from current 
worldwide UAV expenditures of $6.6 billion annually to $11.4 billion, totaling just over $89 billion in the next 
ten years. This study provides 10-year funding and production forecasts for a wide range of UAV payloads, 
including electro-optic/infrared sensors (EO/IR), synthetic aperture radars (SARs), signal intelligence (SIGINT) 
and eletronic warfare (EW) systems, C4I systems, and CBRN sensors, worth $2.7 billion in 2012 and forecast to 
increase to $6.0 billion in 2021.15 

 
The CBRN market settled around $8.8 billion at the end of 2013. Several reports and studies estimate an 
increase in the CBRN defense market. The Strategic Defense Intelligence report “The Global CBRN Market 
2013-2023 – Competitive Landscape and Strategic Insights: Market Profile” predicts that the market will have 
stable growth at approximately 4.2 percent compound annual growth rate and surpass $13.69 billion by 2023.16 

 
The merge of these two growing markets configure many opportunities for research and development (R&D) 
and the knowledge of CBRN sensor technologies, future trends and concepts of operations are some of the main 
issues that should be addressed for identifying opportunities for further development of UAV for CBRN 
operations.  
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ABSTRACT: Indicators of mine presence and absence are the main objects on the scene that need to 
be detected and spatialy positioned for the purpose of conducting quality aerial non-technical survey 
of suspected hazardous areas (SHA). Detection of these indicators on the images of the observed 
scene and positioning of the existing indicators from the mine information system (MIS) enables 
creation of danger map. Danger map is the result of the fusion of all existing data about mine 
indicators. Experts of warfare and mining in a particular area can bring conclusions on potential areas 
that are contaminated by mines on the basis of danger maps. However, the possibility of recognition 
and extraction of mine presence indicators on aerial and satellite images greatly depends on the 
image quality and corresponding ground sampling distance, as well as contextual knowledge and 
experience of mine scene interpreter. Therefore, due to the fact that the experts draw conclusions 
about SHA based on position of indicators in space and their zones of influence on the environment, 
it is necessary to add a level of confidence (the level of reliability with which the interpreter 
evaluates its decision) for each extracted indicator. This information is essential for a more realistic 
appearance of danger map depending on the available data on the observed scene and from MIS. 
The confidence of the decision that has been detected and extracted indicator of mine presence 
affects the level of danger of an area on the danger map. Tools used to automatically extract 
indicators on the mine scene can be validated in this way. Validation is done based on the true data 
about mine scene. Internal validation can be carried out by an experienced interpreter of mine 
scene, while operational validation will be performed after demining of the observed scene. 

 

Key words: confidence, indicator, data fusion, validation 

 

The TIRAMISU Advanced Intelligence Decision Support System (T-AI DSS) is a tool to support decision 
about the status of suspected hazardous area. The input includes data from mine information system 
(MIS), expert knowledge, airborne and satellite data, contextual data, etc. The outcomes are 
detected and proved positions of indicators of mine presence (IMP) in space, reconstruction of 
battlefield (in time and space), better (re)definition of SHA, proposals for exclusion from or inclusion 
in the SHA (thematic maps). T-AI DSS is the unique Mine Action technology that combines remote 
sensing with advanced intelligence methodology into successfully operational system. It is the 
heritage of the SMART (EC IST SMART, 2000) generic methodology, implemented and advanced in 
the operationally validated system that improves risk assessment for greater efficiency in land 
cancellation and release. The main characteristic of the T-AI DSS is compatibility and operability with 
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the processes and main functions in Mine Action Centres (MAC) (Bajic et al., 2011). The main 
limitation of the Advanced General Survey by T-AI DSS is the collection of data above the forested 
regions (because of requirement that trees should have no leaves, in the case of the deciduous 
forests), undefined indicators of mine presence or absence of them. 

  

The crucial document for the success of T-AI DSS application is the analytical assessment of the SHA 
based on data and information that are available in MIS of MACs. The outcomes of this analysis are 
the general and specific requirements for the airborne and space borne collecting (non-technical 
survey) and producing new, additional data, information and evidences about the former situation in 
SHA (Bajic et al., 2011). New data, information and evidences are position of indicators of mine 
presence within the SHA in this case.  

