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Figure 14. ESA survey respondents analysis. 
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Figure 15. ESA survey results of Mine Action user interest in services with space asset elements (30 responses
intermediate result).
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Comparing different gradiometer configurations for
underwater survey and demining

Yann Yvinec1

Abstract
This paper compares the simulation of the use of gradiometers made of two, three of four magnetometers in 
estimating the three components of the gradient of the intensity of the magnetic field. The simulations take into 
account the sensor characteristics (measurement frequency, etc.), the target's magnetic properties (magnetic 
moment dipole) and the description of a survey where the gradiometer is towed behind a ship (ship speed, sensor 
depth, track inter-distance, etc.)

The simulations show quantitatively that, if the vertical gradient can theoretically be reconstructed from the 
measurements of two magnetometers, in practice the estimation may be very noisy. A more precise, direct 
measurement can be obtained by a third magnetometer. A four magnetometer can be used to increase the 
precision of the estimation of the gradient along-track.

1. Objectives
Mines and any large mass of ferromagnetic metal locally modify the ambient magnetic field. Measuring the 
intensity of the magnetic field can therefore be used to detect mines underwater even if they are buried. 
Measuring the gradient of the magnetic field (rather that the magnetic field itself) can help distinguish two metal 
objects close to each other. Each of the three components of the gradient can be either measured directly by 
using the difference of the measurements of two different magnetometers used together, or reconstructed from 
the different measurements of a single magnetometer along a survey.

This leads to different possible configurations for a gradiometer depending on the number and relative locations 
of the magnetometers [1][3][4]. In this paper we will consider three configurations. One is a gradiometer 
composed of two magnetometers located laterally with respect to the movement direction: one on port and one 
on starboard. Then the across-track gradient can be estimated directly. The along-track gradient can be recovered 
by difference of measurements along the track, and the vertical gradient can be estimated from the two 
components of the horizontal gradient. The second configuration is when a third magnetometer is added on top 
or below the first two. This allows the vertical gradient to be measured directly. And finally the third 
configuration is when a fourth magnetometer is added behind the first two. Then all three components of the 
gradient can be estimated at each time.

In this paper the following conventions will apply. When a gradient is computed by combing measurements 
collected at the same time, the gradient will be said to be measured. If it is computed from data collected over 
time, it will be said to be estimated.

Measuring the gradient is better than estimating it [2]. The objective of the paper is to confirm and quantify this 
improvement.

In the simulations described below, the magnetometers will have an acquisition frequency of 1 Hz.

2. The added value of the third magnetometer
In order to analyse the added value of the third magnetometer, a simulation was done with a simulator described 
in [5].

The parameters of the simulation are as follows:

The gradiometer is towed behind a ship.

We assume the Earth's magnetic field to be close to what it is in the North Sea.

We assume that the magnetic moment of the target is in the direction of the Earth's magnetic field 
with an intensity of 10 Am2.

                                                          
1 Royal Military Academy, Brussels, Belgium, yvinec@elec.rma.ac.be
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The ship's trajectory consists of 60 tracks back and forth, in the North-South direction, two 
metres apart; the speed is 5 knots.

The gradiometer is 10 metres above the sea ground.

A uniform noise is added to the gradiometer locations with a largest value varying from 0 cm to 
50 cm.

Magnetic maps are built from the data collected from this survey.

The theoretical vertical gradient is computed.

The vertical gradient estimated from the data of two horizontal magnetometers is simulated.

The vertical gradient as measured by the three magnetometers is simulated.

For each configuration the relative error with the theoretical gradient is computed.

The estimation of the vertical gradient from the horizontal gradient is theoretically correct if the horizontal 
gradient is known perfectly on an infinite surface. Therefore in practice it will be better if it is based on a large 
set of measurements, either by a finer grid or a lower speed. The above simulation is therefore only an example.

That being said, the results can be found in Figure 1
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Figure 1—Vertical gradient errors when estimated with two magnetometers and measured with three 
magnetometers (1 Hz)

The estimation of the vertical gradient with only two magnetometers is far poorer than the direct measurement 
with three magnetometers.

Figure 2 shows the results if the magnetometers have an acquisition frequency of 10 Hz instead of 1 Hz. The 
estimation of the vertical gradient, although still noisy, is better.

It is theoretically possible to estimate the vertical gradient with measurements collected by two horizontal 
magnetometers, but the direct measurement with a third magnetometer is far better. With two horizontal 
magnetometers you can estimate the vertical gradient provided the horizontal gradient is known on an infinite 
surface. In practice the horizontal gradient is known only where measurements have been collected. This lack of 
data generates important errors when estimating the vertical gradient. 
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Figure 2—Vertical gradient errors when estimated with two magnetometers and measured with three 
magnetometers (10 Hz)

3. The added value of the fourth magnetometer
The fourth magnetometer allow the along-track gradient to be measured directly and not only estimated from 
data collected along the track.

In order to analyze the added value of the fourth magnetometer, a simulation is performed. The same parameters 
as above are used with the following differences.

