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Foreword

The aim of this publication is to provide the mine action community, and those
supporting mine action, with a consolidated review and status summary of detection
technologies that could be applied to humanitarian demining operations. This Guidebook
is meant to provide information to a wide variety of readers. For those not familiar
with the spectrum of technologies being considered for the detection of landmines and
for area reduction, there is a brief overview of the principle of operation for each
technology as well as a summary listing of the strengths, limitations, and potential for
use of the technology to humanitarian demining. For those with an intermediate level
of understanding for detection technologies, there is information regarding some of
the more technical details of the system to give an expanded overview of the principles
involved and hardware development that has taken place. Where possible, technical
specifications for the systems are provided. For those requiring more information for a
particular system, relevant publications lists and contact information are also provided.

A significant feature of this Guidebook is the assignment of a technology readiness
level which is an assessment of how close the system is to actual deployment into
mine action operations. How this assessment is determined is explained in Chapter
One.
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1. Infroduction

Since the mid 1990s considerable funding and effort has been invested worldwide in
order to develop new technologies for humanitarian demining — with the aim of
improving the productivity of present humanitarian demining methods while
maintaining or increasing deminers’ safety. During this time there has also been
considerable investment of military funds in new sensing technologies that in some
cases could also be applied to mine action. The change in the emphasis of the expected
operational use of detection technology by military personnel — from, for example,
combat minefield breaching to peace-keeping and peace-building operations — has
also seen military detection requirements move to some extent towards those expected
for humanitarian demining.

There is perhaps a general disappointment that only a few of these technologies have
progressed quickly from research and development (R&D) to field use, although this
understandable expectation was to be somewhat unrealistic. This could be explained
by the fact that most of the R&D focused on the technology development and less on
the complexity of the environmental and field use conditions. Moreover, the
development costs, following the R&D chain from basic research towards prototyping,
testing and production, have been underestimated. As an example, the authors of the
RAND report [1] (2003), which analysed technologies originating mostly in the US,
recommend that the US Federal Government initiate an R&D programme to develop
a multi-sensor system, with an initial prototype development cost estimated at
approximately US$60 million with a prototype multi-sensor system possibly available
within seven years after the start of the aforementioned programme. After this phase,
the authors estimate that an additional US$135 million will be needed to fund the
engineering and development of an optimal, deployable system. The need for
substantially greater funding to take a functional prototype of humanitarian demining
technology to field readiness (i.e. beyond the cost of developing the prototype in the
first place) has also been noted in Europe.

Although a host of physical principles have been investigated to detect landmines,
only electromagnetic-based technologies, in particular enhanced metal detectors and
ground penetrating radars, have seen significant advances and are being introduced
into the field. Test results consistently confirm that some of these technologies can
indeed increase the productivity of humanitarian demining, while at least maintaining
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the current high levels of safety. Several development groups have shown this is the
case for the combination of a metal detector with ground penetrating radar (GPR).
The first such combined system, the AN /PSS-14 (the military version), has now been
fielded and others are expected to follow in the short term, such as the VMRI1-
MINEHOUND (see the corresponding descriptions).

1.1 Guidebook structure

This Guidebook presents a schematic, non-exhaustive overview of several landmine
detection and area reduction sensing technologies and systems for humanitarian
demining. These systems have been selected according to their development and test
and evaluation status. Moreover, a few systems primarily targeted at defence
applications, and which could be applied to humanitarian demining operations, have
been also added.

The operating principle of each technology is presented first, followed by a schematic
summary of the possible application type, the strengths and limitations, the potential
for humanitarian demining (HD), and the estimated technology readiness.

The application type has been schematically subdivided as: hand-held, vehicle-based
and airborne, as well as in close-in versus remote detection systems. Although most of
the research carried out so far has focused on the close-in detection of individual mines,
wide-area remote sensing methods could be very important for area reduction tasks.
The potential for HD has been mostly evaluated with respect to the mainstream
applications within humanitarian demining.

The technology readiness estimation is a qualitative measure based, as in the
EUDEM report [2], on the known state of advancement of R&D, the demonstration
of detection capabilities useful for humanitarian demining, as well as the
demonstration of building a practical system. The resulting value assigned is
undoubtedly subjective. Additional technology readiness estimations can be located
in references [1] and [3].

Finally, bibliographic information is provided, listing first the references which are
likely to be of greater interest to this Guidebook’s audience.

Individual systems

Specific systems employing these techniques are then described in terms of the research/
development programmes, the developers, the present specifications and available
results. Where possible the Guidebook focuses on the most promising developments
(high Technology Readiness Level — TRL — value, evaluated for HD applications,
and recent systems), complemented by information on a few less mature systems,
particularly when this was deemed necessary to illustrate a specific detection approach.
The Guidebook does therefore contain details of: (i) technology which has now reached
operational implementation stage, (ii) technology which is close to operational
implementation, and (iii) prototype technology where substantial further engineering
investment is required before reaching operational readiness.

Bibliographic information is provided here in reverse chronological order, given that
the most recent test and evaluation references are usually the most up-to-date and
useful ones.
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Most technologies are stand-alone (i.e. they can be used by themselves) but can also be
used in combination with others. In some cases comments on cost factors have been
added. These have obviously to be weighed against the benefits derived from the use
of the corresponding technology.

Notes

A number of GPR systems presented here are components of multi-sensor systems.
In this Guidebook we concentrate only on GPR while providing basic information on
the other sensor/s used with it. Further information on metal detectors may be
found in the Metal Detectors and PPE Catalogue 2005 published by the GICHD and
will not be reproduced here.

The information appearing in this Guidebook has been secured predominantly through
analysis of information already made public. All individual system descriptions have
been drafted in co-operation with the contact persons listed in the Involved Organisations
annex, or provided by them and reviewed by the editorial team. All images and
illustrations have been provided by the respective organisations. For some technologies,
although input and cooperation was requested, it was unfortunately not forthcoming.

The Guidebook editorial team have prepared this report in good faith and to the
best of their ability with the goal of disseminating results. They have had no
opportunity to verify test results or performance claims provided by the system
developers or manufacturers.

Finally, although the emphasis here is on sensor technologies, it should be noted
that a substantial contribution to improving the efficiency of the demining process
has come from Information and Communication Technologies (ICT), such as
information management (e.g. IMSMA — Information Management System for Mine
Action) or positioning systems (global positioning system [GPS], differential GPS
[DGPS]). In future we can expect to move towards a coherent framework in which
all available information over a given area is integrated and used, with ICT such as
integrated geographical information system (GIS) environments, image interpretation
methods and decision-support systems playing a prominent role [4].

1.2 Technology Readiness Levels

A Technology Readiness Level (TRL) score, evaluated for HD applications, has been
assessed for each system presented in this Guidebook. While the initial TRL score was
assessed in co-operation with each organisation, the final evaluation was carried out
by the editorial team.

TRLs have been implemented in space and defence procurement programmes as a
systematic scoring method to assess the development status of an individual technology
and to compare it with other technologies [5, 6, 7, 8]. These scores also provide a
basis for risk assessment and risk management.

TRLs range from a score of one which indicates the least ready for use — the basic
physical principles have been noted and research can be started — to a score of nine
which indicates successful operational deployment. The intermediate levels, two to
eight, represent the different research, development and deployment phases as work
progresses from research to the final product.
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While an increasing TRL number indicates that the technology is maturing and
progressing towards a fieldable system, even a relatively high TRL obviously does not
present a guarantee that this will ever happen, nor that the resulting system would be
really useful in a humanitarian demining context (for example, because, although
effective, it is not sufficiently efficient).

In defining our TRLs we have stayed close to those we understand to be suggested by
the UK Ministry of Defence.! An overview of the different TRL phases, as well as
references, is presented in the following table.

Related publications

1. MacDonald, J., J.R. Lockwood, J. McFee, T. Altshuler, T. Broach, L. Carin, R. Harmon
C. Rappaport, W. Scott, R. Weaver (2003)
Alternatives for Landmine Detection, RAND Science and Technology Policy Institute,
Report MR-1608, ISBN 0-8330-3301-8.

2. Bruschini, C., K. De Bruyn, H. Sahli, J. Cornelis (1999)
EUDEM: The EU in Humanitarian Demining - Final Report, July, www.eudem.info.

3. Sanhli, H., C. Bruschini, S. Crabbe (2005)
Catalogue of Advanced Technologies and Systems for Humanitarian Demining, EUDEM2
Technology Survey Report, February, www.eudem.info.

4. Cornelis, J., H. Sahli (2004)
“International Conference Assembles Military Considerations within Mine Action
Technology Trends”, Journal of Mine Action, Issue 8.1, June, p. 63, maic.jmu.edu/.

5. Mankins J.C. (1995)
Technology Readiness Levels, a White Paper, Advanced Concepts Office, Office of
Space Access and Technology, NASA, 6 April.

6. Mankins J.C. (1998)
Research & Development Degree of Difficulty (R&D), a White Paper, Advanced Projects
Office, Office of Space Flight, NASA Headquarters, 10 March.

7. Bunyan M., J. Barratt (2002)
AMS Guidance on Technology Readiness Levels (TRLs), FBG/36/10, UK MOD, 4 February

8. Daniels D.J. (2004)
Impact of New Technologies, Presentations Part 1 and 2, EUDEM2 2004 Final Workshop:
Is Humanitarian Demining Technology a Broken Promise?, Vrije Universiteit Brussel,
Brussels, 5-6 October 2004, www.eudem.info.

1. Technology Readiness Levels were first introduced to the editorial team by David Daniels, ERA
Technology.
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Technology readiness table (adapted from (7))

Technology readiness
level

Description

. Basic principles observed
and reported.

. Technology concept
and/or application
formulated.

[ 1]

. Analytfical and
experimental critical
function and/or
characteristic proof of
concept.

006

. Technology component
and/or basic technology
sub-system validation in
laboratory environment.
0000

. Technology component
and/or basic sub-system
validation in relevant
environment,

00000

. Technology system/
subsystem model or
prototype demonstration

in a relevant environment.

000000

. Technology system
prototype demonstration
in an operational
environment,
0000000

. Actual technology system
completed and quadlified
through fest and
demonstration.
00000000

. Technology system
“accredited” through
successful mission
operations.
000000000

Lowest level of technology readiness. Scientific research
begins to be evaluated for applications. Examples might
include paper studies of a tfechnology’s basic properties.

Invention begins. Once basic principles are observed,
practical applications can be postulated. The application is
speculative and there is no proof or detailed analysis to
support the assumptions. Examples are sfill limited to paper
studies.

Analytical studies and laboratory studies to physically validate
analytical predictions of separate elements of the technology
are undertaken. Examples include components that are not
yetintegrated or representative.

Basic tfechnology components are integrated. This is relatively
“low fidelity” compared to the eventual system. Examples
include integration of *ad hoc” hardware in a laboratory.

Fidelity of sub-system representation increases significantly. The
basic technological components are integrated with realistic
supporting elements so that the technology can be tested in a
simulated environment. Examples include “high fidelity”
laboratory integration of components.

Representative model or prototype system, which is well beyond
the representation tested for TRL 5, is tested in a relevant
environment. Represents a major step up in a fechnology’s
demonstrated readiness. Examples include testing a prototype
in a high fidelity laboratory environment or in simulated
operational environment.

Prototype near or at planned operational system. Represents a
major step up from TRL 6, requiring the demonstration of an
actual system prototype in an operational environment, such
as in an aircraft or vehicle. Information to allow supportability
assessments is obtained. Examples include testing the
prototype in a test bed vehicle.

Technology has been proven to work in its final form and under
expected conditions. In almost all cases, this TRL represents the
end of Demonstration. Examples include test and evaluation of
the system in its intended detection system to determine if it
meets design specifications, including those relating to
supportability.

Application of the tfechnology in its final form and under mission
conditions, such as those encountered in operational test and
evaluation and reliability trials. Examples include using the
system under operational mission conditions.







2. Metal Detectors

(electromagnetic induction devices)

Introduction

Metal Detectors (MDs) are a mature technology and are the primary means of detection
used in mine action programmes today. Much has been written about the operating
principles, characteristics and limitations of the technology and will not be repeated in
this publication. A brief summary description of metal detectors is provided below.
Readers wishing a more detailed discussion on metal detectors are referred to the
related publications listed below, in particular, The Metal Detector Handbook for
Humanitarian Demining and Metal Detectors and PPE Catalogue 2005.

Operating principle

A metal detector’s search head is usually composed of a primary coil (transmitter) and
one or more secondary coils (receiver), although in some arrangements one coil is
actually sufficient. A time-varying current in the transmitter coil generates a low
frequency electromagnetic field (kHz to MHz frequency range), which induces electric
(“eddy”) currents in nearby metallic objects, an effect which can be enhanced in the
case of magnetic objects. These eddy currents in turn induce a time-varying current in
the receiver coil(s), which is amplified and processed to provide an acoustic signal or
other form of warning or signal strength indication as the detector is swept over the
ground, typically very close to the soil. A metal detector’s search head “illuminates”
an area which is roughly as large as the sensor head (“footprint”). Larger sensor heads
can therefore be used to search for deeper objects, although they will be less sensitive
to small targets close to the surface (this can represent an advantage or disadvantage
depending on the operating scenario). The rejection of signals generated by the soil
itself is very important in a number of operating scenarios, and in this respect significant
advances have been achieved by the manufacturers during the past years.

Application type

Close-in detection: hand-held, vehicle-based (arrays) .

Strengths

> Well-established technology (hand-held; vehicle-based arrays are more recent
developments).

» The vast majority of all deployed mines do contain some amount of metal, albeit
in some cases only at the level of the detonator capsule or striker pin (minimum-
metal mines).

> Indicative detection limits (can also depend on ground conditions): shallow
(about 10-15cm for minimum-metal mines, 20-30cm for mines with an
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appreciable metallic content, and 50-70cm for UXO and metallic mines). Greater
depths are reachable with large loop systems.

Limitations

» Magnetic (e.g. laterite rich) or strongly conductive soils (e.g. sea beaches).
» Ground compensation techniques can reduce detector sensitivity.

» Very small (minimum-metal mines) and/or deep targets, low conductivity metals
(e.g. stainless steel).

> Footprint size decreases with depth (conical footprint).

» Electromagnetic interference (e.g. power lines). High false alarm rate caused by
metal fragments, etc.

Potential for humanitarian demining

> Well-established technology.

» Metal detectors (MDs) are present in nearly every multi-sensor system being
researched.

> Efficiency limited by metallic debris (MDs detect any metal and not just the
metal components found in mines).

Y

Recent improvements in soil signal suppression (fielded systems).

» Appealing but challenging innovations: target identification and parameter
estimation (e.g. target depth/size), imaging applications, and sensors other than
coils.

» Complemented in humanitarian demining, when a real need exists (UXO only,
or deeply buried UXO), by magnetometers, which measure the distortion of the
Earth’s magnetic field caused by nearby ferromagnetic objects.

Estimated technology readiness (enhanced MDs)
Medium-High.

Related publications

1. Guelle, D., A. Smith, A. Lewis, T. Bloodworth (2003)
Metal Detector Handbook for Humanitarian Demining, European Communities,
Publication EUR 20837, 172 pp., ISBN 92-894-6236-1.

2. GICHD (2005)
Metal Detectors and PPE Catalogue 2005, Geneva International Centre for
Humanitarian Demining, GICHD, Geneva, 166 pp., ISBN 2-88487-024-5, www.gichd.ch.

3.Das Y., J.1. Dean, D. Lewis, J.H.J. Roosenboom, G. Zahaczewsky (Eds) (2001)
A mulfi-national technical evaluation of performances of commercial off the shelf
metal detectors in the context of humanitarian demining, International Pilot Project
for Technology Co-operation, Final report, European Commission, Joint Research
Centre, Ispra, Italy.

4, Gaudin C., C. Sigrist, C. Bruschini (2003)
Metal Detectors for Humanitarian Demining: a Patent Search and Analysis. EUDEM2
Technology Survey Report, November, v2.0, www.eudem.info.




2. Other low-frequency electromagnetic systems

2.1 Otherlow-frequency electromagnetic
systems: Electrical Impedance Tomography
Mine Detection System

Project identification
Project name EIT Confirmatory Start date April 2005
Detecfor End date September 2006
Acronym EIT Technology type Low frequency
Participation level National (Canada) electrical currents
Financed by DRDC Suffield Readiness level 000000
Budget CAD400,000 Development status Ongoing
Projecttype Technology development,| Company/institution Neptec Design Group
Technology demonstration

Project description

An evaluation prototype was built and tested in the late 1990s in realistic conditions to
assess the potential use of Electrical Impedance Tomography (EIT) technology as a
confirmatory detection modality. The early evaluations revealed that the EIT technology
is particularly efficient in wet, shallow environments such as those found in ocean
littorals, marshes and agricultural fields. A second project phase was started to improve
the instrument and algorithms, and also extend its field evaluation to wet environments.

Detailed description

EIT is a technology developed to image the electrical conductivity distribution of a
conductive medium. The technology is of interest because of its low cost and also
because the measurement of the electrical conductivity brings direct information about
the composition of the conductive medium. Since the ground is conductive to a certain
extent, the technology can also be used to detect buried objects. The application of
landmine detection is of particular interest because the object is usually buried at shallow
depths and causes a discontinuity in the soil conductivity that can be sensed from the
ground surface.

EIT uses low-level electrical currents to probe a conductive medium and produce an
image of its electrical conductivity distribution. While a pair of electrodes is stimulated,
the electrical voltage is measured on the remaining pairs of electrodes. After all the
independent combinations of interest have been stimulated, an algorithm using the
measured data reconstructs an image of the electrical conductivity distribution within
the volume. In the case of ground probing, an array of electrodes is placed on the
surface of the ground to provide an image of the conductivity distribution below the
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surface. In the case of a shallow underwater application, an electrode array is immersed
in the water to probe the sediment layer. The EIT technology will detect mines buried
in the ground/sediments by detecting electrical conductivity anomalies. The presence
of a metallic or non-conductive mine will disturb the conductivity distribution in the
soil. The signal characteristics are based on the size, shape, conductivity and depth of
the buried mine.

Figure 1 below shows an EIT detector prototype optimized for the detection of anti-
tank landmines. A typical EIT detector has three major components: the electrode
array, the data acquisition system and a data processing unit. In this case the electrode
array comprises 8 columns and 8 rows of electrodes, for a total of 64 electrodes. The
electrodes are spring-loaded and can adjust with terrain variations. The data acquisition
system incorporates the electronics and firmware required for the electrical stimulation
of the electrodes and the recording of the resulting potentials.

— \-'r, TP o

F '_. ‘ﬂﬁigfﬁrocessing 3D Detection at Depth =-14cm
Data, Acquisitiofi System

o€

Electrode™Array ($x8)_ -0.5 .05

Figure 1. The EIT detector prototype and its response to an anti-tank-mine-like object buried at a
depth of 14dcm.

Test and evaluation
On the ground

The EIT detector prototype was evaluated at Defence R&D Canada Suffield, using
anti-tank mine surrogates. Evaluations have assessed the maximum detection depth,
spatial resolution and response to various anti-tank mine types.

Using the 1m? footprint detector, typical anti-tank-mine-like objects can be detected at
depths of the order of 20cm. The detector has shown a capability to resolve the presence
of more than one anti-tank-mine-like object down to depths of about 14cm.

Tests were conducted at the Defence R&D Canada (DRDC) Suffield Mine Pen facility.
The first set of experiments was performed on a hard-packed gravel road containing
various buried landmines. The EIT detector was used to image several inert anti-tank
mines buried at depths ranging from 6 to 16cm. Examples are shown below. Tests
conducted with anti-tank mine surrogates in a different part of the field were
inconclusive due to factors that are not yet fully understood. There are currently not
enough statistical data to define the detection and false alarm characteristics of the
detector.
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Figure 2. (Left) Detector response for a TMAS3, buried at a depth of 6.4cm and (right) detector
response for a M15, buried at a depth of 16.5cm.

Under water

The EIT technology has been evaluated under water in a laboratory environment.
Figure 3 illustrates an experimental underwater electrode array detecting anti-personnel-
mine-like objects buried under water in a layer of sand. The early results have shown
it is possible to detect and discriminate mine-like objects buried in sediments such as
sand, under a layer of water. Further research is being conducted with DRDC Sulffield
to develop additional algorithms, build an underwater electrode array, and perform
field tests.

Figure 3. Laboratory evaluation of an underwater electrode array with corresponding detector
response for an anti-personnel-mine-like object buried 6cm in the sand layer.

Other applications (non-demining)

EIT can be used for other geophysical-related applications, such as detection of a
pollution plume seeping in the ground or detection of man-made tunnels.



Guidebook on Detection Technologies and Systems for Humanitarian Demining

Related publications

1. Church P., J. McFee (2004)
“Laboratory Evaluation of the EIT Technology Capability to Detect Mines Buried in an
Underwater Sediment Layer”, Proceedings of SPIE Conference on Detection and
Remediation Technologies for Mines and Mine-like Targefs IX, Vol. 5415, pp. 342-350,
Orlando, US.

2. Church P. (2003)
“Electrical Impedance Tomography”, in Alternatives for Landmine Detection,
MacDonald et al, pp. 161-168, RAND.

3. Church P., P. Wort, S. Gagnon, J. McFee (2001)
“Performance Assessment of an Electrical Impedance Tomography Detector for Mine-
Like Objects”, Proceedings of SPIE Conference on Detection and Remediation
Technologies for Mines and Mine-like Targets VI, Vol. 4394, pp. 120-131, Orlando, US.

4. Wort P., P. Church, S. Gagnon (1999)
“Preliminary Assessment of Electrical Impedance Tomography Technology to Detect
Mine-like Objects”, Proceedings of SPIE Conference on Detection and Remediation
Technologies for Mines and Mine-like Targets IV, Vol. 3710, pp. 895-905, Orlando, US.
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Technical specifications

Neptec Design Group, Electrical
Impedance Tomography Mine
Detection System

Used detection fechnology:
Mobility:
Mine property the detector responds to:

Working length:

Search head:

» size:

» weight:

> shape:

7. Weight, hand-held unit, carrying
(operational detection seft):
Total weight, vehicle-based unit:

8. Environmental limitations (tfemperature,
humidity, shock/vibration, etc.):

. Detection sensitivity:

10. Claimed detection performance:
» low-metal-content mines:
» anti-vehicle mines:
»  UXO:

11. Measuring time per position (dwell time):
Opftimal sweep speed:

12. Output indicator:

13. Soil limitations and soil compensation
capability:

14. Other limitations:

15. Power consumption:

16. Power supply/source:

17. Projected price:

18. Active/Passive:

19. Transmitter characteristics:

20. Receiver characteristics:

21. Safety issues:

22. Other sensor specifications:

COAwLN~

Detectors/systems in use/tested to date:

Low frequency electrical currents
Man portable

Size, shape and conductivity
Experimental system

Tm?
47kg (experimental unit)
square

47kg
50kg

Very dry soil
TBD®

Yes
Yes
TBD
<10s

Laptop

Very dry conditions

1.5W
Bafttery
TBD
Active
TBD
None

a) To be defined.






3. Ground Penetrating
Radar Systems

3.1 Sensing principle

Operating principle

Ground Penetrating Radar (GPR) has come into use over the last 20 years in civil
engineering, geology and archaeology, for the detection of buried objects and for soil
study. The detection of buried landmines has also been a subject of considerable interest,
in particular due to radar’s potential for the detection of plastic-cased mines which
contain little or no metal. Today, a large number of organisations are working on
different parts of GPR systems, and — among all the sensors proposed for humanitarian
demining — GPR has had by far the greatest research funding and effort dedicated to
it.

GPR works by emitting an electromagnetic wave into the ground, rather than into the
air as in many radar applications, using an antenna which does not need direct ground
contact. (In other domains direct contact is often required, e.g. non-destructive testing.)
GPR systems usually operate in the microwave region, from several hundred MHz to
several GHz.? Buried objects, as well as the air-ground interface, cause reflections of
the emitted energy, which are detected by a receiver antenna and associated circuitry.
GPR can produce a fuzzy depth “image” by scanning the suspected area, and/or
using an antenna array. The antenna is one of the most crucial parts of a GPR system.

What particularly matters for the detection of objects in a background medium, e.g.
mines buried in soil, is the difference between the electromagnetic properties of the
target (in particular its dielectric constant) and those of the background (the GPR
works as a target-soil electrical contrast sensor). The amount of energy reflected, upon
which reliable detection is based, also depends on the object’s size and form. Spatial
resolution® depends on the frequency used, and the resolution needed to cope with the
smaller anti-personnel landmines requires the use of high frequency bands (up to a
few GHz). These higher frequencies are, however, particularly limited in penetration
depth.

GPR systems can be subdivided into four categories, depending on their operating
principle. The first type is an impulse time domain GPR, where the emitted pulse has
a carrier frequency, modulated by a nominally rectangular envelope. This type of device
operates in a limited frequency range, and has in most cases a mono-cycle pulse. The

2. The upper frequency band corresponds roughly to that of cellular phones/microwave ovens.
3. The capability to distinguish two closely spaced objects and/or to define the shape of an object.
Increased spatial resolution leads to sharper “pictures”, whether real ones in the case of an imaging
sensor, or “virtual” ones in the case where an operator interprets a sensor’s output — in demining,
typically an acoustic signal — and builds a mental map of it.
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second type of time domain GPR is the so-called Chirp Radar, which transmits a pulse-
train waveform where the carrier frequency of each pulse is rapidly changed across
the pulse width. Frequency domain GPR transmits a signal with a changing carrier
frequency over a chosen frequency range. This carrier frequency is changed, either
continuously, for example in a linear sweep (Frequency Modulated Continuous Wave
Radar, or FMCW), or with a fixed step (stepped frequency radar).

The term Ultra Wide Band (UWB) GPR is generally used for systems operating over a
very wide frequency range (in relation to their central operating frequency).

Application type
Close-in: hand-held, vehicle-based (arrays)

GPR systems for landmine detection are either designed to provide detection warnings
when a mine-like object is located (e.g. an audio signal as is used in metal detectors), or
to produce image data. As yet hand-held radar-only systems have not been brought to
market, although the use of radar with metal-detectors in dual-sensor hand-held
systems is becoming established with extensive trials of prototype equipment. Vehicle-
mounted radar systems with a broad sweep have also been developed and field tested,
mostly for military applications.

Strengths

» Capable of detecting entirely non-metallic objects (e.g. minimum-metal mines).
> Well established for a number of applications (see above).

» Can provide target depth information.
>

Could be very useful in stand-alone mode for selected applications (e.g. deep
minimum-metal anti-tank mines).

A\

Rather insensitive to small metallic debris therefore good potential to reduce
false alarm rate (FAR) by discriminating clutter from mine-like objects.

» Most mine detection GPR systems use very low power and do not present any
radiation hazard.

Limitations

» Microwaves are strongly attenuated by certain types of conductive soils such as
clay, and attenuation increases with frequency and the water content of the
medium. Wet clay in particular provides an extremely challenging environment
(penetration is very poor).

» Soil inhomogeneities (roots, rocks, water pockets), very uneven ground surfaces,
soil moisture profile fluctuations.

> Very dry soils have a reduced electrical contrast when looking for plastic objects
and therefore plastic objects may not be detected.

A\

Small anti-personnel mines present a considerable challenge.

> Need to balance resolution (better at higher frequencies) with depth penetration
(better at lower frequencies).



3. Ground Penetrating Radar Systems

Potential for humanitarian demining

> Most mature of all alternative technologies, subject of extensive studies and
trials.

Y

Preferred combination is with a metal detector.

Y

Advanced hand-held prototypes now available for extensive testing.

» Depending on the configuration, the GPR can be confirmatory after the MD,
to reduce its false alarm rate.

> Vehicle-based systems mostly developed and tested for military applications
(especially route clearance).

Estimated technology readiness:
Medium-High.

Related-publicati

1. Daniels D.J. (2004)
Ground Penetrating Radar, 2" Edition, IEE Radar, Sonar, Navigation and Avionics Series,
June, ISBN 0 86341 360 9.

2. MacDonald J. et al. (2003)
Alfernatives for Landmine Detection, RAND Science and Technology Policy Institute,
Report MR-1608.

3. GPR International Conference series (biennial).

4. Evaluation of Hand-Held GPR System for AP Landmine Detection - Final Report (2003) (for
DRDC Suffield, Canada), Project R111, Sensors & Software Inc., 31 March, 148 pp.

5. Bruschini C., K. De Bruyn, H. Sahli, J. Cornelis (1999)
EUDEM: The EU in Humanitarian Demining - Final Report, July, www.eudem.info.
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3.2 The AN/PSS-14 (HSTAMIDS)/AMD-14

Project identification

Project name US Army Hand-held Start date 1996

Standoff Mine Detection |gnd date 2004

SYRIET (AR Technology type Metal detector, ground

program .

penetrating radar
Acronym HSTAMIDS (AN/PSS-14) -
T ; Readiness level AN/PSS-14: 000000000

Participation level National
Financed by Us Army AMD—IM: 00000000
Budget US$73 million over 15 Development status Ongoing

years* Company/Institution CyTerra Corporation
Project type AN/PSS-14; Technology

development, Technology;
demonstration, System/
subsystem development,
System test & in-field
operations

AMD-14; System/
subsystem development

Project description

CyTerra describes the AN/PSS-14 as revolutionizing landmine detection by combining
ground penetrating radar (GPR), highly sensitive metal detector (MD) technology and
advanced data fusion algorithms in a unique manner that enables the system to reliably
and consistently detect low-metallic anti-personnel (AP) and anti-tank (AT) mines.
The AN/PSS-14 is claimed further by the manufacturer to offer the highest probability
of detection (PD) of any hand-held system along with an extremely low-level false
alarm rate (FAR). This high level of performance is also claimed to be maintained
across all soil types, including wet, dry, frozen, laterite (iron-rich), clay and sand.

The data fusion algorithms allow the operator to effectively discriminate between clutter
and mines. CyTerra notes that the algorithms are based on terrain modelling using a
real time novelty (RTN) methodology and that, as the operator advances, the terrain
model is continuously updated, enabling the system to automatically adapt to varying
soil conditions. Potential mine detection alerts are provided to the operator via audio
alert signals.

Detailed description

The system combines a GPR and a highly sensitive MD. The AN/PSS-14 is shown in
Figure 1.

4. “Time and costs required to create HSTAMIDS” stated by J. MacDonald et al. (2003), in Alternatives
for Landmine Detection, RAND Science and Technology Policy Institute, Report MR-1608, p. xxi.
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Two different audio signals are provided
simultaneously to the operator. The MD signal
is provided in the traditional format of a metal
detector in which the signal varies in volume
and pitch depending on the metal type, size
and depth. The other audio signal is the output
of the data fusion algorithms, also known as
the Aided Target Recognition (ATR)
algorithms, and is a sharp beep. This beep is
generated only when the ATR processing
determines that both the GPR and MD data
indicates a “mine like” object. Because the MD
and ATR sounds are distinctly different they
can be present together without distracting the operator as two continuously varying
audio signals might. Situation awareness is therefore maintained while allowing full
operation of the GPR and MD sub-systems.

The operator cannot turn off (accidentally or deliberately) either the MD or GPR sub-
systems. However, audio muting on a temporary basis to allow the operator to better
focus on one of the audio signals is available. This feature is particularly helpful when
investigating high metal anti-tank mines where the constant high volume of the MD
can be distracting to the operator.

A variant of the AN/PSS-14 oriented to humanitarian demining, the AMD-14, is
anticipated in 2006 with a significantly reduced list price. The new system will
incorporate the same AN/PSS-14 electronics and sensor elements so detection
performance will be unchanged (see Figures 2 to 4).

Figure 4. Detail of AMD-14
control handle.

Figures 2 and 3. AMD-14.
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Test & evaluation

The US Army conducted extensive evaluations of the AN/PSS-14 as part of its type
classification process prior to moving to full production. Tests ranged from basic
environmental style testing to full operational evaluation including comparison with
current industry metal detectors. System was deemed to meet or exceed the US Army
Operational Requirements for all designated tests.

Operational tests were conducted by US Army Operational Test Command. They
compared performance of AN/PSS-14, AN/PSS-12 (Schiebel AN-19 and the current
US Army mine detector) and F1A4 (Minelab) using blind lane testing of new operators.
Systems in the evaluation were assigned to a platoon of combat engineers with
operators given the appropriate specified training course. The AN/PSS-14 standard
training class is a 40-hour course and was provided by Contractor/US Army Engineer
School.

Test environment comprised 106 mine lanes (1.5m x 25m) with a total of 514 missions
(1,096 encounters) performed. Mine types included AT, AP and mixed (AT/AP) of
both high metal (M) and low metal (LM) types. Developmental testing results are as

follows:
Table 1. Comparative probability of detection (PD)
between three detectors

PD % of operational tests

System AP-LM AP-M AT-LM AT-M ALL
AN/PSS-14 98 99 94 99 97
F1A4 95 96 79 91 89
AN/PSS-12 80 99 o4 9 81

Initial operational test results are described as follows:

Table 2. Initial operational test results

AN/PSS-14 performance summary
(FAR = FA’s per m?, Scan Rate = m? per minute)
AN/PSS-14 Standing
Parameter  AP-LM AP-M AT-LM AT-M Kneeling Prone Night
97 99 99 100
PD % 98.7 100 96.2 100
FAR 0.008 0.009 0.03 0.004
Scan Rate 3.2 1.9 1.1 NA

Systems are available for individual country or organisation evaluation (subject to a
suitable US Export License being obtained).

HSTAMIDS has also been undergoing the following operational field trials and
demonstration under the ITEP banner, supported by local Mine Action Centres and/
or NGOs:

» Thailand, September/December 2004, finalised,
» Namibia, March 2005, finalised,
» Afghanistan, late 2005, finalised.
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The Thailand trials are fully detailed in [2] and can be summarised as follows.
Participants included the US Humanitarian Demining Team of NVESD (Night Vision
and Electronic Sensors Directorate), ITEP personnel, Thailand Mine Action Centre
(TMAC), HALO Trust from Cambodia and CyTerra Corporation. The evaluation was
conducted near the minefields at the TMAC Humanitarian Demining Action Unit
(HMAU) #1.

The test target set was composed of mines that are found in the area of HMAU #1
and mines that are typically used for US Army testing. All mines, detonators, and
fuzes were free from explosive. The main charges were replaced with RTV Silicone
Rubber 3110. The metal components and characteristics of the mines remained intact.
To get statistically significant results, the test was designed so that most mine types
were encountered 36 times.

Site setup: brush and vegetation were removed and the ground was levelled to
facilitate water drainage. A vehicle-borne magnet was used to remove significant
amounts of surface metallic clutter. The test area consisted of ten Imx25m blind
lanes and one 1mx30m calibration lane. All anti-personnel mines were buried 5cm
deep, and all anti-tank mines were buried 10cm deep.

Metal detectors were used to locate all indigenous metallic clutter in the lanes. The
test targets were then arranged throughout the lane so that they had sufficient
separation between them and the clutter. No indigenous clutter was removed from
the lanes after being located by the metal detectors. Operators were credited with a
detection if they marked a detection within 15cm of the edge of a target, as in all US
Army testing of the HSTAMIDS.

According to the authors, the resulting overall detection probability (PD) and False
Alarm Rate (FAR) show a reduction in FAR by a factor of five, with increased detection
probability with respect to the locally used metal detector. Up to 77 per cent of false
alarms have been rejected, with up to an estimated improvement of five times in
clearance time.

Table 3. Potential reduction of effort

Metal detector (Vallon) HSTAMIDS experienced HSTAMIDS trainee
operators operators operators

PD (%) 76 94 86
FAR (m—2) 1.02 0.201 0.254
Total clutter marked 956 806 713
Clutter called mine 956 183 232
Clutter rejected 0 (0%) 623 (77%) 481 (67%)
Time scanning 17 hrs @ 1.01 min/m2? 21 hrs @ 1.25 min/m? 38 hrs @ 2.29 min/m?
Time digging clutter

called mine (hours) 319 61 77
Time saved @ 0 254 221

a) Average fime saved based on 20 minutes per investigation, using TMAC data for operations in
the same area.

Other applications (non-demining)

Civil engineering, security, weapons cache searches, in wall searches, through wall
detection of people (option fielded to US Military but disclosure requires US Export
License).
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Related publications

1. Hatchard C. (2005)
Dual Technology Detectors - A New System and ITEP Results, NDRF 2005, Stockholm, 24-

26 August 2005, www.ndrf.dk.

2. Doheny R.C., S. Burke, R. Cresci, P. Ngan, R. Walls (2005),
“*Handheld Standoff Mine Detection System (HSTAMIDS) Field Evaluation in Thailand”,
Proceedings of SPIE Conference on Detection and Remediation Technologies for Mines
and Mine-like Targets X, Vol. 5794, pp. 889-900, Orlando, US.

3. Hatfchard C. (2003)
AN/PSS-14 (HSTAMIDS), NDRF 2003, Bergen, Norway, 27-29 August 2003, www.ndirf.dk.
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Technical specifications

CyTerra HSTAMIDS / AMD- 14

Detector

1. Brand: CyTerra

2. Model: AN/PSS-14 (HSTAMIDS) / AMD-14
(humanitarian demining model).
MD: similar to Minelab F3.

3. Version: —

4. Detection technology: MD, GPR

5. Mobility: Hand-held

6. Mine property the detector

responds to: Restricted
Development status
7. Status: Continuous improvement process

8. Detectors/systems in use/tested
to date:
9. Location of use/test:

10. Other types of detectors/systems:

Dimensional data

AN/PSS-14 > 2000
US and non-US military

11. Working length:
» min. length:
» max. length:
12. Search head:
> size:

> weight:
» shape:
13. Transport case:
> weight:
» dimensions:

» hard/soft case (material):
14. Weight, hand-held

15. Weight, hand-held unit, carrying
(operational detection set):
Total weight, vehicle-based unit:

16. Weight, additional equipment:

17. Weight distribution/balance:

18. Other dimensional specifications:

Environmental influence

AN/PSS-14: 96cm, AMD-14: 93cm.
AN/PSS-14: 147cm, AMD-14: 166cm.

AN/PSS-14: Width: 21cm, AMD-14: Width: 2T1cm,
Height: 10cm

Circular, closed style

AN/PSS-14: 20kg, AMD-14: 20kg

AN/PSS-14: Hardcase 64x53x36cm, AMD-14:
Hardcase 95x45x25cm

AN/PSS-14: 4.9 kg (excluding battery), AMD-14:
4.3 kg (excluding battery)

AN/PSS-14: 4kg, AMD-14: 4.3kg.

AMD-14; batteries, 0.6 kg
System counterbalanced for easy use

19. Humidity (limitations):

20. Temperature (limitations)

» storage:
» operational
21. Water resistant:

22. Shock/vibration resistant:
23. Environmental compensation:

24. Operational hours/operating endurance:

AN/PSS-14; meets and exceeds all US Army
Requirements® overall -32°C to +49°C, 0 - 100%
humidity. AMD-14: STANAG 2895 A1 (dry desert),
B1 (fropical), C1 (cold) and B3 (hot and humid)
overall -32°C to +49°C, 0 - 100% humidity.

AN/PSS-14:-46°C to +73°C, AMD-14: -46°C to
+73°C

AN/PSS-14:-32°C to +49°C, AMD-14: -32°C to
+49°C.

HSTAMIDS:® AMD-14: Tm.

HSTAMIDS:®

Detection and detection performance specifications

25. Control of working depth:

26. Calibration/set-up
» auto/manual:
» duration:
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27.
28.

29.

30.

Detection sensitivity:
Claimed detection performance:
» low-metal-content mines:

» antfi-vehicle mines:

> UXO:

Measuring time per position (dwell time):

Optimal sweep speed:
Output indicator:

AN/PSS-14 & AMD-14: Will detect mines
presenting an operational threat (PD, PFA:?).
AN/PSS-14 & AMD-14: Will detect mines
presenting an operational threat (PD, PFA:?).

0.31t00.75m/s
AN/PSS-14 & AMD-14; Audio, external speaker
orheadphones.

31. Pinpointing feature: Combination of MD and ATR signals

32. Search head/antenna type: —

33. Adjustment of search head angle: —

34. Soil compensation capability: All soils

35. Sail limitations: None

36. Interference with other detectors

as well as from the environment: 5m separation

37. Other limitations: Power line suppression: Not available.

38. Other specifications: Test piece: 50mm plastic RTV filled, similar to small
AP mines with Io insert representing metal
content of low-metal mines.

Power

39. Power consumption: 30W

40. Power supply/source: 12V, Battery

41. Operating fime: AN/PSS-14: 4h (Nickel Metal Hydride); AMD-14:
4h (NP-Fx70 series Li-ion)

42. Power supply:

» weight: AMD-14: 0.6kg (Li-ion pair) rechargeable

» no. of batteries/size/type: AN/PSS-14: NIMH rechargeable battery .

» rechargeable: —

» other: AN/PSS-14 Battery is mounted externally on

Price and availability

operators’ hip belt, therefore system can be
adapted to use other batteries, provided basic
V/Ahr ratings are met. AMD-14: battery pack
mounted on handheld system or on belt with
optional cable.

43.

Price:
» forlow volume:

» operating costs:

AN/PSS-14; 23.500 USD; AMD-14: 12,000 USD
(estimate)

44, Availability for hire: None
Sensor specifications
45, Active/Passive: Active

46.
47.
48,
49.
50.
51.

52.

53.
54,

Transmitter characteristics:
Receiver characteristics:
Transmitted power:

Spatial resolution:

Signal to Noise ratio:
Detection algorithm:

Feature extraction:

Safety issues:
Other:

GPR: Stepped frequency, 1-3GHz.

+7 dBm (typical)

Aided Target Recognition (ATR) employing
Principal Component Analysis (PCA) to
automatically generate terrain model.
Background/terrain rather than target modelling,
with the GPR looking for objects against a clutter
background.

None

Detection algorithms: preset, with no user
selectable inputs except for system sensitivity
level. GPR: three antennae mounted in a
friangular configuration inside the MD coil.

a) Detailed disclosure requires US Export License.
Remarks
Metal detector specifications are similar to those of the commercially available Minelab F3.