Analytical assessment comprises the following procedures:  
investigation of existing data and phenomena,  
examination of their content, comparison, systematization and gradual integration 
according to military activities and order of battle in a certain area.  

In doing so, it is important to explore the chronology of military activities during the war, with a 
special emphasis on relocations of units and other indicators of organization and implementation of 
defensive and offensive activities that influenced the construction of barrier minefields. These 
activities are different for different countries (method of warfare, terrain type, etc.). The analysis 
made so far has been conducted by experts in the field of methods of warfare and mining in a certain 
territory (with the data from the CRO and the BH MAC (ITF (2008), ITF (2010)). 

 

Image Interpretation

The possibility of recognition and extraction of mine presence indicators on aerial and satellite 
images greatly depends on the image quality and corresponding ground sampling distance, as well as 
contextual knowledge and experience of mine scene interpreter. Therefore, due to the fact that the 
experts draw conclusions about SHA based on position of indicators in space and their zones of 
influence on the environment, it is necessary to add a level of confidence (the level of reliability with 
which the interpreter evaluates its decision) for each extracted indicator. The experience from the 
projects undertaken led to the conclusion that the human eye of an interpreter (of mine scene) can 
hardly be replaced by automatic methods of digital image processing. Therefore, the basic idea of 
interactive methods of semi-automatic interpretation of digital images of SHA (Racetin et al., 2014) is 
to provide assistance to the interpreter in the interpretation of digital images rather than to replace 
him. The confidence of the claim that it is an indicator (level of confidence interpreter or module that 
detected the indicator) is given to all identified objects in the scene, regardless of the way of 
detecting. The possibility of recognition and extraction of mine presence indicators on aerial and 
satellite images greatly depends on the image quality and corresponding ground sampling distance. 
The image evaluation is conducted by interpreter and carried out on the basis of NIIRS (Irvine, 1997) 
and IQM (Nill and Bouzas, 1992) parameters. 



The 12th International Symposium “MINE ACTION 2015”- 27th to 30th April 2015, Biograd, Croatia

 
 
 

 
All founded and extracted indicators and the data from MIS (known indicators, mine records, mine 
accidents, office reconstituted position of the minefield) are going to the data fusion. Any input data 
in the data fusion must be analyzed and should have a level of confidence, at least to the extent 
available from the source which provided information that suspicious object is an indicator. (barem 
do razine dostupne od izvora koji je dostavio informaciju da je sumnjivi objekt stvarno indikator). 
Contextual information and expert knowledge about the conduction/procedures/rules of mining 
(expert) make fuzzy set that depends on the type of terrain and expert judgments related to the 
method of mining. The expert determines the zones of influence on the environment for each 
indicator (object). For each zone of influence expert determines the control points (risk starts at, high 
risk from, high risk to, no risk beyond). The experts estimated the parameters of membership 
functions (control points) on the basis of information, data, acquired knowledge, experience in mine 
clearance and weapons that were used in the conflict. Physical objects on the ground can be linked 
with their impact on the environment based on these contextual data. In order to link the impact of 
indicators on the environment and indicators themselves, membership functions are used. 
Membership functions describe the appearance of influence of each indicator of the mine presence 
on their surroundings and the neighboring indicators. Control points define the shape of membership 
function.  

Danger map (Vanhuysse et al, 2004) is a thematic map produced in order to provide support to 
competent persons in the process of humanitarian demining, the experts from the national MAC's, in 
making decisions about the reduction of SHA, in confirming suspicions, or its extension (Krtalic, 
2011). This information is essential for a more realistic appearance of danger map depending on the 
available data on the observed scene (images) and from MIS. The confidence of the decision that has 
been detected and extracted indicator of mine presence affects the level of danger of an area on the 
danger map. 

 

5.  