The theoretical along-track gradient is computed.

The along-track gradient estimated from the data of three magnetometers is simulated.

The along-track gradient as measured by the fourth magnetometers is simulated.

For each configuration the relative error with the theoretical gradient is computed.

Results are shown in Figure 3.

It is possible to estimate the along-track gradient by combining the measurements along the track, but the direct 
measure of the gradient is better.

4. Conclusions
The following conclusions can be drawn:

1. It is theoretically possible to estimate the vertical gradient with only two horizontal gradient but the 
estimate is very noisy.

2. Measuring the vertical gradient with three magnetometers is better than estimating it with two.

3. Measuring the along-track gradient is better than estimating it.

This paper provides data to support quantitavely these conclusions.



176

International Symposium “Humanitarian Demining 2012”
24th to 26th April 2012, Šibenik, Croatia

0

1

2

3

4

5

6

7

8

9

10

0 0.1 0.2 0.3 0.4 0.5
Position error (m)

A
lo

ng
-t

ra
ck

 g
ra

di
en

t e
rr

or
 (%

)

With three magnetometers
With four magnetometers

Figure 3—Along-track gradient errors when estimated with three magnetometers and measured with four 
magnetometers
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Abstract - The wide area assessment of military test ranges for 
training of airborne bombing, for testing the artillery, mortars 
and other weapons is mature technology, although it is mainly 
based on the magnetometers. The airborne multisensor 
imaging of test ranges was considered in several references,
synthetic antenna radar (SAR) and hyper spectral airborne 
imaging were considered only in a few. The mentioned 
technologies are adequate for military test ranges and not for 
scattered unexploded ordnance after the explosion of the 
ammunition storage. The undesired explosions of the 
ammunition storages happens often and only visual and 
manual search is available for assessment of the contamination 
distribution. There is not available operationally effective 
technology for airborne wide area assessment of the 
unexploded ordnance litter at and around the storage. The 
success of the application of the airborne multisensor system 
(AI DSS) for the needs of the humanitarian demining, enables 
solution of the considered problem.  In the case of the 
humanitarian demining the targets are remains of the war at 
the mine suspected area (trenches, shelters, bunkers, etc.), 
while in the case of ammunition storage explosion, the targets 
are smaller and there is the main problem to detect  and locate 
them, recognize and describe. The key technology that could 
enable to perform all three functions combines airborne hyper 
spectral imaging and the imaging with several other electro 
optical sensors (multisensor imaging). The dimensions of the 
smallest target determine altitude above terrain which enables 
needed spatial resolution and required probability of the 
detection, recognizing and technical description in accordance 
to Johnson’s criteria1.

I. INTRODUCTION

The ammunition storage Padjene (Croatia) exploded 
13.09.2011., the cause was the wild forest fire. The 
Commander of Croatian Air Force and Air Defence 
suggested to apply hyper spectral and multisensor imaging 
of the ammunition storage Padjene, by the airborne system   
[1], [2]. Initiated by this event and suggestion, was derived 
13.10.2011 first concept of the dedicated research project 
with following goal: develop, test, evaluate and 
operationally validate technology for the airborne hyper 
spectral & high spatial resolution multisensor assessment of 
the UXO litter at and around ammunition storage after 
undesired explosion, spectrally matched to UXOs and their 

                                                          
1 J. Johnson, 1958, Analysis of Image Forming Systems, 
Proc. Image Intensifier Symposium, US Army Engineer 
Research and Development Laboratories, Fort Belvoir, Va., 
6-7 Oct. 1958 (AD220160).

Croatian Ministry of Defense provided data and 
information about the ammunition storage Padjene, exploded 
on September 13, 2011. 

litter, crude fuel and their litter at the considered terrain, soil 
and vegetation. Two objectives were defined also:

Detect and locate UXO litter, produce thematic raster 
maps of UXO, their parts, in selected regions inside 
circular area centered at the ammunition storage Padjene.
Assess  the initial chemical contamination by airborne 
hyper spectral imaging of the ammunition storage 
Padjene after the undesired explosion.

II. CASE STUDY REGION OF INTEREST AND TARGETS

The ammunition storage Padjene (44°04'27.20"N,             
16° 08'11.29" E), Fig. 1, is locted near town Knin, Croatia. 
The explosion contaminated large area around the storage, 
Fig. 2. The UXO litter was scattered around the storage, the 
Task Force of Croatian Ministry of Defense started recovery 
action on September 14, 2011, inside radius 5 km (total area 
is 78,5 km2), Fig. 2. 

a

b
Figure 1. The ammunition storage Padjene: a) before the 
explosion, shown on the satellite IKONOS image 
29.03.2006 (Google Earth Pro); b) one month after the 
explosion shown on the aerial photography 13.10.2011.

Airborne wide area general assessment of the environment pollution 
due to the exploded ammunition storages

Milan Bajic
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Figure 2. Region of interest is defined by  circle having 
radius 5 km around the storage center. The circles with 
radius from 1 km to 5 km are shown in red. The satellite 
IKONOS image 29.03.2006, (Google Earth Pro). 