3. Ground Penetrating Radar Systems

3.3 VMRI1-MINEHOUND

Project identification
Project name Handheld Multi-Sensor Start date Phase 2 January 2004
Mine Detfector End date Phase 2  February 2006
Acronym VMRI-MINEHOUND Technology type Metal detector,
Participation level National ground penetrating
Financed/co- National, UK, radar
financed by Vallon GmbH Readiness level 00000000
Budget DFID_confract Development status Completed
Project type Technology demonstration| Company/institution ERA Technology Ltd;
System/subsystem Vallon GmbH
development
Start date Phase 1 April 2001
End date Phase 1  May 2003

Project description

The MINEHOUND dual sensor detector combines ground penetrating radar (GPR)
and a pulsed metal detector to reduce the false alarm rate normally encountered by
metal detectors. This results in improved productivity of mine clearing operations.
MINEHOUND was developed for the detection of anti-personnel landmines and hand-
held humanitarian operations. It is based on a custom-designed GPR from ERA (UK)
and the pulse induction MD-Type VMH3 from Vallon (Germany). The original
development (called MINETECT) was developed under the sponsorship of the UK
Department for International Development (DFID) and MINEHOUND was
additionally supported by the German Foreign Ministry.

Detailed description

MINEHOUND is a combined metal detector (MD) and GPR system designed specifically
for use in humanitarian and military demining operations using advanced technology.
The output to the operator from both the metal detector and GPR is by means of audio
signals. The metal detector audio provides accurate information on position and mass
of metal indication. The GPR provides accurate position information, depth information
and radar cross-section’ of target information. Both detectors can be used together or
independently. The manufacturer reports that trials show that the GPR responds to
even the smallest of flush buried mines but not to small metal fragments. This results in
a large amount of metallic clutter — such as bullet casings, small arms rounds and
shrapnel, which cause false alarms — to be rejected by the system. Production systems

5. The radar cross-section describes how well an object reflects the radar’s incoming electromagnetic
waves, and therefore how much “visible” the object is to the radar.
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will offer a combined mode to further reduce the time
taken to scan the ground and autocalibration for the GPR
soil conditions and mineralised soil for the MD.

According to the manufacturer, trials in live minefields
show that the FAR can be reduced by a factor of between
two and seven times with respect to a standalone MD,
and the GPR also detects zero or minimum metal mines
that are difficult for the MD. Following initial encouraging
results, mine classification is also being further
investigated.

The manufacturer also notes that experienced deminers
soon gain full performance level with MINEHOUND. ' 3
: Fa . . . Figure 1. NPA deminer
Effective training is an important requirement, although ,
R . . checking the detector on the
this does not require more than one day for experienced  cqiibration grid during trials
deminers. in Bosnia.

MINEHOUND uses a state-of-the-art metal detector from
Vallon and a custom-designed 1GHz ground penetrating
radar designed by ERA Technology Ltd. The GPRis a time
domain radar operating at a centre frequency of 1GHz
and compliant with international licensing requirements.
The GPR transmitter-receiver and associated control and
signal processing is mounted on a compact, purpose-
designed printed circuit board. A dedicated state-of-the-
art digital signal processor (DSP) is used to provide all
control and signal processing functions. The operator can
select MD or GPR or MD and GPR functions. The GPR
will operate in standby mode when not being handled to
increase battery lifetime.

Figure 2. Deminers practicing
with the detector in
Cambodia.

Test & evaluation

A number of trials have been completed, in
particular in the UK (ERA) in July-August 2002,
in country trials in Bosnia (NPA) in August 2002,
at a US Army site in September-October 2002,
real trials in Lebanon (BACTEC) in November-
December 2002, again at the same US Army site
in September-October 2003, and in the UK
(Hurn) in December 2004-February 2005.
Further trials were carried out in live minefields
in Cambodia, Bosnia and Angola during 2005

(see below). Figure 3. Cambodia, trials in the rainy
season.

MINETECT tests

US tests:

The manufacturer believes that the prototype system has demonstrated that the
combined sensor approach is a valid method of achieving the goal of a significant
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reduction in false alarms. The results from a US calibration lane for the original
development MINETECT-B system were, for all mines, blanks, non-metallic clutter
and the following categories of metallic clutter [4]:

» PD=100 per cent at PFA of 0.03 for small metallic clutter;

» PD=100 per cent at PFA of 0.28 for all clutter.
The GPR function was well able to discriminate against small pieces of metal and in
some cases was more effective than the MD in detecting minimum-metal anti-tank
mines.

Bosnia 2002:
Three test sites were used, with the results summarised in full in [6].

Lebanon 2002:
Typical FAR rates for an MD and the MINETECT GPR at Lebanese sites, as well as the
corresponding false alarm rate reduction, were reported as follows [7]:

Table 4. False alarm rate reduction

Site MD FAR (m2) GPR FAR (m™) Reduction
location in FAR
Baraachit 1 2 0.375 5.3:1
Baraachit 2 1.75 0.5 3.5:1
Training 1 (BLU) 0.875 0.125 7:1
Training 1 (BLU) 0.94 0.125 7:1

The typical depth range performance for the GPR in Southern Lebanese soil was also
assessed [8] at three different test sites:

Table 5. Detection depth, Lebanon

Minetype Israeli Israeli VS50 French French PMA3 BLU15 TM46
AP No.4 AP No. 4 AP Model AT Model
(fuze) (nofuze) 1951 1947
Maximum 20/-/15 10/-/5®  15/5/- 13/5/10 20/-/- -/-/10  15/-/10 30/-/-
depthincm
at each of the
three test sites®

a) Training site, Baraachit site and Naquora site, respectively.
b) Not tested deeper because of ground conditions.
- Not available.

MINEHOUND tests

Recent field trials:

A pre-production version has undergone field trials in real minefields, alongside the
currently used MD and under ITEP invigilation. These trials were conducted in
Cambodia (September 2005), in Angola with the assistance of Mines Advisory Group
(MAGQG) [1], and in Bosnia (September 2005) with Norwegian People's Aid (NPA). The
Bosnia and Cambodia results should be available in 2006. Additional trials are planned
in Angola in 2006.

During these trials the detector was used to follow up an indication from the existing
metal detector. MINEHOUND was then used to investigate that alarm and the results
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recorded. The alarm was then investigated according to the standing operating
procedures (SOPs) of the demining organisation. Approximately 1,000 data records
(mine or fragment encounters) were collected for each country and for Cambodia and
Bosnia the potential reduction in false alarms ranged from 5:1 to 7.5:1 with 100 per
cent detection of mines. In Angola, tests are continuing at additional locations where
mines are expected.

Other applications (non-demining)

Civil applications such as pipe detection, and other security applications, such as
through wall radar.

Related publications

1. Dibsdall I. (2005)
MINEHOUND tests underway in Cambodia and Bosnia, September, www.itep.ws.

2. Daniels D.J. (2005)
MINEHOUND Trials, NDRF 2005, Stockholm, Sweden, 24-26 August.

3. Daniels D.J., P. Curtis, R. Amin, N. Hunt (2005)
“MINEHOUND production development “, Proceedings of SPIE Conference on Detection
and Remediation Technologies for Mines and Mine-like Targets X, Vol. 5794, pp. 488-
494, Orlando, US.

4. Daniels D.J., P. Curtis, R. Amin, J. Dittmer (2004)
"An affordable humanitarion mine detector “, Proceedings of SPIE Conference on
Detection and Remediation Technologies for Mines and Mine-like Targets IX, Vol. 5415,
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Technologies for Mines and Mine-like Targets VI, Vol. 5089, pp. 203-213, Orlando, US.
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Technical specifications

Vallon/ERA VMR1-MINEHOUND®

Detector

1. Brand: Vallon / ERA

2. Model: VMR1-MINEHOUND®

3. Version: —

4. Detection technology: MD, GPR

5. Mobility: Hand-held

6. Mine property the detector responds to: Dielectric characteristics (see GPR Operating
Principles) and metal content.

Development status

7. Status: Production ready late 2006

8. Detectors/systems in use/tested to date:

Q. Location of use/test:
10. Other types of detectors/systems:

Dimensional data

Angola, Bosnia, Cambodia, Lebanon

11. Working length:
» min. length:
» max. length:
12. Search head:
> size:
» weight:
» shape:
13. Transport case:
» weight:
» with equipment (full):
» dimensions:
» hard/soft case (material):
14. Weight, hand-held unit:
Weight, vehicle-based sensor unit:
15. Weight, hand-held unit, carrying
(operational detection set):
Total weight, vehicle-based unit:
16. Weight, additional equipment:
17. Weight distribution/balance:

18. Other dimensional specifications:

Environmental influence

66cm from handgrip nominal
106cm from handgrip nominal

Width: 17cm (x axis), 30.5cm (y axis)
1.5kg
Oval

3.5kg

8.75kg

103cm x 34cm x 25cm
Case with foam insert
4.1kg

4.75kg

Batteries are housed in a compartment
opposite the search head to provide

a counterbalance, but can be removed and the
detector connected to a belt battery (weight
reduction by nearly 1kQ).

19. Humidity (limitations):
20. Temperature (limitations)
» storage:
» operational:
21. Water resistant:
22. Shock/vibration resistant:
23. Environmental compensation:

24. Operational hours/operating endurance:

MD: -55°C to +75°C

-10°C to +45°C. MD:; -32°C to +65°C.

Up to 1.5m

MD: according to MIL STD 810 F 514.5 C1
MD: all soil conditions

5 hours

Detection and detection performance specifications

25. Control of working depth:
26. Calibration/set-up

» auto/manual:

» duration:
27. Detection sensitivity:

Audio

MD: auto; GPR: auto
A few seconds
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28. Claimed detection performance:
> low-metal-content mines:

» anfi-vehicle mines:

»  UXO:

29. Measuring time per position (dwell time):

Opftimal sweep speed:
30. Output indicator;

31. Pinpointing feature:
32. Search head/antenna type:

33. Adjustment of search head angle:
34. Soil compensation capability:

35. Sail limitations:

36. Interference with other detectors
as well as from the environment:

37. Other limitations:

38. Other specifications:

Power

Max depth range: 20cm.® PD>0.98, PFA<0.25 for
all clutter and PFA<0.08 for small metal
fragments.®

Max depth range: 40cm.® PD>0.98, PFA<0.25 for
all clutter and PFA<0.08 for small metal
fragments.®

<1.5m/s

Audio (min/max output frequency: 150/1500Hz)
and visual (LED bar showing MD detected signal
level).

Maximum signal over centre of target

Oval MD head containing one transmit and one
receive GPR antenna.

Freely adjustable

MD: normal/conductive sail.

GPR: salt water and heavy clay.

MD: min distance 2m

No problem

None

Demining environmental conditions: all world.
Supervisor can control additional settings
(target type, sensitivity mode, time/depth range
control).

39. Power consumption:
40. Power supply/source:
41. Operating time:

42. Power supply:
»  weight:
» no. of batteries/size/type:
» rechargeable:
» other:

Price and availability

Batteries
>4hrs continuous, >4hrs at 20min on and 20 min
off. MD; up to 25 hrs.

650 g

4x1.5 V rechargeable 8 Ahrs D cells
Yes

Alkaline D-Cells

43. Price:
» for one detector:
» operating costs:

44, Availability for hire: Yes
Sensor specifications
45, Active/Passive: Active

46. Transmitter characteristics:
47. Receiver characteristics:
48. Transmitted power:

49. Spatial resolution:

50. Signal to Noise ratio:

51. Detection algorithm:

52. Feature Extraction:

53. Safety issues:

54. Other:

GPR: centre frequency: 1GHz
Automatic gain set-up.

None

MD operating programmes: Normal/Conductive
soil. MD: power line suppression: Yes. GPR: type
selectable (AP/AT), sets the value of average
removal.

a) Excluding salt water and heavy clay for GPR.

b) For anti-personnel mines of diameter >5cm with up to 10cm cover, anti-tank mines of diameter

>15cm with up to 20cm cover.

Remarks

Supervisor can set up and optimise the GPR settings for a specific operational scenario.
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3.4 NIITEK Mine Stalker for Humanitarian Demining

Project identification

Project name Mine Stalker Technology type Ultra-wideband ground

Acronym — penetrating radar (WGPR )

Participation level National Readiness level 0000000

Financed by US DoD HD R&D Program | Development status Ongoing with

Budget US$2.6 million over 3 years comlple’red Angola field

Project type Technology development, fest in fall 2005
System/subsystem Company/institution NIITEK, Inc.
development¢

Start date 2003

End date 2006

Project description

g A O - e el e W

Figures 1 and 2. NIITEK’s Remotely Controlled MineStalker in Angola (October 2005).

The Mine Stalker is a remote controlled system designed to detect and mark anti-tank
mines. It has a specially designed ground penetrating radar (GPR) that was leveraged
from the US Army for use in humanitarian demining. The GPR is capable of producing
very clear and precise radar imaging of targets. The Mine Stalker was developed in
response to a requirement from the 2004 US Department of Defense Humanitarian
Demining R&D Requirements Workshop. The system consists of a relatively
lightweight, remote controlled vehicle outfitted with the NIITEK GPR, real-time
detection algorithm, and a marking subsystem. The system completed a successful
test and field evaluation in southern Africa during 2005. Additional features and
system improvements are currently being incorporated.

6. Field-ready prototype development and testing in real-world humanitarian demining conditions.
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Detailed description

System
» Remote controlled.

» Very low ground pressure in the configuration shown in Figure 1 (anti-tank
overpass, not anti-personnel overpass).

> Visible marking system.
> Flashing light, horn and auto-halt for detections.
Radar

» Ultra-wideband ground penetrating radar developed specifically for vehicle-
mounted mine detection.

» Can be mounted on various platforms.
> Remote subsurface visualisation.
Algorithm
» Automatic target recognition algorithms.
> Detects all anti-tank mines including hard to detect plastic mines such as the
South African #8, VS1.6, and VS2.2.
» Detects large AP mines such as PMN and PPM-2.

Test & evaluation

During US Army testing from 2002 to 2005, the NIITEK GPR performance far exceeded
expectations. It demonstrated a higher probability of detection and lower false alarm
rate against metal and plastic cased anti-tank mines than any other vehicle-based
GPR evaluated to date.

Recently, in October 2005, the Mine Stalker was tested at a US built test site in Namibia
and then completed a field evaluation in Angola. A real-time, non-discriminating,
pre-screener algorithm processed the GPR data to automatically detect targets. At the
Namibia test site, 42 individual AT mines were buried in 10 test lanes. Nineteen per
cent of the targets were metal AT mines and eighty-one per cent were low-metal AT
mines. The Mine Stalker encountered a total of 252 AT mines and covered 1,800m?.
The pre-screener algorithm achieved a probability of detection of 0.996 with a false
alarm rate of 0.079 per square metre.

Figures 3 and 4. Mine Stalker GPR imagery taken during Namibia testing(a) metal AT mine and (b)
plastic-cased, low-metal AT mine.
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The field evaluation in Angola was conducted in cooperation with the German NGO
Menschen gegen Minen (MgM). MgM deminers operated the Mine Stalker throughout
the evaluation. Four previously cleared areas were selected for the field evaluation.
The primary objective of the evaluation was to evaluate the effectiveness and reliability
of the Mine Stalker under field conditions. Data collection in realistic minefield
conditions was the second objective. The Mine Stalker was extremely reliable during
the evaluation with no significant maintenance issues. All AT mines used to verify
GPR performance were detected, even when buried to depths as deep as 25-33cm.

Other applications (non-demining)

Subsurface visualisation, non-intrusive inspection, buried object detection and
counterdrug.

Related publications

1. Walls, R., J. Clodfelter, S. Laudato, S. Lauziere, M. Price (2005)
"Ground penetrating radar field evaluation in Angola”, Detection and Remediation
Technologies for Mines and Mine-like Targets XI, edited by R.S. Harmon, J.T. Broach, and
J.H. Holloway, Vol. 6217, SPIE, Belingham, WA.

2. Scientific publications by third parties on data processing aspects are available in the
SPIE Proceedings series (search the SPIE Publications starting from www.spie.org).
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Technical specifications

NIITEK HD Mine Stalker

SCOALN~

22

Used detection technology:
Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:
Search head:
» Size:

» Weight:

> Shape:

Weight, hand-held unit, carrying
(operational detection set):

Total weight, vehicle-based unit:
Environmental limitations (femperature,
humidity, shock/vibration, etc.):

Detection sensitivity:
. Claimed detection performance:
» Low-metal-content mines:
» Anti-vehicle mines:
> UXO:
. Measuring time per position (dwell time):
Opftimal sweep speed:
. Output indicator:

. Soil limitations and soil compensation
capability:

. Other limitations:

. Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

. Transmitter characteristics:

. Receiver characteristics:

. Safety issues:

. Other sensor specifications:

WGPR, ultra-wideband GPR

Vehicle-based

Shape, size, and internal structure

Many in US Army field fests and one in Africa.
Not applicable

1.2m x 1.5m x 0.25m, as shown in Fig. 1
45kg (100Ibs) for detection and marking
subsystem

See Fig. 1

295kg (650lbs) as shown in Fig. 1

NIITEK GPR has temperature compensation
features. No other environmental limitations
have been identified to date.

Performance depends more on size

Nearly 100% in all tests to date

100% in limited test to date

1-15 km per hour (depending on application)
LED lights, audible tones/voice, visible mark on
ground

Fully functional from vehicle power
Onboard vehicle power
Undetermined

Active

Ultra-wideband GPR
Ultra-wideband GPR
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3.5 Advanced Landmine Imaging System (ALIS)

Project identification

Project name Advanced Landmine Start date September 2002
Imaging System End date March 2006

Acronym ALIS Technology type Metal detector,

Participation level National (Japan) ground penetrating

Financed by JST (Japan Science and radar
Technology Agency) Readiness level 000000

Budget n/a

- Development status Completed

Project type System/subsystem — —

development Company/institution Tohoku University
Project description

ALIS, the Advanced Landmine Detection System, is a hand-held dual sensor for
anti-personnel landmine detection, which can visualize the metal detector (MD) and
ground penetrating radar (GPR) signals for the benefit of deminers. The visualized
metal detector signal image provides a direct information about the location of metallic
objects, and then the GPR gives the radar image of the buried objects, which can be
used to detectlandmines. According to the developer, the visualisation system increases
the reliability of operation. The locus (position in space) of the sensor head scanned by
the deminer can also be recorded in real time. This record can be used for the quality
control of the operation, and also for the training of operators.

Detailed description

ALIS combines a MD and a GPR. The sensor signals from
the metal detector and GPR are stored in a PC, which
provides both detection and sensor position information.
The entire system is controlled by a PC which is carried
inside a backpack worn by the deminer. The deminer
monitors the metal detector signal displayed on a hand-
held display or PDA and scans the ALIS sensor as shown
in Figure 1. The same image which the deminer is looking
atis transmitted by wireless LAN to a handheld PC display,
allowing several operators to also monitor the operation.
For the normal operation of ALIS, one operator scans the
sensor and another operator controls and monitors the
sensor signals.

Figure 1. ALIS and details
of the search head.
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The scanning by ALIS follows a procedure that is similar to the normal hand-held
metal detector. A deminer stands at the front of the boundary of a safe zone, and
scans an area of about Im x Im. Continuous scanning is recommended, even if the
deminer detects an anomalous signal from the metal detector. One set of data acquisition
by ALIS takes several minutes, which is almost equivalent to the time required for
normal scanning operation of a conventional MD.

After scanning the area, the acquired data sets are processed using the PC. First, all
acquired data sets are transformed to a regular grid of points. An interpolation algorithm
is used for this process. The full processing usually requires one to a few minutes until
all the data sets are displayed. Subsequently, ALIS provides a horizontal (plan) visual
image of the metal detector signal (Fig. 2a) and 3-D GPR information. The 3-D GPR
information is, however, usually too detailed and cluttered for interpretation on site,
so the displays of horizontal time slices (C-scans) of the GPR signal (Fig. 2b) are preferred
instead. In the developer’s experience, the detection of buried landmines with the
horizontal time slice image is the most reliable.

* (point) ¥ (point)
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(a) Metal detector image (b) GPRIimage
Figure 2. Typical ALIS outfput image of buried AP landmine. (PMN-2, 10cm depth).

After processing and generating the signal images, one can locate /designate the suspect
position on the display. Currently, the data is interpreted manually. First, anomalies
appearing in the metal detector image are detected. Normally this is quite easy, but it
includes many signals due to metal fragments and other objects (i.e. false alarms).
After marking the location of these anomalous points on the GPR horizontal slice
image, the operator can move the depth of the horizontal slice images trying to find a
continuous image that can correspond to a GPR image of buried landmines. A semi-
automatic detection algorithm can be used to get advice during the manual
interpretation procedure.

Another unique feature of ALIS is its compatibility with conventional landmine
detection operations, as it requires, according to the developer, minimum modification
of the operational procedures. The ALIS is an add-on system that can be attached to
an existing commercial metal detector (e.g., CEIA MIL-D1). The performance of the
metal detector is not altered by adding the ALIS system”: the operator still hears the
audio tone signal from the metal detector, and can detect anomalies using its own
experience.

Test & evaluation

ALIS was evaluated at several locations, including tests in Kabul City, Afghanistan, in
December 2004. The field tests were conducted at two locations: the first site (CDS:
Central Demolition Site) was a controlled flat test site, prepared for the evaluation of

7. Note: a priori this does not apply to all metal detectors.
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landmine sensors; the second site (Bibi Mahro Hill) is a small hill inside Kabul City,
which is a real minefield where a demining operation was being carried out.

Figure 3. ALIS tests at the Central Figure 4. ALIS tests at Bibi Mahro Hill,
Demolition Site near Kabul. Kabul.

At the CDS site, the operation of the ALIS for known targets could be validated under
various conditions. The soil in the CDS site was relatively homogeneous, although
much clutter was found in the raw GPR profile. Metal fragments had basically been
removed from the soil before the evaluation was carried out. After migration processing®
of the GPR data, in most cases clear images of buried landmines could be found. The
climatic conditions during the field tests were partly rainy, and water content of the
soil at the CDS site was about 10 per cent, corresponding to a dielectric constant of
5.3. Real PMN-2 and Type 72 landmines without boosters were buried at the CDS site
at different depths between 0 and 20 cm. The metal detector could only detect
landmines buried shallower than 15 cm, whereas GPR could show clear images of
landmines which were buried up to a depth of 20 cm. Metal fragments do not show
clearly on the GPR images, and could therefore be discriminated from landmines using
ALIS. Figure 2 shows an example of the ALIS output for an inert PMN-2 mine, which
was buried at 10 cm. Both MD and GPR images are clear in this case.

Bibi Mahro Hill is a small hill near the Kabul airport. The soil in this site is very non-
homogeneous, and contains many small objects such as gravel, pieces of wood and
metal fragments. At the calibration site in Bibi Mahro Hill, a PMN-2 plastic shell model
filled with TNT explosive was buried; it also contained a small metal pin imitating the
metallic part of a booster in a real landmine. In addition, a small metal fragment was
added at about 15 cm from the landmine model. Figure 5 shows the corresponding
ALIS visualisation output. Figure 5(a) is the MD image, which features two separated
metal objects.” Figure 5(b) shows the GPR image, in which only one clear image could
be found that corresponds to the landmine model. (The images in Figure 2 and Figure
5 have a 20cm offset between MD and GPR.)
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Figure 5. ALIS output at Bibi Mahro Hill in Kabul, Afghanistan.

8. Software refocusing of the GPR data after data acquisition.
9. The CEIA MIL-D1 has a differential signal output. A single metal object shows therefore a
symmetric response with a null point at the centre, right above the object.
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Other applications (non-demining)

The ALIS stepped-frequency GPR is capable of operating in the 100MHz-4GHz
frequency range. The operational frequency range can be adaptively selected as a
function of the soil conditions, mainly its moisture. This unique feature is useful not
only for landmine detection, but also for other applications. Especially, its capability in
the lower frequency range allows using ALIS for environmental studies including
ground water monitoring and detection of buried utilities, e.g. pipes.

The sensor head of the ALIS is small, and is also suitable also as a sensor unit for a
robot arm mounted on a vehicle as shown in Figure 6. In this case the scanning
speed can be increased due to higher accuracy of the sensor positioning.

Figure 6. ALIS mounted on a vehicle
during field tests in Croatia.

Related publications

1. Sato M, J. Fujiwara, X. Feng, T. Kobayashi (2005)
“Dual Sensor ALIS evaluation in Afghanistan”, IEEE Geoscience and Remote Sensing
Society Newsletter, pp. 22-27, September.

2. Feng X. and M. Sato (2004)
“Pre-stack migration applied to GPR for landmine detection”, Inverse Problems, 20,

pp. 1-17.

3. Feng X., J. Fujiwara, Z. Zhou, T. Kobayashi and M. Sato (2005)
“Imaging algorithm of a Hand-held GPR MD sensor (ALIS)”, Proceedings of SPIE
Conference on Detection and Remediation Technologies for Mines and Mine-like
Targets X, Vol. 5794, Orlando, US.

4. Final Report (Summary) for Humanitarian Mine Clearance Equipment in Afghanistan (2005)
Japan International Cooperation System, 31 March, www.mineaction.org/
doc.asp?d=452.
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Technical specifications

Tohoku University ALIS

Used detection technology:
Mobility:
Mine property the detector responds to:

W N~

Working length:

Search head:

> size:

» weight:

> shape:

7. Weight, hand-held unit, carrying
(operational detection set):
Total weight, vehicle-based unit:

8. Environmental limitations (femperature,
humidity, shock/vibration, etc.):

. Detection sensitivity:

10. Claimed detection performance:
» low-metal-content mines:
» anti-vehicle mines:
> UXO:

11. Measuring time per position (dwell time):
Opftimal sweep speed:

12. Output indicator:

13. Soil limitations and soil compensation
capability:

14. Other limitations:

15. Power consumption:

16. Power supply/source:

17. Projected price:

18. Active/Passive:

19. Transmitter characteristics:

20. Receiver characteristics:

21. Safety issues:

22. Other sensor specifications:

SRS

Detectors/systems in use/tested to date:

Metal Detector and GPR Visualisation
Hand-held (vehicle-based possible)

Dielectric characteristics (see GPR Operating
Principles) and metal content.

Two prototypes

30cm diameter, 20cm height
ca. 2kg
Round (CEIA MIL-D1)

ca. 6kg

Max 20cm depth (PMN-2)
Not applicable

Not applicable

2-3 min/m?

30cm/s

PDA Display

Equivalent to CEIA MIL-D1

DC12V car battery

Active

100MHz-4GHz Stepped Frequency
Synchronized to Transmitter
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4.1 Portable Humanitarian Mine Detector (PHMD)

Project identification

Project name Portable Humanitarian End date 31 October 2002
Mine Detector Technology type Ground penetrating

Acronym PHMD radar, metal detector,

Participation level European capacitance sensor

Financed by UK Treasury Capital Readiness level 000000
Modernisation Fund Development status Completed

Budget £3,000,000 Company/institution QinetiQ Ltd, Meodat

Project type Technology development, GmbH, Guartel
Technology demonstration, Technologies Ltd.,
System/Subsystem Sensatech Research Ltd
Development

Start date 1 July 2000

Project description

The aim of the Portable Humaniarian Mine Detector project was to develop and test
a prototype portable land-mine detector for use in humanitarian demining. The project
first researched the needs of users of hand-held detection equipment in humanitarian
demining. The requirement for a detector offering similar detection performance to a
current hand-held metal detector but with much reduced false alarm rate from metal
clutter was confirmed. Investigation of thousands of “false alarms” from metal clutter
makes up a large percentage of the time taken to clear an area. Analysis of the sources
of false alarms from two minefields indicated that up to 95 per cent are of the size of a
rifle cartridge case or smaller.

The system concept consists of using a GPR array to discriminate between minimum
metal anti-personnel mines and small metal clutter, by detecting the dielectric anomaly
present around the metal in the mine. Acoustic sensing and a form of passive radiometry
sensing were also considered, but could not be sufficiently developed within the
timescale of this project. The system prototype was developed and tested in the UK,
US and Bosnia using realistic mine targets. The results of some of these tests are published
on the ITEP website (wwuw.itep.ws).

Detailed description

The PHMD system is composed of the following units:

Ground Penetrating Radar (GPR): Previous work by QinetiQ and others suggested
that a multiple antenna GPR was most likely to provide acceptable results in a hand-
held device. In order to determine shape and size of a target, the system must generate
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a three-dimensional image; a single pair of antennae (transmit and receive) can only
provide one-dimensional information and so must either be moved over the target
while their position is measured (difficult), or combined with further antennae. It was
decided that nine antennae would be used and arranged in a square array. GPR
antennae were developed that could be physically co-located with the metal detector
coils without mutual interference, based on a resistive ink technology from previous
EU-funded research. The radar itself used a highly integrated correlation-based digital
chipset from Meodat GmbH. This was interfaced to a central digital signal processor
(DSP) that executed the data extraction, timing calibration, 3D focusing and target
detection algorithms.

Metal detector (MD): The MD used was based on the Guartel MDS8, but with certain
modifications. The MD8 uses one transmit coil and one receive coil, but the addition of
a second smaller receive coil allows an estimate of the depth of the target to be made.
The shape of the large receive coil was also changed, to route it between the GPR

antennae and to provide some positional information (e.g. left of head, centre, right of
head).

Capacitance sensor: The capacitance sensor consists of four conductive pads embedded
in the bottom face of the sensor head, connected to an electronics unit. The capacitance
between each pad and the ground surface below is measured, from which the height
of each pad above the ground can be determined. By measuring this capacitance at
both low and high frequencies, an indication of the resistance of the soil can be obtained,
which is dependent on its moisture content. Moisture content greatly affects the
penetration of radar waves, and so measuring it facilitates GPR focusing. Due to time
constraints, this sensor could not be fully calibrated before the final prototype trials.

The detector consists of three parts: a sensor head, a “top box” mounted on the top of
the shaft, and a processing pack. The sensor head houses the nine GPR antennae
while the metal detector and capacitance sensor are built in to the bottom of the head.
The top-box contains the GPR, capacitance and metal detector electronics. The
processing pack contains the systems battery packs and the DSP boards. In any next
iteration of the PHMD the processing pack will be incorporated into the top-box,
creating a fully self-contained detector.

Mass: The current total detector mass is approximately 13kg including both the hand-
held unit and the processing pack. It was acknowledged that many aspects of the
design could be improved with further development that was not possible within the
constraints of the project. This particularly applies
to size and weight reductions. These potential
improvements led to the design of a space model, as
shown in Figure 2, intended to represent the
realistically achievable size and weight to which the
detector could be reduced following additional
development and manufacture.

Test & evaluation

Following developmental and UK testing, the
detector was also tested under the auspices of the
International Test and Evaluation Project (ITEP),
using facilities available in the United States. The test g 7. D profotype during US
areas used consisted of several lanes divided into Im  tests.
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squares, each of which contained an object buried in the centre (some were empty).
Thus there was no requirement to locate the target, merely to distinguish between
mines, false targets and empty squares.

In 2002 data was gathered in all the squares. However, software development delays
limited the rate of data transfer between the detector and logging PC. This meant that
instead of “sweeps” over the target, just one “snapshot” of each square was obtained.
QinetiQ reports that the results from the calibration area indicated that it was generally
possible to discriminate between most of the mine types and other objects, although
this was difficult for the small minimum metal AP mines. A second trial in the US was
carried out during late August/early September 2003 (see
references below for details).

Further testing was carried out in October 2002 in Bosnia. These
tests took place at a test site prepared by Norwegian People’s
Aid. The purpose of the Bosnia tests was to evaluate the detector
under more realistic conditions, and to give real deminers the
opportunity to use the equipment and comment on its design
and function. The test areas used were again laid out in prepared
ground, but were slightly more demanding than the flat sandy
soil used in the US.

In this case, data were collected from just a few of the targets Figure 2. Bosnian

available, but by conducting a sweep across each target, moving  deminer assessing

the detector about 5cm each time. This enabled processing to ~$°9ce model

be performed on the data, to reduce the effects of ground

surface reflections and other background features. QinetiQ reports that the GPR gave
significantly better results in the gravel test area than in the grassy soil. This was as
expected, as the soil appeared to have a significant clay content and a high moisture
content, both known to cause high attenuation of radar signals.

Ongoing data logging problems again limited the amount of data that could be gathered
to assess the performance of the detector. This made it difficult to assess the ability of
the detector to distinguish between mines and clutter. No automatic target detection
process was yet incorporated, so manual examination of the data was necessary.
However, some results reported by QinetiQ were extremely encouraging, particularly
in the drier gravel. QinetiQ reports that under certain conditions, it was possible for
the GPR to detect a small PMA-2 AP mine buried at 13cm with a high signal to noise
ratio — demanding for even the best metal detectors.

The other purpose of the Bosnia tests was to gain some feedback on the equipment
from some of the deminers. Two deminers were given the opportunity to use the
prototype detector and to comment on the design and layout of the space model. This
was particularly useful and led to the repositioning of the handle-mounted LEDs onto
the top of the sensor head. This allowed them to remain directly in the operator’s line
of sight making a far more intuitive display.

Initial results according to QinetiQ indicated that the very small, minimum metal mines
(e.g. M-14, M409 etc) are still difficult to image with the current generation PHMD
radar, as they are approximately the same scale as one resolution cell. Visibility of
some other mine targets (e.g. M-19, PMD-6) had improved since the previous trial,
especially with the vastly increased data logging capacity. The initial results are
encouraging, with the radar array of great assistance in determining the presence of mine-
like objects. Further work is required to reach the full potential of the PHMD sensor.
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Other applications (non-demining)

The following three market areas dominate the available market for detector systems
similar to PHMD:

» Commercial and military mine clearance and explosive ordnance disposal;
» Location of utilities and underground services;

> Science and recreational use: e.g. hobbyists, universities, archaeological and other
geophysical service providers.

Related publications

1. Allsopp D. (2002)
PHMD - QinetiQ portable humanitarian mine detector, QinetiQ Ltd, 15 March.
www.eudem.info

2. Dibsdalll. M., S. M. Bowen, D. J. Allsopp (2003)
Portable Humanitarian Mine Detector 2003 US Trials, QinetiQ Ltd, September.
www.itep.ws
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Technical specifications

QinetiQ PHMD?>

W~

oo~

11.

12.
13.
14.
15.

16.
17.

18

20.

21.
22.

Used detection technology:
Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:

Search head:

» size:

» weight:

> shape:

Weight, hand-held unit, carrying
(operational detection set):

Total weight, vehicle-based unit:
Environmental limitations (femperature,
humidity, shock/vibration, etc.):

Detection sensitivity:
. Claimed detection performance:
» low-metal-content mines:
» anti-vehicle mines:
» UXO:
Measuring time per position (dwell time):
Optimal sweep speed:

Output indicator;

Soil limitations and soil compensation
capability:
Ofther limitations:

Power consumption:

Power supply/source:
Projected price:

. Active/Passive:

. Transmitter characteristics:

Receiver characteristics:

Safety issues:
Other sensor specifications:

MD, GPR, Capacitance Sensor

Hand-held

Dielectric characteristics (see GPR Operating
Principles), metal content.

Prototype

Width: 380mm (310mm), Height: 140mm (95mm).

13kg (<6kg)

P64 sealed unit, 0°C to 35°C (IP67 sealed unit,
-20°C to +40°C).

b)
b)

MD: Similar to commercial units, but limited
by GPR in PHMD system.

MD: Audio tone and LED confirmation of
approximate position and depth.

MD features soil compensation mode.

MD: power line suppression, proprietary to
Guartel.

20W (5W)

Battery. Lifetime: 1.5 hrs (~8hrs)

~£10k

Active

GPR: transmitted power: 1mW ERP (effective
radiated power)

GPR bandwidth: 3GHz (5GHz); 3 array scans/s
(>10/s).

None

GPR resolution: ~3cm depending on soil
properties (<2cm). Primary detection
algorithm (GPR): proprietary, based on
correlafion with known targets. Feature
extraction: proprietary, based on
deconvolution and focussing of radar data.

a) Main figures are for the prototype: figures in square brackets are target production

Sp

ecifications.

b) Prototype PD and FAR tested at US test site, but number of targets results was with insufficient
confidence to quote. Small plastic AP (NR409, PMA2 etc) detected in tests.

Remarks
MD specifications are for the metal detector used in PHMD, not for the Guartel unit on which it is
based.

Ta

rget depth range: 30cm.
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4.2 Hand-held Stepped Frequency Modulated
Continuous-wave Radar

Project identification

Project name Hand-held Stepped Start date 2000
Frequency Modulafed End date 2003
Confinuous-wave Radar Technology type Ground penetrating radar|
Acronym = .
— X Readiness level 00000
Participation level Infernational
- . . Development status Completed
Financed by International Science — : -
and Technology Centre Company/institution Applied Physics
(ISTC): APSTEC Ltd. Laboratory; V.G. Khlopin
Radium Institute,
Budget US$240,000 St, Petersburg
Project type Technology development,
Technology demonstration
Project description

The proposed method for the localisation of suspicious anomalies is based on a
modulated continuous-wave radar, which analyses the continuously scattered
electromagnetic radiation. This enables the characterisation of objects within an
inspected volume in terms of their shape and dielectric characteristic. According to
the manufacturer, the radar allows one to determine:

» dimensions of the concealed object;
» its dielectric characteristics; and
> distinctions between metallic (conductors) and dielectric objects.

Identification of the detected object can be achieved in principle by comparing its
dielectric constant with those of known objects.

Detailed description

A prototype hand-held Ground Penetrating Radar (GPR) for detection of subsurface
metals and dielectrics has been designed and produced. The radar is based on
continuous ultra-high (2-8 GHz) frequency electromagnetic waves (microwaves) with
stepped frequency change.'” The manufacturer states that the present prototype device
can detect objects with dimensions larger than 5cm in soil (with spatial resolution of
5cm in-plane and 2.5cm in-depth). The device measures amplitude and phase of the
reflected electromagnetic wave and plots these data as functions of the amplitude on
the coordinate along the line of scanning (X or Y axis) and on the distance to the object
(Z axis). Unlike pulsed systems, this prototype uses stepped-frequency change in the

10. Note that this high frequency range is very likely to result in limited penetration in most soils.
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range 2-8 GHz, which allows analysis of dielectric properties of the object and greatly
simplifies the antennae array. In a commercial version the frequency range can be
selected according to the required resolution.

Figure 1. Hand-held prototype GPR.

Test & evaluation
Test and evaluation has been completed at the laboratory level.

The Applied Physics Laboratory also proposes a multi-sensor based on a localisation
sensor (the stepped-frequency continuous wave radar detailed here) and a “neutron
in, gamma out” identification sensor, based on Nanosecond Neutron Analysis/
Associated Particles Technique (NNA /APT) and detailed later on.

Other applications (non-demining)

Detection of thin metallic foils in passenger luggage; human body inspection.

Related publications

1. Averianov V.P., I.Yu. Gorshkov, A.V. Kuznetsov, A.S. Vishnevetski (2004)
Detection of explosives using continuous microwaves, Proceedings of the NATO ARW
#979920 «Detection of bulk explosives: advanced techniques against terrorism», St.-
Petersburg, Russia, Kluwer Academic Publishers, NATO Science Series, Series Il
Mathematics, Physics and Chemistry - Vol.138.

Extracted from the Absfract: “The continuous microwave technique is based on
irradiation of an object or inspected area with low-power, broadband electromagnetic
confinuous microwave radiation and measurement of interference of the probing
radiation with that scattered from objects located in the area. The on-line analysis
yields both position of reflecting surfaces within the irradiated volume and dielectric
properties of substances comprising the volume. The method is very fast and allows
continuous scanning of large areas. It is capable of locating 'suspicious' objects and
their preliminary identification by their dielectric properties.”

2. Kuznetsov A. (2003)
Portable multi-sensor for detection and identification of explosives substances,
Proceedings of Expert Workshop on Explosive Detection Techniques for Use in Mine
Clearance and Security Related Requirements, Lake Bled, Slovenia, 2-4 June 2003,
pp. 64-69.
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Technical specifications

APL Hand-held GPR®

ISEN N

SRS

Used detection technology:
Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:

Search head:

> size:

» weight:

> shape:

Weight, hand-held unit, carrying
(operational detection set):
Total weight, vehicle-based unit:
Environmental limitations (femperature,
humidity, shock/vibration, etc.):
Detection sensitivity:

. Claimed detection performance:

> low-metal-content mines:

» antfi-vehicle mines:

»  UXO:

. Measuring time per position (dwell time):

Optimal sweep speed:

. Output indicator:
. Soil limitations and soil compensation

capability:

. Ofher limitations:

. Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

. Transmitter characteristics:

. Receiver characteristics:
. Safety issues:
. Other sensor specifications:

GPR

Hand-held

Dielectric characteristics (see GPR Operating
Principles).

25x15x15cm (?)

kg

Prototype : laboratory environment (resistant).

Depth range @ 16% soil humidity: 8-10cm.
PD, PFA: Not available.
Depth range @ 16% soil humidity: 8-10cm.
PD, PFA: Not available.

c)

Soil humidity <16%

10W (<10W)

Battery, 8hrs autonomy

7,000-10,000 USS

Active

2-8GHz(®), minimal frequency sweeping step of
1.5MHz(®) (modulated contfinuous wave radar).
Transmitted power: TmW.