Different methods of multicriteria analysis are used to calculate the weight of indicators in order to 
design a danger map. Two types of danger maps are produced for each type of indicator (separately 
for IMP and IMA, because of displayed contradictory information). One type displays only the surface 
of all zones of influence of indicators. The second also shows the surface of all zones of influence of 
indicators but also pictures the weighted sum of factors derived from the IMP or IMA. The proposals 
of reduction maps are also be produced. Scenario-oriented testing and evaluation are conducted on 
the basis of multi-criteria analysis. Different methods shall yield different design of thematic maps 
(danger maps).  

The evaluation and verification of the statements on thematic maps shall be expressed by MAC 
experts. Operational evaluation and verification of the statements on thematic maps will be 
expressed by elements of the confusion matrix due to the ground truth from MIS data after mine 
clearance. Extraction of IMP's by mine scene interpreter and tools used to automatically extract 
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indicators on the mine scene can be validated by analyzing a danger map. Internal validation can be 
carried out by an experienced interpreter of mine scene, while operational validation requires true 
dana about mine scene and is performed after demining of the observed scene. 
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Abstract 

Automated landmine detection using robots as mobile 
scanning platforms is an emerging application field 
and as such presents an important effort towards safer 
and more efficient humanitarian demining. In this 
paper, we present a target classification concept that 
was developed and tested as a case study within the 
framework of the Humanitarian Robotics and 
Automation Technology Challenge event (HRATC 
2014). We first briefly introduce the HRATC event 
and describe its competition rules, objectives and the 
main features of the mobile platform used in the 
experiments. Next, we present the process of 
developing a robust model-based algorithm for 
classifying metallic targets based on their shape. The 
algorithm was experimentally evaluated on a dataset 
collected from a test site containing surrogate mines 
(metallic spheres) and clutter targets. Initial results 
indicate that the algorithm correctly resolves the 
target shape from a limited amount of sensor data.1  

1. Introduction 

Detection of buried landmines is a crucial and most 
dangerous part of the humanitarian demining process 
since it normally involves human deminers performing 
hazardous tasks in the field. At present, the prime tool 
for close-in detection of landmines is a handheld metal 
detector (MD). Conventional MDs used in 
humanitarian demining feature high sensitivity to 
extremely low quantities of metal, such as those found 
in low-metallic content landmines. On the other hand, 
enormous false alarm rates (up to 1,000 alarms per 
mine) are introduced, due to detectors inability to 
discriminate between metallic parts of a mine and non-
hazardous metallic clutter [1]. 

Automated landmine detection using robots as mobile 
scanning platforms is an emerging application field 
and as such presents an important effort towards safer 
and more efficient humanitarian demining. Several 
research and development attempts have been made in 
automating or assisting human deminers in the 
scanning process by applying different mobile robot 
and sensor designs [2]. One of the most difficult tasks 
leading towards automated demining is developing a 
robust approach to automatic target detection, 
characterization and classification. Current research 
work in this field has mainly been focused on data 
fusion algorithms that utilize different sensing 

1  All authors are from the University of Zagreb, FER-
ZESOI, Laboratory for Intelligent Sensor Systems (LISS), 
Unska 3, Zagreb, Croatia, davorin.ambrus@fer.hr, 
darko.vasic@fer.hr, vedran.bilas@fer.hr. 

modalities, such as metal detectors (MDs), ground 
penetrating radars (GPRs), infrared (IR) sensors, odour 
sensing devices, etc. [3]-[4]. While such approach 
provides robust information, it also raises complexity 
and system integration issues related to specific 
aspects of different sensing technologies. 

In this paper, we present a different concept based 
on electromagnetic induction (EMI) modality only, 
that aims to extract information on target position, as 
well as its geometric and electromagnetic properties. 
The work presented here is a continuation of 
previously reported activities of our research group in 
the field of metallic target characterization (MTC) [5]. 
In this paper, we further develop the MTC concept and 
apply it for usage with a commercial, three-coil pulse 
induction metal detector mounted on an autonomous 
mobile robot. We use the field data, acquired by a 
metal detector during the test trials with a mobile robot 
to validate the proposed target classification algorithm. 