The process of the recovery has several phases: the visual 
search, manual detection, marking, displacement or 
destroyment of detected unexploded ordnance, crude fuel  
and their parts, extraction of usable non explosive materials, 
assessment of the chemical contamination after the recovery, 
disposal.   The Task force of Croatian Ministry of Defense 
for recovery, estimated density distribution of the scattered
ammunition and parts, measuring from the center of the 
ammunition storage, 

inside radius 800 m – 70 %, 
from 800 to 1000 m – 20 %, 
from 1000 to 2000 m – 6 %, 
from 2000 to 3000 m – 3 %, 
from 3000 to 5000 m – 1 %.

and the varying from the uniform radial scattering of the  
explosion due to terrain and natural obstacles around the 
storage. The dimensions of the UXO vary from rifle 
ammunition  to the airborne cluster bombs, examples at Fig. 
3, where smallest are scattered inside of the ammunition 
storage and  in small distance from it. With authorised 
officer was agreed that smallest diameter that research
should consider is 40 mm.

Besides the UXO, the area of the ammunition storage is 
itself an important target, Fig. 1, Fig. 4. It is contaminated by 
all kinds of UXO, but also with the  lead and the mercury. 
Similar chemical contamination with these heavy metals 
could be expected in nearest areas around the storage. The 
research should provide the starting assessment of the 
chemical contamination with mentioned heavy metals.

a

b

c
Figure 3. Examples of UXO dispersed around the storage 
due to explosion. Spectral samples of the UXO objects and 
litter, the soil and the vegetation shall be collected for the 
interpretation of the aerial hyper spectral images.
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Figure 4. Detailed view of the part of the storage after the 
explosion.

III. ASSEMENT OF EXPLOSION DANGER AREA

The undesired explosions of the ammunition storages 
happen often and only visual search and the manual 
detection are available for the assessment of the 
contamination distribution. There are several general 
references about the assessment of the status of the afflicted 
area after the undesired explosion, e.g. [3], [4], [5]. The wide 
area assessment for munitions response is considered in [6], 
bursting effect during detonation of explosive ordnances in 
[7], estimation of explosion danger areas in [8]. The 
principles and guidelines for the collection and destruction 
of collected ammunition are considered in [9], safety 
ammunition and explosives standards in [10], risk 
management principles and processes in [11]. Anyway, 
there is no available operationally applied airborne 
technology for wide area assessment of the unexploded 
ordnance litter at and around the storage after the explosion. 
The most similar problems, that have solution which could 
be interesting in our case are: 

the UXO detection at military test ranges, and 
the airborne hyper spectral assessment of the conta-
mination with hazardous waste.

IV. AIRBORNE TECHNIQUES FOR DETECTION OF
UNEXPLODED ORDNANCE IN MILITARY TEST RANGES

The airborne wide area assessment of military test ranges, 
which were used for training the bombing, for testing the 
artillery, mortars and other weapons is a mature technology, 
although it is mainly based on the airborne magnetometers, 
Fig. 5, [12], [13], [14].

Figure 5. The sensitive magnetometer are used for UXO 
detection at the military test ranges from the helicopter
flying very low.

Besides the magnetometers in the airborne methods are used 
LIDAR, stereo pairs of visible images for the detection 
craters of the explosion). The important issue are 
performance of statistical methods for UXO characterization 
and for wide area assessment, [13]. Since 2008 the airborne 
hyper spectral imaging sensors are in use, [16, pp. A-5 to A-
6, A-11 to A12], [15, pp.3-37]. The airborne multisensor 
imaging was considered in several references, synthetic 
antenna radar (SAR) and hyper spectral airborne imaging 
were considered only in two or three references. 

The browsing of the public references shows that there are 
no direct solutions for the considered problem: the 
assessment of UXO litter distribution at and around the 
ammunition storage after the undesired explosion. Among 
all relevant references about the airborne techniques for 
detection of unexploded ordnance and particulary of the 
detection by means of the hyper spectral remote sensing, two 
are the most suitable and usable, [12] and [15]. The 
difference of the spectral response between the targets 
(aerial bombs, cluster ammunition bombs, shells, mortar 
mines, missiles, their parts, crude fuel and its parts) and the 
soil and vegetation enables detection of the targets, Fig. 6.
The receiver operating curve (ROC) of the airborne 
synthetic antenna radar data of UXO is improved if SAR 
data are fused with the hyper spectral data, [15].

Figure 6. The spectral angle mapping classification of the 
hyper spectral images extracts: B – ferrous oxide, A – green 
vegetation, C – dry vegetation, [15, p. 21].