Sensitivity: =120dB/W(®), bandwidth: 6GHz (»)
None

Dynamic range: 50dB(®). Spatial resolution in air:
in-depth: 2.5cm, transversal: 5cm, longitudinal:
4cm (down to 1cm, depending on chosen
frequency range).

a) Main figures are for the prototype: figures in square brackets are target production
specifications.

b) = “Task dependent”.
¢) Minimal measurement and analysis time of one sweeping cycle at a sweeping step of 200 MHz:
100ms.
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4.3 Surface-penetrating Radar Detector with
system-on-chip, DEMINE

Project identification

Project name Improved cost-efficient End date 31 July 2001
surface-penetrating Technology type  Ground penetrating radar
radar detector with array
system-on-chip solution -
for humanitarian Readiness level 00006
demining Development status Completed

Acronym DEMINE Company/institution Technische Universitat

Participation level European gmeggul: MeodoT o

- X mbH; Ingegneria dei

Financed by Co-flnoln.ced by EC-IST Sistemi SpA; QinetiQ

Budget € 1.3 million Ltd; Menschen gegen

Project type Technology development, Minen; Vrije Universiteit
Technology demonstration Brussel; Applied Electro-

Start date 1 February 1999 magnetics FGE Ld

Project description

The fundamental research aspect within the DEMINE project has been the
development of an ultra-wideband sensor array considering two main characteristics:
» A quicker survey speed is achievable, since a larger area is under investigation.
» The gathered data provides more information content as targets may be “seen
from different aspect angles”. It should be noted, however, that the last point is
connected with very complicated data processing.'!
In the DEMINE project, which took place in a relatively short research and technical
development timeframe, the main emphasis was on technical and scientific questions
in order to first solve the fundamental problems of detecting buried non-metallic mines.
These technical questions have been solved, according to the DEMINE Consortium, in
a manner which may be implemented in practice by an appropriate re-design of the
developed system.

Detailed description

The DEMINE system consisted in a hand-held ground penetrating radar (GPR) array
with the following characteristics:

» GPR System prototype with off-line processing,

» Radar on Chip correlation/pseudo random code (PRC) solution based on high
speed digital technology,

» Antenna array for multi-static and multi-polarisation,

11. Current data processing techniques (e.g. SAR processing) do usually assume small point-like
targets which do not show a scattering dependent on the aspect angle.
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» Dynamic positioning measurement system,

» Multi-dimensional signal processing and classification which exploits the novel
features of the radar.

Figure 1. Testing of the DEMINE prototype in Angola.

Test & evaluation

The DEMINE system was tested by the consortium during in-house tests, at the Joint
Research Centre in Ispra and in Angola. Details of the tests are provided in the DEMINE
Final Report. The relatively few tests made it difficult for the consortium to provide
results with any statistical significance. The consortium was, however, able to
demonstrate that the new maximum length binary sequence (MLBS) radar method
worked and that metallic and non-metallic APs and ATs could be detected and clutter
discriminated.

Other applications (non-demining)

Sub-systems may be adapted for use in, for example: UXO detection, through-wall
radar, non-destructive testing, complex control solutions (data fusion, e.g. large facility
process monitoring, aircraft altitude control).

Related publication

1. DEMINE Consortium (200T1)
DEMINE Final Report, 2001, www.eudem.info.
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Technical specifications

DEMINE GPR

W~

SRS

Used detection technology:
Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:
Search head:

> size:

» weight:

» shape:

Weight, hand-held unit, carrying
(operational detection set):

Total weight, vehicle-based unit:
Environmental limitations (tfemperature,
humidity, shock/vibration, etc.):
Detection sensitivity:
. Claimed detection performance:

» low-metal-content mines:

» antfi-vehicle mines:
»  UXO:

. Measuring time per position (dwell time):
Opftimal sweep speed:

. Output indicator:

. Soil limitations and soil compensation
capability:

. Other limitations:

. Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

. Transmitter characteristics:

. Receiver characteristics:
. Safety issues:
. Other sensor specifications:

Ultra wide band GPR array

Hand-held based

Dielectric characteristics (see GPR Operating
Principles).

Prototype

Not applicable

Array width: x axis: 6560mm, y axis: 350mm, height:
230mm.
12kg

Temperatures over 40°C experienced.

Max depth range: 2-15cm. PD: 0.79, PFA: too few
results o comment.

10cm/s (with 2048 averages per scan)

55W

20V mains

Active

Transmitted power: 3dBm/13dBm (chip output/
amplifier output)

Bandwidth: 4.5 GHz

Resolution: 3cm in air. Primary detection

algorithms and feature extraction methods: see
full details in the DEMINE Final Report.

a) This value is based on the first tests/measurement gathering with the first field demonstrator/
prototype in Angola. The test measurements are a basis for further development of the detector:
reliable statistics will only be available affer more tests and evaluation.

Remarks
Technical specifications are those of the prototype system.

Tested environmental conditions: sand, gravel up to 1cm, sandy soil up to 15 per cent clay, loam
(87 per cent sand, 53 per cent silt, 10 per cent clay).
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5.1 Sensing principle

Operating principle

Passive radiometers working in the microwave range of the electromagnetic spectrum
have been suggested as suitable for the detection of mines placed on the surface of the
ground (but covered with light vegetation for example) or shallow buried mines (to a
depth of a few centimetres). The maximum detection depth is a strong function of the
frequency used, soil humidity and conductivity, mine case material type (metal or
plastic) and mine size (large anti-tank mines are much easier to detect than small anti-
personnel mines). Increasing the detection frequency results in better spatial resolution,
but soil penetration can be rapidly and significantly reduced (especially for wet soils);
the trend has therefore been towards lower operating frequencies, typically below 10
GHz. In addition to close-in detection, distant detection (remote sensing) of larger
objects on the surface also appears to be possible using millimetre wave devices working
at higher frequencies, for example 94 GHz.

Metallic targets have a low emissivity and strong reflectivity (acting like a mirror) in
the microwave band, whereas soil has a high emissivity and low reflectivity. Soil
microwave radiation depends therefore almost entirely on its physical temperature,
whereas metal radiation depends mostly on the reflection of the very low-level
background radiation from the “cold” sky which “illuminates” it. It is possible to
measure the contrast between the “warm” ground and a “cold” mine (both
temperatures as seen in the microwave band) using a passive radiometer. This is
essentially a tuned directional receiving antenna and associated circuitry which
measures the microwave radiation coming from an object — it functions as a
microwave band power meter (similar frequency range as GPR-GHz range). The
detection of plastic targets is also possible but more difficult, given that they produce a
much smaller microwave AT (apparent temperature difference) than metal objects as
they have much lower reflectivity and greater transparency to background radiation
from below them.

Active systems, where some form of target “illumination” in the microwave range is
applied, have also been proposed and studied by some organisations. The enhanced
contrast they offer may justify the increased cost and complexity.

Application type

Close-in detection: hand-held, vehicle-based.

Remote detection: possible for large surface laid objects.
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Strengths

> Surface or shallowly buried objects, e.g. as a complement to GPR which has
difficulty detecting an object close to the air-ground interface.

> Detection depth depends strongly on operating frequency, soil humidity and
conductivity, mine case (metal or plastic) and size (large anti-tank mines are
much easier to detect than small anti-personnel mines).

> Best results likely for large metallic objects in dry soils.
> In principle simpler than GPR and should suffer less from clutter problems.
» Can be scanned over the ground to generate two dimensional images.

Limitations

> Less effective in wet soils.

> Clear depth limitations. Unlikely to be used as a stand-alone device except for
surface objects.

> Need to balance resolution (better at higher frequencies) with depth penetration
(better at lower frequencies).

» Has to be protected from radio frequency interference.

Potential for humanitarian demining

> Integration with GPR possible (can use same antenna).
» Should be possible to build human portable systems at relatively low cost.
» Overall potential for humanitarian demining seems, however, limited.

> Active systems possible (“illuminate” target with microwaves) and may offer
enhanced contrast.

Estimated technology readiness

Medium.

Related publications

1. HOPE consortium (2002)
Public HOPE Final Report, 2002, www.eudem.info.

2. Daniels D.J. (2004)
Ground Penefrating Radar, 2" edition, IEE Radar, Sonar, Navigation and Avionics Series,
June, ISBN 0 86341 360 9.

3. Daniels D.J. (1999)
An Overview of RF sensors for mine detection: Part 1 Radiometry, MINE'99 Conf.
Proceedings, pp. 31-36, 1-3 October 1999, Florence, Italy (http://demining.jrc.it/aris/
events/mine99/program/P31-36/MINE-RAD.htm).
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5.2

HOPE Microwave Radiometer

Project identification (* = Radiometer specific)
Project name Hand-held Operational Technology type  Metal detector,
Demining System ground penetrating
Acronym HOPE radar, microwave
P radiometer
Participation level European -
Financed by Co-financed by EC ESPRIT |_Readiness level” 00066
FP IV Development status* Completed
Budget € 2,800,000 Company/institution Deutsches Zentrum fUr
Project type* Basic technology research, Luft-und Raumfahrt e.V.;
Research to prove Vallon GmbH; Insfitut
feasibility, Franco-Allemand de
Technology development, Recherches de Saint-Louis;
Technology demonstration Norwegian People’s Aid;
Start date 1 January 1999 ONERA -Toulouse; Radar
End date 30 June 2007 Sy'slTem’rechnlk AG; Royal
Military Academy;
Ruhr-Universitét Bochum;
SPACEBEL S.A.;
Universitat Karlsruhe (TH)
Project description

The HOPE project [1] consisted in developing a sensor head combining an improved
pulse metal detector, a ground penetrating radar (GPR) and microwave radiometer
— as well as an optical position monitoring system to provide position data as a basis
for 2D and 3D data processing. Software for data visualisation and interpretation was
also provided. In a number of tests, several stages of the project progress have been
tested in the lab, in company test fields, at the Joint Research Centre (JRC) in Ispra
(Italy) and in Norwegian People's Aid (NPA) test fields in Bosnia. The demonstrators
built for the Bosnia tests and the other test prototypes comprised lightweight sensor
heads and an electronic backpack with specific electronics and off-the-shelf computers.
Due to time constraints two separate systems have actually been built: one combining
a metal detector and the radar, the other with a metal detector and the radiometer.
The prototypes had limited real time capabilities and were mainly used to collect data
for offline data processing.

The consortium views the results of the HOPE project as quite encouraging [1, p. 159].
To the best knowledge of the consortium, this was the first time that high-resolution
registered images could be obtained from manual scanning using a multi-sensor system.

Only raw images were computed but, even so, some of the images exhibited
characteristics that could be used for object discrimination. Focusing was possible for
the GPR and for the metal detector (MD) but was not performed in the scope of this
project, mainly due to lack of time but also due to some hardware problems that limited

57
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position accuracy. Results of the GPR were poor in Bosnia and could not be used
because the scanning height was too low.

However, even the raw images showed interesting discriminating features. Fusion
was possible and showed quite promising results, especially for the radiometer. This
showed that registration is possible (creation of images in a common reference view).
With focusing and higher level feature extraction, the consortium expected that a lot
of additional discriminative characteristics could be used in the future.

Detailed description

The HOPE sensor head combines an improved pulse metal detector, a GPR and a
microwave radiometer (MWR). Searching mines with the HOPE sensor starts
conventionally, using the metal detector or the GPR if non-metallic mines are expected.
In a second step, metal detector alarms can be qualified by GPR and/or MWR data,
i.e. the number of false alarms can be reduced by processing the data available on
computers. In a third level of enhancement, additional information can be provided
(e.g. size and depth of the suspicious object, position of the metal fuze), allowing the
deminer to continue much more systematically and efficiently instead of prodding in a
completely unknown volume.

NOTE: The following description and discussion concentrates mainly on the microwave
radiometer, rather than on the whole HOPE system.

The microwave radiation is usually composed of three contributions: (1) the object’s
self emission, (2) reflection of similar radiation, generated elsewhere, on the object’s
surface, and (3) transmission through the object in the case of a partial microwave
transparency [1, p. 60]. All parts of the radiometer receiver, except the synthesiser, are
housed in a robust case of cast aluminium. The synthesiser has a similar case. The
control computer is a standard laptop and the digital signal processing board is
ingrained in synthetics. The power supply has several modules, each housed in a steel
case.

Man wearing
the HOPE
equipment

Backpack

ot

Figure 1. Essential elements of the
HOPE multi-sensor system as it is to
be operated in the field. Shown is
the experimental equipment for the
microwave radiometer (MWR), metal
detector (MD) and optical position
monitoring system (OPMS)
demonstrator.

Sensor head:
MD + MWR + OPMS

Power supplies

The HOPE
field system

Test & evaluation

According to the consortium, a multitude of experiments were performed to
optimise the receiver development and operational strategies. In brief, they have
supported the following main investigations: the influence of antenna distance
and tilt angle relative to the ground concerning resolution and shadowing effects;
the required density of the sampling grid on the ground for proper imaging;
the influence of the antenna patterns; the determination of the required
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sensitivity and ground resolution; the | .. 275Gz, 0cm, o T

frequency dependence of typical o ° 5
scenes concerning a suitable number gt ...

of frequencies; the examination of the
1 [ [ | Lot -

depth of the objects and the
penetration depth; the dependence of
surface variations; and finally the
general detection and discrimination
capabilities for mine surrogates,
reference objects, and false targets [1].
For these investigations a laboratory
type of the MWR (similar to the field
type) was used in conjunction with a
computer-controlled positioning
system located in a tent, in order to
achieve a more controlled
environment.

Drightnem temperatere (K] 2418

2.75GHz. Tem. [ 4 00GHz em, 0F

Field tests: The radiometer was
combined with the metal detector as Figure 2. Photograph, layout pattern, and
foreseen for a typical operation. The brightness temperature images of the
two antennae were mounted between measurement of scene S1 (laboratory

. . experiments). Results for two centre frequencies,
the two coils of the MD in a common two tilt angles and various ground distances of

head and both electronic devices the antenna are shown.

(together with power supplies) were

integrated on a common platform, as shown in Figure 1. One antenna was actually
used for the MWR, since the other was only required when the radar was added to
the system as intended for the final HOPE device.

From the experiments carried out at the test site of JRC in Ispra, Italy, the following
key conclusions were drawn:

» Many of the mine simulants could be detected by the MWR, although a lot of
them were also hard or impossible to extract from the background clutter. It
has to be noted that very moist or wet soil conditions due to rain were
encountered during the measurement. Only target detection was considered
with the HOPE MWR system. Target discrimination will require more
frequencies and deeper signature analysis.

> Several interference problems were observed: radio frequency interference
by artificial transmitters such as communications, broadcast, radars, and
switched high currents in the vicinity of the MWR sensor. For a future MWR
system these need to be detected automatically and reduced or removed by
an automatic centre-frequency adjustment. In general, interference can reduce
the contrast or, in excess, make the MWR system completely blind.

The experiments carried out at the NPA test site in Sarajevo, Bosnia, underlined that
the prototype was not yet sufficiently mature to be used as the basis for an industrial
instrument. There are several improvements to be addressed in addition to those
already mentioned:

» A main problem of the hand-held operation is the irregular scanning pattern.
This can produce artefacts and a significant contrast reduction due to a bad
scan pattern in all three dimensions. The possibility of touching the ground or
approaching it too closely should be avoided automatically in a future
development. A tool to assist the deminer in performing more regular scanning
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would be helpful and would increase the data quality significantly, as was
observed under more controlled laboratory experiments. The head has to be
reduced in weight considerably to allow easier operation and more regular
scanning.

» Appropriate image processing software is required to perform the pattern
and feature recognition operations automatically so as to assist the image-
based detection process. Visible investigations alone are subjective and
unsatisfactory.

» Improvements to the antenna’s directivity and the reduction of sidelobes is a
major need.

» Equipment should not be located near the MWR antenna to avoid shadowing
and additional interference.

After the HOPE project some DLR internal work continued to investigate more
deeply the benefits of frequency profiling instead of imaging. For this purpose the
sensor head has to be located for a few seconds in one position directly above the
suspicious area. If a frequency profile consisting of a sufficient number of single
frequency lines is obtained, some kind of fingerprint analysis can help to discriminate
the observed signature from a false target. Depth estimation can also be supported
using the measured frequency profile.

Other applications (non-demining)

The multi-spectral principle of the HOPE radiometer system can be used for hidden
object detection in general.

Related publications

1. HOPE Consortium (2002)
Public HOPE Final Report, www.eudem.info

Extracted from the Absfract. “Using complex sensor tfechnology yields an enormous
amount of raw data which cannot be directly interpreted by human senses and brain
any more. But processing the data by all means of modern data processing technology
may not output the simple binary information mine/no mine (at least as long as we
haven’t passed through a several years lasting successful and reliable operation). The
responsibility for the decision to step ahead or not must be left to the deminer himself.
So the job of the equipment is to deliver sufficient and easily understandable, clear
information enabling the deminer to choose an adequate way of progressing. This
results in Man Machine Interfaces which are either much more complex than those
one-dimensional beeps of a metal detector or must go through an evolutionary process
before they are satisfying. So as a consequence of using high tech in the field, demining
procedures as well as qualification requirements of deminers will have to be adapted
to the new generation of fools.”

2. Peichl M., S. Dill, H. SUB, (2003)
Application of microwave radiometry for buried landmine detection, 2 International
Workshop on Advanced Ground Penetrating Radar, 14-16 May 2003, TU Delft, Delft.

3. Peichl M., S. Schulteis, S. Dill, H. SUB (2002)
Application of microwave radiometry for buried landmine detection, Germman Radar
Symposium GRS 2002, 3-5 September 2002, Bonn.

4, Peichl M., S. Dill, H. SUB (2001)
Detection of anti-personnel landmines using microwave radiometry techniques, NATO
Advanced Workshop on “Detection of Explosives and Landmines”, 9-14 September
2001, St. Petersburg.

5. Christophe F., P. Borderies, P. Millot, M. Peichl, H. SUB, M. Zeiler, S. Dill, F Reinwaldt (2000)
Electromagnetic technologies for improved detection of anfi-personnel landmines,
Proceedings of 2" ONERA-DLR Aerospace Symposium, 15-16 June 2000, Berlin.
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Technical specifications

DLR HOPE Microwave
Radiometer®

SCOALN

12.
13.

21

Used detection technology:
Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:

Search head:

» contfains:

> size:

» weight:

> shape:

Weight, hand-held unit, carrying
(operational detection set):

Total weight, vehicle-based unit:
Environmental limitations (temperature,
humidity, shock/vibration, etc.):

Detection sensitivity:

. Claimed detection performance:

» low-metal-content mines:

» antfi-vehicle mines:

»  UXO:

. Measuring time per position (dwell time):

Optimal sweep speed:

Output indicator:

Soil limitations and soil compensation
capability:

. Ofher limitations:

. Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

. Transmitter characteristics:
. Receiver characteristics:

. Safety issues:
22.

Other sensor specifications:

Microwave radiometer

Hand-held

Local changes in the permittivity of the ground
Only the demonstrator during the HOPE project
Not applicable

2 antennae with cases, 2 coils, 1 optical camera
about 30cm x 30cm x 50cm (L x W x H)

about 5kg

see Fig. 1

~6kg (Receiver without synthesizer: 1,260g,
Synthesizer: 260g, Power supply: 1,700g, DSP board:
250g, Control computer: 1,600g.)

Estimated but not proven (and not optimized
for): -10 to +40°C, 80%. Shock/vibration not
known.

<1.5K. Estimated system temperature range:
300-800K.

In general no limitation depending on metal
content, since the variation of permittivity is
detected.

Should be high if not buried to deep and the sall
is not too humid

Not tested

Max 20cm/s
Image

Wet and too humid soils (>50%) for buried mines
decrease detection probability, soil type rather
uncritical.

Only outdoor operation possible (cold sky
required).

8.58W (radiometer receiver)

24V battery

Not estimated

Passive

# of receiver inputs: 3. Centre frequency range
(tunable): 1.5-7GHz. Instantaneous receiver
bandwidth: 50MHz. # of centre frequencies to
be measured: 8 (HOPE demonstrator).

None

Estimate average ground resolution (in
operational configuration): 5-10cm.

a) Based on information provided by the project Consortium summarising the physical
characteristics achieved in the project and the detector performance elaborated and defined
in the project. Most numbers under detector performance need to be understood as a point of
reference which allows for slight deviations for technical reasons in the prototype constructed

m.






6. Trace Explosive
Detection Systems

6.1 Sensing principle

Operating principle

Trace explosive detection consists of the chemical identification of microscopic residues
of explosive compound, either in vapour or in particulate form (or both).

» Vapour refers to the gas-phase molecules emitted from the explosive’s surface
(solid or liquid) because of its finite vapour pressure, and

> Particulate refers to microscopic particles of solid material (typically down to
sub-picogram size — 1 picogram of TNT contains about 2.6 billion molecules)
that adhere to and contaminate surfaces that have, directly or indirectly, come
into contact with an explosive material.

A sample has to be acquired in the field and either used directly in a portable detector
or transported to the analytical device (in contrast to bulk detection devices). In practice,
the need for a field system depends on the application and working methods. Some
users, most notably Mechem in South Africa, have preferred to focus on REST (Remote
Explosive Scent Tracing) systems. In the Mechem MEDDS (Mechem Explosive and
Drug Detection System) the sample is brought to the detector — dogs in this case. This
permits the dogs to work under more closely controlled conditions with fewer
distractions and allows the sample to be sniffed by a larger number of dogs.

Trace and vapour explosive detection is increasingly seen as a method for area reduction
and not for locating individual mines. The use of a consistent negative result to declare
a defined area free from contamination (area reduction) offers such significant benefits
that it is already used by some operators under certain circumstances. Currently, the
most common method is to use dogs to scan the area.

Studies and measurements on environmental fate and transport of explosives have
been carried out, for example, at the Sandia National Labs, the Cold Regions Research
and Engineering Laboratory (CRREL) (US), the Defence Research Agency (FOI)
(Sweden) and the Defence Research Establishment Suffield (DRES) (Canada). Mechem
has accumulated practical field experience on the subject, as have Nomadics and the
partners of the EC-IST BIOSENS project.

Sensor systems for field application need to have an appropriate sampling system.
Suitable operational procedures also have to be defined. Up to now it seems that sensors
either have insufficient sensitivity or are too slow or too large to be used in routine
field applications, and the nature of explosive movement from mines — particularly
microscopic particles —has made defining procedures very challenging. Some evidence
is emerging that sampling is now the key problem.
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Significant further work remains to be done on understanding how to obtain samples
reliably and with statistical confidence, on vapour and particulate transport
mechanisms and other aspects of vapour and particulate detection, as well as on the
detectors themselves. The huge challenge that the physical environment (particularly
the soil) presents for vapour/trace detection is perhaps highlighted by the decision of
a US programme (providing €58 million over an eight-year period for demining
technology'?) to target 60 per cent of this funding towards soil and environment
research.

Application type

Close-in detection or remote detection.

Strengths

» Can potentially detect picogram (1:10'* grams) level samples of explosive
material at the detector, or ppt (parts per trillion, 1:10'*) concentrations. At
least in one case (Nomadics Fido see 6.2 below) even greater sensitivities have
been achieved in the field for TNT, possibly comparable to those of dogs.

» Comparisons are often carried out with dogs (e.g. Nomadics Fido) — but
there does not yet seem to be general agreement on how dogs manage to find
mines and what they are actually sniffing.

Y

Filtering to increase concentration is possible.

» Trace detection is in routine use in other applications (e.g. aviation security,
drug detection).

Limitations

> Even greater sensitivities than those quoted above are certainly achievable, and
perhaps necessary, but whether this can be done for field portable systems
remains to be seen.

Y

Sample acquisition — of the air, vegetation or soil — is crucial.

» Trace quantities available for detection might very largely vary in quantity and
quality (substance types) in similar situations, and can be very small.

> Explosive fate and transport in soil: complex effects, strongly dependent on any
water flow and other parameters. Large influence of environmental parameters,
target history, etc., on the variables of interest (explosive vapour and particle
concentration'?).

» Weather and soil conditions can lead to samples not being reproducible. Direct
vapour detection seems to be more difficult in arid areas.

» Cross-contamination and handling issues are of great importance — experimental
conditions can be hard to control/reproduce.

> Possible problems due to interfering chemicals, and explosive residues due to
devices which have detonated.

12. Russell S. Harmon, US Army Research Office, presentation at EUDEM2-SCOT 2003 Conference,
15-18 September 2003, www.eudem.info

13. Concentrations of vapour in a mined area may be several orders of magnitude lower than, for
example, in a screening portal in an airport.
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Potential for humanitarian demining

>

>

Aims at replacing, or at least complementing, mine detection dogs (an artificial
“dog’s nose”).

Strong potential for area reduction (declaring an area free of contamination)
and verification, rather than detection of individual mines.

REST methodology is already used by some organisations with dogs, e.g. for
road verification.

Up to now most sensors either have insufficient sensitivity or are too slow/too
large to be used in routine field applications.

Even if sufficient sensitivities are achieved, extensive field trials are necessary to
establish an appropriate methodology.

The possibility of detecting traces of explosive- and/or mine-related substances,
as well as surface or soil sampling, might also be well worth considering in the
future.

Estimated technology readiness:

Medium-High.

Related publications

Mclean I.G. (Ed.) (2003)
Mine Detection Dogs: Training, Operations and Odour Detection, Geneva International
Centre for Humanitarian Demining, Geneva, www.gichd.ch.

MacDonald J. et al. (2003)
Alternatives for Landmine Detection, RAND Science and Technology Policy Institute,
Report MR-1608.

Yinon J. (1999)
Forensic and Environmental Detection of Explosives, John Wiley and Sons, ISBN 0-471-
98371-0.

Bruschini C. (2001)
Commercial Systems for the Direct Detection of Explosives (for Explosive Ordnance
Disposal Tasks), ExploStudy, Final Report, February, http.//diwww.epfl.ch/lami/detec/
explostudy.html and www.eudem.info.
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6.2 Nomadics Fido

Project identification

Project name Nomadics Fido Start date 1990s

Acronym Fido End date Ongoing for demining
Participation level National Technology type Vapour/trace detection
Financed by Defense Advanced Readiness level 00000000

Research Projects

Agency (DARPA, US) Development status In production, but

continuing R&D efforts

Budget Company/institution Nomadics Inc.
Project type Technology development,
Technology demonstration,
System/subsystem
development
Project description

Nomadics develops landmine detectors based on the principle of trace/vapour
detection. The Nomadics landmine detector includes an extremely sensitive and highly
selective chemo-sensor that uses novel amplifying fluorescent polymers (AFPs)
synthesised by research partners at the Massachusetts Institute of Technology (MIT).
In the absence of explosive compounds, the polymer fluoresces when exposed to light
of the correct wavelength. When vapours of nitro-aromatic compounds such as TNT
bind to thin films of the polymers, the fluorescence of the films decreases. A single
molecular binding event quenches the fluorescence of many polymer repeat units,
resulting in an amplification of the quenching. The drop in fluorescence intensity is
then detected by a sensitive photodetector and processed by the instrument. Analyte
binding to the films is reversible and, immediately after analysing a sample, a new
sample can be introduced without replacement of the sensing element.

For demining applications, the Fido sensor is most effective as an area reduction tool
when combined with a high volume sampling technique (e.g., REST, MEDDS or
RasCargO). In this methodology, air from suspected areas is drawn across a filter
cartridge and presented to the sensor. The extreme sensitivity and selectivity of Fido
provides a high degree of confidence that an area is or is not contaminated with
explosives.

Detailed description

The Nomadics Fido detector includes an extremely sensitive and highly selective chemo-
sensor that uses novel AFPs. According to the manufacturer, the performance of the
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Nomadics Fido detector, evaluated in side-by-side field operations, is comparable to
dogs and can detect explosive vapour at levels as low as a few femtograms. Fido is
available in two models. The Fido X is best suited for analysing the aforementioned air
filters. The Fido XT has a tethered head and pistol grip and is better suited as a general
purpose explosives detector. This model has recently entered service with US military
agencies, primarily in the fight against improvised explosive devices.

Y, |,
Figure 2. Analysing a high-volume
sample collection filter using the
Fido X.

Test & evaluation

US field trials: Blind field testing of Fido against buried landmines was conducted at
the DARPA (Defense Advanced Research Projects Agency) test facility at Fort Leonard
Wood [7]. Blind test lanes were established by marking potential target positions in the
test field. At each test position, two flags were planted, approximately 50cm apart.
Some of the test locations were mined with the mine centered between the flags. The
landmines used for the test were authentic TMAS5 or PMATA landmines with the
fuzes and detonators removed and with shipping plugs capping the detonator well.
Fido was used to sample between the flags at each test location. In a lane consisting of
TMADS anti-tank mines (plastic cased, containing TNT), the best sensor performance
recorded was a PD of 0.89, with a PFA of 0.27.

Nomadics notes that, although its ERC (explosive related compounds) sensors are highly
sensitive, it remains that the explosives being detected have been released — and hence
are not necessarily tightly associated with the landmine — making precise location of
a buried target challenging. Nomadics therefore suggests that it may be more beneficial

67
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to the user community to reinvestigate the employment
of ERC sensors to detect general areas of explosives
contamination, such as for area reduction (see below) or
portal or perimeter security. The use of the Nomadics
ERC sensors to specifically locate a buried landmine has
potential but will require additional research and
development, and may involve probing of soils near the
target.

Croatian field trials: Additional tests were therefore
carried out adapting the sensor to enable analysis of
modified REST filters [1,2]. Using the Remote Explosive

Scent Tracing (REST) methodology, Nomadics and Figure 3 High—volur‘r‘we“sc;r;;);)}in;in
Mechem Division of Denel (Pty) Ltd., participated in o test minefield using a
testing the Fido sensor and the Mechem Explosive and Nomadics battery-powered
Drug Detection System (MEDDS) system as a tool for PYTP:

minefield area reduction, with sponsorship from the US Army NVESD Humanitarian
Demining (HD) Program. From July 2001 to August 2003, a series of trials were
performed at a test minefield in Croatia. This effort tested the ability of both the
Nomadics and Mechem trace chemical vapour collection and analysis systems in
detecting the presence of mined areas within a larger area clear of landmines.

In detail the test field' consisted of two
segments:

> A 40,000 square metre “blind area” laid
outin a grid pattern and containing eight
to 15 mines with locations, type and
burial depth unknown to the team; and

» A “proximity area”, which contained
three each of four different mine types
(12 mines total) at known positions
separated by 30m; the purpose of this
area was to determine how far explosive
contamination could be detected from a
mine.

Figure 4. Field testing of Fido and MEDDS
systems near Sisak, Croatia.

Over the life of the project, five samplings were taken after burial of the mines, in
environmental conditions ranging from hot and dry to moderately cold and damp.

> In every sampling both systems detected the presence of explosive contamination.

» Surprisingly, even three days after burial of the mines, both systems detected the
presence of mines in the blind test area.

> In general, there was an increase in contamination of the area with time, with more
positive samples being obtained as the time the mines were in the ground
increased.

In the proximity area, samples were taken along and two metres to each side of
three-, seven- and 11-metre radii marked around each mine during each sampling
event. Fido and the Mechem canines routinely detected contamination up to 11m from the
mine centres. Because of the layout of the test field (the mines were only 30m apart), it
was impossible to determine if contamination spread past 11m from the mines. Results

14. The following is a slightly edited version of the Field Test Results section in [1].
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from the blind test area suggest that contamination spread more than 11m, but it was
not possible to determine on average how far the contamination spread from a given
mine location. Based on the test results, it was determined that both systems could detect
mined areas. In retrospect, the blind test area probably contained too many mines and
did not contain a large area that was free of mines. Because of the large number of
mines in the area, contamination of the test area was widespread. Hence, in these tests, it
was not possible to delineate a mined area from a non-mined area. (Both systems had
found the area to be free of contamination prior to emplacement of the mines.)

Certain results from the field tests were somewhat surprising:

» The locations of positive samples as determined by Fido and the dogs were largely
uncorrelated. One possible explanation for this is that the dogs were trained to
detect TNT while the Fido sensor detects TNT as well as other nitroaromatic
compounds derived from TNT. Hence, Fido and the dogs may not have been
detecting the same scent compounds in all samples.

> A portion of the test area that was positive in one sampling was not necessarily positive
in other samplings. This suggests that the contamination in a minefield is dynamic,
changing along with changes in environmental conditions. Ultimately, it was
concluded that the systems detected contamination of the test field with mines,
but that there is still much to be learned about the spread of explosive
contamination.

Full details of the results are available in [2].

Related publications

1. Fisher M., J. Sikes and K. Schultz (2003)
"REST Sampling: Landmine Detection Using a Fido Device”, Journal of Mine Action,
Issue 7.3, December, www.maic.jmu.edu/journal/7.3/focus/fisher/fisher.htm.

2. Williams A. (2003)
Trace Chemical Mine Detection Data Collection - Final Scientific and Technical Report
(Comparative testing of MECHEM's MEDDS System and Nomadics’s Fido System in
Croatia), Contract # DAAB15-01-C-0017, September, www.humanitarian-demining.org.

3. Fisher M.E., M. Prather and J.E. Sikes (2003)
“Serial Amplifying Fluorescent Polymer arrays for Enhanced Chemical Vapor Sensing
of Landmines, EUDEM2-SCOT 2003“, in H. Sahli, A.M. Bofttoms, J. Cornelis (Eds.),
International Conference on Requirements and Technologies for the Detection,
Removal and Neutralization of Landmines and UXO; Volume |, pp.174-181, Vrije
Universiteit Brussel, Brussels, September, www.eudem.info.

4. Fisher M. E., J. Sikes (2003)
“Minefield edge detection using a novel chemical vapor sensing technique”,
Proceedings of SPIE Conference on Detection and Remediation Technologies for Mines
and Mine-like Targets VIlI, Vol. 5089, pp. 1078-1087, Orlando, US.

5. laGrone M. J., M. E. Fisher, C. J. Cumming, E. Towers (2002)
“Investigation of an area reduction method for suspected minefields using an
ultrasensitive chemical vapor detector”, Proceedings of SPIE Conference on Detection
and Remediation Technologies for Mines and Mine-like Targets VI, Vol. 4742, pp. 550-
561, Orlando, US.

6. Fisher M., M. la Grone, C. Cumming, E. Towers
Utilization of Chemical Vapor Detection of Explosives as a Means of Rapid Minefield
Area Reduction, Nomadics, Inc.

7. Fisher M., C. Cumming
Detection of Trace Concentrations of Vapor Phase Nitroaromatic Explosives by
Fluorescence Quenching of Novel Polymer Materials, Nomadics, Inc.
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Technical specifications

Nomadics Fido®

1. Used detection technology:

Mobility:
Mine property the detector responds to:

Bowd

5. Working length:
6. Search head:
> size:

» weight:
> shape:

7. Weight, hand-held unit, carrying
(operational detection set):
Total weight, vehicle-based unit:

8. Environmental limitations (femperature,
humidity, shock/vibration, etc.):

9. Detection sensitivity:

10. Claimed detection performance:
» low-metal-content mines:
» anti-vehicle mines:
> UXO:
11. Measuring time per position (dwell fime):
Optimal sweep speed:
12. Output indicator:

13. Soil limitations and soil compensation
capability:

14. Other limitations:

15. Power consumption:

16. Power supply/source:

17. Projected price:

18. Active/Passive:

19. Transmitter characteristics:

20. Receiver characteristics:

21. Safety issues:

22. Other sensor specifications:

Detectors/systems in use/tested to date:

Trace explosive detection (nitroaromatic
compounds and plastic explosives)
Hand-held

Explosive compounds

Currently in-service with US military for I[ED
detection

Fido XT tether lengths: 37, 6’and custom

Fido X: 3.5"x 1.5"x 1.8", Fido XT: (w/out grip): 3.5" x
3.5"x 1.5"

700g including battery (Fido X)

Hand-held

1 femtogram (1x10-'°g) for TNT (based on
laboratory tests)

Analysis fime: 5 seconds
Bar chart display; Audio signal; Connection to
external computer.

Bafttery life: 4 hours

Lithium lon bafttery (included); see remarks
US$24,750

Passive

N/A

N/A

Moderately hot tip (90°C)

Base unit size: 9.8" x 4.8" x 2"

a) Nomadics Inc., Size Matters and Technical Overview Fido Explosives Detector (Information

sheets), www.nomadics.com

Remarks

Adapters: Power supply 100-250V, 50-60 Hz; 12V connector (supplied).
Memory: 256 MB (10 days continuous data logging).
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6.3 Biosensor Applications — BIOSENS

Project identification

Project name Vapour Detection - area| Technology type Vapour/trace detection
reduction in demining Readiness level 000000
Acronym BIOSENS

Development status Completed

Aelulglaieln D el Company/institution Biosensor Applications

Financed by Co-financed by EC-IST Sweden AB: Swedish
Budget € 3,924,947 Rescue Services Agency;
; Norwegian People’s Aid;

Project type Technology development, ) )
Technology demonstration gh? Weizmann Insfitute of
System/subsystem s
development

Start date 1 January 2001

End date 30 September 2004

Project description

The BIOSENS project aimed at using trace explosive detection technology to find the
smallest quantities of explosives from mines, employing an innovative weight loss quartz
crystal microbalance (QCM) together with antibody (Ab) and antigen (Ag) technology,
and suitable for field deployment by non-technical staff. The trialled biosensor system
consisted of two units:

» a sample collector, and

> an analysis system (which itself comprises the analysis unit, the sensor cell and
the operating software) for the detection of explosives.

According to the manufacturer this technology demonstrated high levels of selectivity
and sensitivity.

Detailed description

The biosensor system is composed of two main units: a collection system and an analysis
system. The collection system is able to collect TNT/DNT, RDX, PETN and tetryl. The
analysis system, developed within the project, is able to detect TNT/DNT, PETN and
tetryl simultaneously. The system detects the emission of characteristic vapour, i.e.
vapourised or dissolved explosive, by means of an Ag/Ab reaction with high sensitivity
provided by an innovative (and unique, according to the consortium) weight loss QCM
technology. The sample collector draws air and vapours through a filter. The various
substances adsorbed and particles collected onto the filter are then prepared and pumped
through the biosensor detectors (biocells). The biocell comprises a QCM sensor and its
support. A change in mass will change the frequency of the crystal. This change in
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frequency can be measured and will correspond to the amount of material on the
crystal. The QCM sensor uses antigens bonded to a gold plated piezoelectric crystal to
which, in turn, antibodies are bonded. The antibodies are designed in such a way that,
although they will naturally attach to the antigen, they will release when they react
with antigen molecules in the analyte. The process is shown schematically in the
following drawing:

b i

Figure 1. Left: the analyte is flowing into the biocell where the
antibodies (orange) are attached to the QCM surface. Right: the
target molecules (grey) in the analyte react with the antibodies
causing the antibody molecule to release from the surface, giving a
mass reduction on the QCM. This in turn causes the QCM frequency
to change and this change is monitored.

The following figures illustrate the sweeping collection system provided at the end of
this project.

Figure 2. Sweeping collector in test field, with detail (Figure 3).

Test & evaluation

According to the project consortium the project has been very successful in developing
a prototype system which works stably and also reliably in environments a great deal
harsher than the “lab top”. The collection and analysis systems have been extensively
tested in Bosnia & Herzegovina and Croatia in a series of tests including in and near to
anumber of real minefields — and they worked stably and reliably for extended periods
[BIOSENS Final Report]. Thirteen methodology tests were carried out in the project’s
test field in Croatia between 2001 and 2004, as well as more than 10 other area tests
and comparisons with soil samples and mine detection dogs. (For full details see the
literature referenced below; public test reports are available at www.g2ing.com/rapp.htm.)

The test results showed that collection of particles could be promising for area reduction
in demining, but that further knowledge and tests are required for the development of
optimal operational procedures. Indeed, at the beginning of the project, the consortium
felt that if a sensor were able to detect picogram quantities of explosives in minefields
then it would be possible to detect mines. The test results suggest, however, that the
detection problem is not as simple as this.
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The consortium has been able to confirm the
following key findings:
1.

. Itis not always possible to detect explosive

. It is possible to detect explosive vapour/

Explosive vapour/particles seem to be
spread out in test and minefields.

vapour/particles directly above mines
(with limit of detection of 50pg).

particles between mines. Figure 4. Alr pump.

Areas that can be positive during one
sampling may not necessarily be positive during another, suggesting that
explosive contamination changes with environmental conditions.

. Dogs are able to pinpoint mines.

There is still a great deal to be learned about the spread of explosive contamination
from mines.

In addition, the following findings are felt to be of particular relevance for further
work targeted towards vapour/trace detection for demining:

1.
2.

Concentrations of explosive detected may not necessarily be higher close to mines.

Explosive may be detected (which the consortium believes emanated from mines
in their test field) more than 11m away from individual mines; in their results,
explosive was detected more than 100m away from the area containing mines.

. It is possible to detect explosive vapour/particles in expected “clean areas” in

mine-affected countries (in their example, at the hotel).

. Dogs are able to pinpoint mines even if there is a high amount of background

explosive contamination.

According to the consortium, this leads to a number of conclusions and hypotheses, the
most important of which are that:

1.

Dogs are using a combination of molecules and perhaps ratios to pinpoint mines;
this probably includes explosives and their by-products, but may well also include
plastic and rubber (Norwegian People's Aid reports that on occasions dogs have
marked false alarms at rubber tyres).

. Although it is difficult to draw a distinction between systems that rely purely on

vapour for detection of explosives and those which rely on particles as well,
operational procedures for demining are potentially very different depending
on the type of sample collected.

. A system which is even more sensitive (and real-time) and able to detect

continuous leakage of the low flow of TNT/DNT (as opposed to a temporary
deposit) could offer improvements in terms of detection but it is perhaps also
necessary to look for other substances.

. Saturated sampling of suspect areas — which relies purely on the detection of

explosive by a technology as a marker of mines — could be a method to reduce
suspect areas if no explosive is found, but operational procedures require
development. It may, for example, be necessary to carry out sampling on a number
of occasions.
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Other applications (non-demining)

Aviation and general security; drug detection with different biocells.

Related publications

1. Crabbe S., L. Eng, P. G&rdhagen, A. Berg (2005)
“Detection of explosive as an indicator of landmines - BIOSENS project methodology
and field tests in South East Europe “, Proceedings of SPIE Conference on Detection
and Remediation Technologies for Mines and Mine-like Targets X, Vol. 5794, pp. 762-
773, Orlando, US.