2. The HRATC 2014 event 

The Humanitarian Robotics and Automation 
Technology Challenge (HRATC) event was organized 
by the IEEE Robotics & Automation Society –Special 
Interest Group on Humanitarian Technology (RAS –
SIGHT), with a support and partnership from the FP7-
TIRAMISU Project and Clearpath Robotics, Inc. It 
took place at the 2014 International Conference on 
Robotics and Automation (ICRA) in Hong Kong and 
remotely in Coimbra, Portugal. The aim of this robot 
competition event was to promote the development of 
new strategies for autonomous landmine detection 
using mobile ground robots [6]. 
Initially, 14 teams from eight countries submitted 
their entries. Based on their description papers where 
teams were asked to describe their experience and 
strategies, ten teams were short-listed to move 
forward with the competition. The University of 
Zagreb ACROSS team was chosen to participate in 
the challenge together with 13 other teams from all 
over the world. In the simulation phase, ACROSS 
team won the first place, and received the award at 
ICRA 2014 conference for reaching the finals 
together with two other teams from USA, and one 
from Germany. 

2.1. Objectives and rules 

The HRATC 2014 event was organized as a three-
stage robot competition including a simulation phase, 
(Figure 1), field trials and the finals. The following 
evaluating criteria were considered: exploration time 
and environmental coverage; detection and 
classification quality and landmine avoidance. 
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Figure 1. HRATC software framework (simulation stage). 

The following evaluating criteria were considered: 
exploration time and environmental coverage; 
detection and classification quality and landmine 
avoidance. In the framework of HRATC, there are 
two main tasks that the robot needs to perform: the 
navigation task and the mine detection task. The goal 
of the navigation task is to autonomously navigate in 
an unknown area so that the robot covers all the 
reachable positions in the area while avoiding 
obstacles detected by its sensors. In robotics literature 
this problem is called the complete coverage of an 
area [7]. In this paper we focus primarily on the mine 
detection part, whose role is to detect, locate and 
classify buried metallic targets. 

3. Mobile metal detection platform  

2.2. Mobile robot 

The Clearpath Husky A200 robot was used as an 
autonomous scanning platform, Figure 2 [8]. The robot 
comprises sensing systems for localization, navigation 
and obstacle avoidance, such as stereo cameras, laser 
range finder, real-time kinematic global positioning 
system (RTK GPS), inertial measurement unit (IMU) 
and odometry sensors. A 2DoF robotic arm is used for 
sweeping the MD over the target area. The pose of 
each coil is updated at the rate of 50 Hz and is 
synchronized with the MD readings. 

 
Figure 2. The Clearpath Husky mobile robot with the 

Vallon VMP3 metal detector. 

2.3. Metal detector 

A central part of the mobile detection system is the 
Vallon VMP3, a pulse induction (PI) three-coil metal 
detector, Figure 3 [9].  

 
Figure 3. A three-coil metal detector (Vallon VMP3). 

In general, PI EMI sensors transmit a primary 
magnetic field of pulse waveform and detect a weak, 
time-decaying secondary field induced by eddy-
currents in the metallic target after the transmitter has 
been shut-off. MDs usually sample data at multiple 
time instances (gates) along the pulse decay curve. 
Such temporal information may be used for better 
detection of different target types or simple size-based 
discrimination.  

For each of the three coils of VMP3, data 
corresponding to induced voltages sampled at three 
different time gates are made available to the robot. 
Raw sensor data are filtered within the VMP3 and 
updated at the rate of 10 Hz per channel. A basic block 
diagram depicting main parts of the mobile landmine 
detection platform and the signals used for target 
classification is shown in Figure 4. 

 
Figure 4. Block diagram of the mobile landmine detection 

system. 

3. Target characterization and classification 

The process of automated landmine detection is 
normally carried out in three consecutive steps: initial 
target detection, spatial mapping and target 
classification. In this paper, we focus on the 
classification part, assuming that the target is detected 
(for instance by using a signal tresholding technique) 
and a spatially relevant sensor dataset is obtained. In 
our model-based approach, we firstly characterize the 
target by means of its position and the magnetic 
polarizability tensor [5], and then use these parameters 
for target classification. 