Besides civilian technology exist a military multisensor 
airborne system, MTADS, which provides  detection of  
improvised explosive devices (IED) and UXO, [17].
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V. ASSESSMENT OF CONTAMINATION BY HAZARDOUS 
WASTE THROUGH AIRBORNE HYPERSPECTRAL IMAGERY 

The assessment of the contamination by hazardous waste is 
developed technology in the USA, based on the16 airborne 
real-time cueing hyper spectral enhanced reconnaissance
systems (ARCHER), [18], [19]. The hyper spectral aerial 
reconnaissance is applied in ARCHER also for search and 
rescue, disaster impact assessment and relief, and homeland 
security,  besides for the hazardous waste assessment. The 
used hyper spectral technology is capable of detecting 
anomalies, and objects significantly different from the 
background in which they are located, can detect and find 
any object on the ground that match the spectral signature.
This successful technology is very encouraging while it 
supports the basic assumption about possibility to assess 
spatial distribution of UXO litter after the explosion of the 
ammunition storage.

VI. CONCEPT OF THE SOLUTION

HCR Center for testing, development and training Ltd 
Zagreb (www.ctro.hr) and Faculty of Geodesy University of 
Zagreb, Chair for Photogrammetry and Remote Sensing 
(www.geof.unizg.hr), Croatia, have the airborne hyper 
spectral and multisensor imagery acquisition system, [1], 
[2]. This system was developed and operationally used in 
humanitarian demining since 2008, due to very  strong 
support of US Department of State via ITF2, [20].  The 
experience from the humanitarian demining in Croatia 
(2008-2009), in Bosnia and Herzegovina (2009 – 2011) 
enables to match the system to the a new class of problems 
which appear in cases of undesired explosion of the 
ammunition storage. In the case of the humanitarian 
demining the targets are remains of the war at the mine 
suspected area (trenches, shelters, bunkers, etc.), and the 
fusion with contextual information, experts’ knowledge is a 
key for the reconstruction of the mine field scene, [21]. The 
requirements in a case of the ammunition storage explosion 
is simpler, however the targets are smaller and the main 
problem is to provide high probability of the detection, 
locating, recognizing them. The technology that enables to 
perform new requirements combines [1]: 

very high spectral resolution (95 channels, from 
430 nm to 900 nm) of the imaging hyper spectral 
sensor, with inertial positioning system and the 
parametric geocoding,
very high spatial resolution, of the electro optical 
sensors (multisensor imaging) in the visible and in
near infra red and in long wave infra red 
wavelengths.

The calibration of the radiometry of the hyper spectral 
imaging sensor has the crucial importance. Fig. 7 shows 
example of the pre-flight calibration, Fig. 8 shows objects 
used in the field to assist calibration. The reflection spectra 
measured  in one airborne mission are shown on Fig. 9. 

                                                          
2 International Trust Fund to Enhance Human Security,   
  www.itf-fund.si

Figure 7. Pre-flight radiometric calibration. On the concrete 
surface is located Spectralon Multi-step target, SRT-MS-
1803.
                      

Figure 8. Spectral samples of the field objects measured on 
the ground by portable field spectro-radiometer FieldSpec®3 
(ASD Inc., USA).

Figure 9. Spectral samples of stones, dirty road and the 
forest, measured 8.04.2009 from the airborne hyper spectral 
images.

                                                          
3  http://www.labsphere.com/products/reflectance-

standards-and-targets/reflectance-targets/spectralon-
targets.aspx
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The spectral samples from Fig. 9 are used for spectral angle 
mapping (SAM) classification aimed to extract the dirty road 
and stones from the hyper spectral image of the forest unit 
named Crno jezero – Markovica rudine, near Gospic, 
Croatia. The dirty forest road is obscured by trees, the soil 
contains stones, nevertheless the spectra differ, Fig. 9, and it 
was detectd when the suitable treshold spectral angle was 
selected,  Fig. 10.

Figure 10. The dirty forest road (blue) was detected by 5,5
degrees angle threshold.

Figure 11. The stones (green) were detected by 7 degrees 
angle threshold.

Both, the layer of the dirty road and the layer of the stones 
were overlapped on the hyper spectral image  Fig. 12. The 
image was visualized from following wavelengths: 760 nm –
red, 650 nm – green, 570 nm – blue, usually named color 
infra red (CIR).

The ground resolving distance of the presented hyper 
spectral images was 1 m, while the spectral resolution was 
4,9 nm. The spatial resolution for the survey of the exploded 

ammunition storage and its neighborhood should be 
changed. 

Figure 12. Layers of the dirty road and the stones shown on 
the CIR selection of the hyper spectral images.

The other sensors in the system are multispectral camera 
MS-4100, thermovision cameras (FLIR Photon, Agema 
THV-1000) and digital color camera. They acquire images 
in the same flight and conditions like the hyper spectral 
imaging sensor but with better spatial resolution. The 
dimensions of the smallest target determine altitude above 
terrain which enables imaging with needed spatial resolution 
and coverage, therefore the enabling required probability of 
the detection, recognizing in accordance to Johnson’s 
criteria. 

The multispectral sensor enables analysis of the vegetation 
stress due to the contamination  and variety of indices can be 
derived and applied. 