2. BIOSENS consortium (2004)
BIOSENS Final Report, www.eudem.info

3. Crabbe S., J. Sachs, G. Alli, P. Peyerl, L. Eng, M. Khalili, J. Busto and A. Berg (2004)
“Results of field testing with the multi-sensor DEMAND and BIOSENS technology in
Croatia and Bosnia developed in the European Union’s 5th Framework Programme”,
Proceedings of SPIE Conference on Detection and Remediation Technologies for Mines
and Mine-like Targets IX, Vol. 5415, 12-16 April.
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Technical specifications

BIOSENS

1. Used detection technology: Trace explosive detection
2. Mobility: Sampling system: hand-held.
Analysis unit: vehicle-based.
3. Mine property the detector responds to: (Emission of) Explosive compounds in frace form
4. Detectors/systems in use/tested to date: —
5. Working length: —
6. Search head:
> size: —
> weight: Sample collection system: 5-6kg
> shape: —
7. Weight, hand-held unit, carrying
(operational detection set): —
Total weight, vehicle-based unit: Analysis system: 17kg (vehicle-based).
8. Environmental limitations (femperature,
humidity, shock/vibration, etc.): 15-30°C
9. Detection sensitivity: On filter: TNT, 2,4-DNT: PD>95% @ 2 ng, PETN:
PD>95% @ 10 ng, Tetryl: PD>95% @ 10 ng. In BioCell:
TNT, 2,4 DNT: 10 pg in cell, PETN and Tetryl: ca
50 pg in cell.
10. Claimed detection performance:
» low-metal-content mines: —
» anti-vehicle mines: —
»  UXO: —
11. Measuring time per position (dwell fime): Analysis time; <2min
Optimal sweep speed: —
12. Output indicator: —
13. Soil limitations and soil compensation
capability: —
14. Other limitations: —
15. Power consumption: —
16. Power supply/source: Sample collection system: rechargeable
battery for 3 hours operational time.
Analysis system: 220V AC or 24V DC.
17. Projected price: ~€ 50,000 for one analysis & collection system.
18. Active/Passive: Passive
19. Transmitter characteristics: —
20. Receiver characteristics: # of simulfaneously detectable substances: 4
(BIOSENS prototype: TNT, 2.4-DNT, Tetryl, PETN).
21. Safety issues: None
22. Other sensor specifications: Collection efficiency: 75% for TNT vapour, >20%
for particles. Size: Sample collection back-pack:
30 x 25 x 12cm, Analysis system:; 50 x 45 x 25cm.
Remarks

The probability of detection figures are based on spiked filters provided to the analysis system.
Prototypes are available for further field testing.
RDX can now be detected.
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/. Bulk Explosive
Detection Systems:
Nuclear Quadrupole
Resonance

7.1 Sensing principle

Operating principle

Nuclear quadrupole resonance (NQR), a derivative of nuclear magnetic resonance
(NMR), is a bulk inspection technology which can be used to detect certain chemical
elements which have an electric quadrupole moment. Among these is nitrogen-14
(*N) — and nitrogen is a constituent of explosives used in landmines, such as RDX
and TNT. NQR has been described as “an electromagnetic resonance screening
technique with the specificity of chemical spectroscopy”, as it not only detects but can
also be used to identify the exact chemical used. Unlike NMR, where a powerful external
magnetic field is needed, quadrupole resonance takes advantage of the material’s
natural electric field gradient, i.e. the electrical gradients available within the
asymmetrical molecule itself. These gradients are due to the distribution of the electrical
charge; they do therefore strongly depend on the chemical structure and will be
different for RDX, for TNT, etc.

When a low-intensity radio frequency (RF) signal of the correct frequency is applied to
the material, usually in the range 0.5 to 6 MHz (i.e. slightly higher than metal detectors),
the alignment of the "N nuclei can be altered. After the RF stimulation is removed, the
nuclei can return to their original state, producing a characteristic radio signal. The
signal can be detected using a radio receiver and be measured for analysis of the
compounds present. Detecting the presence of explosives becomes similar to tuning a
radio to a particular station and detecting the signal, and the uniqueness of a molecule’s
electric field allows NQR technology to be highly compound specific. This high selectivity
is partly a disadvantage, as it is not straightforward to build a highly specific multi-
channel system necessary to cover a wide range of target substances, and the precise
frequencies drift with temperature. Coils similar to those of metal detectors are used.

In addition, the signal-to-noise ratio increases with the operating frequency f as f/?,
which implies that detection becomes much easier with increasing frequency and hence
detection of (low-frequency) TNT is much harder than detection of RDX — for which
NQOR has already been confirmed as very promising. Care will have also to be taken
with the temperature dependency of the spectral lines, selecting for example those

15. Bulk explosive detection techniques allow the direct detection of a macroscopic mass of explosive
material.
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NQOR transitions which are least affected by temperature changes (e.g. 3.410 MHz line
instead of 5.192 MHz for RDX). TNT also presents further problems due to TNT cast in
mines usually being a solid solution of different crystalline forms, which can affect the
characteristic frequency response.

Blind tests in the US have demonstrated that NQR is close to readiness for field
testing, for use as a confirmation detector for shallow-buried plastic-cased anti-tank
mines containing kilograms of explosive. Application for buried anti-personnel mines
with only 100g of explosive or less still appears to be extremely elusive for TNT,
although research is continuing in several countries.

Application type
Close-in: hand-held (power issues), vehicle-based (especially for anti-tank mines on
roads).

Strengths

> NQR is a derivative of nuclear magnetic resonance, which is routinely used, for
example, in medical diagnostics, without the need for an external magnetic field.

» NQR technology can be highly compound specific (each explosive has a unique
signature).

Y

NQOR has potentially a very low false alarm rate.

> The presence of metallic objects (in particular those containing explosives) can
be detected by the detuning effect on the NQR probe.

> NQR is being investigated for other security related applications (e.g. aviation
security).

» No nuclear radiation is involved.

Limitations

> Detection times are of a few seconds to tens of seconds, depending on type (in
particular relaxation time), quantity and depth of the target substance.”

» Impossible to detect substances fully screened by metallic enclosures' (also
foils, depending on their thickness), e.g. within metal cased mines or UXO.
Practical applicability is therefore likely to be an issue which requires extensive
testing.

» Detecting TNT is much harder than RDX (because of the frequency dependence
of the SNR [signal to noise ratio] and possible presence of two crystalline
polymorphs — monoclinic and orthorhombic — which affects the characteristic
frequency response and leads to weaker TNT signals).

» Weaksignals: signal averaging, shielding and active cancellation of interference,
including radio frequency interference, are necessary (the detector must work,
in the case of TNT, within the medium wave (AM) radio broadcasting band).

15. Buried mine detection is a typical one-sided application (the target object can obviously not be
put inside a coil as in other applications). The resulting SNR can therefore depend considerably on
the target distance, i.e. its depth.

16. It may still be possible to detect explosives in imperfectly shielded objects, e.g. within metallic
containers having holes or slots or other regions where there are poor electrical connections (possibly
even some UXO), but this will result in a correspondingly weaker NQR signal.
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The received TNT signal is so weak that it is often masked by AM radio
interference. It is important to know that the TNT response can be recognised
even in the presence of high power AM signals. One can obviously not switch
off neighbouring AM radio transmitters.

» Spurious signals due to piezoelectric responses from silica in the soil (quartz)
and “acoustic ringing” effects (due to certain metals and metal coatings) might
require appropriate pulsing sequences and detection software, as well as specific
hardware.

Potential for humanitarian demining

» For “confirmation” type of applications.

» Very promising for RDX and tetryl, and/or confirmation of shallow buried
plastic-cased anti-tank mines.

» Power requirements are considerable and complicate the design of hand-held
equipment.

» Application for small buried anti-personnel mines still appears to be extremely
elusive for TNT (unfortunately TNT is much more common than RDX in
landmines).

» As electronic systems become cheaper and more powerful it may be possible to
substantially improve performance in the future.

Estimated technology readiness

Medium.

Related publications

1. MacDonald J., et al. (2003)
Alternatives for Landmine Detection, RAND Science and Technology Policy Institute,
Report MR-1608.

2. Garroway A.N., M.L. Buess, J. B. Miller, B. H. Suits, A. D. Hibbs, G. A. Barrall, R. Matthews, and
L. J. Burnett (2001)
" Remote Sensing by Nuclear Quadrupole Resonance”, IEEE Transactions on Geoscience
and Remote Sensing, Vol. 39, No. 6, June, pp. 1108-1118.

3. Bruschini C. (2001)
Commercial Systems for the Direct Detection of Explosives (for Explosive Ordnance
Disposal Tasks), ExploStudy, Final Report, Feb. 2001, htto://diwww.epfl.ch/lami/detec/
explostudy.html and www.eudem.info.

4. Proceedings, Expert Workshop on Explosive Detection Techniques for Use in Mine Clearance
and Security Related Applications, 2-4 June 2003, Bled Lake, Slovenia, European
Commission, Directorate General Joint Research Cenftre; International Trust Fund for
Demining and Mine Victim Assistance, http://demining.jrc.it/aris/events/slovenia/
PROCEEDINGS.pdf.

5. Bruschini C., K. De Bruyn, H. Sahli, J. Cornelis (1999)
EUDEM: The EU in Humanitarian Demining - Final Report, July, www.eudem.info.

6. Yinon J. (1999)
Forensic and Environmental Detection of Explosives, John Wiley and Sons, 1999,
ISBN 0-471-98371-0.
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7.2 Quadrupole Resonance Confirmation Sensor:
QRCS

Project identification

Project name Quadrupole Resonance Start date 1997
Confirmation Sensor - End date Ongoing
vehicle-based
Technology type NQR
Acronym QRCS -
— . Readiness level 000000
Participation level National TRV, o
Financed by US Army and US Navy ceve opmt_an .s q_ us ngoing :
(for the Marine Corps) with Company/institution GE Security (formerly
additional support from Quantum Magnetics Inc.)
DARPA
Budget Not available
Project type Technology development,
Technology demonstration,
System/subsystem

development

Project description

GE Security asserts that ongoing development efforts will lead to products for both
military and humanitarian demining applications. At this point, the manufacturer
does not have any landmine detection systems that have reached a prototype stage
comparable to the VMR1-MINEHOUND (Vallon/ERA), AN/PSS-14 (CyTerra) or
Fido (Nomadics). It does, however, have ongoing programmes to develop mine
detection sensors that incorporate quadrupole resonance (QR) detection. Efforts to
date have focused on military countermine systems as opposed to humanitarian
demining. Projects include a vehicle-mounted system and a hand-held QR/ground
penetrating radar (GPR)/metal detector (MD) system. In what follows, the system
developed for the detection of anti-tank and anti-vehicle landmines is described.

Detailed description

GE’s Quadrupole Resonance Confirmation Sensor (QRCS) is meant to confirm or
refute the presence of explosives at a candidate location first identified by some other
primary sensing device, typically a combination of MD and GPR, thereby providing a
considerable reduction in probability of false alarm (>20x) but at a reduced speed to
the primary sensor.

The QR coil first acts as a transmitter, irradiating the explosives with a radio frequency
(RF) pulse sequence of precise frequency and timing. Then, special circuits remove
energy from the QR coil so that it can be used as a low noise receiver. However, the QR
coil is unable to discriminate completely between the small signal from the explosive
and other interfering signals. The latter are largely cancelled by careful construction of
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the pulse sequence and minimization of electric fields. The operator of the QRCS
receives a simple “clear” signal if no explosive is present, or a warning indicating
that either TNT or RDX or a combination of both has been detected [1].

As RDX QR sensitivity is much higher than that of TNT, the key performance
limitation is TNT detection. (The nominal signal to noise ratio [SNR] for RDX is 50
times greater than for TNT.) One way of improving the TNT SNR is to increase the
scan time, as this increases the relative amplitude of the QR response to the instrument
noise. The most successful method is, however, to increase the amplitude of the RF
magnetic field used to excite the TNT resonance. Full details are provided in the
referenced documents.

Scale Drawings

Figure 1. Scale comparison of (left) the original QRCS as tested in 2003 and (right) the next generation
QRCS based on developments described in (1).

Test & evaluation

The manufacturer reports [2,3] that during 2002 the QRCS performed in two US
government-supervised blind tests. The first test was conducted in an arid environment
and the second in a temperate environment. In both tests, locations were marked on
the ground over blank sites and sites with a buried mine. The halo or offset from the
mark to the edge of the mine was up to 25cm in order to simulate inaccuracy in the
location provided by the primary sensor. The distribution of offsets was Gaussian with
a 13cm standard deviation and a Ocm bias. The maximum distance to the centre of the
mine was ~40cm, assuming a typical anti-tank mine diameter of ~30cm.

The actual halo of the primary sensor may ultimately prove to be smaller than 25cm.
The depths of the mines in the arid test were varied with a soil overburden (shortest
distance from the soil surface to any part of the mine) ranging from 2.5cm to 12.5cm.
In the temperate test, the soil overburden was fixed at 7.5cm. Mines buried at both
sites contained either a Comp B (an explosive consisting of ~60 per cent RDX and 40
per cent TNT by weight) or TNT main charge. The mass of the Comp B charges ranged
from 2 to 10kg and the TNT charges ranged from 5 to 8kg.

The total scan time at each marker was ~25s. The TNT scans were composed of multiple
applications of a short pulse sequence or echo train. The duration of each echo train is
of order 100ms with ~5s between echo trains. Both durations are dependent upon the
estimated temperature of the explosive. The trialled system performed the entire 20s
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TNT scans (~4 echo trains with 5s between each), followed by a 3-6s RDX scan. Simple
modifications to the system are possible to implement the RDX scan between the
individual TNT echo trains.

The 2002 blind test results were presented as follows [2,3]:

Table 6 . QRCS System-2002 blind test results

Test Location PD (90% confidence PFA (90% confidence # of markers
limit) limit)
Arid Test Site 0.98 (0.95, 1.00) 0.04 (0.02, 0.07) 312
Temperate Test Site 0.98 (0.90, 1.00) 0.04 (0.02, 0.10) 134

The manufacturer reports that since then it has implemented methods to improve
radio frequency interference (RFI) immunity due to the presence of large RF interference
in the frequency bands of interest, as well as to cancel piezoelectric ringing generated
in the very near field of the QR coil. Further tests were carried out in 2003 at the same
test site as in 2002, under largely similar conditions although temperatures were slightly
higher and the scan time was approximately 29s.

The 2003 blind test results were reported as confirming “exceptional RDX
performance”, with an overall performance which was nearly identical night or day,
but with a TNT performance well below that demonstrated in 2002 [1]. This was due
to the improvements in ringing rejection and RFI immunity, which reduced the TNT
sensitivity per unit time. Reversing this effect is achieved most simply by increasing the
scan time. It is reported that further technical improvements during 2004, such as the
increase in the peak excitation field for TNT, which resulted in an approximately
twofold increase in TNT SNR per complete scan, restored the TNT sensitivity [1].
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Figure 2. Arid test site results in 2003 (1). (Left) TNT and RDX signal amplitudes for blanks, Comp B mines
and TNT only mines. (Right) Associated ROC curves with sample PDs and PFAs listed for TNT, RDX and
Combined detection. (Top) Daytime results. (Bottom) Night-time results. The gray bars on the left
plots indicate the rescan threshold range.
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Other applications (non-demining)

Security applications, e.g. baggage screening.

Related publications

Barrall G.A. et al. (2005)
"Advances in the Engineering of Quadrupole Resonance Landmine Detection
Systems”, Proceedings of SPIE Conference on Detection and Remediation Technologies
for Mines and Mine-like Targets X, Vol. 5794, pp. 774-785, Orlando, US.

Barrall G.A. et al. (2004)
“Development of a Quadrupole Resonance Confirmation System”, Proceedings of
SPIE Conference on Detection and Remediation Technologies for Mines and Mine-like
Targets IX, Vol. 5415, pp. 1256-1267, Orlando, US,.

Barrall G.A. et al. (2004)
Nuclear Quadrupole Resonance for Landmine Detection, Military Sensors Symposium
in Dresden, Germany.

Williams C., P. V. Czipott and L. J. Burnett (2001)
"Quantum Magnetics Targets Landmine Explosives Using Quadrupole Resonance”,
Journal of Mine Action, Issue 5.2, August 2001, http://maic.jmu.edu/journal/5.2/features/
quantum.htm.

Garroway A.N., M.L. Buess, J.B. Miller, B.H. Suits, A.D. Hibbs, G.A. Barrall, R. Matthews, and
L.J. Burnett (2001)
"Remote Sensing by Nuclear Quadrupole Resonance”, IEEE Transactions on Geoscience
and Remote Sensing, Vol. 39, No. 6, June 2001, pp. 1108-1118.
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Technical specifications GE Infrastructure QRCS
1. Used detection technology: NQR
2. Mobility: Vehicle-based
3. Mine property the detector responds to: Explosive confent in bulk form
4, Detectors/systems in use/tested to date: —
5. Working length: Not applicable
6. Search head:
> size: Diameter: 120cm, height: 10cm.
» weight: QR coil: 13kg
» shape: Circular

7. Weight, hand-held unit, carrying
(operational detection set): —
Total weight, vehicle-based unit: 63kg

8. Environmental limitations (temperature,
humidity, shock/vibration, etc.): Typical military requirements.
9. Detection sensitivity: Targeted at kg quantities of explosives with

up to 20cm overburden.
10. Claimed detection performance: —
> low-metal-content mines: N/A

» antfi-vehicle mines: PD: >95%, PFA: <5%.
> UXO: —
11. Measuring time per position (dwell time): 20-30s
optimal sweep speed: —
12. Output indicator: Yes(TNT, RDX or both)/No signal
13. Soil limitations and soil compensation
capability: Induced piezo-electric ringing (esp. from quartz).
Soil compensation: Employs modified pulse sequences and

minimization of electric fields (e.g. use of
reference antennae).

14. Other limitations: Environmental radio frequency interference
(power lines, AM transmitters). Residual coil and
electronics ringing. Temperature variations
(induces changes in resonance frequencies).

15. Power consumption: <200W during 20s scan, <40W when idle.
Average: 120W.

16. Power supply/source: 4 car batteries or 8 NIMH batteries.

17. Projected price: —

18. Active/Passive: Active

19. Transmitter characteristics: Peak transmit field: 16 Gauss, peak transmit

power: 21kW (both in TNT mode).
20. Receiver characteristics: —

21. Safety issues: None
22. Other sensor specifications: Overall system volume: ~0.35m3,
Remarks

These specifications refer to the low size, power and weight system currently under development
(next generation QRCS system (1)).
Key performance limitation is TNT detection.



8. Bulk Detection Systems:"
Neutron-based Methods

8.1 Sensing principle

Operating principle

Neutron analysis systems offer bulk detection methods, some of which are also capable
of identifying a wide range of explosives and chemical weapons. In general terms they
are composed of a neutron source to produce the neutrons that have to be directed into
the ground, and a detector to characterise the outgoing radiation, usually gamma rays
(high energy X-rays), resulting from the interaction of the neutrons with the soil and
the target.

Thermal neutron analysis (TNA) relies on slow neutrons, which can be produced by
slowing down fast neutrons from small radioisotopic sources, or from portable
electronic neutron generators. TNA is based on the detection of characteristic gamma
rays emitted by the nitrogen nuclei and features high sensitivity to nitrogen
concentration. (Explosives are more nitrogen-rich than average soil.)

Fast neutron analysis (FNA) is based on the interaction of fast neutrons, mostly
by inelastic neutron scattering, with the elements of interest — principally carbon,
nitrogen and oxygen of explosives and soils, and chlorine in some chemical
weapons. During irradiation, the high energy neutrons can put nuclei of these
elements in excited, short lived states. The nuclei return to their initial state by
emitting radiation, often gamma radiation whose energy, or spectrum, reflects the
chemical characteristics of each nucleus. By detecting and measuring a range of
the outgoing gamma rays it is possible to calculate the elemental proportions —
how much of each element (C, N, O) is present with respect to the others — and
this permits the determination of the type of substance under analysis. All military
explosives used in mines are composed of carbon, nitrogen, oxygen and hydrogen
(which is not detectable by pure FNA) in known proportions. Usually in FNA, the
radiation detected is the “prompt” gamma radiation, a direct result of the neutron
irradiation and occurs immediately or very soon after irradiation.

Pulsed fast neutron analysis (PFNA): Pulsed operations are particularly interesting
when using very short fast neutron pulses (typically nanosecond wide, 10s) — which
is short compared to the flight time across the object to be analysed. In this case the
neutrons have to be as monoenergetic as possible since they have to travel at the same
speed. Given these conditions, time-of-flight (TOF) techniques can be used to determine
the location of the detected material; the measurement start time is given when the

17. Bulk detection techniques allow the direct detection of a macroscopic mass of material.
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neutron pulse is created, and the stop time when the y-rays are recorded (the y-rays
travel at the speed of light, much faster than the neutrons). Thus the distance from the
neutron source to the point where the gamma rays are emitted can be calculated from
the time of flight and, conversely, gamma radiation from objects not at the point of
interest can be ignored. Up to now this technique has required rather large installations
to produce a neutron beam of the required characteristics, combined with the need for
fast electronics and very sensitive and discriminating detectors.

Pulsed fast-thermal neutron analysis (PFTNA) represents yet another form of neutron-
based explosive detection system. In a typical PFTNA setup a neutron generator
produces microsecond wide fast neutron pulses, e.g. 14 MeV neutrons from a (compact)
deuterium-tritium neutron generator. During these pulses, and possibly also shortly
thereafter, prompt y-rays resulting from fast neutron inelastic scattering reactions (and
nuclear reactions) are measured, in particular to identify carbon and oxygen. The
accelerator is then kept off for a time of about 100 microseconds, and during this
interval the neutrons which have been thermalised by water in the soil, and by low
atomic mass elements in the mine case and the explosive itself, can interact with the
soil and buried objects. Prompt y-rays resulting from neutron capture reactions can be
measured as in TNA (g.v.), in particular for the detection of nitrogen. The cycle then
starts again. A longer pause can also be exploited (a few milliseconds).

Other neutron-based techniques, such as associated (alpha) particle — TOF neutron
analysis, are covered in more detail in the specialist literature.

A simplified variant is represented by neutron moderation methods. These rely on the
fact that fast neutrons are slowed down, after having been shot into the ground, by
collisions with light nuclei — in particular hydrogen — in the soil and in the mine’s
explosive (and casing, if plastic). Some of the resulting slow neutrons are detected,
providing a measure of the hydrogen content of the material, explosives and plastics
being more hydrogen-rich than average (dry) soil. Neutron moderation is traditionally
— but not exclusively — used in a backscattering configuration, in which both the
source and the detector(s) lie above ground and the slowed down neutrons measured
are those which “return back” in the direction of the source.

Application type

Close-in detection: hand-held (neutron moderation), vehicle-based.

Strengths

> Fast neutrons can penetrate a few centimetres of steel (e.g. UXO).

> ENA is sensitive to nearly all elements in explosives and potentially able to identify
the type of substance under analysis. Has the potential to deliver better results
than TNA.

TNA has high sensitivity to nitrogen concentration.

A\

» Pulsed systems allow the use of timing information which can be useful for
reducing the influence of background radiation from neutron interactions with
the soil.

» Neutron moderation:

Probably the simplest neutron-based technique; can use a weak radioactive
source.
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Can be integrated with a metal detector in hand-held equipment.
Similar devices are in use in a number of other fields (e.g. petroleum industry).
Imaging might be achievable, to reduce the false alarm rate.

Limitations

>

Y

Y V

Cost, power consumption, the radiation hazard or the size and weight of the
dense shielding required, safety, sensitivity and the practicalities of deployment
are important issues.

Expensive detectors and high intensity neutron sources must often be used to
assure adequate sensitivity. Depth of penetration has to be carefully assessed, as
well as minimum amount of detectable explosive.

TNA is relatively slow (second or even minute response times).

FNA is usually far more complex and expensive than TNA. The resulting y-ray
spectra can be quite complex as numerous nuclear levels are often excited. In the
case of buried objects the complex spectral background due to soil also has to be
considered.

Soil and other background signals can overwhelm the target signal.
Not specific to explosive molecule (unlike NQR).

Neutron moderation:
As water is nothing but hydrogen and oxygen, this technique will stop
working beyond a given soil humidity.
Soil non-homogeneities and surface variations can cause false alarms.
Limited target burial depth.
Shielding is required if the source strength is increased.

Potential for humanitarian demining

>

Neutron analysis systems could typically be combined with other sensors and
used in a confirmatory role, in particular for the detection of anti-tank mines on
roads.

It remains to be established if such a system will be practical and fieldable, and
if the added performance will be sufficient to justify the extra costs, even in
specialist applications.

For adequate sensitivity, expensive detectors and high intensity neutron
generators must often be used. Such generators may fall into the category of
equipment subject to restriction under the International Nuclear Non-
proliferation Agreements.

Neutron moderation:

* Is adapted to dry or slightly humid environments.

+ Working with radioactive sources, although routine in other applications,
requires a certain number of precautions.

* More likely to be used for confirmation rather than detection.

Estimated technology readiness

(Mostly) Medium.
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8.2 Pulsed Elemental Analysis with Neutrons
(PELAN)

Project identification

Project name PELAN Start date —
Acronym — End date —
Participation level National, US Technology type Fast/Thermal neutron
Financed by US DoD/SAIC interrogation
Budget = Readiness level 000000
Project type 1ecgnollogv gevelome'Tsjnt Development status Completed
echnolo emonstration, A . —
development (SAIC)

Project description

Neutrons have high penetrability and easily traverse the overburden under which a
mine might be buried. The incident neutrons interact with the nuclei of the various
chemical elements in the mine, emitting characteristic gamma rays which act as
fingerprints of the various chemical elements. The gamma rays are detected by
appropriate detector(s), capable of differentiating the gamma rays according to their
energy and their quantity.

Pulsed neutron

Detector,

Neutrons
\ i (,J"’Gamma rays
Overburden +

generator

The chemical elements of interest for the detection of mines require different neutron
energies in order to be observed. Elements such as H, Cl (Chlorine), and Fe (Iron) are
best observed through nuclear reactions initiated from very low energy neutrons. Other
elements such as C and O need neutron energies of several MeV*® to be observed at all.

18. The electronvolt (eV) is often used to measure (kinetic) energies in particle and nuclear physics,
whereby neutrons with energy <0.5eV are usually defined as slow. The behaviour of neutrons in
matter — e.g. their probability of colliding in an elastic or inelastic way with nuclei, or to be
captured — and the resulting reaction products depend strongly on the neutrons’ kinetic energy.
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To satisfy this, a neutron source is required that can
produce the high energy neutrons for measurement of
elements such as C and O, and low energy neutrons
(energy <0.025 eV) for elements such as H and Cl. Such
a task can be accomplished with the use of a pulsed
deuterium-tritium (D-T) neutron generator.

Detailed description

Figure 1 shows a complete PELAN unit. The upper
cylindrical part contains the pulsed neutron generator. i S R
Neutrons are generated only when a high voltage is SR o g
applied to the neutron generator. The rectangular part rigyre 1. A complete PELAN
contains the control circuits, power supplies and unif.

embedded computer for data accumulation, reduction

and analysis. The neutrons from the generator impinge on the object on the ground
(e.g. the shell shown in the picture), generating characteristic gamma rays which are
collected by the gamma ray detector located in the lower section of the rectangular
container, facing the interrogated object.

PELAN main features are, according to the manufacturer:

> Itidentifies high explosives (TNT, RDX, C4, etc.) or improvised explosive devices
through their chemical elements;

It is equally capable of identifying plastic or metal mines;
Data acquisition and analysis takes five minutes;
No radiation is emitted with neutron generator OFF;

Y V V V

It can be operated wireless or with a
cable from a distance of 45 metres;

Y

It is immune to ambient temperature
changes; and

> It can operate with its internal battery
for up to 6 hours.

Test & evaluation

From 2001 to 2005 there have been numerous
evaluations of PELAN’s performance as an
identifier (or as a confirmation sensor) of
landmines (both anti-personnel and anti-
tank), improvised explosive devices and high
explosives. Full reports of each evaluation has been written for the organisations
sponsoring the tests. Their names can be made available on request.

4

Figure 2. The PELAN evaluated in the US as
an anti-personnel mine identifier (2003).

Croatia evaluation

Two separate evaluations were performed at a test minefield at Sisak, Croatia. This
test minefield was set up by the Croatian Mine Action Centre (CROMAC) and contained
a number of anti-tank and anti-personnel mines buried at various depths. These
evaluations were performed for the International Atomic Energy Agency (IAEA),
which, on the advice of a group of international experts, evaluated PELAN as a landmine
confirmation sensor. The first evaluation took place in October-November 2002, using
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the 2002 version of PELAN, called PELAN
III. This extensive evaluation is available
through TAEA and contains the PELAN
performance in confirming four types of
landmines (three anti-personnel and one anti-
tank). The second evaluation (with very small
operational success due to component failure)
took place in August 2003, with CROMAC
personnel operating PELAN in the test i
minefield. The 2002 blind tests gave an Figure 3. An earlier PELAN VfSIOI"IV/U ed
overall probability of detection of 92 per cent in Croatia (2002). sponsored by the IAEA.
with a 22 per cent false alarm rate. More

detailed information on the Croatia tests can

be found in [1].

US anti-tank mine evaluation

In 2003, a series of blind tests was performed by the US Department of Defence at a
landmine evaluation site, using the latest version of PELAN. Mines were buried at
various depths and with different types of overburden. Both types (plastic or metal
casing) of mines were used. The cumulative PELAN results were: probability of
detection 90 per cent, 14 per cent false alarm rate, and a 98 per cent identification of
the casing (plastic or metal) of the landmines.

Other applications (non-demining)

Improvised explosive devices

In 2002, an evaluation of PELAN as a detector of improvised explosive devices (IEDs)
took place in the US, supervised by the US Department of Defence. Several packages
were prepared and included explosives such as dynamite, black powder, ANFO etc.,
as well as several innocuous materials. PELAN was operated from a safe distance by a
member of a police bomb squad.

High explosives

In 2002, 2004 and 2005, an evaluation of PELAN took place at various US military
bases. These tests were sponsored by various agencies of the US Department of Defence.
During these tests, PELAN went through an extensive evaluation as a fill identifier for
a very large range of shell sizes. The evaluation, other than establishing the performance
characteristics of PELAN (probability of detection and false alarm rate), had the
following objectives:

» To obtain a library of elemental signatures for a variety of shells as found in

ranges and proving grounds,

» To check the reliability of PELAN’s decision making process,
» To determine the range of validity of the decision process,
» To ascertain the repeatability of the PELAN measurements.
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Related publications

1. Knapp V. (2004)
Neutron explosive detector and ifs perspective in humanitarian demining, International
Symposium Humanitarian Demining 2004, 21-23 April 2004, Sibenik, Croatia,
www.itep.ws/pdf/PELANsibenikpublication.pdf.

2. Vourvopoulos G., R.A. Sullivan, V. Knapp and D. Hrupec (2003)
“Evaluation of PELAN as Confirmation Sensor”, EUDEM2-SCOT 2003, in H. Sahli, A.M.
Bottoms, J. Cornelis (Eds.), Infernational Conference on Requirements and Technologies
for the Detection, Removal and Neutralization of Landmines and UXO, Vrije Universiteit
Brussel, Brussels, September 2003, www.eudem.info.

3. Knapp V., D. Hrupec (2002)
“Evaluation of PELAN for landmine confirmation, Croatia, 21 October- T November
2002, in IAEA Technical Cooperation Project RER/1/005 Field Testing and Demonstration
of a Pulsed Neutron Generator for Humanitarian Demining, Report to IAEA, November

4. Womble P.C., G. Vourvopoulos, |. Novikov, J. Paschal (2001)
"PELAN 2001: Current Status of the PELAN Explosives Detection System”, Proceedings,
SPIE conference on Hard X-Ray and Gamma-Ray Detector Physics lll, San Diego, Vol.
4507, pp. 226-231.

5. Womble P.C., C. Campbell, G. Vourvopoulos, J. Paschal, Z. G&csi, S. Hui (2001)
Detection of Explosives with the PELAN System, CP576, Application of Accelerators in
Research and Industry-Sixteenth International Conference, American Institute of
Physics, 0-7354-0015.

6. Vourvopoulos G., P.C. Womble (2001)
“Pulsed Fast/Thermal Neutron Analysis: A Technique for Explosives Detection”, TALANTA
54 (2001) pp. 459-468.




8. Bulk Detection Systems: Neutron-based Methods

Technical specifications

SAIC PELAN

—

Used detection technology:

Pulsedneutrons

2. Mobility: Man portable or carted (close or over the
suspected mine position).

3. Mine property the detector responds to: Measures and quantifies chemical elements.

4. Detectors/systems in use/tested to date:  Seven systems built and delivered for testing/
evaluation.

5. Working length: Not applicable

6. Search head: PELAN is an autonomous, single unit, composed
of two interlocked components operated from
a laptop or palmtop computer wireless or with a
cable from a distance up to 45m.

> size: 75cm(H) x 45cm(L) x 15em(W)

> weight: Total weight: 40kg. Each of the two interlocked
components weighs approx. 20 kg.

» shape: One component cylindrical, the other
rectangular

7. Weight, hand-held unit, carrying

(operational detection set): —
Total weight, vehicle-based unit: See above.
8. Environmental limitations (femperature,
humidity, shock/vibration, etc.): No temperature limitation, weather resistant
case, can be carted, hand carried or tfrucked
over rough ferrain

9. Detection sensitivity: —

10. Claimed detection performance: See section on Test & Development

11. Measuring time per position (dwell time): 5 minutes

Optimal sweep speed: Stationary during the measuring fime.

12. Output indicator: Computer screen or hand held palmtop
indication THREAT or NO THREAT.

13. Soil limitations and soil compensation

capability: No saoil limitation. There is limitation on
ground moisture content (<25%).

14. Other limitations: Detector needs to be placed within 15cm from
or above the suspected mine position.

15. Power consumption: 130W

16. Power supply/source: Internal battery (6 hrs), car battery, 110/220V AC.

17. Projected price: To be determined

18. Active/Passive: Active interrogation

19. Transmitter characteristics: —

20. Receiver characteristics: —

21. Safety issues: Requires state/national nuclear radiation
license. An 8 meter exclusion zone is required
around PELAN during the 5 minute measuring
fime. Redundant hardware and software controls
instantaneously interrupt the operation of PELAN
if a person inadvertently enters.

22. Other sensor specifications: —

Remarks

PELAN is a confirmation sensor, to follow a screening device such as a metal detector or other
“flagging” device. PELAN identifies a landmine by measuring the chemical elements of the
explosive within it. PELAN is equally sensitive to all high explosives (TNT, RDX etc.) and both
plastic and metal-encased mines. PELAN’s component configuration can be customised to decrease
both measuring time and radiation exclusion zone. Either modification will increase PELAN's total
weight.
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8.3 Hydrogen Density Anomaly Detection (HYDAD)

Project identification

Project name Detection of landmines Start date 2000
by HYdrogen Density End date 2006

ARl DETEEon Technology type NEM (neutron energy
Acronym HYDAD moderation)

Participation level SouT.h .Afric.:o gnd Austria, Readiness level 00000
participating in an IAEA-

coordinated research Development status Ongoing

programme Company/institution University of Cape
Financed by IAEA Town, South Africa
Budget US$5,000 per annum for

five years
Project type Technology development,

Technology demonstration

Project description

Three types of HYDAD (HYdrogen Density Anomaly Detection) landmine detector
(HYDAD-H, HYDAD-VM and HYDAD-D) have been developed in this project [1-3].
Each consists of an isotopic source of fast neutrons (AmBe or #*Cf), one or more slow
neutron detectors and some electronic and/or computer equipment for data processing.
The neutron detectors sense the increase in slow neutron intensity that occurs when
the source and detector are brought in the vicinity of a hydrogen-rich object such as a
landmine. An audio and/or visual output is produced to indicate the presence or
absence of a hydrogen-rich object.

Detailed description

HYDAD-H is a hand-held detector that employs a single slow neutron detector and is
manually scanned across the area under investigation at a height of 1-2cm above the
ground surface. A description of HYDAD-H and a film-clip demonstration of its
operation in outdoor conditions can be obtained by visiting the webpage given in
reference [1].

HYDAD-VM [2] is a vehicle-mounted detector that employs an array of six identical
slow neutron detectors positioned close to the ground surface. The six detectors are
symmetrically dispersed about the fast neutron source which is located 15-25cm below
the surface. Differences between the count rates of the six detectors indicate the presence
and approximate location of a landmine.

HYDAD-D [3] is a differential type of detector that has evolved from HYDAD-H and
HYDAD-VM. It consists of a fast neutron source and two identical slow neutron
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detectors symmetrically positioned relative to the neutron source. This arrangement
detects hydrogen-rich objects by monitoring the difference in count rate between the
two slow neutron detectors as the source-detector system is scanned across the landmine
or other hydrogen-rich object.

Figure 1. Photograph of the laboratory test model
of HYDAD-D. Each slow neutron detector consists
of a pair of boron-trifluoride-filled proportional
counters. The isotopic neutron source (not shown)
is placed symmetrically between the active
volumes of the two detectors when used in the
above-ground position. The dummy landmine
DLM?2 (see reference (2)) can be seen in the
foreground. DLM?2 consists of TNT-simulant (100g)
sealed in an acrylic cylinder (100g) of outer
dimensions 80mm (diam) x 34mm.

Test & evaluation

P-values measured: (a) with objects; and (b) with no object.

100, 100 A z=+lcm
1 “°2‘°n° & . emx z=-25cm
10 ; ° 0, objects in (a):
— Aem DIM2
p T P a v void (200 cc)
1 ry
. e " | ¢ Fecyl (350 g).
= * .| openpoints
|(2) () show short
0.1 0.1

T T T 1 1
0 B0 100 150 200 250 measurements.

o {mmj

Figure2. Summary of test measurements made using HYDAD-D on a dry-sand laboratory
test bed: (a) with test objects present in the sand; and (b) with no test object present.
In (a) the test object was the dummy landmine DLMZ2 (2) for all measurements except
those indicated by the two crosses. The plots show the landmine “signature parameter”
P (3). In (o) P is plofted against the depth d of the centre of the fest object below the
ground surface. See reference (3) for further details.

Test and evaluation measurements made using the three HYDAD detectors are
presented in references 1-3. Examples of test measurements of the “landmine signature
parameter” P for HYDAD-D [3] are shown in Figure 2. P may be described as a measure
of the strength in which a hydrogen-rich object is indicated, expressed in units of its
own standard deviation. In other words P = 3 indicates that such an object is found to
be present at the “3-sigma” level. From Figure 2(a) it can be seen that P>10 for all
measurements in which DLM2 was used as the test object. From Figure 2(b) it can be



Guidebook on Detection Technologies and Systems for Humanitarian Demining

seen that P<3 for all except one of the test measurements made with no hydrogen-rich
object present. The operational criteria for practical operation of HYDAD-D are
therefore specified as follows:

(a) P>10indicates that a hydrogen-rich object (possibly a landmine) is present (“red”
region in Figure 2);

(b) P<3 indicates that no landmine is present (“green” region); and

(c) P in the range 3-10 (“yellow” region) indicates an uncertain result.

In case (c) the recommended procedure would be to continue measurements in order
to determine whether better counting statistics moved the result into the green region,
If not then it should be taken as a red result.

Other applications (non-demining)

For the detection of hydrogen-rich materials in any other forms or shapes, for example
explosives or narcotics in baggage or in cargo containers.

Related publications

1. Seethe web page www.phy.uct.ac.za/hydad

2. F.D. Brooks, M. Drosg, A. Buffler, M.S. Allie (2004)
Detection of anti-personnel landmines by neutron scattering and attenuation, Applied
Radiation and Isotopes 61, (2004) 27-34.

3. F.D. Brooks, M. Drosg (2005)
The HYDAD-D anfipersonnel landmine detector, Applied Radiation and Isotopes 63
(2005) 565-574.

Technical specifications

Not yet available.
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8.4 Neutron Backscattering Imaging Detector
(DUNBID)

Project identification

Project name Delft University Neutron Technology type Nuclear (neutron
Backscattering Imaging backscattering)
Detector

Readiness level 00000
Development status Ongoing
Company/institution Delft University of

Acronym DUNBID
Participation level International

Financed by Delft University and IAEATC Technology, Atomic
project Energy Authority, Egypt,

Budget = International Atomic

Project type Technology development, Energy Agency (IAEA)
Technology demonstration

Start date —

End date —

Project description

The Egyptian collaboration partner is supported by Delft University of Technology
within an JAEA (International Atomic Energy Agency) project in constructing a device
to search for landmines based on the neutron backscattering imaging technique. The
detector will be mounted on a remotely controlled vehicle. The operational properties
of the device will be established by performing tests in the Egyptian desert.

Detailed description

The neutron backscattering (NBS) demining technique takes advantage of the fact
that landmines contain many more hydrogen atoms than the dry sand in which they
may be buried. The hydrogen in the mine is present in the explosive chemicals and in
the plastic casing. The soil is irradiated with fast neutrons to find a landmine. The
neutrons lose energy by scattering in the soil and become thermal. A thermal neutron
detector monitors the slowed neutrons coming back from the soil. Hydrogen is a very
effective moderator, therefore the thermal neutron flux will show an increase above a
mine.

According to the developer, an advantage of the NBS method is its high speed of
operation. Mines may be found within a second when a strong neutron source is used.
Mines with metal content as well as metal-free mines may be found. Additional
advantages of NBS-based devices over metal detectors or ground penetrating radar
devices are their insensitivities to rocks and stones, metal objects and underground
holes such as burrows.

97
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The main limitation of the NBS method lies in its sensitivity to soil moisture. The
hydrogen content of a landmine is comparable to that of sand with 10 per cent moisture,
resulting in a loss of contrast between the mine and its surroundings at these moisture
levels. The NBS method can therefore be applied most

advantageously in arid countries.

The Delft University Neutron Backscattering Imaging
Detector (DUNBID) consists of a two-dimensional
position-sensitive slow neutron detector. An image is
obtained of the neutron radiation which is scattered
back from the soil and the mine. A concentration of
hydrogen shows up as a “hot spot”: a more or less
circular area with a higher intensity than the
surroundings. Such a hot spot is interpreted as a
landmine. The advantage of using a two-dimensional  figyre 1. The DUNBID interior,
image is that the sensitivity for mine detection is greatly ~ showing the 16 proportional

enhanced in comparison to only monitoring the overall ~ counfer fubes and fhe four
count rate preamplifier boards.