3.1. Metal detector modeling 

The first step in a development of a model-based 
classification algorithm is to derive a forward model 
describing the EMI response of a small metallic target 
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illuminated by the sensor's magnetic field from an 
arbitrary location above the target. For that purpose, an 
exact coil geometry must be known. However, such 
data are often unavailable when dealing with 
commercial MDs, such as VMP3. Therefore, we use a 
simplified model that approximates each of the three 
sensor coils with an octagonal current loop. The 
benefit of using such an equivalent coil geometry is 
that the spatial distribution of its magnetic field is 
described with an analytic expression (found by direct 
application of the Biot-Savart law), which is 
convenient since the inversion algorithm can be 
implemented in a computationally efficient manner. 

3.1. Inversion algorithm 

Model-based characterization of a metallic target leads 
to a problem of estimating its position and the six 
elements of its magnetic polarizability tensor (MPT) 
from a set of induced voltages measured at known 
sensor poses. The inversion problem is linear in terms 
of the MPT and non-linear in terms of the target 
position [5]. 

The actual algorithm is realized in two steps. In the 
first step, an initial target location is estimated directly 
from the measured dataset by simply finding sensor 
coordinates that correspond to the maximum signal 
value. Based on this initial estimate, initial values of 
the MPT elements are found by solving a 
corresponding linear inversion problem. In the second 
step, initial estimates of MPT and target position are 
used as starting points in an iterative non-linear 
optimization algorithm based on the Levenberg-
Marquard method. After the optimization procedure is 
finished, the MPT is decomposed to its eigenvalues, 
and these values are evaluated at different time gates 
and combined into a single, shape-based classification 
parameter - the signature matrix. The method is 
described in more detail in [10]. A simplified block-
diagram of the whole procedure is given in Figure 5. 

 
Figure 5. Target classification algorithm. 

4.  Experimental validation 

In order to validate the proposed classification 
method, the algorithm was tested with a dataset 
obtained as a result of field trials of the mobile 
scanning platform. Metallic spheres with a diameter of 
1 cm, placed inside the plastic package and buried at 
random locations near the soil surface were used as 
surrogate mines, Figure 6.a. Other metallic objects 
representing metallic clutter items, such as screws, 
cans, etc. were also placed within the test area as 
potential sources of false positives, Figure 6.b. 

 
Figure 6. a) Metallic spheres as landmine simulants, b) 

landmine simulants and metallic clutter items. 

Sensor readings corresponding to voltages induced in 
the left sensor coil in response to a buried metallic 
sphere are given in Figure 7. An estimated sensor 
response (i.e. response reconstructed from inverted 
MPT and target location, at a given time gate) is also 
shown in order to validate the model-data fit. Figure 8 
shows the x-y trajectory of the sensor coil during scan, 
with the estimated initial and final target location. 

For different datasets representing mine simulants and 
clutter targets (similar to those given in Figure 7 and 
Figure 8), signature matrices were calculated and used 
for target classification. All the landmine simulants 
were correctly recognized as spheres and 
discriminated from clutter items by their shape. 

In our future work, we plan to test the algorithm with 
more sensor data corresponding to metallic targets of 
different shapes. We also plan to realize the real-time 
algorithm on a mobile robot featuring ROS operating 
system [11]. Such algorithm is feasible due to the use 
of relatively simple and computationally efficient 
analytic forward models and inversion procedures. 

 
Figure 7. Measured and estimated sensor response to a 

buried metallic sphere. 
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Figure 8. Trajectory of the sensor coil during scan and the 
estimated metallic sphere position (initial guess and final 

inverted position). 
 