The high spectral resolution, the measured and collected  
spectral samples of the considered targets, soil, and 
vegetation, enable increase of the probability of the detection
and recognizing. The fusion of the hyper spectral and 
multisensor imagery provides more then the sum of the 
results provided by each sensor separately. 

VII. PLAN OF ASSUMED RESEARCH

A. Phase 1 - Preparation
WP 1. Collecting the catalogue of photographies and data of 
unexploded ordnance (UXO), their parts, crude fuel and its 
parts, scattered due to the undesired explosion of the 
ammunition storage Padjene. 
WP 2. Mesurement the representative spectral samples of 
UXO and remains, crude fuel and remains, at selected 
terrain, soil and vegetation locations. 
WP 3. Matching the parameters of the airborne hyper 
spectral and multisensor imaging system to kinds of selected 
targets and their spectral samples. 
WP 4. Training of the research team for technology of the 
airborne hyper spectral & multisensor assessment of the 
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UXO litter at and around ammunition storage after undesired 
explosion, spectrally matched to UXOs and their parts. 

B. Phase 2 – Airborne and ground based data acquisition
  WP 5. Prepare the samples of different UXO, their parts, 
crude fuel and parts, single samples and groups, for blind 
testing and the operational validation of the considered 
technology. Of course, the data and the locations shall be 
known only to commanding officer of Task force for 
recovery of Padjene.
WP 6. Airborne hyper spectral and multisensor imaging of 
the ammunition storage Padjene and the selected regions 
The triage and pre – processing of the acquired images, 
obligatory participation of the expert for the EOD.

C. Phase 3 – Processing, interpretation
WP 7. Processing and the interpretation of the acquired 
hyper spectral and multisensor imagery and calibrating data, 
while the satellite imagery could be useful. 
WP 8. Analysis of the research results, evaluation of the 
achieved technical level of the considered technology. 
Operational validation of the technology by the blind test 
data. Obligatory participation of the expert for the EOD.

VIII. TESTING, EVALUATION, OPERATIONAL VALIDATION 

The main goal of this research is to develop, test, evaluate 
and operationally validate technology for the airborne hyper 
spectral & multisensor assessment of the UXO litter at and 
around the ammunition storage after the undesired 
explosion, spectrally matched to UXOs and their parts, crude 
fuel and its parts at selected terrain, soil and vegetation. 

The expected general result of the research should be 
technology for the wide area assessment of the UXO litter at 
and around ammunition storage after explosion, with 
determined operational parameters (smallest ammunition 
caliber, probability of detection, effectiveness of the hyper 
spectral imaging supported by spectral ground based 
samples, effectiveness of other electro-optical sensors, 
limiting influence of vegetation and soil). The airborne 
hyper spectral imaging should initially assess the chemical 
contamination at the area of the ammunition storage Padjene 
(the lead and mercury) and provide data for later correlation 
with ground based measurements after the recovery.  

IX. CONCLUSION

The paper presents the basic background as it was prepared 
in October 2011 for the assumed research project. 
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Proposal for construction of demining machines and trailers for the transport 
of dangerous goods carried out within the project TIRAMISU

Marcin Szczepaniak, Ph.D. Eng.  

Abstract
The issue of work will be wide range and will cover both the destruction (by trawling),  transport and storage of 
hazardous materials of various nature, including mines, unexploded ordnance, IEDs, ammunition and explosives. 
The proposed work will describe the issues related to hardware problems and the latest proposals of technical 
solutions related to the destruction, storage and transport of munitions.   In the section on structural solutions will 
present information and ideas proposed two recent work related to the project TIRAMISU: modular demining
machine, working by pressure, connected to a remote-controlled mobile support platform - for example: tractor 
of PIERRE and trailer for temporary storage and transport of explosives and munitions.

1. Family of Modular Vehicles for Road Reconnaissance and IED Disposal
Engagement of the Polish Armed Forces in stabilisation missions both in Afghanistan and in Iraq verifies 

the requirements of the post battlefield areas. One of the areas requiring equipment upgrade is the issue 
neutralizing and  transport of antipersonel mines, UXO and submunition. That charges are characterized by 
diversified construction and using different explosives. 

From 2010 year WITI leads a new project as System Modular Vehicles for Road Reconnaissance and IED 
Disposal.

The system will consist of three different light armored vehicles tailored to performed specific tasks – fig. 1.

Fig.1. Light vehicle designed to specific tasks

The system allows detection, and most important: disposal and transport of mines, UXO, IEDs and explosive 
materials. Each vehicle of the system have its own dedicated equipment. The first in the group has a GPR [13]
with metal detector, the second one – a mine flail, and the third one – a boom with manipulator to pick the
detected object up – fig.2. 