The detector head consists of 16 *He proportional

counter tubes, mounted side by side in a flat box of 80x70x7 cm. The sensitive area is
50x50cm? and counts are stored according to the measured position in a 16x16 array
of pixels. This yields an image of the intensity of the backscattered neutrons with a
pixel size of about 3x3cm?®. The preamplifiers for the tube signals are mounted inside
the detector box and are connected with 3m cables to a PC used for data acquisition.
The measurement is controlled from a laptop connected to the PC via a 30m Ethernet
cable to maintain a safe distance from the neutron source.

The fast neutrons may be obtained from a radioactive neutron source or from a neutron
generator. The application of a source with a strength of 10" n/s, which can still be
handled without too many problems, will reduce the mine detection time to less than
one second. Such short detection times allow for scanning speeds of a few kilometres
per hour.

Test & evaluation

The DUNBID detector was tested at the Nuclear
Research Center about 30km north-east of
Cairo, in open air, with the detector directly
placed on the desert sand. A PuBe neutron
source (200,000n/s) was used. Various types
of real defuzed mines were buried at depths
ranging from 5 to 20cm and images of the
backscattered neutron radiation were
measured. The presence of a mine and the
determination of the position are currently done : T~
by visual inspection of images. Figure 2. The DUNBID detector positioned

. . on the sand during tests in Egypt. The
In the dry desert sand anti-tank mines were position calculation electronics and the

found at depths of 7cm (a dummy mine) and PC for data acquisition and measurement
15cm (type: M/71) while anti-personnel mines control are placed on the table.

were found at 7cm depth (VS50) and 13cm (PMN). The maximum depth of detection
will benefit from a more sophisticated data analysis method. A larger detector to capture
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the full mine response will also be of help.
The minimum detection time for anti-
personnel mines was about 5s, while anti-
tank mines had minimum detection times
slightly above 1s. With a suitable source
scanning speeds of 1m/s should be
possible.

A piece of wood (10x10x10cm) gave a
clear mine-like response but a small iron
cylinder (diameter 5cm, height 5cm) was
not detected. No effect was noticed of
bricks, pebbles and rocks in the sand,
confirming that the NBS method is not
sensitive to rocks or to iron in the soil.
This makes it possible to distinguish

Figure 3. The four images show the pixel

between e'xplc‘)swes‘and empty Cartrldge counts (number of neutrons per 60s) in the
cases, which is an important advantage  getector plane, corrected for background,
of the neutron backscattering technique  of an iron cylinder, an anti-personnel mine
over other technic_[ues. (VS§50) and an anti-tank mine (M/71). The
last image, called no-mine, shows an
example of the image noise caused mainly

i ; . by soil inhomogeneities. The mines are
the_r Gp P lications (non clearly above the noise level.
demining)

-'gesigg

M1 de1Bom X, =15com

The NBS technique applied in the DUNBID system could possibly be used to detect
explosives in other circumstances where the geometry is well defined and the materials
involved are dry. The system has been demonstrated to be able to see explosives in
or behind various kinds of walls in buildings.

Related publications

1. Bom V.R.,, C.W. van Eijk and M.A. Ali (2005)
“DUNBID, the Delft University Neutron Backscattering Imaging Detector”, Applied
Radiation and Isotopes, Vol. 63 November-December 2005, pp. 559-563. (8th
Intfernational Conference on Applications of Nuclear Techniques, Crete, Greece, 12-
18 September 2004.)

2. Bom V.R., C.W. van Eijk and M.A. Al
Land mine detection with neutron back scattering imaging using a neutron generator,
IEEE Transactions on Nuclear Science, accepted for publication.

3. BomV.R., M.A. Ali, AM. Osman, A.M. Abd EI-Monem, W.A. Kansouh, R.M. Megahid and C.W.
van Eijk

A feasibility test of land mine detection in a desert environment using neutron back

scattering imaging, |IEEE Transactions on Nuclear Science, accepted for publication.

4. Bom V.R. and C.W. van Eijk (2005)
Using the method of neutron backscattering imaging to detect hidden explosives,
Conference CD N7-8, IEEE Nuclear Science Symposium, Puerto Rico, 2005,
www.rrr.tudelft.nl/~vb/IEEE-NSS-2005-HiddenExplosives.pdf.
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Technical specifications

Delft University of Technology
DUNBID

W N~

SRS

19
20
21

22

Used detection technology:
Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:

Search head:
> size:
» weight:
> shape:

Weight, hand-held unit, carrying
(operational detection set):

Total weight, vehicle-based unit:
Environmental limitations (femperature,
humidity, shock/vibration, etc.):
Detection sensitivity:

. Claimed detection performance:
» low-metal-content:
» anti-vehicle mines:
> UXO:

. Measuring time per position (dwell time):
Opftimal sweep speed:

. Output indicator:

. Soil limitations and soil compensation
capability:

. Other limitations:

. Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

. Transmitter characteristics:

. Receiver characteristics:

. Safety issues:

. Other sensor specifications:

Neutron backscattering imaging
Remote-controlled vehicle

Hydrogen content in explosives and plastic

casing
One test system
N/A

50x50 cm
5kg
flat box 70x80x7 cm

10kg

Prototype system

15cm depth®

15cm depth

Not tested

AT:>1s, AP:>5s.
<1m/s

Visual image inspection

Soil moisture must be low (< 5% weight)

Battery

Non commercial; 50.000 Euro

Active

Neutron interrogation

Radiation hazard due to neutron source,
shielding necessary

2D position sensitive

a)

Applies also to non-metallic mines.
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8.5 Nanosecond Neutron Analysis System (SENNA)

Project identification

Project name Portable device for Project type Technology development,
detection of explosives Technology demonstration
and other hazardous System/Subsystem
substances, based on Development
nanosecond neutron Start date 2003
analysis End date 2005

Acr_on_ym_ SENNA : Technology type Nanosecond neutron

Participation level International analysis

Financed by US Civilian Research &. Readiness level 00000
Development Foundation
(CDRF), Virginia; The Development status Completed
Foundation for Assistance | Company/institution Applied Physics
to Small Innovative Laboratory, V.G. Khlopin
Enterprises (FASIE), Radium Institute, St.
Moscow, APSTEC Ltd., St. Petersburg; APSTEC Ltd.,
Petersburg N.L. Dukhov All-Russian

Budget US$400,000 Research Institute of

Automatics (VNIIA)

Project description

The objective of this project is to develop and manufacture a prototype portable device
for non-intrusive detection of explosives and other hazardous substances. The key
idea of the project is to modify the well-established “neutron-in, gamma-out” technique
to achieve more than an order of magnitude (i.e. 10x) reduction of the identification
time compared to the existing analogues. Unlike these analogues, the proposed device
uses a neutron source based on a portable neutron generator with a new type of built-
in position-sensitive detector of alpha particles that accompany neutron emission in
the D+T reaction.”™

The main idea of the method — nanosecond neutron analysis (NNA) —is to suppress
the background that is unrelated to the inspected area by imposing several conditions
on the data acquisition system. NNA is a further development of the associated particle
technique (APT). It works as follows:

A. Secondary gamma rays generated in the (n,n’y) reactions of primary, fast 14MeV
neutrons with the material of the inspected object are detected within a very

18. Each neutron is created simultaneously together with an alpha particle, which moves in a
direction opposite to that of the neutron (the two are emitted “back-to-back”). These neutrons are
therefore indirectly labelled (“tagged”). By detecting the accompanying alpha particle in time and
space, one knows exactly when the neutron was created and in which direction it left the generator,
moving towards the target; this is not possible with an ordinary neutron generator.
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narrow (few nanoseconds wide) time window, which is counted from the moment
of emission of each neutron from the neutron generator. This moment is in turn
determined by detecting alpha particles that accompany neutron emission in
the D+T reaction. Neutrons from the D+T reaction have energy of about 14MeV
and velocity of about 5cm/ns, and it takes them some time to reach the inspected
area. There they produce prompt gamma rays, which travel at the speed of light
to the gamma detector (BGO- or Nal-based). Any gamma rays that are detected
before the “tagged” neutron can reach the object, or after it leaves the inspected
area, are unrelated to the physical process of interest, and are rejected by the
data acquisition system.

B. A position-sensitive alpha detector that is built into the portable neutron generator
provides information about the position at which each neutron, “tagged” by the
associated alpha particle, has interacted with the material of the inspected object.
The direction of the alpha particles correlates with that of the neutrons, since
they are products of a binary D+T reaction. If a gamma ray arrives at the gamma
detector, but no alpha particle is detected, then this gamma ray is produced
somewhere outside the area of interest and is rejected. Such filtering of events
allows one to improve effect-to-background (signal-to-noise) ratio by about two
orders of magnitude (i.e. 100x) compared to traditional “neutron-in, gamma-
out” methods.

Detailed description

The device, based on nanosecond neutron analysis and the associated particle
technique, provides 3D “imaging” of the elemental composition of the inspected volume.
NNA /APT allows one to obtain the distribution of partial densities of different chemical
elements in the inspected volume. Knowing the elemental composition of the inspected
object, one can compare the measured ratios of light elements with those of known
threat materials. For example, certain ratios, such as C/O and O/N, are specific for
high explosives. In the present version the prototype NNA device consists of the
following components:

1. Measurement module:
a. A portable neutron generator with built-in nine-segment semiconductor
detector of associated alpha particles.
b. Two BGO-based detectors of gamma rays.

2. Electronics:
a. Ultra-fast data acquisition system based on digital signal processing.
b. Control and data analysis electronics.
c. Power supplies and batteries.

All components will be combined in a single unit. The prototype is shown in Figure 1
below.

| S |

E' — I.l:l —— W —

Figure 1. The SENNA portable device for
detection of concealed explosives, here
inspecting a suitcase.
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Test & evaluation

Laboratory tests completed, field tests started.

Other applications (non-demining)

Stationary installations for the inspection of sea containers and other cargo. Anti-
terrorism.

Related publications

1. Evsenin A.V., A.V. Kuznetsov, O.l. Osetrov, D.N. Vakhtin (2003)
Detection of Hidden Explosives by Nanosecond Neutron Analysis Technique, H. Schubert,
A. Kuznetsov (Eds.), Proceedings of the NATO ARW #979920 «Detection of bulk
explosives: advanced techniques against terrorism», St.-Petersburg, Russia, 16-21 June
2003. Kluwer Academic Publishers, NATO Science Series, Series Il: Mathematics, Physics
and Chemistry - Vol.138, 2004.

2. Kuznetsov A.V., V.P. Averianov, A.V. Evsenin, |.Yu. Gorshkov, O.. Ossetrov and D.N Vakhtin
(2003)
“Portable Multi-Sensor for Detection and Identification of Explosive Substances,
EUDEM2-SCOT 2003, in H. Sahli, A.M. Bottoms, J. Cornelis (Eds.), International Conference
on Requirements and Technologies for the Detection, Removal and Neutralization of
Landmines and UXO, Volume Il, pp. 625-633, Vrije Universiteit Brussel, Brussels,
September 2003, www.eudem.info.
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Technical specifications

Applied Physics Laboratory
Nanosecond Neutron Analysis

SCOohwN—

11.

12

14.
15.
16.

17

19.

20.

21.

22.

Used detection technology:
Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:

Search head:

> size:

» weight:

» shape:

Weight, hand-held unit, carrying
(operational detection set):

Total weight, vehicle-based unit:
Environmental limitations (temperature,
humidity, shock/vibration, etc.):
Detection sensitivity:
. Claimed detection performance:

» low-metal-content mines:

» anti-vehicle mines:

» UXO:
Measuring time per position (dwell time):
Optimal sweep speed:
. Output indicator:
. Soil limitations and soil compensation
capability:
Other limitations:
Power consumption:
Power supply/source:
. Projected price:
. Active/Passive:
Transmitter characteristics:

Receiver characteristics:

Safety issues:

Other sensor specifications:

Neutron in, gamma out
Man portable

C/N/O ratios

SENNA prototype

Q0x50x30cm.
25kg
Suitcase

(TBD)

25kg

100g of explosives

60-120 seconds (60sec)

Colour image, landmine weight estimate

<100W (According to user requirements).
US$300,000 (commercial version)

Active

Max 5x107 (108) 14 MeV neutrons per second into
An®

Secondary characteristic gamma rays detector:
two scintillation detectors based on BGO®
crystal (dimensions: @6.1x 6.1cm?) (One or
several BGO- or Nal-based detectors).
Operational safety distance: 7m (According to
user requirements). Safe when switched off.
Vacuum tube lifetime: >10,000 measurement
cycles (>30,000). Spatial resolution: 10cm in
plane, 10-15cm in depth (Betfter than
10x10x10cm3).

a) The neutrons are basically generated isotropically (uniformly in all directions).

o)

Bismuth Germanate.

Remarks
Main figures are for the prototype: figures in square brackets are target production specifications.
Simultaneously inspected area: 30 x 30 x 30 cm?® (TBD).

Radio control: Bluetooth (distances up to 200m).

In the production version the electronics will be combined with the search head.
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8.6 Neutron Moderation Imaging

Project identification

. , Start date 1999
Project name Neutfron Moderation :
Imaging End date Ongoing
Acronym _ Technology type Neutron imaging
Participation level National Readiness level 9060
Financed by DRDC Suffield, Canadian | Development status Ongoing
Center for Mine Action Company/institution DRDC Suffield, Bubble
Technologies Technology Industries
Budget ~CAD150,000 per year
Project type Basic technology research,
Research to prove
feasibility, Technology
development

Project description

Since 1994, Defence R&D Canada (DRDC) Suffield has undertaken research in support
of the Canadian Forces and humanitarian demining to investigate nuclear methods of
confirming the presence of bulk explosives in landmines or improvised explosive devices
(IEDs). One branch of the work looks at larger systems, such as thermal neutron analysis
and fast neutron analysis, whose physics mandate that they be stationary or vehicle-
borne but which yield characteristic radiation that is specific to explosives. The other
branch, which includes development of neutron and X-ray imagers, is aimed at nuclear
technologies that could be amenable to hand-held use.

Detailed description

Neutron moderation landmine detection involves irradiating the ground with fast
neutrons and subsequently detecting the thermalized neutrons which return. This
technique has been studied since the 1950s, but only using non-imaging detectors.
According to the developers, without imaging, natural variations in moisture content,
surface irregularities and variations in sensor height produce sufficient false alarms to
render the method impractical in all but the driest conditions.

The detector /source assembly is a 50cm x 50cm light-tight housing containing a planar
neutron scintillation imager and a coplanar neutron source. More specifically, it consists
of a neutron-sensitive scintillation screen sandwiched between a crossed grid of
position-sensing, wavelength shifting fibres and a uniform sheet Cf-252 isotopic neutron
source. (The present version uses a weak point Cf source to prove the concept. The
sheet source has yet to be built.) The imager is coupled via a fibre optics bundle to a
photomultiplier and processing electronics situated in a box attached to the top of the
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detector/source assembly. Neutron event positions are decoded by the crossed array
of fibres and electronic circuitry. Instrument mass is roughly 13kg and power
consumption is about 10W, supplied by batteries.

In addition to the detection unit there is a remote analysis unit (computer) connected
by a wireless or hardwired serial link. This separation of function is intended to minimise
radiation exposure to the operator from the weak neutron source resident in the
detection unit.

Figure 1. The top of the neufron
moderation imager detection unit,
removed from its light-tight shield. The
ends of the fibres are seen exiting the
detector plane and entering the multi-
dynode photomultiplier tube which is

used to decode neutron position.

Test & evaluation

Laboratory trials in a sand box have been
combined with simulations to test expected
performance. An example of the image of an anti-
personnel surrogate mine is shown in Figure 2. For
example, in sand with 0 per cent and 3 per cent
water, a PMA2 may be readily detected at all
depths up to at least 10cm. In sand with 10 per
cent water, the signal is weak but measurable at
10cm. Detection times for flush-buried mines are
less than 1s, making slow scanning a possibility
for very shallow mines. For depths of 5 and 10cm, 0 20" xcm) 40
detection times are between 1 and 60s and hence

the detector is more suitable as a confirmation Figure 2. A neutron albedo’ signal

detector. image of a block of wax, similar in
size to a small to medium anti-
personnel mine, obtained by the
neutron moderation imager. The
rough size and position of the block
is indicated by the dotted
rectangle. Background has been
subtracted and spatial filtering has
been done.

19. The albedo usually measures the optical reflectivity of a surface or body.
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Related publications

1. McFee J.E., H.R. Andrews, E.T.H. Clifford, A.A. Faust, H. Ing and T. Cousins (2003)
“Preliminary results from a prototype neutron moderation imager”, Proceedings of SPIE
Conference on Penetrating Radiation Systems and Applications V, Vol. 5199, San Diego,
UsS, 3-8 August.

2. McFee J.E., H.R. Andrews, E.T.H. Clifford, A.A. Faust, H. Ing, T. Cousins and D.Haslip (2003)
The feasibility of neutron moderation imaging for land mine detection, Subsurface
Sensing Technologies and Applications 4(3), July, pp. 209-240.

3. McFee J.E., H.R. Andrews, H. Ing, T. Cousins, A. Faust and D. Haslip (2002)
*A neutron albedo imager for land mine detection”, Proceedings of SPIE Conference
on Detection and Remediation Technologies for Mines and Mine-like Targets VI, Vol.
4742, Orlando, US, 1-5 April.

Technical specifications

Not yet available.
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8.7 OtherBulk Detection Systems:
XMIS (X-ray Mine Imaging System)

Project identification

Project name Mobile Lateral Migration | Start date July 1998
EG?'O%TGF’%V I\:hne End date December 2001
eToction oys em Technology type X-ray backscatter
Acronym XMIS (X-ray Imaging -
System) Readiness level 000000
Participation level National (US) Development status Stand-by
Financed by US Army Company/institution University of Florida
Budget US$450,000
Project type Technology development,

Technology demonstration,
System development (and
demonstration in an

operational environment)

Project description

Lateral migration radiography (LMR), a new form of Compton Backscatter® X-ray
Imaging (CBI), was applied to the detection and identification of buried landmines. A
mobile LMR landmine detection system was developed and field tested. Weight for
this initial system was about 175kg; weight for a prototype should be about 80kg.
X-ray generator power level was 750 watts. The imaging capabilities of LMR make it
well suited for use as a landmine detection confirmation sensor and for humanitarian
applications it could also serve as a primary sensor.

An objective of this programme was to develop an LMR system concept and
preliminary design which could yield a compact, field-deployable unit. This LMR system
design includes an X-ray generator with articulating collimator, three X-ray detector
panels, a computer with a data acquisition board and display, digital control electric
motors to provide articulation and positioning, and an electric power generator, all
mounted on a suitable vehicle platform. The resulting system has been named the
X-ray Mine Imaging System (XMIS). XMIS was employed on the vehicular test lanes
at Fort A.P. Hill, Virginia, in October 2001. High quality images were obtained for a
variety of buried landmines.

Unlike conventional CBI techniques which utilise only single-scatter photons, LMR
uses both multiple- and single-scattered photons. LMR requires two types of properly

20. Compton scattering is the process by which photons (light particles, X-rays in this case) are
deflected (scattered) when interacting with electrons in a material, a process which can be repeated
if the photon has sufficient energy. Some of the photons do return in the direction they came from,
and these are the ones detected here.
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configured detectors: uncollimated detectors image primarily single-scatter photons
while collimated detectors image predominately multiple-scatter photons. The
uncollimated detector image contains primarily surface or near-surface features and
can be used for removal of surface clutter. The collimated detector images also contain
sub-surface features. Buried objects in the front collimated detector appear shifted to
the rear while buried objects in the rear collimated detector appear shifted forward.
The amount of shift can be correlated to the depth-of-burial (DOB). These image sets
make LMR useful for imaging and identifying objects to depths of several X-ray photon
mean free paths (~10cm) even in the presence of surface clutter.

Detailed description

For XMIS, the forced-air-cooled version of the LORAD LPX-160 constant potential X-
ray generator provided an excellent source from the standpoint of performance, size
and weight. The LPX-160 is a rugged, commercial X-ray tube designed for field
inspections of pipe welds. The LPX-160 has a maximum X-ray spectrum energy of
160 kVp* and a maximum power level of 800W. The optimum X-ray source energy
for the detection of mines with backscattered X-rays is in the range of 120 kVp to
160 kVp. Good imaging quality requires about two million source X-rays per pixel and
this translates into an electric energy requirement of one joule per pixel. A pixel size of
15mm x 15mm provides good resolution for both anti-tank and anti-personnel mines.

A significant accomplishment in this research effort was the development of an X-ray
source collimator design that uses a continuously rotating cylinder to synthesise a
moving aperture from side-to-side with negligible retrace time. Coupled with the
X-ray generator forward motion, this provides a raster scan of the ground. This
collimator design is a key element in reducing the required X-ray head movement and
in obtaining a simple, compact LMR detector system.

Careful detector design and deployment are critical for proper functioning of the LMR
mine detection system. High performance organic scintillator block detectors are used
for both the collimated and uncollimated detectors in the XMIS. The uncollimated
detectors were 140cm long, 5cm wide and 2.5cm thick. The collimated detectors were
140cm long, 20cm wide and 2.5cm thick. The detector collimators were made from
1.5mm lead sheets. Photomultiplier /amplifier /bias-voltage-supply assemblies provided
signal amplification and serve as the output device for each of the three plastic
scintillator detectors. The photomultiplier tubes attach to the ends of the detectors.

Test & evaluation

Each scan generates an image set that includes an image from each of the three
detectors. The final image is a cross correlation between the front and back collimated
detector images following surface clutter removal by use of the uncollimated detector
data. The detector images are acquired real time. For this initial system, the time required
to perform a high resolution scan of a 0.5m x 0.5m area was 60s. The current capability
(see Other applications below) is to perform a high resolution scan of a Im x 1m area in
60s.

The LMR imaging capabilities make this system well-suited for a mine detection
confirmation sensor. To this end, about 30 locations were selected on one of the test
lanes at Fort A.P Hill where ground penetrating radar methods consistently yielded

21. Peak voltage (1kV = 1000 volts).
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false alarms. These sites were imaged with the XMIS. In only two cases did the image
set indicate a possible mine. For the other 28 locations, the XMIS images indicated only
soil inhomogeneities.

An image of an anti-personnel mine representative
of those acquired with XMIS on two of the test lanes
at Ft. A.P. Hill is in Figure 1. The much larger anti-
tank mines are easier to detect and their images are
of similar quality. When viewing the image, the
colour scheme designation for regions of highest
signal intensity to regions of lowest signal intensity
is white, red, yellow, green, light blue, dark blue and
purple. Figure 1 shows an XMIS image of a TS 50
AP mine with a depth-of-burial (DOB) of 5cm.

Plastic mines give a signal with an increased intensity Figure 1. XMIS image of TS 50
relative to the signal intensity of the surrounding antl-personnel mine with 5cm

. ? : . DOB (depth-of-burial) acquired
gravel or soil while metal mines give a decreased on the Fort A.P. Hill test lane.

signal intensity. The mine is located in the bottom
right centre of the image. The high intensity signal
in the centre of the mine is due to the presence of
void or air in the fuze well region of the mine. This is
a distinguishing characteristic of LMR images of
mines. The low intensity (blue) region in the top right
centre of the image is a rock and is clearly
distinguishable from the mine due to the lack of a
central, bright zone. Total time required for the scan
and image acquisition of this 0.5m x 0.5m area was
60s. Figure 2 shows a close-up of the XMIS detectors — -

. . Figure 2. Close-up of XMIS
and the location on the test lane where the Figure 1 215 t0rs and location on test

image was acquired. lane where the 5cm DOB TS 50 AP
mine was located.

Other applications (non-demining)

Radiography by selective detection (RSD) is a new type of X-ray Compton Backscatter
Imaging where different components of the X-ray backscatter field are preferentially
selected to enhance the contrast and detection of specific features. LMR is a variant of
RSD. The landmine results demonstrated the ability of this technique to detect voids
and air spaces. As a result, RSD was applied to the detection of sub-surface features
including: cracks, voids, delaminations and
corrosion. A wide variety of materials have been
imaged including: aluminium, plastics, honeycomb
structures, laminates, steel, reinforced carbon-
carbon composites, concrete and titanium. About
two years ago, the University of Florida
constructed six specially-designed RSD scanner
systems for Lockheed Martin Space Systems Co.
and NASA. These systems went through
operational test and evaluation and reliability trials
and are now being used to detect defects in the
spray-on foam insulation used on the external fuel

- Figure 3. The RSD scanner system
tank of the space shuttle. Figure 3 shows one of built for Lockheed Martin Space

the RSD scanners built for Lockheed. This RSD Systems Co.
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system development has led to significant improvements in detectors, data acquisition and
system control and in system integration. An LMR mine detection system using these
advances would be less than half the weight, four times faster and obtain even higher
quality images than was achieved with the preliminary system used in the field tests at
Fort A.P. Hill in October 2001.

Related publications

1. Shedlock D., E. Dugan, A. Jacobs, and B. Addicott (2005)
“Optimization of a RSD X-Ray Backscatter System for Detecting Defects in the Thermal
Foam Insulation for the Space Shuttle”, Proceedings of SPIE 50" Annual Meeting,
Symposium on Optical Science and Technology, Penetrating Radiation Systems and
Applications VII, August 2005, San Diego, US.

2. DuganE., A. Jacobs, D. Shedlock and D. Ekdahl (2004)
“Detection of Defects in Foam Thermal Insulation Using Lateral Migration Backscatter
X-ray Radiography”, Proceedings of SPIE 49" Annual Meeting, Symposium on Optical
Science and Technology, Penetrating Radiation Systems and Applications VI, Vol. 5541,
pp. 47-57, August 2004, Denver, US.

3. DuganE., A.Jacobs, Z. Su, L. Houssay, and D. Ekdahl (2003)
“Detection of Land Mines Using Lateral Migration X-ray Radiography”, Proceedings of
SPIE 48" Annual Meeting, Symposium on Optical Science and Technology, Penetrating
Radiation Systems and Applications V, Vol. 5199, pp. 1-11, 3-8 August, 2003, San Diego,
Us.

4, DuganE., A.Jacobs, Z. Su, L. Houssay, and D. Ekdahl (2003)
“Status of the XMIS Backscatter Radiography Land Mine Detection System”, SPIE
Proceedings on Detection and Remediation Technologies for Mines and Minelike
Targets VI, Vol. 5089, pp. 34-44, April 2003, Orlando, US.

5. Jacobs A., E. Dugan, S. Brygoo, D. Ekdahl, L. Houssay and Z. Su (2002)
“Lateral Migration Radiography: A New X-Ray Backscatter Imaging Technique”,
Proceedings of SPIE 47" Annual Meeting, Symposium On Optical Science and
Technology, Peneftrating Radiation Systems and Applications IV, Vol. 4786, pp. 1-16,
July 2002, Seattle, US.

6. Su.Z., A.Jacobs, E. Dugan, J. Howley, and J. Jacobs (2000)
“Lateral Migration Radiography Application to Land Mine Detection, Confirmation
and Classification”, Opfical Engineering, Vol. 39, No.9, September 2000, pp 2472-2479.
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Technical specifications

XMIS (X-ray Mine Imaging
System)

W~

10.

11.

12.

13.

14.
15.
16.
18.

20.

21

22.

Used detection technology:
Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:

Search head:

> size:

» weight:

> shape:

Weight, hand-held unit, carrying
(operational detection set):
Total weight, vehicle-based unit:
Environmental limitations:

Detection sensitivity:

Claimed detection performance:

» low-metal-content mines:

» anfi-vehicle mines:

» UXO:

Measuring time per position (dwell time):

Opftimal sweep speed:
Output indicator:

Soil limitations and soil compensation
capability:

Other limitations:
Power consumption:
Power supply/source:
. Projected price:

Active/Passive:

. Transmifter characteristics:
Receiver characteristics:

. Safety issues:

Other sensor specifications:

Backscattered X-rays

Vehicle mounted

Differences in electron density (i.e., differences
in mass density + atomic number)

One mobile XMIS LMR preliminary design land
mine detection system field tested at Fort A.P.
Hill, Virginia

Not applicable

Lorad X-ray generator

18cm diameter x 77.5cm length

15kg

cylinder

~80kg

Limited by mobility/performance of vehicle on
which mounted plus ability fo penetrate highiron
or high water content soil as indicated below.
System can be made rugged, should not be
impacted by humidity and should operate well
over temperature range from 32 to 100°F.

PD: >95% for AP mines down to 5cm depth of
burial. PFA: <5%.

Very good, especially for AP mines

Good

Unknown; never tested on UXOs

1 minute for high resolution image of Tmx Tm
ared

Real time high resolution images in greyscale or
color

Imaging depth capability degrades rapidly in
very high iron or high water content soil;
unaffected by surface clutter and easily
compensates for soil slopes.

Imaging depth limited to about 10cm

500W to 1kW

Gasoline electric generator

US$50,000 to US$75,000 (US$25,000 to US$50,000
for the X-ray generator)

Active

X-ray generator maximum energy of 160kV
Scintillator detectors

Very fine X-ray beam means that X-ray field is
essentially background except directly under the
beam.

Working size: 1.4m x 1.4m x Tm for initial test
system. Sweep speed: Tm x 10m sweep in 10
minutes.
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8.8 Coded Aperture X-ray Backscatter Imaging

Project identification

Project name Coded Aperture X-ray Start date 2001

Backscatfer Imaging End date Ongoing
Acronym - Technology type  X-ray backscatter
Participation level International

Readiness level 0060
Development status Ongoing

Financed by Defence R&D Canada
Suffield, Canadian Center

for Mine Action Company/institution DRDC Suffield, University of
Technology Callifornia, San Diego
Budget ~CAD100,000 per year
Project type Basic technology research,

Research to prove
feasibility, Technology
development

Project description

Since 1994, DRDC Suffield has undertaken research, in support of the Canadian Forces
and humanitarian demining, to investigate nuclear methods of confirming the presence
of bulk explosives in landmines or improvised explosive devices (IEDs). One principle
area of investigation includes development of neutron and X-ray imagers aimed at
nuclear technologies that could be amenable to person-portable use.

Detailed description

Nuclear imaging has long been one of the few techniques available to help in the
identification of potentially dangerous objects in a non-intrusive manner. Typical
nuclear imaging systems are transmission-based; that is, they require that the source
and detector components be placed on opposite sides of the object under interrogation.
This necessarily limits the number of scenarios in which the technique is applicable —
buried landmine detection being a prime example. DRDC Suffield is investigating an
approach, known as coded aperture imaging, where dual-energy X-ray sources and
position-sensitive X-ray detectors can be located on the same side of the object under
interrogation.

Based on the UCSD-designed HEXIS detector, the X-ray detection element consists of
a 64mm x 64mm position-sensitive CZT* plane, with a crossed strip electrode pattern
providing 0.5 x 0.5mm? pixels, all held in silicon rubber gaskets for shock and thermal
mounting. The signal channels are then read out and digitised by dedicated ASICs.?

22. Cadmium zinc telluride (CZT) is a semiconductor used, among others, in radiation detectors.
23. Application-specific integrated circuit: an integrated circuit customised for a particular use,
rather than a general-purpose one.
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The detector plane and readout electronics are packaged =~ Mask Rotation Source Selector
into a single module with dimensions of only 7 x 7 x
10 cm?®, weighing 0.5kg, and presently uses about 4W.
The detection module is then mounted into a shielding
head which limits the field of view of the detector to
the area of interest, and shields the detector plane from
environmental background fields. Additionally, within
the head are mounted the coded aperture mask and X-
ray sources. A host computer is used to download the
digitized event stream and apply the coded aperture
imaging algorithms to produce the final backscatter
image. Collimated Field—of-view Source Ring

Coded Mask

Test & evaluation Figure 1. Front view of the
experimental coded aperture

Proof-of-principle trials have taken place in a laboratory ~ mager designed for proof-of-

. principle experiments, showing
sand box environment. The test system was shown to 4.0 5incioal freatures of the
be capable of resolving both the shape and separation  design: coded mask, mask
of multiple distributed objects using backscatter and ~ rofafion and source selection.
fluorescent radiation, of observing energy-dependent variations in a target’s
backscattered flux, and being able to resolve shapes of objects buried in dense media.
An example of the image of an AP surrogate mine is shown in Figure 3. Detection
times for a mine buried to 1cm are in excess of 1 hour, but the developers hope that the
larger data collection area of the full-scale prototype, optimised detector head geometry,
and improved data analysis algorithms will improve this considerably. This system is
therefore believed to have potential as confirmation detector suitable for shallowly
buried (1-3cm) mines, but not a scanning sensor. Analysis of the proof-of-principle
experiments will continue, with the goal being to develop improved algorithms to
allow for faster image acquisition, greater spatial resolution and the ability to reconstruct
a target’s distance from the detector. Additionally, the potential to exploit the dual-
energy approach to identify target composition will be investigated. A full-scale
prototype is currently being constructed to further explore the capabilities of a portable
coded aperture backscatter imaging system.
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Figure 2. 2% Americium?-generated Figure 3. %' Americium-generated
backscatter image of the multiple low- backscatter image of a shallow buried
7?5 targets placed within an obscuring PMA-2 (AP mine) simulant using sources
aluminium can (imaging in air). (imaging of a more realistic scenario).

24. Radioactive source.

25. Z is an element’s atomic number, and is equal to the number of protons in the nucleus of an
atom of that element, and therefore to the number of electrons in the atom’s shell (for a neutral
atom); it is one of the main factors determining an element’s position in the periodic table of
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Related publications

1. Faust A A., R.E. Rothschild, P. LeBlanc and J.E. McFee (2005)
Development of a Coded Aperture X-ray Backscatter Imager for Explosive Device
Detection, IEEE Transactions on Nuclear Science. Accepted for publication 16 June
2005.

2. Faust A.A., R.E. Rothschild and W.M. Heindl (2003)
“Development of a Coded Aperture Backscatter Imager using the UC San Diego HEXIS
Detector”, SPIE Conference on Detection and Remediation Technologies for Mines
and Minelike Targets Viil, April 2003, Orlando, US, Vol. 5089, pp. 95-106.

3. Faust A.A. (2002)
“Detection of Explosive Devices using X-ray Backscatter Radiation”, SPIE Conference
on Penetrating Radiation Systems and Applications V, July 2002, Orlando, US, Vol.
4786, pp. 17-28.

Technical specifications

Not yet available.

elements. Low-Z materials, which include explosives, are more efficient at scattering X-rays than
high-Z ones (e.g. most metals), and therefore are more contrasted — they stand out clearly — in an
X-ray backscatter image.






9. Acoustic/
Seismic Systems

9.1 Sensing principle

Operating principle

Seismo-acoustic methods are intended for detection of mines by vibrating them with
acoustic or seismic waves that are generated and received by non-contact (acoustic)
and contact (seismic) transducers respectively. These detection methods are based on
the mechanical properties (specifically, the compliance®) that can differentiate the
acoustic response of mines from other (usually non-compliant) objects buried in the
ground (false targets), such as rocks, tree roots, metallic clutter, bricks, etc. The technique
depends on the fact that a mine is a man-made «container» in contact with the soil in
which it is buried, not on the material from which the mine is fabricated (metal, plastic,
wood, etc.).

The container is an acoustically compliant article whose compliance is notably different
from that of the surrounding soil (high vibration contrast). Dynamic interaction of the
compliant container and the soil on top of it leads to specific linear and nonlinear
effects used for mine detection and discrimination. The mass of the soil on top of a
compliant container creates a classical mass-spring system with a well-defined resonance
response. The mine’s “vibration signatures” have been measured in numerous laboratory
and field tests, which proved that the resonance and nonlinear responses of a mine/
soil system can be used for the detection and discrimination of buried mines. Thus, the
fact that the mine is buried is turned into a detection advantage.

The diagram [5] on the following page illustrates the techniques already used in seismo-
acoustic landmine detection systems.

On the transmitter side, the vibration of a buried mine can be induced using;:

» Acoustic energy emitted by a powerful loudspeaker (airborne acoustic source),
a large fraction of which is reflected off the ground surface. Only a small fraction
penetrates into the soil in the form of seismic bulk waves that propagate through
the soil and insonify a buried mine, causing a tiny (typically less than 1um) but
detectable vibration at the ground surface.

» Ground-coupled sources (e.g. shakers), placed at a safe distance from the danger
area, directly generating seismic surface waves (Rayleigh waves).

26. In mechanical science, the compliance measures the deflection of an elastic body by an applied
force.
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On the receiver side, one can employ:

> Remote sensors (vibrometers) to detect the induced vibrations at the ground
surface. Typical devices are laser Doppler vibrometers (LDV), but radar and
ultrasonic systems have also been tested.

» Professional audio microphones to record the sound pressure of the acoustic
field reflected off the ground from a vibrating buried object.

» Ground coupled sensors such as (low cost) geophones (velocity sensors) and
accelerometers.

The typical frequency range where the resonance of a mine can be detected is (60-
1000) Hz, corresponding to the lower part of the audible spectrum.
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Application type

Close-in detection: hand-held (accelerometers, geophones, microphones), vehicle-based
(e.g. vibrometers).

Strengths

» Remote sensing: system could be used outside of the mined area.
> Potentially low false alarm rate.

» Can complement existing sensors (as they are not at all based on electromagnetic
properties).

Limitations

» The technology is most sensitive to dynamically compliant mines, which means
that non-metallic mines are easier to detect than metallic ones or UXO.

» The use of LDVs seems to prevent operations in moderate to heavy vegetation.
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» The principal factor limiting current performance is the limitation of existing
sensing technology.

» Focused mainly on detection of anti-tank mines.

Potential for humanitarian demining

» Mine detection and discrimination in one single sensor.
> Likely to be employed for confirmation purposes (scanning applications might

be feasible in countermine scenarios, e.g. by employing multiple beam LDV).
> Safe deployment of a low-cost, simple acousto-seismic coupling confirmation

sensor using a single geophone with minimal electronics might still be a useful
technology.

Estimated technology readiness

Low-Medium.

Related publications

. MacDonald J., J.R. Lockwood, J. McFee, T. Altshuler, T. Broach, L. Carin, C. Rappaport, W.R.
Scott, R. Weaver (2003)
Alternatives for Landmine Detection, RAND Science and Technology Policy Institute,
Report MR-1608, ISBN: 0-8330-3301-8.

Korman M.S., J.M. Sabatier (2002)
Nonlinear acoustic Techniques for land mine detection, 5th Internafional Symposium
on Technology and the Mine Problem (MINWARA), Naval Postgraduate School, pp.
315-321, Monterey, US, 22-25 April 2002, www.demine.org/SCOT/Papers/Sabatier.pdf

Martin J.S., G.D. Larson, W.R. Scott Jr., C.T. Schroeder (2001)
Use of elastic waves for the detection of buried land mines, White paper,
www.ee.duke.edu/~Icarin/DeminingMURI/IGARSS_2001.pdf

Donskoy D.M. (1998)
Non-linear seismo-acoustic technique for landmine detection and discrimination,
Second International Conference on Detection of Abandoned Land Mines, IEE
Conference Publication No. 458, pp. 244-248, Edinburgh, UK, October.

Bellan F., A. Bulletti, L. Capineri, C. Bruschini (2004)
(Non-Linear) Acoustic Landmine Detection Study, EUDEM2 Technology Survey,
November, www.eudem.info
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9.2 Multi-Beam Laser Doppler Vibrometer (MB-LDV)

Project identification

Project name Acoustic Technology for | Startdate 2000

Landmine Detection End date Ongoing
Acronym — Technology type Acoustic/seismic
Participation level National Readiness level 000000
Financed by US Army Night Vision and

. Development status Ongoing
Electronic Sensors
Directorate, US Office of | Company/institution University of Mississippi,

Naval Research, US Army National Center for
Research Office Physical Acoustics
Budget N/A
Project type Technology development,

Technology demonstration

Project description

This is an applied research project to advance and characterise the performance of a
landmine detection technology based on acoustic-to-seismic coupling or direct seismic
energy to excite resonances in the buried mine. This causes regions of increased
vibration over the mine which can be detected using Doppler vibrometers. Field tests,
including blind tests, have been conducted using a variety of excitation devices and
signals and vibrometer configurations.

Detailed description

Acoustic landmine detection using a multi-beam laser Doppler vibrometer (MB-LDV)
as a vibration sensor has demonstrated promising results in laboratory and field
experiments. The technique uses airborne sound or mechanical shakers to excite
vibration in the ground and a scanning laser Doppler vibrometer (LDV) is then used
to measure the ground vibration at multiple points. The presence of a buried landmine
can be detected by studying the spatial distribution of the ground velocity spectra. A
critical issue in landmine detection is operational speed. Use of a multi-beam LDV
developed by MetroLaser, Inc., significantly reduces the time of the measurements.
This vibrometer illuminates the ground with a linear array of 16 beams, and
simultaneously measures the ground velocity at all 16 points. The 16 beams are spread
uniformly across a 1-metre line, and the velocity sensitivity of each beam is
approximately 1 micrometre/second. The vibrometer can work in a continuously
scanning mode when all 16 beams move by using a rotating mirror in the transverse
direction across the interrogated area. A two-dimensional velocity map of the ground
over 1 square metre can be obtained in a time less then 20 seconds.
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In order to produce a velocity image, the time domain data for each beam is divided
into time segments, typically of length from 0.1s to 1s. Over each time segment, the
velocity vs. time is Fourier analysed to generate the velocity vs. frequency data over
each time segment. When the velocity spectra over each time segment and each beam
has been computed, a velocity image over the entire scanned area can be generated at
any selected frequency band. Each time segment in the continuous scanning method
is an average over a finite length.
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Figure 1. Images from the MB-LDV of a plastic anti-tank mine VS2.2 buried 15cm deep at
different scanning speeds: a) 10cm/second, b) 20cm/second; ¢) 50cm/second; d) 100cm/
second.
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Figure 2. Images of a metal anti-tank mine M15 buried 15cm deep at different scanning
speeds: a) 10cm/second, b) 20cm/second, c¢) 33cm/second; d) 50cm/second.