Conclusions 

We presented a case study, in which we investigated 
the possibility of using metal detectors and mobile 
robots to perform autonomous detection and 
classification of buried metallic targets. For that 
purpose, we developed a robust model-based 
algorithm that uses the sweeping motion and certain 
spatial-temporal features of metal detector response to 
characterize the target by its shape and then use this 
information for classification purposes. The proposed 
algorithm was evaluated on a real dataset obtained 
from the robot field trials and containing sensor 
responses to different buried targets. Initial results 
obtained for the case of metallic spheres indicate that 
the algorithm correctly resolves the target shape from 
a very limited amount of sensor data. This leads to a 
conclusion that next-generation landmine detection 
systems incorporating autonomous robots, field- 
proven metal detection technology and novel metallic 
target characterization concepts are feasible. 
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ABSTRACT: This paper describes application of methodology for semi-automatic interpretation of digital 
multisensor images for the purpose of detection and extraction of unexploded ordnances developed 
within the EU FP7 TIRAMISU project on the site of exploded ammunition depot in Padjene, Croatia. 
Process relies on combining the advantages of the both radiometric and object based image analysis 
using the statistical tools where lessons and rules learned on the test image are then applied on other 
images of the same scene but different location. In this case methodology has been applied on aerial 
images acquired by consumer DSLR camera mounted on helicopter flying at average height of 300 
meters above ground level. Prior to this application perspective preliminary result was achieved for 
aluminum objects. During the further application, image processing for improved detection and 
extraction of corroded objects was defined and evaluated. Achieved results of methodology application 
on different scenes at same location (exploded ammunition depot). At the end, perspective of further 
research and analysis of this methodology is stated. 

Key words: Remote sensing, Image processing and analysis, OBIA, UXO 

1. Introduction 

In September 2011 severe forest fire caused the explosion of ammunition storage depot in Padjene, 
Figure 1. For addressing these situations, ground teams of demining experts are engaged for clearance 
and recovery tasks. In scope of ongoing EU FP7 TIRAMISU project an idea of research and development 
approach to this problem was initiated. This idea resulted in deployment of data acquisition module of 
TIRAMISU Advanced Intelligence Decision Support System (T-AI DSS) – multisensor imagery acquisition 
system (Bajic, 2010) for aerial survey of wider area of ammunition storage. 

Density distribution of the scattered ammunition and parts was estimated by the Task force of Croatian 
Ministry of Defense for recovery: inside the radius of 800 m form the ammunition storage center 70 % 
of the pollution was expected, while additional 20 % in the radius of 1000 m (Bajic, 2012). The results of 
this catastrophe were scattered unexploded ordnances (UXOs) varying from rifle ammunition to the 
cluster bombs. Nonetheless, due to the explosion UXOs were found in various forms: intact, slightly or 
significantly deformed, burned, corroded or with the original paint preserved.  
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Figure 1 Images of ammunition storage depot Padjene: a) digital orthophoto before the explosion 

(available at URL 1), b) oblique aerial image after the explosion (available at URL 2) 

2. Methodology 

Data used for UXO detection and extraction at the exploded ammunition depot were aerial RGB images 
made by commercial Nikon D90 camera. Methodology used for data processing is methodology for 
semi-automatic interpretation of digital multisensor images for the purpose of detection and extraction 
of unexploded ordnances (Racetin and Krtalic, 2014), Figure 2. Process relies on combining the 
advantages of the both radiometric and object based image analysis (OBIA) using the statistical tools 
where lessons and rules learned on the test image are then applied on other images of the same scene 
but different location.  

 

Figure 2 Shematic Representation of Methodology for Semi-Automatic Interpretation of Digital 
Multisensor Images (Racetin & Krtalic 2014) 