Fig.2. The equipment of a light vehicle: a multisensor detector (metal detector and GPR),
a mine roller, an arm used to remove dangerous objects
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Based on the experiences from construction of the system, we decided to create a new design of the modular 
demining machine, working by pressure, connected to a remote-controlled mobile support platform and trailer 
for temporary storage and transport of explosives and munitions

2. The modular demining machine
The Project is aimed at developing a state-of-the-art demining machine, working by pressure from polish 

national program, called SHIBA – fig.2. The modular demining machine, working by pressure, will be 
connected to a remote-controlled mobile support platform - for example: tractor of PIERRE.
Width of the device will be matched to the dimensions of the vehicle.

The  modular demining machine – fig. 3, 4 – contains: 

protection kit (1, 2);
mounting arrangement for vehicle (3);
boom (4, 5);
working part of machine (6).

fig.3. The light modular demining machine, working by pressure with tractor – in working position

fig.4. The light modular demining machine, working by pressure with tractor – in transport

3. Trailer for temporary storage and transport of explosives and munitions
The aim of the project is to develop a idea storage and transport of explosives and munitions, extracted from 

areas at risk of post-war remnants – fig. 5, 6. The modular (demountable - exchangeable, composite structures

1 2 3 4 

5 

6 
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barriers) trailer, will be connected to a remote-controlled mobile support platform - for example: tractor of 
PIERRE.
The trailer for temporary storage and transport of explosives and munitions – fig. 5, 6 – contains: 

protection kit (1);
transport trailer (2);
container lid (3) – pressure with safety;
protective barrier (4);
capture zone of debris (5);
reinforced chassis/suspension (6).

Fig.5. Trailer for temporary storage and transport of explosives and munitions – in open position

Fig.6. Trailer for temporary storage and transport of explosives and munitions – in closed position 

4. The comprehensive set of trailer and demining machine
In order to maintain safe operation of the potential minefield is proposed to submit a set of two devices:  

the light modular demining machine and the trailer for temporary storage and transport of explosives – fig. 7, 8.

1 

2 

3 

5 4 

6 
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Fig.7. Trailer for temporary storage and transport of explosives with demining machine 

Fig.8. Trailer for temporary storage and transport of explosives with demining machine

5. Conclusions
- In the project we’ll establish the resistance of the demining machine to several hundred grams of 

explosive material (700 - 900 g).

- Weight at similar level assumes the maximum amount of explosive carried in the trailer for temporary 

storage and transport of explosives.

- In order to decrease of costs and increase of rebuilding the trailer after detonation of the explosive, 

barriers and housing are made of composite panels.
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First results: Robot mapping of sites contaminated by landmines and unexploded
ordnance.

 
Kjeld Jensen1, Leon B. Larsen1, Kent S. Olsen1, Jens Hansen2, Rasmus N. Jørgensen1

 
Landmines and unexploded ordnance are a serious threat to the life and livelihood in post 
conflict areas in many parts of the world. In addition to the many casualties each year, the
inaccessible roads and loss of cultivated areas have a significant impact on the local economy. 
Many organisations are running humanitarian demining projects to clear the contaminated
sites. But progress is slow since mine clearance is a very time-consuming process, and there 
is no room for error since most existing techniques involves an operator on site. A number of 
research projects have demonstrated various mine detection robot prototypes during the past 
decade, yet robots do not seem to be utilized in practical humanitarian demining projects.

 
The Biosystems Engineering Group at the University of Southern Denmark collaborates with 
companies experienced in design of all-terrain vehicles and sensor technology to develop 
autonomous tool carriers for use in biological production applications. This article presents the
first results applying this combined knowledge and experience to humanitarian demining.

 
The aim is to develop a low-cost, reliable, efficient and user-friendly robot capable of detecting 
and mapping landmines. It is hypothesized that with the exception of very inaccessible terrain 
an autonomous robot will be more efficient and reliable for mapping detected landmines than 
manual methods using the same sensor technology. At the same time it does not expose the 
operator to the risk of harm.

 
This paper presents the first results from the project. The existing robot platform design has 
been simplified to lower cost and allow repair in the field with limited tools and spare parts. The
robot will be able to utilize various mine detection implements and support different detection 
methods simultaneously. The FroboMind architecture based on Robot Operating System (ROS) 
is used for robot control. Software components will be released as open-source for others to
build upon.

 
1Institute of Chem-, Bio- and Environmental Technology, University of Southern Denmark Campusvej 55, 5230
Odense M, Denmark Phone: (+45) 27781926, email: kjen@kbm.sdu.dk
2Lynex, Aalsøvej 2, 8240 Risskov, Denmark
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An overview of GIS-based Multi-Criteria Analysis of priority selection in humanitarian 
demining

Nenad Mladineo1, Snjezana Knezic2, Marko Mladineo3

Abstract
This paper demonstrates how an application of GIS-based Multi-Criteria Analysis could be efficiently used to 
support humanitarian demining operations and restoration of mine-contaminated areas. The financial shortage 
usually triggers a need for priority setting in the mine removal process. This overview validates GIS-based Multi 
Criteria Analysis (MCA) as capable tool for priority setting within mine action management. A combination of 
GIS analysis and a multicriteria method is applied to set humanitarian demining priorities in order to optimally 
reduce the risk caused by mines. GIS is outlined as a powerful tool for aggregation of information used in 
multicriteria analysis. It is also shown that coupled GIS-MCA model is very efficient tool for both functional 
connection between hierarchic decision levels and determination of the objective priorities. Besides GIS-based 
MCA for priority setting the paper will also demonstrate a development of Web&GIS-based MCA. By 
functional integration with web, priority setting process become fully transparent since stakeholders and donors 
are able to actively join decision making process using on-line web application.