Test & evaluation

The acoustic technique has been successfully applied to outdoor detection of anti-tank
mines found in surrogate US Army mine lanes. In a blind test for detection of anti-
tank mines in which the testers did not know the location of mines or even whether
mines were present, the technique achieved a 95 per cent probability of detection and
0.03/m? false alarm rate.
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Related publications

1. Aranchuk V., J.M. Sabatier, AK. Lal, C.F. Hess, R.D. Burgett and M. O’Neill (2005)
*Multi-beam laser Doppler vibrometry for acoustic landmine detection using airborne
and mechanically-coupled vibration”, Proceedings of SPIE Conference on Detection
and Remediation Technologies for Mines and Mine-like Targets X, Vol. 5794, pp. 624-
631, Orlando, US, 2005.

2. Xiang N., J.M. Sabatier and M. Bradley (2004)
“Field study using co-located landmine detection systems between laser Doppler
vibrometer-based A/S coupling and GPSAR techniques”, Proceedings of SPIE
Conference on Detection and Remediation Technologies for Mines and Mine-like
Targets IX, Vol. 5415, pp.1194-1200, Orlando, US, 12-16 April 2004.

3. Xiang N. and J. M. Sabatier (2003)
"An experimental study on anti-personnel landmine detection using acoustfic-to-
seismic coupling “, Journal of the Acoustical Society of America, 113, 2003, pp. 1333-
1341.

4. Sabatier J.M. and N. Xiang (2001)
"An investigation of acoustic-to-seismic coupling to detect buried antitank landmines”,
IEEE Transactions on Geoscience and Remote Sensing, 39 (6), 2001, pp.1146-1154.

5. Gilbert K.E., J.M. Sabatier (2000)
Method for detecting buried objects by measuring seismic vibrations induced by
acoustical coupling with a remote source of sound, US Patent No. 6081481, 27 June
2000.
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Technical Specifications

University of Mississippi MB-LDV

1. Used detection technology: Acoustic/seismic
2. Mobility: Vehicle-based
3. Mine property the detector responds to: Mechanical resonance
4. Detectors/systems in use/tested to date: The technology has been tested using several
different hardware configurations in outdoor
simulated mine lanes.
5. Working length: Not applicable
6. Search head:
> size: —
» weight: —
> shape: —
7. Weight, hand-held unit, carrying
(operational detection set): —
Total weight, vehicle-based unit: —
8. Environmental limitations (femperature,
humidity, shock/vibration, etfc.): None known
9. Detection sensitivity: 1 micrometre/second
10. Claimed detection performance:
> low-metal-content mines: PD: 95%, FAR: 0.03/m? for anti-tank mines
» anti-vehicle mines: PD: 95%, FAR: 0.03/m?
> UXO:
11. Measuring time per position (dwell time): —
Optimal sweep speed: 20s/m?
12. Output indicator: Image of the mine location
13. Soil limitations and soil compensation
capability: None known
14. Other limitations: —
15. Power consumption: —
16. Power supply/source: —
17. Projected price: —
18. Active/Passive: Active
19. Transmitter characteristics: —
20. Receiver characteristics: —
21. Safety issues: None
22. Other sensor specifications: —
Remarks

The University of Mississippi has conducted applied research for the acoustic technology for
landmine detection. Functional prototype apparatuses have been used for this research. No
engineering efforts have yet been made to optimize the size, weight and power consumption of
the system.
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9.3 Scanning Laser Doppler Vibrometer (SLDV)

Project identification

Project name Scanning Laser Doppler End date November 2004
Vibrometer Technology type Acousto/seismic (optical
Acronym SLDV detection, laser
Participation level National, Germany vibrometry)
Financed by German Federal Office of | Readiness level 0000006
Defence Technology and | pevelopment status Stand-by
Procurement Company/insfitution Kayser-Threde GmbH
Budget N/A (sensor), FEAN-FOM (data
Project type Technology demonstration analysis)
Start date September 2000
Project description

The Scanning Laser Doppler Vibrometer (SLDV) is an
acousto-optical sensor which analyses soil surface
vibrations induced by its internal acoustic transmitter and
which are modified/modulated by buried objects. 2D
surface scans through its optical receiver and detailed
frequency analysis allow discrimination between natural
or harmless objects and potentially threatening devices.
Its main advantage is the fact that this sensor is absolutely
independent of any metal content in mines and will not
be confused by ambient metal fragments. Furthermore it
is not dependent on the soil’s dielectric or magnetic
properties.

Detailed description

The sensor’s powerful sound transducer emits a strong
acoustic field towards the soil surface. Part of this acoustic
energy enters the soil and propagates as Biot Type II
waves. If these waves hit buried objects, such as mines, a
fraction of the acoustic energy is redirected towards the
soil surface, inducing tiny surface vibrations. These
vibrations are picked up by the laser beam of the SLDV
optical receiver, which is focused at the soil surface and
which is scanning the soil surface itself in a 2D pattern

Figure 1.The SLDV Model Il
during field test.

Figure 2. Two-dimensional
distribution of measurement
points on the soil surface
(sample with a detected PMN
surrogate).
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of discrete measurement points over an area of about 1m? (Figure 2). During data
taking, each of the measurement points is illuminated by the laser until a predefined
signal quality value has been reached. Subsequent amplification, filtering and spectral
analysis of these vibrations finally creates a “vibration image” of the soil surface above
the buried object. Data are displayed in real-time as colour coded images. Examples
are shown in Figures 3 to 6.

<
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Figure 3. Amplitude of soil vibrations caused by Figure 4. Combined 2D data (image) for
clutter object besides buried land mine different minelike objects. Courtesy of
(surrogate) at 220 Hz. Courtesy of FGAN-FOM, Etflingen. FGAN-FOM, Ettlingen.

Figures 5 and 6. Colour-coded images of soil surface vibrations of buried mine surrogates
- the PT-Mi-Ba lll 12cm under gravel (left) and the PMN 3cm under grass (right). Both
samples have tfransparent images of the soil surfaces included for reference. Areas of
enhanced vibration levels are shown in red, whereas ambient soil condition (no
vibration) is shown in green.

Since the composition of the recorded acoustic spectrum is directly determined by the
object’s size and internal structure, it is possible to discriminate mine-like targets from
harmless clutter objects, such as stones, wood, cans, etc. Figure 7 demonstrates the
difference between the acoustic spectrum above a mine (PMN surrogate) and a
measurement point only 5cm from this object.

Figure 7. The acoustic

spectra from above
(upper image) and
(lowerimage) from 5cm
away from the same

PMN surrogate.
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The system is currently operating at a speed of a few minutes per square metre.
According to the manufacturer, modifying the scanning strategies and improving the
signal analysis algorithms should be able to increase this performance significantly.

Test & evaluation

SLDV has been operated under realistic outdoor conditions at a number of test sites,
including the Joint Research Centre in Ispra (Italy) and the Netherlands Organisation
for Applied Scientific Research. Public data, including a description of the Joint
Research Centre test facility, is available at http://demining.jrc.it/msms/.

Other applications (non-demining)

SLDV can also be applied, for example, in archaeology to locate buried fragile objects
which are difficult to detect by means of GPR due to unfavourable soil conditions.

Related publications

1. Klein V., M. Hebel, M. Resch (2005)
"SLDV lII: the next generation of acousto-optical landmine detection”, Proceedings
of SPIE Conference on Detection and Remediation Technologies for Mines and Mine-
like Targets X, Vol. 5794, pp. 694-705, Orlando, US, 2005.

2. Hebel M., K.-H. Bers, V. Klein (2004)
“Model-based mine verification with scanning laser Doppler vibrometry data”,
Proceedings of SPIE Conference on Detection and Remediation Technologies for Mines
and Mine-like Targets IX, Vol. 5415, pp. 80-90, Orlando, US, 12-16 April 2004.

3. Klein V., P. Lutzmann, T. Mechnig (2002)
“(Spectral) Pattern Recognition as a Versatile Tool Towards Automatic Land Mine
Detection - A New European Approach”, Pan-American/Iberian Meeting on Acoustics,
Cancun, 4 December 2002. The Journal of the Acoustical Society of America, Vol. 112,
Issue 5, November 2002, pp. 2325-2326.
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Technical specifications

Scanning Laser Doppler
Vibrometer

Used detection technology:

Laser vibrometry

1.
2. Mobility: Vehicle mounted
3. Mine property the detector responds to: Reflection / modulation of acoustic energy
4. Detectors/systems in use/tested to date: 1
5. Working length: Not applicable
6. Search head:
> size: 90cm x 60cm x 80cm
> weight: 80kg
> shape: Compact, modular
7. Weight, hand-held unit, carrying
(operational detection set): —
Total weight, vehicle-based unit: 80kg
8. Environmental limitations (tfemperature,
humidity, shock/vibration, etc.): Normal vehicle vibrations and mechanical load
due to fruck driving across uneven tferrain are
OK.
9. Detection sensitivity: AT down to 30cm below surface
10. Claimed detection performance:
» low-metal-content mines: —
» anti-vehicle mines: —
> UXO: —
11. Measuring time per position (dwell time): 0.5s
Opftimal sweep speed: User selectable
12. Output indicator: Real-tfime 2D colour coded image
13. Soil limitations and soil compensation
capability: Extremely high water content
14. Other limitations: —
15. Power consumption: Q00W
16. Power supply/source: 24 through 30V DC or 110 / 230V AC
17. Projected price: —
18. Active/Passive: Active
19. Transmitter characteristics: Sound
20. Receiver characteristics: Laser (Helium-Neon, 633 nm wavelength)
21. Safety issues: No hazards
22. Other sensor specifications: —
Remarks

The sensor does not depend on any metal content in mines and will not be confused by ambient
metal fragments. Furthermore, the SLDV is not dependent on the soil’s dielectric or magnetic
properties.
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9.4 Seismic Landmine Detection System

Project identification

Project name Detection of buried Start date April 1997
landmines using audio End date May 2006
frequency seismic surface — ;
GV Technology type Seismic/acoustic

Acronym — Readiness level 000006

Participation level National, US Development status Ongoing

Financed by Various agencies, US Company/institution Georgia Institute of
Department of Defense Technology

Budget USS$300,000 (FY 2005)

Project type Basic fechnology research,

Research to prove
feasibility, Technology
development, Technology;
demonstration, System/
Subsystem development

Project description

The concept being studied is based on the direct excitation of seismic surface waves
(Rayleigh waves) with a remote ground-coupled source. These waves propagate across
an area of interest and the resulting surface normal displacement?” is measured locally
using an array of non-intrusive sensors.”® The Rayleigh wave is particularly well suited
to this application because it decays exponentially into the medium and therefore
interrogates only the near surface soil where landmines are buried. The system images
landmines by exploiting spatial and temporal characteristics of their interactions with
the incident wave field. These include a

backscattered surface wave and persistent o
local motion due to the excitation of P
mechanical resonances of the mine. The -l
system concept has been demonstrated using L
detailed three-dimensional numerical models, = h :H" T
laboratory scale experiments and experiments Nt Y B
at several field sites. Figure 1 shows the | |
arrangement of the system. |

g ol ow z |
Several different types of seismic sources and = : - "";": =
non-intrusive sensors have been tested and o = ) Ty
proven effective for imaging inert landmines - N

and landmine simulants in the context of this  Figure 1. Configuration of seismic
landmine detection system

27. Displacement perpendicular to the surface.
28. Sensors do not alter the motion of the soil.



9. Acoustic/Seismic Systems

system. The sensors that have been
investigated include an 8GHz radar-
based vibrometer, a 50kHz ultrasonic
vibrometer, a ground-coupled
accelerometer and a near-ground
microphone.” All of these have been
demonstrated in a laboratory setting
but only the radar-based vibrometer
and accelerometer designs have been
proven in field tests. Seismic sources & 2

. ) 0 o & a0 o 100
have included electrodynamic shakers,
loudspeakers and electrical arc  Figure 2. Image of a T5-50 AP mine buried 1.3 cm
sources. The vast majority of work to ~ deep in a laboratory experiment.
date has been with sources directly
coupled to the ground so as to preferentially excite Rayleigh waves. Successful
detections have been achieved for a variety of anti-personnel and anti-tank landmines.
Figure 2 shows an image of a TS-50 anti-personnel mine that was formed from data
collected in the laboratory experimental model.

W WApa L e Locados fom
[
=3

Detailed description

The system is currently configured with commercial off-the-shelf (COTS) signal-
conditioning hardware. Imaging algorithms are implemented on a desktop PC. Packing
and power consumption have not been considered for a field-operable system beyond
the specific requirements of the sensor arrays, all of which have been custom fabricated.
During field trials, a 3kW portable generator easily powered the measurement system,
computers, climate control and several ancillary devices. The sensor array has been
supported from and relocated using a COTS three-axis positioning system in both the
laboratory and field experiments. Figure 3 shows a two-element array of radar-based
sensors on this system during a field experiment.

Figure 3. Seismic landmine detection system with
radar-based sensors during a field experiment.

Test & evaluation

System development began in 1997. The system concept was tested using linear elastic
finite-difference time domain numerical models for both the soil and the landmine

29. The accelerometers and microphones potentially represent quite low cost items.
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structure. These models have evolved throughout the project and have shown good
agreement with experimental data and analytical models. Experimental testing began
in a small laboratory model filled with damp compacted sand, which has been found
to be a good soil surrogate. A larger laboratory model filled with 50 tons of damp
compacted sand has been used since 2000. This model is shown in Figure 4.
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Figure 4. Laboratory experimental model (a) photograph and (b) scaled
drawing.

Field-testing began in 2001. Since then the system has been tested at three different
sites with disparate soil conditions in Georgia and at two US Government field test
sites outside the state.

Other applications (non-demining)

An alternative configuration of the system has been explored in which bulk waves,
rather than Rayleigh waves, are used. In this configuration the system is suitable for
the detection of more deeply buried targets such as UXO and buried structures.

Related publications

1. Scoft W.R, G.D. Larson and J.S. Martin (2006)
“Seismic Landmine Detection”, Chapter 11in .D. Mines, C. Baum (Ed.), Taylor & Francis,
publication expected in 2006.

2. Martin J.S., G.D. Larson and W.R. Scoft Jr. (2005)
“Surface-Contacting Vibrometers for Seismic Landmine Detection”, Proceedings of
SPIE Conference on Detection and Remediation Technologies for Mines and Mine-like
Targets X, Vol. 5794, pp. 590-600, Orlando, US, 2005.

3. Scoftt W.R..Jr., J.S. Martin and G.D. Larson (2001)
“Experimental Model for a Seismic Landmine Detection System”, IEEE Transactions on
Geoscience and Remote Sensing, Vol. 39, June 2001, pp. 1155-1164.
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Technical specifications

Seismic Landmine Detection
System

—

12.
13.

14.
15.

Used detection technology:
Mobility:

Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:

Search head:

> size:

» weight:

> shape:

Weight, hand-held unit, carrying
(operational detection set):
Total weight, vehicle-based unit:

Environmental limitations (temperature,
humidity, shock/vibration, etc.):
Detection sensitivity:

. Claimed detection performance:

» low-metal-content mines:

» anti-vehicle mines:

> UXO:

. Measuring time per position (dwell time):

Optimal sweep speed:

Output indicator:
Soil limitations and soil compensation
capability:

Other limitations:
Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

Seismic/acoustic

Not completely addressed at this stage.
Probably vehicle mounted with a forward speed
of progression <10mph.

Mechanical mismatch to the surrounding soil.
Primarily pressure-trigger compliance.®

The technology has been tested using several
different hardware configurations indoors, and
in outdoor simulated mine lanes.

Not applicable

This depends on the number of sensors in the array.
Not available, >2cm? in plane, >10cm vertical
Not available, > 8oz.

Not available, depends on sensor technology

Not available, Packaging has only been
addressed with respect to individual sensors.

Not available at this stage.

Varies with mine properties and burial depth.
Contrast up to 30 dB has been demonstrated with
TS-50 AP mines and VS-1.6 AT mines.

Varies, metal is not relevant to the detection
physics.

Varies, mine size is only relevant relative to burial
depth and spectral content of the interrogation
signal. Neither large mines nor small mines are
specifically problematic otherwise.

Unknown

~100 ms per measurement depending on the
source strength, reverberation, and ambient
noise level.

There is no optimal speed. Slower movement
improves SNR.

2D image of scanned region.

Ground cohesion - Extremely loose dry soil or
water-saturated soil may pose problems: soil
must be sufficiently cohesive to support audio
frequency surface waves with measurable
amplitudes (>>1nm peak). Horizontal gradients
or downwardly refracting vertical gradients may
also pose problems. Compensation is not
necessary.

TBD®, currently the seismic source consumes ~
100 W during a 25% duty cycle, which is the
primary power draw for the system.

TBD, currently the system is running on 110VAC
60 Hz wall current (Standard US) supplied by a 3
KW portable generator.

TBD. This depends on the extent of the sensing
array. Individual array elements are projected
at <US$50 for the least expensive type studied
(accelerometers).

Active
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19. Transmitter characteristics: Varies, most of the work to date has involved
COITS electrodynamic shakers with 20 to 100 lb
force limits operatfing well below their drive
limits.

20. Receiver characteristics: Varies, the least expensive sensor is based on a
COTS accelerometer that lightly contacts the
ground. Most of the work to date has been
performed with a non-contact sensor that
illuminates the ground with an 8-GHz radar signall.
Other sensors include 50 kHz ultrasonic
vibrometers and microphones.

21. Safety issues: None.

22. Other sensor specifications: —

a) In mechanical science, the compliance measures the deflection of an elastic body by an
applied force.
b) To be determined.

Remarks

The concept has been studied in many different configurations, some of which are better suited
to specific demining scenarios and logistical constraints than others. All of these configurations
are based on the same physical principles and differ primarily in the nature of the sensor and the
extent of the sensor array.

Target standoff distances have been less than 1m for all of the sensor technologies that have
been tested to date. Standoff distances must be of less than 10m for the excitation signal to be
effective.
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10.1 Improved Landmine Detection System (ILDS)

Project identification
Project name Improved Landmine Start date 1994
Defection Project End date 1997 (prototype)
Acronym ILDP 2002 (production version)
Participation level National, Canada Technology type Mulfi-sensor vehicle-
Financed by Defence R&D Canada, mounfed landmine
Canadian Department of detector with datfa fusion
National Defence and confirmation sensor
Budget CAD6 million (prototype) + | Readiness level 000000000
CAD24 milion (production | Development status Completed (ongoing R&D
versions) on mid-life upgrades)
Project type All steps from Basic Company/institution Defence R&D Canada
fechnology research fo (production units built
System test and in-field under license by General
operations Dynamics Canada)
Project description

The D6300 Improved Landmine Detection Project was started in 1994 to design
and build an advanced development prototype of a tele-operated, vehicle-mounted,
multi-sensor mine detector for low metal content and non-metallic mines to meet
the Canadian requirements for peacekeeping on roads and tracks. The approach
taken was to employ multiple detectors based on technologies which had limited
success for the high intensity conflict problem or in a single sensor role, chiefly
because of high false alarm rates. The output of these detectors would then be
combined using data fusion to reduce individual detector false alarm rates and
provide redundancy. A tele-operated platform was chosen to improve safety to the
operators and the platform was custom-designed to have a low signature, in particular
ground pressure, with respect to anti-tank mine fuzes to increase system survivability.
Defence R&D Canada (DRDC) conceived and designed the prototype system and
carried out the integration of the components. The prototype was completed in
October 1997 and a US patent was granted in 2000. The initial concept included a
protection vehicle which would lead the detection vehicle and clear anti-personnel
mines and magnetically fuzed anti-tank mines, but a prototype of that vehicle was
not built during this phase of the project. (The protection vehicle was actually built
during the production project, see below.)

The Canadian Forces initiated a follow-on project, L2684, and a contract was awarded
in 1998 to General Dynamics Canada (GDC) to design and build four systems for field
deployment. The systems were based on the prototype concept and the DRDC-owned
intellectual property from the prototype was licensed to GDC. Four production units
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were delivered to the Canadian Forces in 2002. ILDS was deployed in Afghanistan
in 2003, making the system the first militarily fielded, tele-operated, multi-sensor
vehicle-mounted mine detector and the first with a fielded confirmation sensor.

Detailed description

The ILDS is intended to meet Canadian military requirements for mine clearance in
rear area combat situations and peacekeeping on roads and tracks. The system consists
of two tele-operated vehicles, plus a command vehicle. The protection vehicle leads
the way, clearing anti-personnel mines and magnetic and tilt-rod-fuzed anti-tank mines.
It consists of an armoured personnel carrier equipped with a forward-looking infra-
red imager, a finger plow or roller and a magnetic signature duplicator. The detection
vehicle, intended for low-metal content and non-metallic anti-tank mines, follows. It
consists of a purpose-built vehicle carrying forward-looking infrared and visible imagers,
a 3m-wide, down-looking sensitive electromagnetic induction detector and a 3m-wide
down-looking ground-probing radar, which all scan the ground in front of the vehicle.
Scanning sensor information is combined using a suite of navigation sensors and
custom-designed navigation, co-registration, spatial correspondence and data fusion
algorithms. Suspicious targets are then confirmed by a thermal neutron activation
detector.

Telemetry antennas RESEpor e

VIS/IR imagers

for the RDV and PV is not shown.

Figure 2. The ILDS protection vehicle (PV), which precedes
the RDV and removes anti-personnel mines and some
types of anfi-tank mines such as magnetic influence and
tilt-rod activated mines prior to the RDV searching for the
remaining anfi-fank mines.

Test & evaluation

Testing and evaluation of individual sensors has been ongoing since 1994. Results of
individual scanning sensor experiments and of the thermal neutron analysis (TNA)
sensor have been reported in a number of publications, such as the SPIE conference
proceedings. Development and testing of the data fusion methodology started in 1996,
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initially using a non-tele-operated surrogate vehicle instrumented in a similar fashion
to the ILDS.

The first full system trial of the prototype was conducted in November 1997. The aim
of the trial was to provide a fairly realistic but tough detection scenario approximating
operational conditions. Mines were buried at DRDC Suffield in a well-compacted dirt
road approximately 5km long. During 32 hours of actual operation over 11 days, 78.5km
of road were covered, at an average speed of 2.45km/h. In total, 759 mines were
traversed, of which 67.2 per cent were low metal content and 32.8 per cent were
metallic. One hundred mine targets were used, consisting of four different kinds of
low-metal anti-tank mines, three kinds of metal anti-tank mines and two kinds of low-
metal anti-personnel mines. Mines were unfuzed but an amount of metal equivalent
to that in the fuze was placed in the fuze wells of the low-metal mines. Mines were
buried using tactical methods between 3.8cm and 17.8cm depth (top of mine to ground
surface), with an average depth of 10.2cm. Mine positions were ground truthed at
burial to an accuracy of 2cm. The scored trials were “blind”. Night and day operations
were conducted and both temperate and cold weather conditions were encountered.
The system functioned well under most of the conditions, although flat diurnal
temperature profiles, fog and ground frost led to sub-optimal infra-red performance
for some periods during the trial. A few experienced operators were used together
with a large number of neophyte operators. Finally, the TNA confirmatory detector
was not employed for these trials since the automatic trailer control was not yet
implemented. Early studies revealed an improvement in performance due to
inexperienced detector operators gaining experience and suggested that the minimum
operator training time needed was about one week. For the second half of the trials
(when operator inexperience was no longer a factor) and using an optimum halo
distance of 60cm, the mean estimated probabilities of detection (PD) and false alarm
rate (FAR) were: 85 per cent and 0.2/m of forward travel for all anti-tank mines; 100
per cent and 0.22/m for metal anti-tank mines and 78 and 0.22/m for low-metal anti-
tank mines. A small quantity of low-metal anti-personnel mines was used in the trial.
Performance against them was poor, partly because ILDS was intended only for anti-
tank mines, and partly because the ground truth was not good enough to accurately
localise the small anti-personnel mines for reliable scoring.

In 1998, a team of DRDC and GDC personnel operated the prototype ILDS in the US
Government GSTAMIDS Advanced Technology Demonstrator trials. The trials
evaluated five vehicle-mounted mine detection systems, four of them American, for
on and off road detection of anti-tank landmines. Trials were conducted at the Aberdeen
Test Center, Aberdeen, Maryland, in June, and at the Energetic Materials Research
and Testing Center, Socorro, New Mexico, in July. The test set up and procedures
were established independent of the participants. All scored tests were blind and scoring
was independently conducted. The trials are discussed in detail in a 200-page report
by the Institute for Defense Analysis (1998).

More than 4,000m? of road and off-road lanes contained 167 mines at Aberdeen and
more than 3,200m? contained 146 mines or mine surrogates at Socorro. Mixtures of
non-metallic surrogate, low-metal and metallic anti-tank mines, buried from 0 to 10cm
depth, were used at both locations. Mines were unfuzed, but an equivalent amount of
metal to that in the fuze was added to the vacant fuze well. Conditions at ATC were
hot and damp, occasionally raining, with temperatures most days in excess of 30°C.
Conditions at Socorro were extremely hot and dry. Ambient temperatures exceeded
40°C and occasionally reached 45°C while temperatures on the surface of the ILDS
prototype occasionally reached 50°C. Although some intermittent sensor failures
occurred due to the heat, all tests were completed on schedule.
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Positional resolution for fuzed detections was roughly the same for different sites and
for on and off road. It was approximately 12cm. Although a halo radius of 1m (from
the edge of the mine) was used in the tests to determine a detection, given the above
positional resolution, a halo radius as low as 25cm would have caused very little
degradation of performance.

The ILDS prototype placed first or second out of the five competitors on every test,
although there were no huge differences between the competitors. PD was generally
in the low 90 per cent range, with FAR of roughly 15 mines per 100 metres. It should
be noted that the TNA was used only sporadically in the scored runs and was not
relied on for final decisions. This was done for two reasons. First, about one third of
the mines contained no explosives and hence could not be confirmed by the TNA.
However, it was not known in advance which ones had no explosives. Second, there
were tight time constraints imposed on completing a lane once it was started. These
constraints were designed by the trial organisers for systems which had no confirmation
sensors and thus precluded using TNA to confirm every fuzed detection from the
scanning sensors.

Limited in-house and independent performance evaluations have been done with the
prototype TNA operated separately from the other ILDS detectors. Most tests took
place in extreme conditions. Probability of detection, probability of false alarm and
count time can always be traded off for a given explosive mass, depth and horizontal
offset. In the independent experiments at Socorro and Aberdeen in 1998 against various
anti-tank mines at operational depths, using a two-minute count time, PD was between
95 and 100 per cent for a PFA of 32-35 per cent and was 79 per cent for a PFA of 0 per
cent. It must be recognised that, at the time of those tests, the prototype TNA still had
significant problems with temperature stability and background correction.

Since then, substantial improvements in the TNA system have been made in developing
the production version. Detailed results will be published in the near future. As an
example of present performance, the time to detect various anti-tank mines with a 93
per cent confidence at depths of 10cm or less ranges from 1 to 29s. It is thus expected
that the TNA should be able to achieve in practice a PD of at least 95 per cent with a
PFA of less than 10 per cent, for counting times less than one minute, when interrogating
anti-tank mines at depths of 15cm or less. The overall system PD would thus be slightly
reduced (~5 per cent), while the false alarm rate would be reduced by more than a
factor of ten. This puts the false alarm rate at an operationally practical level.
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Related publications

1. McFee J.E., K.L. Russell, R.H. Chesney, A.A. Faust and Y. Das (2006)
"The Canadian Forces ILDS - A militarily fielded, multi-sensor, vehicle-mounted, tele-
operated landmine detection system”, Proceedings, SPIE Conference on Detection
and Remediation Technologies for Mines and Mine-like Targets XI, Orlando, US, 17-21
April 2006, to be published.

2. Faust A.A., R.H. Chesney, Y. Das, J.E. McFee and K.L. Russell (2005)
"Canadian fele-operated landmine detection systems Part |: The improved landmine

detection project”, International Journal of Systems Science, 36(9), July 2005, pp. 511-
528.

Technical specifications:

> Prototype: see referenced publications.

» Production version: contact GDC (General Dynamics Canada,
www.gdcanada.com).
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10.2 Kawasaki MINEDOG

Project identification

Project name Humanitarian Demining Start date April 2002
Project of Kawasaki End date March 2007
Acronym MINEDOG Technology type Ground penetrating radar
Participation level National, Japan Readiness level 000000
Financed by - Development status Ongoing (commercial
Budget About US$700,000 development)
Project type Technology demonstration,| Company/institution Kawasaki Heavy Industries
System/Subsystem Ltd.
development
Project description

Kawasaki Heavy Industries, Ltd. has developed the BULLDOG System, a humanitarian
demining system that features, according to the manufacturer, excellent safety and
working efficiency. The system consists of the MINEDOG and MINEBULL vehicles.
The MINEDOG is a mine detection vehicle equipped with various mine detection sensors
and cameras, whereas the MINEBULL is an anti-personnel mine clearance vehicle
equipped with a digging drum to excavate and detonate anti-personnel mines, as well
as with a device to collect iron fragments within the dug soil. Each vehicle should be
operated by means of a remote-control device. The MINEBULL can however also be
operated by an operator on board.

Demonstration tests of the BULLDOG System using various simulated mines and non-
activated actual mines were conducted in Afghanistan at the UN’s Central Demolition
Site (CDS) near Kabul, as well as (MINEBULL only) at the actual mine belt of Kabul
International Airport (KIA) from June 2004 to February 2005. Concerning the CDS
tests, the MINEDOG could detect 100 per cent of the real mines with a very low false
alarm rate, and the MINEBULL could remove the simulated anti-personnel mines with
a high clearance rate while collecting iron fragments with a very high collection rate.
Concerning the real clearance test at the KIA, MINEBULL could destroy 32 anti-
personnel mines in a one-time trial within a 50m by 2m mine belt, which was confirmed
by post-inspection to represent a perfect mine clearance operation (100 per cent mine
clearance). These tests included the performance demonstration of the remote-control
system and the blast-proof structures. Remote-control operation of each vehicle could
be easily performed at a safe distance of 500m to 900m, and easy operability was
proven. The blast-proof structure of the MINEBULL was confirmed using explosives
(PE3-A) of various weights ranging from 0.1kg to 8kg.
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The developer reports that all test results were excellent. In addition, during the test
period, the opinions and requests for improvement of devices and operational procedure
were gathered from test staffs of the local NGO and UNMACA (United Nations Mine
Action Centre for Afghanistan) and were taken into account as soon as possible for an
improvement of the BULLDOG system. Improved MINEDOG and MINEBULL vehicles
are being newly produced as from April 2005 and it is planned to introduce them into
Afghanistan in 2006.

The following section deals only with the MINEDOG vehicle.

Figure 1. The Kawasaki MINEDOG vehicle.

Detailed description

MINEDOG is exclusively dedicated to the detection of buried landmines and
unexploded ordnance (UXO). It is also able to provide an image of the scenery in front
of itself to the remote control operator, who can identify potential obstacles on the
surface, e.g. scattered mines and UXO, from the image or video as well as from a
«caution frame» displayed on the remote control screen.

MINEDOG is a four-wheel vehicle and can move at up to 20km/h but in detection
mode it operates at 0.5 to 2km/h according to soil conditions.

In a minefield, MINEDOG should only be remote controlled from a distant and safe
position. It has a blast and bullet-proof structure to endure continuous anti-personnel
mine explosions under its wheels and can continue detection until it automatically
stops immediately after having detected an anti-tank mine or UXO. During detection,
six mine detectors installed on sleds softly touch the ground, thanks to sensor stabilisers,
as the vehicle goes forward. Even if a sled touches any surface mine, it does not cause
detonation due to the very low impulse pressure. When the sensors detect landmines
or UXO, MINEDOG marks the detected position precisely with red ink. If the detected
object is an anti-tank mine or large UXO, it automatically stops after marking a long
red line.

Test & evaluation

As aresult of the tests in Afghanistan, the following features were able to be confirmed
according to the manufacturer.
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Safety: The system could be operated from a safe distance of 500m.

Performance: High detectability with a low false alarm on a flat area at the CDS:

a) For anti-tank mines buried 30cm deep at a test area contaminated with metal
fragments, 100 per cent detection and 0.0 pieces/m?* was recorded.

b) For anti-personnel mines buried 15-30cm deep at a test area contaminated with
metal fragments, 100 per cent detection and 0.2 pieces/m?* was recorded.

Operability: Easy remote control operation from out of sight.

Related publications

1. Jane’s Defence Weekly
Mine-clearing system tested successfully in Afghanistan (2005), 7 September 2005.

2. Sumi I. (2005)
V & V test of BULLDOG System in Afghanistan, IARP International Workshop on Robotics
and Mechanical Assistance in Humanitarian Deming (HUDEM2005), Tokyo, Japan, 21-
23 June 2005. (Proceedings available from www.itep.ws).

3. FinalReport (Summary) for Humanitarian Mine Clearance Equipment in Afghanistan, Japan
International Cooperation System, 31 March 2005, www.mineaction.org/doc.asp?d=452
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Technical specifications

Kawasaki Heavy Industries, Lid.
MINEDOG

Used detection technology:
. Mobility:
. Mine property the detector responds to:

w N —

Working length:
. Search head:

N

> size:

oo

» weight:

> shape:
7. Weight, hand-held unit, carrying
(operational detection set):
Total weight, vehicle-based unit:
Environmental limitations (femperature,
humidity, shock/vibration, etc.):

®

9. Detection sensitivity:
10. Claimed detection performance:
» low-metal-content mines:

» anti-vehicle mines:
» UXO:

11. Measuring time per position (dwell fime):
Opftimal sweep speed:

12. Output indicator:;
13. Soil limitations and soil compensation
capability:

14. Other limitations:

15. Power consumption:

16. Power supply/source:

17. Projected price:

18. Active/Passive:

19. Transmitter characteristics:
20. Receiver characteristics:
21. Safety issues:

22. Other sensor specifications:

Detectors/systems in use/tested to date:

GPR

Vehicle-based

Difference of dielectric constant () and/or
conductivity (c) between a mine and the sail.
2 systems (14 detectors)

Not applicable

Sled type (incl. Box-type head)

Sled: 70cm(L) x 25cm(W) x 20cm(H)/1 channel,
Head: 40cm(L) x 26cm(W) x 6cm(H). Overall
detection width: 1.5m (6 channels).

4kg/1 channel

Sled-shape

8.5 tons

-20°C to +60°C, Humidity: less than 100% (rain
proof), Shock/Vibration: Equivalent to
construction machinery.

PD: 100%, with low FAR against AP-mines buried
at 30cm or less, and AT-mines buried at 50cm or
less under good conditions.

Same as above.

Same as AT-mines.

Total target detection time: Min. 0.5sec -

Max. 4s, depends on mine depth and size, and
vehicle speed.®

Target symbol on the remote control display.

Relatively flat ground with allowable swell of
+20cm for every Tm progress, and allowable
depression of -20cm for every 1m progress. Low
PD with high FAR on ground containing
mineralised (magnetic) stones. High PD with low
PFA on ordinary ground contaminated with
metal fragments.

Before starting detection operation, the system
should be calibrated on the site ground
condition.

Should not be used on a slippery ground because
vehicle slipping causes missed targets and
higher false alarm rate.

Venhicle generator.

US$700,000

Active

Mono-pulse radar

None (and remote controlled vehicle).

Visible and ultra-violet cameras are installed to
detect scattered mines or UXO.

a) The mine detection requires the acquisition of an object shape from many radar echoes, and
therefore the GPR sensor has to run over the object. After having detected a mine, the position
of the mine is immediately determined from the sensor position when the sensor moved past the
centre of the mine’s shape. The total target detection fime is therefore a minimum of 0.5s where
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an anti-personnel mine (small mine) is buried flush and the vehicle speed (detection speed) is 2km/
h, and maximum of 4s where an anfi-tank mine is buried 50cm deep with a vehicle speed of
0.5km/h.

Remarks
Mobility: max. 2km/h (in detection operation by remote control); max. 20km/h (in transportation
by riding in the vehicle).
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10.3 LAMDAR-IIl (Mine Hunter Vehicle Sensor 2)

Project identification

Project name GPR Pulse Radar Technology type Metal detector, Ground
Acronym LAMDAR-II penetrating radar
Participation level National, Japan Readiness level 000000
Financed by Japan Science and Development status Ongoing
Technology Agency Company/institution Tau Giken Co., Ltd.,
Budget N/A University of Electro-
Project type Technology development, Communication
System/sulbsystem
development
Start date September 2002
End date March 2006
Project description

The developer describes the LAMDAR-III as being a highly sensitive ground
penetrating radar (GPR). This GPR consists of five transmitting and six receiving spiral
antennae in an array, with the electronic circuits designed to work for the detection of
different targets such as landmines, metal fragments, UXO, rocks, etc. The radar
transmits a very short pulse signal of approximately 150ps. The reflection of this pulse
signal from the soil and from the various targets inside the soil is used to determine
their position underground. The acquired data is processed using SAR (synthetic
aperture) algorithms™® to generate a 3-D image, and the target can be identified visually.
The GPR dimension is 75 x 30 x 40cm with a weight of about 27kg. The system can be
used in a high-speed scanning configuration with high-resolution signal analysis.

Detailed description

GPR has been demonstrated to be a very successful sensing device for various kinds of
investigations and detection of buried targets such as pipes (water, gas, electricity),
cables, archaeological objects, voids, etc. The developer notes that when using impulse
GPR it is required to reduce the pulse width to increase resolution, and to increase the
transmitting power in order to enhance the return signal (whose level is normally very
weak). Increasing the resolution is a challenging issue in GPR; it is, however, greatly
desired for the clear imaging of very closely buried targets.

30. SAR algorithms refer to the computations, carried out after data has been acquired with a
moving platform, to enhance and “sharpen” the resulting raw radar image as if it had been acquired
with a larger and more focused antenna.
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In each scan of the LAMDAR-III system,
each transmitting antenna sends a pulse
signal and the corresponding two receiving
antennae receive the reflected pulse signal
one at a time (by means of a delay generator).
The signal is then sampled and used for
target detection. The analysis of this
sampled data is done using synthetic
aperture radar algorithms.

The LAMDAR-III GPR has been mounted
in the front part of the MHV (Mine Hunter

Figure 1: LAMDAR-IIl mounted on the front of

Vehicle), as shown in Figure 1, which 15 vine Hunter Vehicle.

performs the scanning mechanically and

keeps the sensor near the ground surface. The GPR is
able to scan two rows at once, covering about a Im? area
of the ground. The acquired data is first stored in a PC
and then analysed using the previously mentioned SAR
algorithm (see also Figure 2).

According to the manufacturer, the advantages of the
system, enabled by the use of the array antenna, include
high speed scanning and much better visual target
identification. The analysis software can be manipulated
at the user’s convenience to take into account factors such
as weather, soil content or noise reduction, allowing clear
image-based identification of the various targets
encountered. Research is still ongoing to get the best and

Figure 2. A 3-D view of two
landmines at a depth of 5cm.

clearest identification of various targets and also to modify the radar hardware in

order to identify targets buried deeper than 20cm.

Test & evaluation

Several tests have been conducted at indoor and outdoor test sites in Japan. The
manufacturer reports that analysis of the acquired data allowed a successful detection
of the different types of buried anti-personnel landmines. Outdoor test and evaluation
is ongoing (first quarter 2006) at the Croatian test site of Benkovac.

Related publications

1. Ishikawa J., M. Kiyota, K. Furuta (2005)

June 2005, Tokyo, Japan.
2. lIshikawa J., M. Kiyota, K. Furuta (2005)

940, Orlando, US, 2005.

“Evaluation of Test Results of GPR-based Anti-personnel Landmine Detection Systems
Mounted on Robotic Vehicles”, Proceedings of the IARP Infernational Workshop on
Robotics and Mechanical Assistance in Humanitarian Demining (HUDEMZ2005), 21-23

“Experimental design for test and evaluation of anti-personnel landmine detection
based on vehicle-mounted GPR systems”, Proceedings of SPIE Conference on Detection
and Remediation Technologies for Mines and Mine-like Targets X, Vol. 5794, pp. 929-
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Technical specifications

Tau Giken Co. Ltd./ University
of Electro-Communication
LAMDAR-III

w N

AN

Used detection technology:

Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:

Search head:
> size:
» weight:
» shape:

Weight, hand-held unit, carrying
(operational detection set):

Total weight, vehicle-based unit:
Environmental limitations (tfemperature,
humidity, shock/vibration, etc.):
Detection sensitivity:

. Claimed detection performance:
» low-metal-content mines:
» anti-vehicle mines:
» UXO:

. Measuring time per position (dwell time):
Optimal sweep speed:

. Output indicator:

. Soil limitations and soil compensation
capability:

. Other limitations:

. Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

. Transmitter characteristics:

. Receiver characteristics:

. Safety issues:

22. Other sensor specifications:

Impulse GPR array with SAR imaging algorithms,
and metal detector

Vehicle-based

Dielectric characteristics (see GPR Operating
Principles) and metal content.

One unit

75 x 30 x 40cm
27kg
Rectangular box

~20cm depth from the surface level

20cm depth
N/A

N/A
4min/m?

3D visual display. Signal waveform display.

4W for GPR

12V DC

Active

Baseband pulse (fime period 150 ps)
Triggered by delay generator

Remarks
Specifications of Mine Hunter Vehicle, the mine detecting robot on which the sensor is mounted,
are as follows:
Size: L x W x H: 2,450mm x 1,554mm x 1,490mm.

>

Y V V

Weight: 1500kg.