Croatia

a

b
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3. Results and discussion 

Prior to this application perspective preliminary result was achieved for aluminum objects (Racetin et al, 
2014). During the further research, image processing for improved detection and extraction of corroded 
objects was defined and evaluated. Thresholds for pixel values in every layer (R, G, B, Principal 
components, Independent components) were defined for delineation between classes for the test 
image which contained most of the UXOs found in the ammunition depot. These thresholds are not 
something that is directly applicable on any image; they represent more a kind of guidelines to the 
interpreter. A simple classifier which ranked the highest possibilities according to the already defined 
thresholds was programmed. In the “Sample” column mean values of certain segment are inserted. If 
the mean value of segment in specified channel (Red, Green, Blue, 1st Principal Component, etc.) is 
occurring in the defined interval for some class (UXOs, Vegetation, Stone, etc.) value 1 is set, in opposite 
0 value is placed. Upper and lower threshold values for class in specified channel are defined on the 
basis of statistical analysis (Racetin and Krtalic, 2014). Sum of row is the sum of occurrences of sample 
value in different classes which can be regarded as weight.  Simple possibility of occurrence is calculated 
by dividing the one occurrence with the weight for that channel. Weighted sum is the sum of these 
probabilities. Higher values of this weighted sum for specific class indicate the greater chance of this 
sample belonging to it. 

Table 1  Example of sample classifier, only few classes are presented here. Mean values of specific 
segment are exported from software supporting OBIA and then pasted in "Sample" column. Classifier 

then calculates the weighted sum of occurrences according to the thresholds calculated using the 
statistical analysis. 

 

Although the exact values of these thresholds are hardly a rules for direct delineation of targeted 
objects, the ratios between classes should stay preserved on whole set of images. Between the 
thresholds one showed great results and repeatability with the exact value. Values in channel a from 

Sample 
BL755  

Container 
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500 
RBK 
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100 STURM MR 

120 
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130 
R100 
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WARHEAD 
 OF S-24B SUM 

B 46.25 0 0 0 0 0 0 0 0 0 0 

G 45.19 0 0 0 0 0 0 0 0 0 0 

ICA_1 0.337 0 0 0 0 0 0 0 0 0 0 

ICA_2 -1.177 0 0 0 0 0 0 0 0 0 0 

ICA_3 -0.861 0 0 0 0 0 0 0 0 0 0 

Lab_a 7.959 0 1 0 1 0 0 1 0 1 4 

Lab_b 1.666 1 0 1 0 0 0 0 0 0 4 

Lab_L 28.25 0 0 0 0 0 0 0 0 0 0 

PCA_ICA_1 0.2162 0 1 0 1 1 0 1 0 1 5 

PCA_ICA_2 -1.259 0 0 0 0 0 0 0 0 0 0 

PCA_ICA_3 -2.052 0 0 0 0 0 0 0 0 0 0 

PCA_1 -129.6 0 0 0 0 0 1 0 0 0 2 

PCA_2 -4.47 0 0 0 0 0 0 0 0 1 1 

PCA_3 -10.89 0 0 0 0 0 0 0 0 0 0 

R 58.55 0 0 0 0 0 0 0 0 0 0 

W_SUM 0.25 0.45 0.25 0.45 0.20 0.50 0.45 0.00 1.45 
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transformation to CIELab colour space which are higher than 15 strongly correlate with the corroded 
UXOs. Examples of achieved results are presented on following images (Figure 3), on black and white 
images white pixels represent object of interest.  

 a  b 

Figure 3 a) Input RGB image b) Result of processing 

4. Conclusion 

Implementation of procedures presented in this paper does not require any specialized knowledge or 
proprietary software to be applied. Although statistics behind it are complex, the procedure itself is not 
computationally demanding and it is easy to execute. This implementation is designed to be semi-
automatic, meaning that it should serve as a help to the human interpreter rather than a replacement 
for him. It is clear that no matter what accuracy and reliability image processing and classification 
algorithms achieve, ground clearance teams will definitely watch their steps instead of walking directly 
to the coordinates exported from computer software.  

Concerning the future steps, potential of object based image analysis has not yet been exploited to its 
limits. Because of the nature of the shape of targets – UXOs (some of them preserved their original 
shape, some suffered only minor damage and deformations, while some are in completely 
unrecognizable form) it is difficult to set geometry values for classification using the OBIA. Considering 
that one object can appear in different conditions (burned, corroded or with the original paint 
preserved), or it can be located in the sun or in the shadow additional resources will be invested in the 
research of textures parameters. 
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