1. Introduction
In Croatia, over the past ten years, a priority setting using Multi-Criteria Analysis (MCA) coupled with GIS has 
been deployed in mine-action management (Mladineo&Knezic, 2003). A multi-criteria approach gives an 
opportunity for stakeholders to express their needs and requirements through a set of criteria. Therefore, the 
methodology provides full transparency of decision data (Benini et al, 2003), visible to all stakeholders, so that 
anyone who is either directly involved in Mine Action process or affected by landmines could follow the 
process. Priority setting (Van Der Merwe, 2003) should be used to ensure that the limited resources of a mine 
action programme can have the greatest possible impact in each planning cycle on the socio-economic blockages 
caused by landmines. The application of MCA tools to the decision making process has been widely recognised
(De Leeneer&Pastijin, 2002; Jankowski, 1995) for its utility in offering fundamental help for the decision maker 
in the presence of possibly conflicting targets. 
While using MCA two problems have been noticed. The first one refers to the size and scope of either minefields 
or mine suspected areas, so they could be mutually comparable.  A result from comparison process is priority
rank for mine clearance. Each minefield is an action in MCA having its own rank in relation to defined criteria.
Second problem relates to the fact that each decision level demands different criteria set, as well as to the fact 
that demining process on different land cover areas (water, woodlands, etc.) needs distinctive criteria. 
Experience in the application of MCA resulted in GIS-based Decision Support System (DSS) which comprehend 
different decision levels and land cover areas.

2. Methodology
The proposed GIS-based DSS for risk management in mine-affected supports multi-level approach 
(Knezic&Mladineo, 2006): for each problem level, a specific procedure for criteria and action (solution) 
evaluation is developed (Figure 1). At each decision level a separate set of actions (projects for humanitarian 
demining of socio-political entities, such as counties, municipalities, villages, mine fields, homogenous areas, 
etc.) is created by GIS, and evaluated by applying multicriteria analysis (Mladineo et al, 2003). 
At strategic level counties, regions, districts or, alternatively, homogenous zones defined as parts of territories 
with common characteristics, make up a set of actions being evaluated by multicriteria analysis. Actions are 
ranked according to the humanitarian demining priorities. At the tactical level, the problem should be treated at 
regional level, so municipalities, urban areas or similar homogenous zones make up a logical set of actions. The 
criteria that could be concerned are assembled in four basic groups, as follows:

Terrain characteristics and infrastructure 
Economic impact of mine clearance,
Social welfare,
Land-mine risk reduction.
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3 University of Split, Faculty of Electrical Engineering, Mechanical, Engineering and Naval Architecture, Rudera 
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Figure 1: Hierarchic approach in humanitarian demining operations (example for water resources) 
(Knezic&Mladineo, 2006)

At the operational level, problems should be treated with respect to humanitarian demining projects, mine fields, 
selection of humanitarian demining company and technological support, etc., and particular criteria for each 
multicriteria evaluation has to be developed. For each decision level, a team of experts has to make the criteria 
set more detailed, by co-coordinating it with the demands characteristic of that particular level and with relevant 
stakeholders.

Figure 2: Structural layout of DSS for humanitarian demining operations (Knezic&Mladineo, 2006)

The hierarchic approach is very useful because, at each level, it makes distribution of money for the 
humanitarian demining of mine-affected counties easier by simulating results attained from multicriteria 
analysis. 
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Conceptualized DSS (Knezic&Mladineo, 2006) shown on Figure 2 consists of segments related to the hierarchic 
structure of DSS. Modules are related to both data and model bases. The database is based on GIS for general 
data, which contains topological, social, land-mine risk and economic data. In addition, the mine information 
system (MIS), functions as the central tool for mine risk-management.  The model base, besides other models 
and various spatial operations, includes multicriteria models necessary for particular assessments and 
prioritizations. This approach avoids very expensive and sometimes imprecise terrain surveys, and at the same 
time enables very simple visual control of the parameters used. 

3. Development of GIS-based MCA Web Application
Since several stakeholders, usually dislocated, are included in the priority setting process a new Web based GIS 
application has been developed. The application couples GIS thematic layers and MCA making it accessible via 
friendly user interface to different stakeholders. Consequently, priority setting has become fully transparent since 
stakeholders and donors are able to actively join decision making process using on-line web application.