Drive: Hydrostatic transmission driven by a diesel engine.
The robot features a sensor arm and a manipulator.
o The sensor arm detects mines by using the GPR. It is a horizontal multi-axis arficulated

SCARA-type arm.

o The manipulator has a high-pressure air blower and a gripper. It is a vertical multi-articulated

arm with 6 degrees of freedom.
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10.4 Light Ordnance Detection by Tele-operated
Unmanned System (LOTUS)

Project identification

Project name Light Ordnance Detection| Technology type Ground penetratfing radar,
by Tele-operated infra-red and metal
Unmanned System detector

Acronym LOTUS Readiness level 000000

Participation level European Development status Completed

Financed by Co-financed by ECESPRIT | company/institution PipeHawk plc, DEMIRA €.V,
FP IV Institut Dr. Foerster,

Budget N/A Ne’rherlolnds Orgopi;a’rion

- - for Applied Scientific

Project type Technology demonstration Research

Start date 1 February 1999

End date 31 January 2002

Project description

The objective of the LOTUS project was to develop, integrate and demonstrate a proof
of concept of a multi-sensor anti-personnel landmine detection system on a vehicle.
The vehicle-based multi-sensor detection combined with powerful data fusion was
expected to lead to more productive humanitarian mine detection operations.

Detailed description®'

The project consortium reports that the sensors used — ground penetrating radar,
infra-red and metal detector — are multi-spectral and multi-dimensional. These sensors
have been studied in the previous European GEODE R&D project and were further
improved and adapted to a vehicle, as was the data fusion and the computer
architecture, to handle efficient real time operations.

The technology was successfully tested in the Bosnian Mine Detection trial in Vidovice
in August 2002. The MINEREC GPR array was used with a metal detector array from
Foerster GmbH, and an infra-red camera from the Netherlands Organisation for Applied
Scientific Research- Physics and Elelectronics Laboratory (TNO/FEL) in an integrated
real time sensor suite. The data from all three sensors was analysed in real time, fused
and used to drive a ground marking system. In the trial in Bosnia, organised by Demira,
a German NGO, the vehicle drove along the test lanes and all the mines were marked
as the vehicle passed by. By combining the output from different sensors the false
alarm rate, the major waste of demining resources, was dramatically reduced.

The major objective of the Bosnian trial was, according to the consortium, to

31. RJ. Chignell, LOTUS — A Major Technology Milestone for Demining, pp. 5-6.
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demonstrate the technology on the mine lanes.
The trial was not intended as a demonstration of . T
operational capability and for this reason it was
felt acceptable to mount the sensors ahead of the
vehicle as shown in Figures 1 and 2. The metal
detector is at the front, as far away from the
vehicle and other metal as possible. The infra-
red camera then follows within the framework
and the MINEREC GPR array is immediately in
front of the vehicle. Each of the sensors has its PR,
own computer to process its own data before the o 7 pear view of the LOTUS Hial
output is passed to a fusion computer used to vehicle.

drive a simple paint marking system on the back

of the vehicle.

= AT
, o s i

A ) x5 - .-‘_*‘:-7‘!_‘,;-3
LOTUS trial vehicle.

&

PipeHawk plc reports that the success of the Bosnian trial in 2002 has enabled it to
carry out a thorough review of the GPR-centred detection technology, the operational
requirements for effective mine and UXO detection and the system issues. From this
review plans for an effective operational detection vehicle are emerging that set
performance goals significantly higher than those demonstrated in the LOTUS project.
The extensive review of all aspects of the GPR system has led to the definition of an
advanced system providing full polarimetric capability over an enhanced bandwidth
able to carry out a more detailed search at much higher speed. Interleaved search
patterns also allow a much deeper GPR search for UXO to be carried out in the same
pass as that for mine detection. The GPR sensor will form part of a multi-sensor suite
that is likely to include a metal detector and polarised video. The deployment conditions
demanded by the sensors place particular requirements on the vehicle. If the system is
operated off the side of the vehicle, as allowed in many humanitarian situations, the
vehicle tracks may stay in the safe lane. For cost-effective route clearance, a specialist
vehicle with a very low ground pressure is required that may overpass mines. PipeHawk
plc has established proposals for these options and is seeking funding to build prototype
operational vehicles.

Test & evaluation

Demonstration trials were carried out in Bosnia in 2001 and the following was reported
by the consortium. Five test lanes were designated from the easiest (Lane 1) to the
most difficult (Lane 5). The detection performance of each sensor and of the ensemble

32. R.J. Chignell, op.cit., pp. 7-9, www.eudem.info.
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of sensors post-fusion was analysed to give a series of receiver operating curves
(ROC). These allowed conclusions about the state of development and limiting
performance of each sensor.

The first conclusion was that the trial was well designed; the results showed that
Lane 5 was most demanding. The second conclusion was that all the targets could
be detected. Every mine was found. Detection of the smallest mine at the deepest
depth required the most sensitive settings for the sensors and potentially led to the
generation of the most false alarms. It is essential in discussing the results obtained
to relate them to the scenarios considered and current mine detection performance.

According to the consortium, in discussing detection issues it is tempting to
concentrate on small anti-personnel mines with no metal content. Some mines of this
type were included in the Bosnian trial and, as expected were detected by the GPR.
With such heavy reliance on this one sensor, fusion only reduced the false alarm rate
by around 5 per cent.

With small low-metal targets— laid close to the maximum detection depth of the
metal detector in the higher numbered Bosnian test lanes — the fusion output from
the sensor suite produced a false alarm rate of between 17 per cent and 25 per cent
of what it would have been if only the metal detector had been used and all the
mines detected. Sensor fusion produces the most dramatic improvements when all
the sensors operate at their most sensitive settings to detect the targets.

In Lane 2, which was typical of many mine detection scenarios, it was not necessary
to operate each sensor at its maximum sensitivity. The false alarm rate from all the
individual sensors was lower. Fusion reduced the false alarm rate to 69 per cent of
what it would have been if the metal detector had been used alone. This is still significant.
The false alarm rate was then 0.9 per square metre, below the figure of 1 per square
metre identified by the LOTUS system’s investigation as the entry point for a vehicle-
based detection product into use. Ongoing development would progressively improve
this figure.

The infra-red camera was limited by external noise and clutter. This indicates that
there is no point in further developing the sensitivity of the camera. Further
improvements in sensitivity will simply capture more noise. The unit used in the trial,
which is a commercial off-the-shelf unit, is adequate.

Both the metal detector and GPR were internally noise limited, and performance
enhancements would directly improve detection margins, by reducing the sensor’s
noise floor. The metal detector was a modern unit operated close to the ground and it
is unlikely that significant improvements could be made.

The choice of operating band for GPRs is a compromise between achieving depth and
resolution. The majority of applications operate below 1GHz in order to achieve depth
penetration of a few metres. The 1998 /9 MINEREC array used as the GPR in this trial
is now dated. Further ongoing developments of key components have subsequently
been completed. Simple mine detection tests, not part of LOTUS, have been carried
out and show detection performance improvements.

It is concluded by the consortium that if these enhancements were included in a future
GPR array, with a modern metal detector and the off-the-shelf camera used in this
trial, the noise performance of the sensor suite would be highly appropriate for the
requirements of mine detection. Similarly, fusion enhancements could be envisaged



Guidebook on Detection Technologies and Systems for Humanitarian Demining

with a closer alignment of the fusion to the specific field scenario of relevance to the
user.

It is further concluded by the consortium that if an operational system with these
parameters is implemented it will be highly suitable for the detection of objects with
the dimensions of mines. The system will be an “object detector” not a “mine detector”,
but it is the best that is likely to be achieved as a detector. The second step is to be able
to distinguish between mines and other objects. This is regarded as mine recognition,
not mine detection.

Related publications

1. Schavemaker J., E. den Breegjen and R. Chignell (2003)
"LOTUS Field Demonstration in Bosnia of an Integrated Multi-Sensor, Mine Detection
System for Humanitarian Demining”, in H. Sahli, A.M. Bottoms, J. Cornelis (Eds.), EUDEM2-
SCOT 2003, International Conference on Requirements and Technologies for the
Detection, Removal and Neutralization of Landmines and UXO; Volume I, pp. 613-617,
Vrije Universiteit Brussel, Brussels, September 2003, www.eudem.info

2. Chignell R.J. (2003)
LOTUS - A Magjor Technology Milestone for Demining, www.eudem.info
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Technical Specifications

LOTUS GPR?

W N~

SRS

Used detection technology:
Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:
Search head:
> size:

» weight:

> shape:

Weight, hand-held unit, carrying
(operational detection set):

Total weight, vehicle-based unit:
Environmental limitations (femperature,
humidity, shock/vibration, etc.):

Detection sensitivity:

. Claimed detection performance:

» low-metal-content mines:

» antfi-vehicle mines:

> UXO:

. Measuring time per position (dwell time):

Optimal sweep speed:

. Output indicator:
. Soil limitations and soil compensation

capability:

. Ofher limitations:

. Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

. Transmitter characteristics:
. Receiver characteristics:

. Safety issues:
. Other sensor specifications:

GPR array, pulsed

Vehicle-based

Dielectric characteristics (see GPR Operating
Principles).

Prototype

Not applicable

Array width: x axis: 0.76m (Options of 2m, 3m &
4m), y axis: dmm (>6m), height: cameras specify
highest mounting point required, ~2m.

Laboratory prototypes (Close to a full military
specification).

Max depth range: 12cm (20cm). PD: All mines
detected in trial, but limited statistics. PFA: see
Test & evaluation (Compatible with the
requirements of productive vehicle-based
operation).

Max depth range: 30cm (30cm, plastic). PD: All
mines detected in trial, but limited statistics. PFA:
see Test & evaluation (Compatible with the
requirements of productive vehicle-based
operation).

(Metal max. depth range: 1m.)

1.8km/h (planned to rise to 3km/h, through
8km/h to 20km/h).

Vehicle powered

Active

Transmitted power: ~44dBm peak.

Bandwidth: 300MHz to 3GHz with some roll off at
high frequency (200MHz to 3.3GHz with no roll
off).

None

Resolution: Measurement spacing: 50mm cross
frack, 25mm along track (15mm square). Primary
detection algorithm: various. Feature
extraction: to be developed.

a) Main figures are for the prototype: figures in square brackets are target production
specifications.
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10.5 SAR GPR (Mine Hunter Vehicle Sensor 1)

Project identification

Project name SAR-GPR Start date September 2002

Acronym — End date March 2006

Participation level National, Japan Technology type Metal detector, ground

Financed by Japan Science and penetrating radar
Technology Agency Readiness level 000000

Budget N/A Development status Ongoing

Project type System/subsystem Company/institution Tohoku University
development

Project description

SAR-GPR s a sensor system composed
of a ground penetrating radar (GPR)
and a metal detector for landmine
detection. The GPR employs an array
antenna for advanced signal
processing to achieve better subsurface
imaging. This system, combined with
synthetic aperture radar (SAR)
algorithms®, can suppress clutter and
can image buried objects in strongly
inhomogeneous material. SAR-GPR is
a stepped frequency radar system,
whose radio frequency component is
a newly developed compact vector
network analyser.* The size of the system is 30cm x 30cm x 30cm, composed of six
Vivaldi antennae and three vector network analysers. The weight of the system is
about 20kg, and it can be mounted on a robotic arm on a small unmanned vehicle
such as the Mine Hunter Vehicle.

R TRV RPN s
Figure 1. SAR-GPR mounted on MHV.

Detailed description

Dual sensor is a common new approach for landmine detection. SAR-GPR also employs
the combination of metal detector and GPR. However, imaging by GPR is very difficult

33. SAR algorithms refer to the computations, carried out after data has been acquired with a
moving platform, to enhance and “sharpen” the resulting raw radar image as if it had been acquired
with a larger and more focused antenna.

34. A measurement instrument used in electrical engineering to acquire data at high frequencies
and over a wide frequency range.
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in strongly inhomogeneous material due to strong clutter. The developers propose
therefore to use a synthetic aperture radar approach to solve this problem, and have
developed SAR-GPR equipment to be mounted on a robot arm.

SAR-GPR antennae scan mechanically near the ground surface to acquire the radar
data. In fact, an array antenna composed of six elements is employed, in order to
suppress the ground clutter.®® The data is then processed for subsurface imaging.

In order to achieve the optimum SAR-GPR performance, the developer believes that:
(i) an adaptive selection of the operating frequencies is quite important, and that (ii)
an antenna mismatch® causes serious problems in GPR. Most conventional GPR
systems employ impulse radar, because it is compact and data acquisition is fast.
However, according to the developer, most impulse radar systems have disadvantages
such as signal instability, especially time drift and jitter, strong impedance mismatch
to a coaxial cable, which causes serious ringing, and fixed operating frequency range.
An alternative is represented by the use of systems such as vector network analysers,
a synchronised transmitter-receiver measurement equipment composed of a synthesiser
and a coherent receiver. These enable quite flexible selection of operation frequencies
and stable data acquisition. The developer has therefore chosen to equip the SAR-GPR
with three sets of vector network analysers operating in the 100MHz-4GHz frequency
range. The optimal operational range can actually be selected as a function of the soil
conditions.

Test and evaluation

The developer reports that, thanks to the very strong signal processing with rich datasets
acquired by an array antenna, the SAR-GPR image can reduce the effect of clutter
drastically. Figure 2 shows an example of the raw data acquired by SAR-GPR and the
3-D image after signal processing by the SAR-GPR algorithm.

Figure 2a. Common offset raw GPR profile. Figure 2b. Processed GPR profile

affer CMP stacking and migration
(a buried landmine is visible as an
isolated object, situated below
the strong reflection due to the
ground surface).

35. Technically, a Common Midpoint (CMP) technique is adopted to gather data sets acquired at
one position by the array antennae.

36. This refers to suboptimal coupling of the GPR antenna to the ground, resulting in an increase
of the radar energy which is reflected back at the air-ground interface, rather than penetrating the
ground to then reach the target.
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Figure 3 shows an example of horizontal slices of GPR images acquired at a Japanese
test lane, representing the ground at three consecutive depths, as if one were looking
from above.
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Figure 3. Horizontal slices of GPR image by SAR-GPR.

Related publications

1. Ishikawa J., M. Kiyota, K. Furuta (2005)
“Evaluation of Test Results of GPR-based Anti-personnel Landmine Detection Systems
Mounted on Robotic Vehicles”, Proceedings of the IARP International Workshop on
Robotics and Mechanical Assistance in Humanitarian Demining (HUDEMZ2005), 21-23
June, 2005, Tokyo, Japan.

2. Ishikawa J., M. Kiyota, K. Furuta (2005)
“Experimental design for test and evaluation of anfi-personnel landmine detection
based on vehicle-mounted GPR systems”, Proceedings of SPIE Conference on Detection
and Remediation Technologies for Mines and Mine-like Targets X, Vol. 5794, Orlando,
US, 2005, pp. 929-940.

3. Sato M., X. Feng, T. Kobayashi, Z.-S. Zhou, T. G. Savelyev, J. Fujiwara (2005)
“Development of an array-antfenna GPR system (SAR-GPR)”, Proceedings of SPIE
Conference on Detection and Remediation Technologies for Mines and Mine-like
Targets X, Vol. 5794, Orlando, US, 2005, pp. 480-487.

4. Feng X., Z. Zhou, T. Kobayashi, T. Savelyev, J. Fujiwara and M. Sato (2005)
“Estimation of ground surface topography and velocity models by SAR-GPR and its
application to landmine detection”, Proceedings of SPIE Conference on Detection
and Remediation Technologies for Mines and Mine-like Targets X, Vol. 5794, Orlando,
Us, 2005, pp. 514-521.

5. Sato M., Y. Homada, X. Feng, F. Kong, Z. Zeng, G. Fang (2004)
"GPR using an array antenna for landmine detection”, Near Surface Geophysics, 2,
2004, pp. 3-9..

6. Feng X. and M. Sato (2004)

“Pre-stack migration applied to GPR for landmine detection”, Inverse Problems, 20,
2004, ppl1-17.

7. JST (Japan Science and Technology Agency) Humanitarion Demining Website:
www.jst.go.jp/kisoken/jirai/EN/index-e.html.
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Technical specifications

Tohoku University GPR-SAR

Used detection technology:

GPR array with SAR imaging algorithms, and
metal detector

2. Mobility: Vehicle-based
3. Mine property the detector responds to: Dielectric characteristics (see GPR Operating
Principles) and metal content.
4. Detectors/systems in use/tested to dafte:  One unit
5. Working length: Not applicable
6. Search head:
> size: 30cmx30cmx30cm
» weight: 17kg
» shape: Rectangular box including antenna and radar in
one unit,
7. Weight, hand-held unit, carrying
(operational detection set): —
Total weight, vehicle-based unit: 17kg (sensor unit) +30kg (controller)
8. Environmental limitations (femperature,
humidity, shock/vibration, etc.): —
9. Detection sensitivity: —
10. Claimed detection performance:
> low-metal-confent mines: 20cm depth
» anti-vehicle mines: Not applicable
> UXO: Not applicable
11. Measuring time per position (dwell time): 6 min/m?
Optimal sweep speed: —
12. Output indicator: PC display. GPR: 3D slices, MD: 2D image.
13. Soil limitations and soil compensation
capability: —
14. Other limitations: —
15. Power consumption: —
16. Power supply/source: 100/200V AC
17. Projected price: =
18. Active/Passive: Active
19. Transmitter characteristics: 100MHz-4GHz Stepped Frequency
20. Receiver characteristics: Synchronized to Transmitter
21. Safety issues: None
22. Other sensor specifications: —
Remarks

Specifications of the Mine Hunter Vehicle, the mine detecting robot on which the sensor is
mounted, are as follows:
Size: L x W x H: 2450mm x 1654mm x 1490mm.

v

Y V V

Weight: 1500kg.

Drive: Hydrostatic transmission driven by a diesel engine.
The robot features a sensor arm and a manipulator.
o The sensor arm detects mines by using the GPR. It is a horizontal multi-axis arficulated

SCARA-type arm.

o The manipulator has a high-pressure air blower and a gripper. It is a vertical multi-articulated

arm with 6 degrees of freedom.
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10.6 Test and Demonstration of Multi-sensor
Landmine Detection Techniques (DEMAND)

Project identification

Project name Enhancement of three End date 29 February 2004
existing fechnologies and | 1echnology type GPR, metal detector, trace]
data fusion algorithms for explosive detection

the test and DEmonstration -
of Multi-sensor IANdmine | Readiness level  ©000006

Detection techniques Development status Completed
Acronym DEMAND Company/institution Technische Universitat
Participation level European g_”]renC'U: |n%egrle“0 de
- X istemas y Software,
Financed by Co-financed by EC-IST Meodat GmbH, Schiebel
Budget €3,700,000 Elektronische Gerdate
Projecttype Technology development, GmbH, Ingegneria dei
Technology demonstration, Sistemi SpA, Biosensor
System/subsystem Applications Sweden AB,
development Swedish Rescue Services
Start date 1 February 2001 Agency
Project description

The DEMAND project has built a prototype multi-sensor system composed of a simple
trolley-like platform with three state-of-the-art sensors, namely a metal detector array,
a ground penetrating radar array and a biological vapour sensor (biosensor), whose
measurement results were strengthened through state-of-the-art data fusion. The
system performances were evaluated in extended field tests in South-East Europe.

Detailed description

Within the DEMAND project a new ultra wideband (UWB) ground penetrating radar
(GPR) employing M-sequences, a stacked metal detector array (Schiebel VAMIDS)
and a biosensor system, co-developed within the BIOSENS-project, have been considered
for integration with a data fusion platform. The operational concept of the technology
was that the biosensor system could be used to target suspect areas and that the
combined radar and metal detector could then be used for the detection of alarms,
and that further knowledge from the biosensor would then help to further reduce
false alarms. Tests were carried out in the project with a simple trolley arrangement
whereby the GPR and metal detector were pulled along a line over the test field, whereas
in a second stage the biosensor took samples over targets and blanks. These two stages
are represented in the pictures below.
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Figure 1 Figure 2

The project has been successful in demonstrating the ability of the radar to reduce
false alarms from the metal detector. Further knowledge on the movement of explosive
in vapour/particle form is felt necessary before the biosensor system could be used in
the planned operational procedure (see DEMAND Final Report and BIOSENS Final
Report). A direct benefit for demining would seem to be offered through the engineering
of the GPR array for combination with the metal detector array.

In what follows we will mainly consider the GPR developed in this project. Details on
the VAMIDS technology may be found in the GICHD Metal Detectors and PPE Catalogue
2005. Details on the biosensor system are provided in Section 6.3. The ground
penetrating radar is based on radar electronics using the M-sequence technique
developed by Meodat GmbH and the Technische Universitdt Ilmenau. The company
IDS, Ingegneria dei Sistemi SpA, provided the antenna and signal processing solution.
A 15 TX - 20 RX full polarimetric linear antenna array has been constructed in the
project. The pictures below provide an impression of one UWB module and a complete
array.

Figure 3 Figure 4

The project’s partners believe that new GPR techniques connected with a larger
bandwidth and large antenna arrays (as the DEMAND system) are potentially able to
provide some elementary shape information of the objects, such as linearity/
compactness (by polarimetry) or symmetry of the case (by natural frequencies, for
example). However, these techniques are not yet well developed and are strongly
affected by the surrounding soil conditions. Some basic research is still required.

The data fusion software architecture used in the project is based on a “blackboard”
approach, which has the following advantages: supporting both numeric and artificial

157
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intelligence techniques; real-time efficiency; distributed (multiprocessor) environment;
design flexibility and guaranteed real-time execution for decision aid components. The
system represents an expert knowledge base system integrated over a powerful
commercial off-the-shelf geographical information system. In this way, all sensor data
is handled in an object-oriented way. The fusion process interprets the global
information coming from different sources. Each sensor makes an independent decision
based on its own observations and passes these decisions to a central fusion module
where a global decision is made. The data fusion system handles uncertainty, widely
present in most of the system data, with a fuzzy logic approach. This enables the use
of user semantic terms in both the knowledge acquisition as well as the explanation
facilities of the expert system.

Test & evaluation

Laboratory and field tests were carried out with the prototype; the corresponding
results are published in full in the DEMAND Final Report.

Field tests showed the ability of the radar to reduce the number of alarms triggered by
the metal detector, and also that the metal detector had a high detection probability.
In the Bosnian test calibration area, the False Alarm Rate of the metal detector was
reduced from 0.81 to 0.35 false alarms per square metre by using the GPR, while
maintaining a detection probability of 94 per cent. This corresponds to a reduction in
false alarms of 57 per cent.

Other applications (non-demining)

Sub-systems may be adapted for use in for example: UXO detection, through wall
radar, non-destructive testing, complex control solutions (data fusion, e.g. large facility
process monitoring, aircraft altitude control).

Related publications

1. DEMAND consortium (2004)
DEMAND Final Report, 2004 www.eudem.info

Extracted from the Abstract. “The result of the performance evaluation of the system
in the project is that we are confident that we are able to provide a detection
probability similar to what achieved with present detection techniques, with a
considerable reduction in the number of false alarms and at a considerable increase in
speed, and this also without the final implementation of the biosensor.”

2. Crabbe S., J. Sachs, G. Alli, P. Peyerl, L. Eng, M. Khalili, J. Busto and A. Berg (2004)
"Results of field testing with the multi-sensor DEMAND and BIOSENS fechnology in
Croatia and Bosnia developed in the European Union’s 5th Framework Programme”,
Proceedings of SPIE Conference on Detection and Remediation Technologies for Mines
and Mine-like Targets IX, Vol. 5415, Orlando, US, 12-16 April 2004.

3. Crabbe S., J. Sachs, G. Alli, P. Peyerl, L. Eng, R. Medek, J. Busto and A. Berg (2003)
“Recent Results achieved in the 5th FP DEMAND Project”, in H. Sahli, A.M. Bofttoms,
J. Cornelis (Eds.), EUDEM2-SCOT 2003, International Conference on Requirements and
Technologies for the Detection, Removal and Neutralization of Landmines and UXO;
Volume Il, pp. 617-625, Vrije Universiteit Brussel, Brussels, September 2003,
www.eudem.info.
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Technical specifications

DEMAND GPR®

W N~

SRS

Used detection technology:
Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:
Search head:
> size:

» weight:

> shape:

Weight, hand-held unit, carrying
(operational detection set):

Total weight, vehicle-based unit:
Environmental limitations (femperature,
humidity, shock/vibration, etc.):
Detection sensitivity:

. Claimed detection performance:

> low-metal-confent mines:
» anti-vehicle mines:
»  UXO:

. Measuring time per position (dwell time):

Optimal sweep speed:

. Output indicator:
. Soil limitations and soil compensation

capability:

. Ofher limitations:

. Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

. Transmitter characteristics:
. Receiver characteristics:

. Safety issues:

. Other sensor specifications:

Polarimetric GPR array

Vehicle-based

Dielectric characteristics (see GPR Operating
Principles), plus linearity/compactness or
symmetry of the case.

Prototype

Not applicable

Array width: x axis: 1,000mm (arbitrary), y axis:
300mm, height: 400mm.
40kg (<40kQ)

Temperature: 0°C to +35°C (-20°C to +40°C).

PD: 0.94° (>0.98), PFA: 0.35” (<0.25).

(80cm/s)

Soil: grassy, stony (All world).

250W (TBD)

Active

Transmitted power: TmW

Bandwidth: 4GHz (6GHz)

Resolution: 5cm cross-range, 4cm range (3cm).
Primary detection algorithm: full 3D Kirchhoff
migration (TBD). Feature extraction:
geometrical target features, polarimetric (e.g.
orientation, elongation factor).

a) Main figures are for the prototype: figures in square brackets are target production
specifications.
b) Best results obtained during field tests in calibration area.

Remark
Target depth range: 20cm.






11. Remote Sensing
Systems

11.1 Sensing principle

Operating principle

The principles of information theory provide that information is potentially available
at altitude from the energy field arising from the Earth’s surface, and in particular
from its spectral, spatial and temporal variations.”” Both the electromagnetic and the
gravitational fields are of interest. To capture the information one must measure the
variations of these fields and relate them to the information desired. Here we restrict
our consideration to the electromagnetic field. The following figure shows the layout
and principal nomenclature for the entire electromagnetic spectrum. Electromagnetic
waves are split into different categories based on their frequency (or, equivalently, on
their wavelength). Visible light, for example, ranges from violet to red. Violet light has
a wavelength of 400nm, and a frequency of 7.5 x 10" Hz. Red light has a wavelength
of 700nm and a frequency of 4.3 x 10" Hz. Any electromagnetic wave with a frequency
(or wavelength) between those extremes can be seen by humans (visible spectrum).
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Figure 1. Electromagnetic sprectrum overview, part | © Advanced Light Source, Lawrence
Berkeley National Laboratory www.lightsources.org/cms/?pid=1000166.

Of particular interest in Earth-surface remote sensing are the optical (visible-red,
green, blue), infrared and microwave wavelengths.

37. That is, its changes as a function of frequency, in space and in time.
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The energy field arising from the Earth is, or course, finite in magnitude. The data
collection process must divide this finite quantity spatially into pixels. The power level
in each pixel can further be divided into a number of spectral bands. Combining the
resulting spatial and spectral information leads to the possibility of labelling (i.e.
identifying the contents of) individual pixels, or groups of pixels, in a scene, thereby
detecting characteristic image features.
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Figure 2. Electromagnetic sprectrum overview, part Il.

Performances can be increased by using multi- or hyper-spectral sensors, which operate
over several wavelength bands and provide more information than “images” from
common broadband sensors.

Application type

Remote detection: airborne, vehicle.

Strengths

>

The original motivation for using remote sensing (airborne and spaceborne)
systems had to do with the synoptic view from an altitude. If one goes higher,
one can see more, covering a wider area. This would presumably lead to a more
economical way of gathering data (reduced scan time).

Multispectral imaging has the advantage of measuring different physical
parameters simultaneously, and without major spatial co-registration problems.

Temporal infrared (heat) sensing can detect the thermal contrast between a mine
and the surrounding soil (due to differences in thermal conductivity).

Polarisation techniques allow discrimination between man-made and natural
objects.

In some circumstances it is also possible to detect anomalies in the light emitted
or reflected by the soil and vegetation patches above buried mines (soil
disturbances and vegetation stress).

A number of techniques, such as change detection, multi-temporal analysis and
image fusion, can be used to extract features from the recorded (high-resolution)
images, including space-borne imagery.
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Limitations

>
>

Image processing capabilities can be crucial; large amounts of data.

It can be very difficult to differentiate a mine from the background (in particular
anti-personnel mines) due to low contrast and the presence of highly textured
backgrounds. (But this does not necessarily represent an insurmountable obstacle
to the detection of minefields as a whole.)

Some imaging results can depend quite heavily on environmental conditions.

Cameras and data acquisition system are very expensive.

Potential for humanitarian demining

The focus of remote sensing for humanitarian demining applications has moved over
the years from the detection of individual mines to mapping/identification of suspect
areas for area reduction and clearance planning, via the detection of direct and indirect
“minefield indicators” (e.g. changes in infrastructure and agricultural land use,
minefield fencing, trenches, paths, detours, etc.), combined with collected ancillary
information and prior knowledge/intelligence. These applications have a very high
potential for humanitarian demining.

Estimated technology readiness

Technology: High. Data processing: Medium.

Related publications

Chang C.I. (2003)
Hyperspectral imaging: techniques for spectral detection and classification, Kluwer
Academic, New York, US.

MacDonald J., J.R. Lockwood, J. McFee, T. Altshuler, T. Broach, L. Carin, C. Rappaport, W.R.
Scoft, R. Weaver (2003)
Alfernatives for Landmine Detection, RAND Science and Technology Policy Institute,
Report MR-1608, ISBN: 0-8330-3301-8.

Carruthers A., J. McFee, D. Bergeron, Y. Das, R. Chesney, K. Russell (1999)
Scoping Study For Humanitarian Demining Technology, Technical Report, DRES TR 1999-
121, CCMALT.

Maarthuis B. (2001)
Remote sensing based detection of landmine suspect areas and minefields, PhD thesis,
Hamburg University, Department of Geosciences, Germany, 19 December, pp 228.
www.sub.uni-hamburg.de/opus/

Cremer F. (2003)
Polarimetric infrared and sensor fusion for the detection of landmines, PhD thesis, Delft
University of Technology, The Netherlands, ISBN 9-0598-6032-2.
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11.2 ARC (Airborne Minefield Area Reduction)

Project identification

Project name Airborne Minefield Area End date October 2004
Reduction Technology type  Airborne multisensor
Acronym ARC survey
Participation level Supranational (European) | Readiness level 00000000
Financed by Co-financed by EC-IST Development status Completed
Budget €3,500,000 Company/institution GEOSPACE, Schiebel, FOI,
Project type Technology development, GID, IMEC, TNO Defence
Technology demonstration, and Security, CROMAC
System/subsystem
development, System test
& in-field operations
Start date January 2001
Project description

The major objectives of the ARC project have been the development of an information
system, including an advanced geographical information system (GIS), allowing the
fusion of (a) measured image data, (b) mine action information system (MAIS) data
and (c) geographical information, to be used for general mine action assessment and
in particular area reduction.

According to the developers, the validation in controlled environments and real
minefields allowed the ARC project to achieve effective results for general mine action
assessment in a way which is acceptable for mine action centres and demining
organisations. ARC contributed to improved efficiency of the survey by: (i) increasing
the scanning speed of the suspected area (compared to manual-, dog- or mechanically-
based operations), (ii) reducing costs of surveys and (iii) providing accurate and reliable
survey data.

During the project a remote sensing platform and an interpretation system for minefield
survey have been developed by using: (i) a low-cost, low-maintenance but easy-to-
control and autonomous operating unmanned aerial vehicle (UAV) and (ii) recent
developments in high spectral and spatial resolution imaging sensors, image processing
and image interpretation. Moreover the ARC project financed and technologically
supported the Croatian Mine Action Centre (CROMAC) in developing a helicopter-
based aerial survey system.

Results

1. The results of the ARC system can be presented graphically to end-users to provide
a measure of quantifiable success. Detailed large-scale digital geo-coded colour image
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maps (1:2,000 to 1:5,000) of each surveyed area can be produced, on which the location
of the suspected mined area found by the ARC system has been indicated — in digital
form for entry into the ARC GIS. These maps can be used for: planning demining
activities, land use planning and Infrastructure rehabilitation planning (roads, bridges,
schools, etc.). The digital maps contain:

» The original suspect minefield area boundary;
» The delineated contour produced by the ARC system; and

» The contour produced by CROMAC after technical survey and clearance using
current practices.

2. The ARC-GIS contains all the collected data: maps, satellite images, optronic sensors
images, results of the image analysis and data fusion, and contextual data including
MAIS data.

3. The area reduction results have been analysed carefully. The uncertainty of the
system has been analysed by comparing the CROMAC technical survey and clearance
results and the ARC area reduction results, which have been classified into three
categories: Definitely a minefield, Probable minefields and Possible minefields.

4. Detection and identification of signatures (spectral, thermal and spatial — shape) are
associated to different objects (mine field indicators, man-made objects, background).

Detailed description

Figure 1 shows the equipment to be deployed when building the ARC System, which
has three main components (or segments):

» ARC Airborne Platform (see Figure 2):
o CI-1.1: UAV (includes: GPS/INS positioning sensor);
o CI-1.2: Payload Mounting;
o CI-1.3: Optronic Sensor Set Payload;
CI-1.3.1: Thermal IR Camera (ThermaCam),
CI-1.3.2: Multispectral Camera (Duncantech);
o CI-1.4: Data Acquisition Unit Onboard;

» ARC Control Station (on-site):
o CI-2.1: UAV Control Station — UAV navigation, and flight mission data
loading;
o CI-2.2: Payload Control Station — flight mission data loading, storage, and
pre-processing;
» ARC Ground Station (Headquarter):
o CI-3.1: GIS System (See Figure 3);
CI-3.1.1: GIS Server Station;
CI-3.1.2: GIS Client Workstation, which deploys the software for the
functionalities of Mission Planning, Data Interpretation, Visual
Interpretation (Human Reasoning), and Product Exploitation;
o CI-3.2: Automated Georeferencing Module (AGM);
o CI-3.3: Image Processing Workstations;
o CI-3.4: Image Interpretation Workstation (Data Fusion).
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Figure 1. ARC system architecture.

Figure 2. ARC data acquisition system.

Test & evaluation

The ARC system (www.arc.vub.ac.be) has been extensively tested during five trials in
three suspected minefields in Croatia: a fertile valley surrounded by hills (Glinska
Poljana), a very flat agricultural area (Milekovi) and a rocky site near the coast (Pristeg).
In each test site limited technical survey and full mine clearance have been performed
after the flight campaigns. For each of the sites, GIS scenario information, automatic
geo-referencing, image interpretation, image analysis, knowledge formulation and
finally data fusion have been carried out. The system demonstrated:

1) The use of the ARC products (GIS database and reports) for enhancing the general
mine action assessment process, and as inputs for the planning/preparation of
technical survey and clearance phases; and

2) The use of the ARC area reduction results as inputs for planning/preparation of
technical survey and clearance phases.
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Figure 3. ARC software components and interaction.

Results from the Milekovi tests are illustrated in Figure 4, with the reduction of the
suspected area and the determination of the safe area being the best results shown in
the analysed data. Part of the declared safe areas coincides with the results of the
survey made by CROMAC. In terms of costs, a rough estimation has been made by
considering only area reduction and the extreme case where the data acquired during
a day needs five days for analysis. Total costs amounted to €39,970. Preliminary
estimation of the manpower and costs by CROMAC (50 per cent European Community
co-financed, 50 per cent CROMAC) is 14 personnel months and €72,270.

Orlg/nol suspecfed area provided by
CROMAC CROMAC

Com,oored AI?C V.S. CI?OMAC resulfs
Figure 4. Milikovici area reduction results.
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The following table summarises the capabilities of the system to detect minefield
indicators.

Table 7. Summary of ARC system capabilities to identify minefield indicators

Type of indicators VNIR TIR Satellite
Visual Automatic Visual  Automatic Visual Automatic
Trenches Y Y Y N Y
Protection walls
(dry walls) Y Y Y N N
Foxholes N N NA N NA
Embankment Y N Y N N
Leffover military
equipment Y N Y N NA
Poles, laying and
standing Y Y Y N NA
Foundation of base
camps N N N N N
Watchtower Y N Y N NA
Minefield markings
-Poles Y Y Y N NA
-Markers N N N N NA
Roads and footpaths/
tfracks
*Roads out of use Y Y Y N Y
*New access and
services paths Y Y N N N
-Restricted access N N N N NA
Vegetation changes
*Regeneration of
natural vegetation
on arable land Y Y N N Y
- Changes in wild
vegetation Y Y N N Y
Destruction of houses/
building Y Y Y N NA
Scattered man made
object Y Y Y Y NA
Circular man made
object Y Y Y Y NA
Circular soil disturbance N N Y Y NA
Circular vegetation
disturbance N N Y Y NA
Alignment of
disturbances N N N N NA
Direct identification of AT
mine Y N N N NA
Direct identification of
AP mine N N N N NA

Y: yes, N: no, NA: not applicable.

Other applications (non-demining)

The system could be used for any airborne survey application.
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Related publications

Chan J.C., H. Sahli, Y. Wang (2005)
“Semantic risk estimation of suspected minefields based on spatial relationships
analysis of minefield indicators from multilevel remote sensing imagery”, Proceedings
of SPIE Conference on Detection and Remediation Technologies for Mines and Mine-
like Targets X, Vol. 5794, pp. 1071-1079, Orlando, US.

Sjokvist S., et al. (2003)
“Minefield Temporal Feature Extraction Supported by Heat Transfer Modelling”, in
EUDEMZ2-SCOIT, International Conference on Requirements and Technologies for the
Detection, Removal and Neutralization of Landmines and UXO, Vrije Universiteit Brussel,
Brussels, Belgium, September.

Eisl M.M, M. Khalili (2003)
“ARC - Airborne Minefield Area Reduction “, in EUDEM2-SCOT, International Conference
on Requirements and Technologies for the Detection, Removal and Neutralization of
Landmines and UXQO, Vrije Universiteit Brussel, Brussels, Belgium, September.

Eisl M. (2003)
Integriertes Luftgestltztes Datenerfassungs- und Analysesystem (in German), AGIT
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Shutte K., et al. (2001)
ARC: A Camcopter based mine field detection system, Fifth International Airborne
Remote Sensing Conference, San Francisco, US, 17-20 September 2001.

Sjdkvist S. (2001)
Optical Detection of Land Mines, Nordic Demining Research Forum (NDRF) Conference,
August 2001.
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Technical specifications

ARC (Airborne Minefield Area
Reduction) System

Used detection technology:
Mobility:
Mine property the detector responds to:

Working length:

Search head:

> size:

» weight:

» shape:

7. Weight, hand-held unit, carrying
(operational detection set):
Total weight, vehicle-based unit:

8. Environmental limitations (femperature,
humidity, shock/vibration, etc.):

. Detection sensitivity:

10. Claimed detection performance:
» low-metal-content mines:
» anti-vehicle mines:
» UXO:

11. Measuring time per position (dwell time):
Optimal sweep speed:

12. Output indicator:

13. Soil limitations and soil compensation
capability:

14. Other limitations:

15. Power consumption:

16. Power supply/source:

17. Projected price:

18. Active/Passive:

19. Transmitter characteristics:

20. Receiver characteristics:

21. Safety issues:

22. Other sensor specifications:

COALN~

Detectors/systems in use/tested to date:

Remote sensing; UAV-based system & Satellite
UAV

None

Visible & near Infrared, Thermal Infrared

Not applicable

Payload

40x40cm

13.5 Kg

Rectangular

UAV weight 43kg/Payload 25kg

-2 to +38 °C; wind speed +/- 23 kn.
No mine detection

Real fime

Set of thematic maps

Dense vegetation, water

Internal supply

Not estimated

Passive

Not applicable

See remarks

Operated from safe area

Remarks

Duncantec VNIR multispectral camera and ThermaCAM SC3000 thermal infra-red camera: see

the manufacturers” websites for detailed information on sensor specifications.
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11.3 General Aerial Survey

Project identification

Project name General Aerial Survey Technology type Airborne multisensor
Acronym Ozl survey
Participation level International, National Readiness level 00000000 °
Financed by EC (ARC), IFT (ARC), Development status Stand-by in 2004 and 2005
CROMAC (HEP), HTF Croatia upgrading and continuing
without Mines (Velebit) of the opplica’rion .
Budget n/a expected in 2006 with
.g A - support from the Croatian
Project type ;ecthnoli)g}/ g(em?lnf.:rjrohon, Ministry of Science
ystem fes in-fie Company/institution CROMAC - Centre for
operations .
Testing, Development,
Start date September 2001 Training
End date October 2003

Project description

The General Aerial Survey system is a spin-off of the European ARC project and
has been developed by the Croatian Mine Action Centre (CROMAC) ARC team (see
section 11.2). It was developed as a part of the overall project but was recognised as
a means of providing sustainable general aerial survey of minefields and suspected
areas, affordable within a short time (1.5 to 2 years). According to the developer,
this solution is feasible in many countries contaminated by landmines and UXO, at
an affordable cost. The basic features of the successful development and deployment
of the aerial general survey included the following;:

» Use of small manned helicopters (for example, Bell-206), which are available
in every country contaminated by landmines and UXO and avoid the expensive
development of a platform.

» Use of experienced domestic pilots who will be trained for aerial survey of
minefields and risk-suspected areas.

> Use of commercial off-the-shelf sensors, computers and global positioning system
(GPS) receivers.

» Use of fully digital electro-optical cameras ranging from thermal infrared, to
near-infrared and visible wavelengths, and enable full interoperability with
geographic information systems (GIS) and mine action information systems
(MAIS) employed by local mine action centres (MACs).

38. Technology has been proven to work in its final form and under expected conditions: i) in 2002:
general survey of the electricity high voltage networks; ii) in 2003: mine suspected area in a
mountainous region (Tulove Grede) and, within the frame of the European ARC project, in
continuous data acquisition mode.
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> Use of simple and cheap unstabilised gimbals that enable manual presetting of
imaging angles. Provide passive dumping of sensor vibrations.

> Integration of all sensors, their frame grabbers, personal computers and GPS
receivers into the acquisition system.

» Provision for simple installation of the system on the helicopter (in our example,
the time needed for installation was less than two hours).

» For navigation, GPS data and a moving digital map is used — while GPS time is
used for synchronisation of imagery and route data.