Figure 3: Display of results of Multicriteria Analysis for criteria weights predefined by "Scenario I"

Figure 4: Display of results of Multicriteria Analysis for custom defined criteria weights ("Custom scenario")
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Figures 3 and 4 show an example of priority setting in a municipality of Sisacko-moslavacka County. Weights of 
criteria groups could be easily changed on-line with automatic update of MCA results. The results of 
Multicriteria Analysis (MCA) are displayed in multiple ways: on a chart that represents PROMETHEE II output 
(Brans et al, 1984; Marinoni, 2005), on a map by placing a rank number on each suspected minefield, and on a
suspected minefield 's "map tip" with details about each suspected minefield's rank.
By scenario selection a decision stakeholder attitude is transferred into MCA. On Figure 3 a predefined 
"Scenario I" has a greater weights of criteria groups "Social welfare" and "Economic impact of mine clearance". 
On Figure 4 a "Custom scenario" is used, in which greatest weight have criteria group "Land-mine risk 
reduction". Change of criteria weights affected ranks. Initially, 1st rank had suspected minefield "B10 Glina"
(Figure 3), but after change of scenario 1st rank has suspected minefield "B13 Glina" (Figure 4). And the other 
ranks were also affected.

4. Conclusion
Mine action management often deals with limited funds, and thus requires efficient tools for the establishment of 
mine clearance priorities. Between the "small" farmers, whose backyards are contaminated, and county and
community councils, forums and representatives, there are several levels that are directly or indirectly exposed to 
mine accident risks. All of them, more or less, expect that their problem should be treated as the priority one, so 
their involvement in the decision-making process lowers tensions and significantly reduces frustrations that may 
result from the prolongation of the problem solving process. This paper demonstrated how to easily include 
several stakeholders in decision process of priority selection in humanitarian demining. A new Web based GIS 
application has been developed. The application couples GIS thematic layers and MCA via friendly user 
interface. The further research will be based on defining of predefined scenarios and designing forms for MCA 
data input.
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Prime-Tech: 
a wide range of demining machines!



In some areas mines get buried 
deep, out of the reach of mine 
clearance devices. For example 
when floodwater carries soil to 
rice fields or when sand moves 
along with the wind at desert.

REMU screening buckets can be used for clearing 
anti-personnel mines.   

REMU Oy  

info@remu.fi
+358 20 743 1160
www.remu.fi      
  



Vallon GmbH   Im Grund 3   D-72800 Eningen   Phone: +49.7121.9855-0   Fax: +49.7121.83643

E-Mail: info@vallon.de  Internet: www.vallon.de

MINE & UXO DETECTION

Vallon GmbH has been a manufacturer of mine detectors 

for more than 40 years. The own R&D division develops 

hand-held mine detectors, hand-held bomb locators, 

vehicle mounted multi sensor detection systems, navi-

gation tools for the field work, and powerful software for 

automatic evaluation of the detector data and following 

identification of UXOs. 

Vallon GmbH’s engineers and technicians work closely 

with the users in order to integrate their requirements 

into the equipment.

Additional tools for EOD and demining are offered by 

Vallon‘s subsidiary company Force Ware GmbH. For 

more information please visit www.forceware.de. 
Customized Vehicle-Mounted Detection Systems, 

for example VMV8

UXO Detector VMXC1-3

with special firmware to

detect country-specific

submunition

60-cm-Search Head

for deep lying metal

cased mines / UXOs

Metal Detector VMH3CS

with pinpointing feature

Metal Detector VMC1

for special tasks

Dual-Sensor-Detector VMR2

GPR and metal detector to

detect metal and metal-free 

objects









HCR-CTRO d.o.o.
Sortina 1d, 10020 Zagreb,
CROATIA
Phone: +385 1 650 0020
Fax: + 385 1 652 0301
e-mail: nikola.pavkovic@ctro.hr
www.ctro.hr

With its testing capacity (test sites and 
equipment) and highly professional staff, the 
Centre offers the following services:

• testing and certification of:
• demining machines
• mine detection dogs
• metal detectors, PPE and prodders

•  field testing and operational validation of 
technologies used for mine contaminated 
area detection and mine suspected area 
reduction

•  training and issuing certificates for the use 
of metal detectors

•  training of EOD officers, worksite 
managers, demining teams and monitoring 
personnel

•  organizing workshops, conferences and 
other gatherings on the subject of mine 
action

•  preparation for introducing quality 
management in demining companies as 
per ISO 9001:2000

•  lease of test sites

•  implementation of research and 
development projects in the field of mine 
action



HRVATSKI CENTAR ZA RAZMINIRANJE
CROATIAN MINE ACTION CENTRE

The 9th International Symposium
“HUMANITARIAN DEMINING 2012”

24th to 26th April 2012
ŠIBENIK, CROATIA
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COMPLETE MINE 
ACTION SOLUTIONS

CLUSTER FOR HUMANITARIAN DEMINING Ltd.

Grupo Empresorial para el Desminado Humanitario  La solución compleja para una Acción Contra Minas

Le Groupe Croate de déminage humanitaire  La solution complète pour l’action contre les mines

Contacts
Address: Sortina 1d, 10020 Zagreb, CROATIA