> Provision of full compatibility and interoperability with GIS and MAIS of mine
action centres (in MapInfo format).

» Maps, orthophoto maps and geocoded images provided by MACs are used as
the basis for navigation.

» Use of commercial off-the-shelf remote-sensing software for interpretation of
images and data (TNTmips, ErMapper, Image Analyst).

> The system provided efficient communication to MACs and gather critical
feedback from MACs (statement of need, specific task for the surveyed area,
evaluation of results).

A team for aerial survey of minefields and risk-suspected areas was established — and
trained for each survey mission.

Detailed description

The General Aerial Survey system uses digital, electro-optical sensors with computer-
controlled acquisition and GPS-based navigation. The sensors are (see Figure 1):

» Four-channels digital camera (MS-3100); 1392x1039 pixels, eight bits, for three
visible and one near infrared channel (very near infrared — VNIR), with

wavelength ranging from 400nm to 900nm, and with optical objectives having
focal lengths of 17, 24 and 28mm.

» Thermal infra-red (TIR) camera (modified THV-1000); 600x390 pixels, eight bits,
wavelengths 8-14 um with two fields of view.

» Hyper-spectral line scanner (HSLS); 1170 pixels, 8 bits and 45 channels for
wavelengths 430-900 nm.

After acquisition, images and data are exported to the interpretation computers. The
flight route, data and the logs of images are synchronised by the GPS time. This enables
geo-referencing of the images.

The next step in processing is the derivation of the flight routes and of mosaics of
images. Mosaics are used for the assessment of the completeness of spatial coverage —
registering image to image can produce them or, if needed, geocoding can follow this
process. The interpretation is performed on the original images if spectral information
is more important than spatial information; in the opposite case, the interpretation is
performed on the mosaics.

Basic kinds of output of the survey are: raw images, vectors of detected objects, non-
geocoded mosaics, geocoded mosaics, list of detected minefield indicators, description,
attributes and coordinates, classification map and many other maps (depending on
the precise purpose and aim of the aerial survey).

The general aerial survey of minefields and suspected areas is an intelligence-gathering,



11. Remote Sensing Systems

processing and dissemination process — not a cartographic process. The typical tasks
of an aerial survey are to detect/identify and determine coordinates or delineate, in
minefield or suspected areas:

trenches, man-made embankments, bunkers;

agricultural areas in use;

access roads and paths, including to rivers, brooks, channels;

rivers, brooks and channels;

protection embankments;

other minefield indicators;

reference points of the minefield records from the MAC’s MAIS; and
the state of objects (e.g. if a house is intact or damaged).

THV-1000

814 pm
1 channel 4 channels 99 channels
600 x 390 pixels 1392 x 1030 pixels 585 pixels

Figure 2. The pilot and co-pilot see the real
time position of the helicopter on the large
screen, while the background can be a map,
ortho photomap or geocoded satellite
image. On the map an area of interest is
displayed, together with the planned and
realised flight routes.

Figure 1. Three digital sensors, installed on board the
Bell-206 helicopter, were used for vertical and
oblique imaging. VNIR and TIR sensors were used in
imaging mode, whereas HSLS was used only in
spatial sampling mode.

=

Figure 3. A view of the flight route on the
topographic map at the scale 1:25,000. This serves

as an example of the aerial survey of the Figure 4. Output of the survey: geocoded
electricity high voltage network (state of the mosaic, overlaid over the map at the
towers, vegetation) and access field roads from scale 1:5,000. The aim of the aerial survey
the asphalt road on the left side of the network was to provide information about the
corridor. status of the access road that was out of

use for more than ten years.
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Test & evaluation

The general aerial survey of minefields and risk-suspected areas was operationally
validated in several missions over flat terrain in 2002 (electricity high voltage networks,
Drenov bok, Dubica, 14km; set of networks near Ernestinovo, 167km) and in difficult
mountainous terrain in 2003 (Tulove grede, Velebit).®® A cost-benefit analysis shows
that the aerial survey is efficient for cases of corridor-like objects and for wide suspected
areas and minefields that have limited access. It can provide missing information or
increase completeness, accuracy and reliability of information on minefield indicators
and reference points of mine records over large areas in a short time. Within the frame
of the European ARC project, a system was used for the continuous data acquisition
of minefields and mine suspected areas in 2003 in the regions of Milekovici and
Pristeg. Imagery, calibrating markers coordinates and ground truth data are available
at the CROMAC Testing, Development and Training (TDT) Centre. Repairs,
upgrading and continuing of the application is expected in 2006 with support of the
Croatian Ministry of Science for the aerial general survey of mine suspected areas.
Imagery and data will be processed and interpreted with the application of the
generic SMART methodology, under the auspices of the International Test and
Evaluation Programme (ITEP), in cooperation with the Royal Military Academy (RMA)
and the CROMAC TDT Centre. Fixed-wing aircraft will also be used.

Related publications

1. Bagjic M., H. Gold, Z. Pracic, D. Vuletic (2004)
Airborne sampling of the reflectivity by the hyper spectral line scanner in a visible and
near infrared bands, Proceedings of the 24th EARSeL Symposium, New Strategies for
European Remote Sensing, Dubrovnik, Croatia, 25-27 May 2004, Millpress, Rotterdam,
pp. 703-710.

2. Bajic M., (2003)
“Survey of suspected mined areas from a helicopter”, Journal of Mine Action, James
Madison University, Issue 7.3, pp. 54-58.

3. Gold H., M. Bajic, (2002)
Contribution of the airborne remote sensing to demining of the mountains, case study
Tulove Grede Velebit, GIS ODYSSEY 2002 International Conference, Split, Croatia, 2-6
September 2002, Proceedings.

4. Tadic T., M. Bajic, (2002)
Airborne remote sensing for the general survey of damaged and mined high voltage
network, GIS ODYSSEY 2002 International Conference, Split, Croatia, 2-6 September
2002, Proceedings.

5. Kalgjzic M., (2005)
Methods for assessment of the operating possibilities of airborne reconnaissance by
electro-optical sensors, MSc thesis (in Croatian), Faculty of Traffic Engineering, University
of Zagreb, Croatia, Zagreb, 19 December.

38. (1) M. Baji¢, Z. Praci¢, D. Vuletic, A. Krtalic, H. Gold, R. Pernar, R. Sapina, Continuous Data
Acquisition, Internal Technical Report, Part I, Version: 2.0.0, 21.11.2003, Restricted to ARC Consortium;
Part II Appendices, Version 0.0.1, 21.11.2003, Restricted to Consortium; Part III CDA Data documentation,
Version 0.0.1, 24.11.2003, Restricted to Consortium. (2) CROMAC ARC Team, Trial II Evaluation
Report, D15, Version 2.0.0, 8.05.2001, Restricted to ARC Consortium.
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11.4 Space and Airborne Mined Area Reduction
Tools (SMART)

Project identification

Project name Space and Airborne Start date May 2001
Mined Area Reduction | gnd date Phase I: October 2004
Tools Phase Il: December 2007
Acronym SMART Technology type Software tools to help areo
Participation level Phase I, European, reduction by remote
Phase Il: International sensing
Financed by Phase I: Co-funded by the | Readiness level 0000000

European Commission

Development status Phase I: completed

Budget Phase I: € 4,590,000 Phase Il: planned
Project type Technology development,| Company/institution Phase I: TRASYS,
Technology demonstration Renaissance/RMA, ULB,
System/sulbbsystem DLR, ENST, Zeppelin,
development, System fest CROMAC, RST, IXL
& in-field operations Phase ll: CROMAC,
Renaissance/RMA
Project description

Area reduction has been recognised as a mine action activity where reduction in time
and resources could help greatly. Long-term empirical data from the Croatian Mine
Action Centre (CROMAC) allows estimates that only around 10 per cent to 15 per
cent of the suspected area in Croatia is actually mined. Minefield records alone do not
provide enough information for the proper allocation of limited demining resources to
really mined areas. Their completeness and reliability are not high enough. Decision
makers need additional information. It is also estimated that 90 per cent of the suspected
areas in Croatia cannot be reached from the ground.

SMART is intended to provide some of this additional information, which would help
in two ways: it can reinforce the suspicion of some places and reduce the suspected
area in others. The goal of the SMART project is to provide a geographical information
system (GIS)-based system — the SMART system — augmented with dedicated tools
and methods designed to use multi-spectral and radar data to assist the human analyst
in the interpretation of the mined scene. The use of SMART includes a short field
survey to collect knowledge about the site, a flight campaign to record the data, and
the use of the SMART system by operators to detect indicators of presence or absence
of minefields. The operators prepare thematic maps that synthesise all the knowledge
gathered with these indicators. These maps of indicators can be transformed into
“danger maps” showing how dangerous an area may be, based on the location of
known indicators.
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This method has the following characteristics:

> The priority is more to help find areas that are not mined than areas that are

mined.

> There is no detection of individual mines, but detection of clues to the presence
or absence of mines or minefields.

» Confidence maps are provided in order to improve the interpretation of the

danger maps.

> Results have been evaluated by blind tests.

Detailed description

The SMART system is a set of software tools that can be used through a GIS such as
ArcMap or ArcCatalog. At the end of Phase I, most of the tools have been integrated

into the GIS.
The tools include:

» Classifiers (to detect lands that have been abandoned or are still used);

» Detectors of indicators of presence or absence of minefields (at roads, rivers,

power lines, hilltops, etc.);

» A data fusion module to combine outputs of several classifiers; and

» Tools to produce danger maps (maps of locations of indicators and confidence

maps).

The system generates danger
maps (location maps and
confidence maps, see Figure 1)
which provide a synthesis of
what has been detected using the
remote sensing data and
knowledge from experts (mining
methods, historical background,
etc.). Continuous location maps
provide a continuous value of
“danger” based on the
information gathered through
the SMART process. Confidence
maps help operators in the use
of the location maps during their
area reduction work.

Figure 2 shows mine absence
indicators  (light  green)
identified by SMART inside an
area that was actually mined
(red) in the region of Glinska
Poljana, Croatia; the whole
picture covers an area of 1,300m
x 850m; the error covers 26m?2.
Only 0.1 per cent of what was
proposed for reduction during
the SMART validation was

Glinska poljana : Danger map 2

Continuous location map
e 1

Legend
| L B
Dmgme of dangar
— 'y
Low 0

Indicators of Mins Atwsnce [ Avens for which wa hava e data A

Areas outside the soope of SMART (water, forests)

Durrined armas ais. 200 1.000 500 o 1,000 Mutors

Figure 1. A continuous location map from SMART
(covering an area of 3.6km by 4.8km).



11. Remote Sensing Systems

actually mined. These errors were
located at the borders of the
areas.

Test & evaluation

Validation for Phase I was done
by blind tests in three test sites in
Croatia: a fertile valley
surrounded by hills (Glinska
Poljana), a very flat agricultural
area (Ceretinci) and a site near the
coast (Pristeg). In each test site
mine clearance was performed
after the flight campaign to have
the true status of the mine
presence. This information was, of course, not made available before the production
of the danger maps.

Figure 2. SMART’s mine absence indicators (green) in
a mined area (red) of Glinska Poljana.

From the danger maps, a first selection of areas to be proposed for area reduction
was carried out; areas considered as suspect were also selected. For some areas the
information available was not sufficient to make a determination, due to the presence
of water, forests, etc.

The three test sites cover an area of 33km? A section was used for training. The
validation area covered more than 11km?, and was composed of the following categories:

1. Areas that clearance showed to have been mined;
2. Areas that clearance showed not to have been mined;

3. Areas proposed for clearance after general or technical surveys; these areas are
considered as suspect with the highest degree of danger;

4. Areas proposed for technical surveys after general surveys; these areas are
considered as suspect with a high degree of danger;

5. Areas that general surveys showed to be safe;

6. Areas that are used by their owners although still listed as suspect; these areas
are considered safe.

If we consider only the part of the validation where we know the ground truth
(categories 1, 2, 5 and 6 above), and not where there is even a slight doubt (categories
3 and 4 above), then the area is 3.9km? (Glinska Poljana: 0.63km? Ceretinci: 1.7km?,
Pristeg: 1.5km?). On average 26 per cent of the mine-free area has been proposed for
reduction after the use of SMART:* Glinska Poljana — 7.7 per cent, Ceretinci — 47
per cent, Pristeg - 9.0 per cent. On the other hand 0.10 per cent (976m?) of what was
proposed for reduction turned out to be actually mined*: Glinska Poljana — 0.058 per
cent (26m?), Ceretinci - 0.12 per cent (924m?), Pristeg — 0.020 per cent (26 m?). These
errors are located at the borders of the areas proposed for reduction, and it should be
easy to eliminate them by being more conservative on the limits of these areas.

39. Computed by the producer’s accuracy (also known as reference accuracy, sensitivity or recall,
linked to the omission error).

40. Computed by the commission error (linked to user’s accuracy, also known as precision or
predictive value).
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In addition to this technical evaluation, a panel of independent mine action experts
working in Croatia has evaluated the method and danger maps, and recognised
their contribution for an early stage of area reduction. It has been found that they
might be even more suited for risk assessment. In order to reduce an area one must
be very confident that the area is risk-free. With few indicators of mine absence it
may be difficult to reach a satisfying level of confidence. In this approach, however,
the production of danger maps is useful in the first stages of area reduction. Later
surveys will not have to spend time in spots where danger maps indicate that there
are a lot of indicators of mine presence. But by focusing on areas where indicators of
mine absence have been detected they can help reinforce the confidence that these
areas should indeed be reduced.

Two points have not been completely covered by the validation of Phase I and may
be addressed, together with the deployment of the system, or part of it, in Croatia
during Phase II:

1. The cost-effectiveness analysis was performed but only partially, and more
could be done to better assess the economic relevance of an airborne approach
to area reduction.

2. No analysis has yet been done regarding how the input can influence the results,
for instance which sensors provide the most useful information, which tools
extract the most relevant information, etc.

Related publications

1. Yvinec Y. (2005)
A validated method fo help area reduction in mine action with remote sensing data,
4th International. Symposium on Image and Signal Processing and Analysis (ISPA 2005),
Zagreb, Croatia, September.

2. Acheroy M. (2005)
Image and signal processing for spaceborne and airborne reduction of mined areas,
Proceedings of the 4th International Symposium on Image and Signal Processing and
Analysis (ISPA 2005), Zagreb, Croatia, September.

3. Yvinec Y. (2004)
European project of Remote Detection: SMART in a nutshell, Proceedings of Robotics
and Mechanical Assistance in Humanitarian Demining and Similar Risky Interventions,
Brussels-Leuven, Belgium, June.

4. YvinecY., D. Borghys, M. Acheroy, H. SUB, M. Keller, M. Bajic, E. Wolff, S. Vanhuysse, . Bloch,
Y. Yuand O. Damanet (2003)
SMART: Space and Airborne Mined Area Reduction Tools - Presentation, EUDEM2-SCOT-
2003 International Conference on Requirements and Technologies for the Detection,
Removal and Neutralization of Landmines and UXO, Vrije Universiteit Brussel, Brussels,
Belgium, pp. 595-602.

Papers on SMART can be found at www.smart.rma.ac.be/
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Technical specifications

Renaissance/RMA SMART

1. Used detection technology: Remote sensing (airborne and spaceborne)
2. Mobility: Airborne
3. Mine property the detector responds to: None
4. Detectors/systems in use/tested to date: Detectors: multi-spectral, radar, panchromatic
satellite data and high-resolution films.
5. Working length: Not applicable
6. Search head:
> size: Related to the sensors used
> weight: Related to the sensors used
> shape: Related to the sensors used
7. Weight, hand-held unit, carrying
(operational detection set): —
Total weight, vehicle-based unit: Related to the sensors and platform used
8. Environmental limitations (temperature,
humidity, shock/vibration, etc.): Temperature and humidity: limitations unknown,
shock/vibration: Related to the sensors and
platform used, and to the data acquisition
conditions.
9. Detection sensitivity: Related to the sensors used
10. Claimed detection performance:
» low-metal-content mines: NO CLAIM (the system does not detect
individual mines)
» anti-vehicle mines: NO CLAIM (the system does not detect
individual mines)
»  UXO: NO CLAIM (the system does not detect UXO)
11. Measuring time per position (dwell fime): —
Optimal sweep speed: Related to the sensors and the platform used
12. Output indicator: Output is a set of thematic maps
13. Soil limitations and soil compensation
capability: Sensors provide no useful information on water
or forests.
14. Other limitations: Cloudy weather
15. Power consumption: Related to the sensors and the platform used
16. Power supply/source: Related to the sensors and the platform used
17. Projected price: Unknown (until Phase Il is completed)
18. Active/Passive: Both
19. Transmitter characteristics: Related to the sensors used
20. Receiver characteristics: Related to the sensors used
21. Safety issues: None
22. Other sensor specifications: —
Remarks

SMART is not a detector of mines. It is a set of soffware tools and methods tfo be used by
experienced operators in order to help area reduction from remote sensing data and expert
knowledge.
SMART uses the input it is given: airborne data, satellite data and expert knowledge (about the
history of the conflict, the type of mine laying, the indicators of presence or absence of minefields,
etc.).
During the validation in Croatia the imagery used came from the following sensors.

Daedalus multispectral scanner; it provides 11 channels from 0.38 to 13um with a resolution
of 1m; the sensor weighs around 67kg and was installed in a Cessna Caravan.

RMK high resolution camera; the spectral resolution ranges from 0.5 to 1.2um (visible) and the
spatial resolution from 3 to 5cm; the weight is around 108kg and the size around 50 x 50 x

50cm; it was installed in a Cessna Caravan.

E-SAR: a synthetic aperture radar integrated into a Dornier aircraft with a ground segment;
the bands used are P (resolution 4m, full polarimetric), L (resolution 2m, full polarimetric), C
and X (both with resolution 1.5m, polarisation VV).

KVR panchromatic images with a resolution of 2m, installed on the COSMOS satellites.
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11.5 Polarised Camera System
for Landmine Detection

Project identification

Project name Development and Start date July 2002

construction of a camera | gnd date October 2005

system for landmine Technol i Polarisafi

celeEen echnology type olarisation camera
Acronym — Readiness level 000000
Participation level National, Netherlands Development status DemolﬂsTTOﬁOﬂ system
Financed by Dutch Ministry of Defence cemioled
Budaet Not . Company/institution TNO Defence, Security

udg ot available and Safety

Project type Technology development,

Technology demonstration,

System/subsystem

development

Project description

The Development and construction of a camera system for land mine detection project
aims to develop a camera system to aid in mechanical mine clearance and mined area
reduction. As a possible end-user, the HALO Trust has been closely involved in the
execution of the first two phases of the project.

The HALO Trust has developed an anti-tank mine roller system in order to demine an
area faster. This roller system, which is mounted on a wheel loader, is used for area
reduction. A detonation of an anti-tank mine will cause damage to the rollers. Repairing
a damaged roller costs time and money. An automatic detection system on the wheel
loader that provides the driver with an early warning can avoid detonations and gain
time. Such an automatic detection system can be realised with a camera system that
utilises the polarisation properties of light. The quality of the area reduction remains
the same, even when the detection system misses a mine. In this case the roller will
detonate the mine as it will do without the detection system.

Description of activities

The Defence, Security and Safety section of the Netherlands Organization for Applied
Scientific Research (TNO) has developed a polarisation camera for the above purpose.
The development process of this camera system was in three phases.
» Phase 1, the inventory phase, has resulted in a scenario description and a first
set of requirements.

» In Phase 2, the feasibility phase, the feasibility of different concepts has been
studied. The results of the first two phases are extensively reported in an interim
report [2].
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» In Phase 3 a demonstrator system has been built, based on the most promising
concept of Phase 2. This demonstrator system consists of a polarisation camera
that has been developed and constructed for this purpose. In addition to this
camera, software has been developed for automatic detection of landmines and
the visualisation of the results.

The results of this last phase are extensively reported in the final report [1].

Detailed description

The following project results have been accomplished:

1. A polarisation camera, without any moving parts, has been constructed. This camera
is robust and can be mounted on a moving platform. According to the developer, the
camera is a unique polarisation measurement system.

2. Detection software has been developed. With this software, landmines can be detected
automatically in images that are recorded with the polarisation camera. The detection
results can be visualised in the recorded images.

Figure 1. The
polarisation camera.

Figure 2. The polarisation camera
mounted on the wheel loader. The
metal box right of the camera
confains the computer.

Test & evaluation*

To demonstrate the capabilities of the polarisation camera system it was mounted on
a wheel loader of the Corps of Engineers. Two field demonstrations were given at the
Engineer Training Centre. These demonstrations took place on a sand road partly
covered with vegetation and on a grass road. During the demonstrations, recordings
were made of surface-laid landmines. Enhanced polarisation contrast was shown in
real time. The mines were detected automatically in off-line processing of these
recordings. Detection results were visualised in the recorded images. The next step
will be to test the system in a real operation.

41. Note: Tests with polarised cameras were also executed by FOI in Sweden (ITEP Project 2.5.2.1,
www.itep.ws), which reports rather negative results. The test scenario is, however, not directly
comparable, given that FOI has been looking at a variety of targets and in some quite tough
surroundings (e.g. forest background), rather than the specific area reduction application envisaged
here, with emphasis on surface-laid AT and larger AP mines on stony background or short grass.
Also, TNO uses a visible light system without any moving parts, whereas FOI employs infra-red
cameras equipped with rotating polarisers.
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Figure 4. Polarisation enhancement of Figure 5. Example of detection result of
the raw image shown in Figure 3. the images shown in Figures 3 and 4.

Other applications (non-demining)

The constructed polarisation camera is applicable in landmine detection scenarios,
but also in other detection scenarios. For example, road proving and roadside
inspection/detection of improvised explosive devices can also benefit from the
possibilities of a polarisation camera. At the moment roadside inspection is done with
only binoculars. As a better alternative, one or more polarisation cameras can be placed
on an armoured, manned or unmanned vehicle. Polarisation images can be used for
automatic detection, but also as an image enhancement tool for the human observer.
In future, this polarisation camera can be an important additional technique in the
active search phase of the «Search» concept. Applications not related to landmine
detection are the detection of camouflaged vehicles or the suppression of reflections
from car windows in order to look inside cars.

Related publications

1. de Jong W., J.G.M. Schavemaker (2005)
Development and construction of a camera system for landmine detection, Final
Report; TNO Defence, Security and Safety; The Hague; TNO-DV1 2005 A147; November
2005. www.itep.ws/pdf/TNO_DV1_2005_A147_ITEP.pdf

2. Schavemaker J.G.M., W. de Jong, M.G.J. Breuers, J. Baan (2004)
Development of Camera System for landmine detection, TNO Physics and Electronics
Laboratory; The Hague; FEL-04-B152; July 2004. www.itep.ws/pdf/
FEL_report_04_B152_ITEP.pdf

3. deJong W., J.G.M. Schavemaker, M.G.J. Breuers, J. Baan and R. M. A. Schleijpen (2004)
“Development and implementation of a camera system for faster area reduction”,
Proceedings of SPIE Conference on Detection and Remediation Technologies for Mines
and Mine-like Targets IX, Vol. 5415, Orlando, US, 12-16 April 2004.

4. de Jong W., P. Straw, R. Schleijpen, J. Schavemaker and J. Baan (2004)
Development and Implementation of a Camera System for Faster Area Reduction, in
The UXO/Countermine Forum 2004, St. Louis, US, March.
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Technical specifications

TNO Polarisation Camera

12.

13

Used detection technology:

Mobility:
Mine property the detector responds to:

Detectors/systems in use/tested to date:

Working length:

Search head:

> size:

» weight:

> shape:

Total weight, vehicle-based unit:
Environmental limitations (femperature,
humidity, shock/vibration, etc.):
Detection sensitivity:

. Claimed detection performance:

> low-metal-content mines:
» anti-vehicle mines:

> UXO:

. Measuring time per position (dwell time):

Optimal sweep speed:

Output indicator:

. Soil limitations and soil compensation

capability:

. Ofher limitations:

. Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

. Transmitter characteristics:
. Receiver characteristics:

. Safety issues:

. Other sensor specifications:

Advanced camera system that uses the
polarisation properties of visible light
Vehicle-based

Relative flatness of mine surfaces when
compared to a more rough natural background.
One demonstrator system

Not applicable

Camera including lens

24L x 10H x QW cm

2.3kg

box

Camera plus computer: 6kg

Part of the mine should be above the surface

Metal content is not an issue

>50% at a FAR < 0.01 m™ (this number is an
average for different mine types under different
illumination conditions). Detection rate of TM62P
> 99%.

Not tested

Forward speed of vehicle is several m/s; at a
sweep width of about 4m.

Detection location indicated in output images.

Noft relevant

Will only operate under daylight conditions.
Results can depend strongly on environmental
conditions. Advanced image processing can
partly neutralise this dependence.

<200 W

12V DC for camera and computer

Passive

Not relevant

CCD elements sensitive fo visible light

None

Detection range: Up to 15 m in front of vehicle
(depends on lens and camera orientation).
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11.6 ClearFast

Project identification

Project name Concept for Low-risk Start date Phase 2: 1 February 2003
Efficient Area Reduction | gnd date 30 May 2005
Based on the Fusion of
Advanced Sensor

Technology type Thermal infrared

Technologies Readiness level 00000
Acronym ClearFast Development status Completed
Participation level European Company/institution IMEC-ETRO
Financed by Co-financed by EC-IST (coordinator), Rheinmetall
Budget € 4.4milion LIRSS CSinmloli

TAMAM, BACTEC

Project type Technology development,
Technology demonstration

Project description

The ClearFast concept’s aims have been to develop a demonstrator system for Stand-
off Minefield Survey for the purpose of Technical Survey — in particular area reduction
by means of multispectral and thermal imaging and the related image analysis and
interpretation.

The ClearFast objectives were:

1. The use of multispectral/thermal imaging modalities for a stand-off survey of
hazardous areas, and possible identification of the boundaries of the hazard.

2. The use of multispectral/thermal imaging sensor under changing natural
illumination, and subsequent image sequence analysis for the detection and
location of abnormalities in the thermal behaviour of the ground.

3. The investigation of the possibilities of using Level-2A results for setting up an
operational plan and taking decisions on how to approach the zone-of-fear to
complete the technical survey by other means, i.e. manual teams, dogs or multi-
sensor systems.

Dynamic thermal infrared (IR) techniques have been used since the 1980s for non-
destructive evaluation and for geologic applications. The use of the thermal IR technique
is based on the thermal radiation contrast of objects with respect to their background.
All objects at temperatures greater than absolute zero emit electromagnatic radiation
at all wavelengths, whereby the radiation corresponding to the wavelengths from
3 um to 100 um is referred to as thermal IR radiation. The magnitude of the spectral
radiation of an object depends on its temperature. The difference of the thermal
characteristics, i.e., the heat capacity, the thermal conductivity, and the thermal
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diffusivity, between buried objects and the background is the basis for using infrared
techniques to detect landmines. Indeed, the presence of a buried object affects the
heat conduction inside the soil during natural heating conditions. Consequently, the
temperature of the soil surface above the buried object may be different from that of
the surrounding area. This temperature contrast could be measured by an infrared
imaging system.

The performance of the Stand-off Minefield Survey demonstrator has been tested in an
operational setting. According to the developers, ClearFast proposes a novel concept
for area reduction and the identification of safe routes to launch technical surveys.
The major results of the project have been the explicit formulation of the capabilities
and limitations analysed from different viewpoints, i.e. (a) physical — weather
conditions, soil types, local resources, minefield ageing, etc.; (b) operational — scenario
and logistics; and (c) economic — resource demands and intrinsic costs of the multi-
temporal /multi-spectral infrared system.

Results from field tests have been analysed in order to indicate how the Stand-off
Minefield Survey can support other systems, technically and operationally, i.e. dogs,
manual, mechanical and, in particular, multi-sensor systems for the completion of
the technical survey.

Detailed description

The system components (see Figure 1) are
structured in the following sub-components: Comera

» CI-1: ClearFast Survey Platform:
- CI-1.1: Sky-lift (tower);

CI-1.2: Payload mounting;
CI-1.3: Stabilised payload & pan/tilt
device (gimbal);
CI-1.4: Multispectral /thermal infrared
(MSIR) camera & visible camera; ﬁ
CI-1.5: Global positioning system :
(GPS); e

CI-1.6: Data acquisition unit;
CI-1.7: Blackbodies and data logger.
» CI-2: ClearFast Auxiliary Data Station:
CI-2.1: Weather station, including solar/sky radiation;
CI-2.2: Soil temperature station;
CI-2.3: Auxiliary data control unit (monitoring of auxiliary data and
blackbody).
» CI-3: ClearFast Control Station:

CI-3.1: Data acquisition control unit;

Figure 1. ClearFast deployment view.

CI-3.2: Image processing workstation;

o CI-3.2.1: Data archive module;

o CI-3.2.2: Calibration and co-registration module;

o CI-3.2.3: Mosaics and map production module;

o CI-3.2.4: Multispectral /thermal image processing modules.
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Test & evaluation

An overview of the detection performance and the test and evaluation conditions
are shown in the table below. Several trials have been conducted during the project
life time — in a dummy minefield in the Netherlands (referred to as TNO/FOI
SandLane), in a dummy minefield in Germany (referred to as DataGathering
SandLane, DataGathering Vegetation Lane, Extensive DataGathering), and on a live
minefield in the United Nations Buffer Zone in Cyprus in the period of 15 to 30
November 2004. All details are available at the project website www.clearfast.vub.ac.be.

One of the main factors affecting performance is the soil diffusivity. During the
DataGathering trials, the soil diffusivity was very low compared to other trials (due
to high temperature). Consequently the thermal contrast was low and this affected
the detection performance.

Figure 2. Deployment in Cyprus - minefield test.

The DataGathering trials on the vegetation lane proved that, under condition of
dense vegetation, it is impossible to reliably detect and classify any landmines. This
is mainly due to the nadir* observation angle. This implies that the IR method should
be used in low vegetation conditions.

During the Extensive DataGathering trials very bad
weather conditions were experienced (heavy rain);
the anomaly detection performance was
nevertheless reasonable. The results in the Extensive
DataGathering also showed that mild ground cover,
such as low grass or moss, still allows detection
under the nadir observation angle.

The detection and subsequent classification seem
to be limited by the depth of burial. The limiting
burial depths, as confirmed in the Extensive
DataGathering, are of 6cm for anti-tank mines and Figure 3. Mosaic of the minefield test.
3-5cm for anti-personnel landmines.

The performance envelope of the system is summarised in the table on the following
page.

42. Downward facing.
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Table 8. Performance envelope of ClearFast system

Area TNO/FOI DataGathering DataGathering Extensive Cyprus Cyprus
SandlLane SandlLane Vegetation DataGathering  accreditation minefield
Lane 2230
Acquisition
height 10m 15m 15m 8m 10m 12m
Ground
resolution 1.5cm 0.8cm 0.8cm 1.2cm 0.5-0.75cm 0.5-3.3cm
Surveyed
area 12m? 24 m? 24 m? 9m? 100 m? 980 m?
Soil diffusivity 6.4e-7 1.6e-7 1.3e-7 7.6e-7 4.7e-7 5.3e-7
Clutter None Low (rocks/  None(none Low (bottles, Low (rocks) Medium
stones) visible) cans) (rocks)
Obscuring None Sparse Dense None Low Medium
vegetation (nadir (shrubs) (bushes /
orientation) shrubs)
Ground cover None None /grass N/A Grass/moss  None None
Weather
conditions Sunny Sunny & hot  Sunny & hot  Changing Sunny Sunny
Burialdepth 0-6cm 0-2cm Ocm 0-6cm 10-15cm 0-??cm
Period Jul 2001 Aug 2003 Aug 2003 June 2004 Nov 2004 Nov 2004
Anomaly
detection & Det. 12/35 Det. 0/3 Det. 0/4 Det. 6/6 Det. 0/3 Det. 4/16
selection FA4 FA25 FATI FA19 FA118 FA 525
Thermal Good Good N/A Good Good Good
parameter Class. 10/35  Class. 0/3 Class. 0/6 Class. 0/3 Class. 4/16
estimation FAO FA1 FA2 FAQO FA25

Det: detection; FA: false alarms; Class: classification.

187
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Related publications

Cremer F., T.T. Nguyen, L. Yang, and H. Sahli (2005)
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Polarimetric infrared and sensor fusion for the detection of landmines, PhD thesis, Delft
University of Technology, The Netherlands, ISBN 9059860322, 2003.




11. Remote Sensing Systems

Technical specifications

ClearFast

SCOohwN—

Used detection technology:
Mobility:
Mine property the detector responds tfo:

Detectors/systems in use/tested to date:

Working length:

Search head:

» size:

» weight:

» shape:

Weight, hand-held unit, carrying
(operational detection set):

Total weight, vehicle-based unit:
Environmental limitations (femperature,
humidity, shock/vibration, etc.):

Detection sensitivity:

. Claimed detection performance:

> low-metal-confent mines:
» anti-vehicle mines:
> UXO:

. Measuring time per position (dwell time):

Optimal sweep speed:

. Output indicator:
. Soil limitations and soil compensation

capability:

. Other limitations:

. Power consumption:

. Power supply/source:

. Projected price:

. Active/Passive:

. Transmitter characteristics:
. Receiver characteristics:

. Safety issues:

. Other sensor specifications:

Thermal Infrared

Shipped on one pallet

Temperature variation (e.g. due to solar heating).
One

Not applicable

40x40cm
10kg
Circular

+/-500kg

Tested from below 0°C to +30°C. Needs a steady
platform; is limited by wind.
Befter than 0.1°C

10/35

4/16

Not available

Atleast 12 hours per position (20x30 m sweep
size)

On screen

None

Clutter and vegetation affects performance
1-2 KW for prototype

Generator

170 kEuro (Thermal IR camera expensive)
Passive

3-5um

Needs safe location to place sky liff.
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As mentioned in the Introduction, over the last 10 years considerable funding and effort
has been invested worldwide in order to develop new technologies for humanitarian
demining. A first analysis of the general disappointment that only few of these
technologies have progressed quickly from research and development to field use points
to: (i) the complexity of the problem, including environmental and operational aspects;
(ii) the mismatch between research ideas and application requirements in the field,
and (iii) the significant non-technological problems in funding the resources to turn
prototypes into fully tested commercial products ready to use in the field.

This Guidebook is an attempt to present and summarise emerging sensing technologies
and systems, not only for close-in landmine detection but also for area reduction, which
could be applicable to humanitarian demining operations. Systems which seemed to
be primarily targeted at defence applications have in general not been included.
However, it is acknowledged that military detection requirements are moving to some
extent towards those expected for humanitarian demining. It is therefore possible that
such systems could find application, in a suitably modified form, in humanitarian
demining scenarios, or at least in peace-keeping operations. This is particularly true
for sensing platforms aimed at road clearance, where the R&D drive is mostly coming
from the defence sector.

Profiting from the developments in the military sector is on the other hand less likely
for technologies and systems where military and humanitarian requirements show
less overlap. This could be the case for example for simple contact seismic/acoustic
systems, which are probably less acceptable in military scenarios and therefore subject
to relatively little funding.

Concerning the individual technologies and systems featured in this Guidebook, from
the analysis of the technology readiness one can conclude the following:
» Electromagnetic-based systems

> Metal detectors are definitely better now than 10 years ago (higher sensitivity,
improved ergonomic design, man-machine interface and soil signal rejection).
Enhanced metal detectors (MDs), for example with discriminatory capabilities,
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show interesting potential but are still fielded only in small numbers, for
example on vehicle-based systems for “wide area detection”.

> Ground penetrating radar (GPR) technology reached the stage of production
and intensive testing, and some deployment in the field. These developments
did definitely profit from the expertise gained from other applications of GPR
(such as non-destructive testing and subsurface sensing), the well known
basic theory and limitations, as well as the operational use. Most of the GPR
systems being developed or used are combined with metal detectors and
employed as confirmatory sensors. Combined MD and GPR systems are
nowadays used as hand-held or vehicle-mounted systems. Most of the
presented vehicle-based systems are in a stage of testing for applications such
as road clearance, and moving from prototype to real production could take
a few years for some systems (Japan, US).

Trace explosive detection

Great progress has been made in this domain, with several systems being tested
and available as pre-production units. Rather than the pure performance of the
sensors themselves, the main problem seems to lie with their use within an
appropriate operational procedure, deciding whether to employ them either as
area reduction sensors, or in selected scenarios for confirmation purposes, or
still as training or benchmarking tools in combination with mine detection dogs,
taking in due account the sampling issue and the influence of environmental
parameters. Answers are likely to be forthcoming once there will be a clear
commitment from donors and end-users for extensive testing. Much more R&D
seems to be appropriate, given the potential impact of this type of systems, such
as being able to declare an area free from explosives.

Bulk detection systems

The possibility of directly detecting a macroscopic amount of material, and
possibly of classifying it as explosive, is per se quite appealing. In practice two
routes have been taken, either by employing radiation capable of penetrating
the soil (and the mine case), typically using neutrons and/or X- or gamma rays,
or electromagnetic radiation capable of being highly compound specific (nuclear
quadrupole resonance — NQR— systems, which present no radiation danger).
A number of problems have been encountered, related for example to the one-
sided sensor configuration, the reduced amount of explosives in small AP mines
and/or the depth of AT mines, and the need for appropriate and often intense
(neutron) sources and corresponding detectors to detect the weak and/or
complex return signals.

» Concerning penetrating radiation systems, no breakthroughs seem to have
occurred, although selected applications are possible, such as for the
confirmation of AT mines on roads, or for the characterisation of the contents
of unexploded ordnance. R&D investments seem to have been substantially
reduced in this area. Time will tell if new versions of existing systems, e.g.
neutron moderation, will find their way.

> NQRisstill being pursued by a number of research groups, trying in particular
to surmount the TNT detection problem for small buried anti-personnel mines,
and to quantify exactly the minimum amount of detectable explosive.
Significant R&D and test and evaluation seems to be still required to get to a
fieldable system, which would however have the great advantage of really
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being sensitive to a physical parameter characteristic of a mine, i.e. its
explosive content (for non-metallic mines).

» Remote sensing

These systems are based on off-the-shelf opto-electronic technologies, ranging
from visible to thermal infra-red and multispectral sensors. They have the
characteristic that they could be mounted on vehicles, or on airborne platforms,
and used for area reduction. Airborne survey in particular is shifting from
experimental towards “production survey”: a coherent framework emerges with
opportunities for improvement, both on the sensor (e.g. polarised infrared
cameras) and on the software side (e.g. integrated global information system
environments, or image interpretation methods). It involves the total use and
integration of all available information over an area — aerial and satellite
multimodal data, ground surveys, interviews and local knowledge about land
use — ranging from small-scale to large-scale, from the past to the present
status. The means to obtain all this information are generally known, whereas
the integration and structuring schemes are emerging and being validated, often
in collaboration with national mine action centres.

»  Other detection principles

The other detection principles illustrated in this Guidebook, in particular seismo-
acoustic (which has seen a substantial increase in interest level during the past
10 years), have shown potentially interesting R&D results, which should be turned
into test and evaluation criteria. A collaboration between developers and end
users would allow to clarify the potential, the operational use as well as the
developments to be undertaken.

Increased efforts are also being allocated to better understand the soil influence
and environmental limitations, which do represent in many cases the limiting
factor. These aspects were unfortunately somewhat neglected in the past.

From a general point of view we can summarise some of the most notable developments
which have taken place in humanitarian demining sensing related R&D during the
past 10 years with: (i) an increased understanding of the problem, (ii) a shift from a
focus on the individual sensor as a solution towards the individual sensor as part of a
set of tools, (iii) an increased emphasis on area reduction and the detection of minefield
indicators rather than individual mines, (iv) an increased emphasis on trace explosive
detection, (v) the gaining of importance of systematic test and evaluation (in particular
via ITEP).

Finally, expanding on what was discussed at the beginning of this section we note
that in a number of cases demining related developments have been terminated or at
least put on hold.* This is usually due to a combination of factors such as: (i) insufficient
funding or system performances, (ii) incorrect evaluation of the problem and/or
excessive expectations on the system performance (due for example to lack of precise
equipment specifications, lack of precise benchmarks and/or a baseline to which new
technology has to be compared), (iii) focusing on the wrong target application, (iv)
lack of communication between the concerned actors, or (v) a re-evaluation of the
expected return on investment.

42. Applications in other domains, such as non-destructive testing, remote sensing or security,
might however very well be pursued and in turn be profitable to humanitarian demining in the
future.



Guidebook on Detection Technologies and Systems for Humanitarian Demining

With respect to the latter, without going into a detailed market analysis, it has become
clear in the past years that the market for humanitarian demining sensing technologies
and systems is nowhere as large as initially assumed. Other markets, such as security,
are likely to draw the largest share of the sensing equipment developers’ attention,
together with military mine clearance, where investments are likely to continue to be
relevant in the years to come.* The landmine problem is, however, far from solved
and landmine detection and area reduction are still the most important elements in
the humanitarian demining equation. Research and development of practical detection
technologies and systems that are appropriate for humanitarian demining, duly taking
into account the lessons learned and the developments outlined in this section, continues
therefore to represent one of the most significant contributions to the solution of the
landmine problem.

43. Similar arguments are likely to apply to UXO detection vs. the military requirements for range
remediation.



Annex 1

Schematic overview of other
systems and technologies

The following table presents a schematic, non-exhaustive overview of other landmine
detection and area reduction sensing technologies and systems the editorial team was
aware of. These do not appear in full in the main section of this Guidebook either
because information was requested but not forthcoming in time or difficult to obtain,
or the contacted organisation did not express its interest in having a full entry, or the
system did not appear to be mature or representative enough for humanitarian
demining applications. Apart from a couple of representative exceptions, systems which
seemed to be primarily targeted at defence applications have not been included. In
general the proportion of systems for which demining related developments have been
terminated or at least put on hold is higher than for the entries in the main section,
although applications in other domains, such as non-destructive testing or remote
sensing, might again very well be pursued.

The information provided in the following table is meant to be sufficient for an overview
and to provide the reader with basic information to start a more in-depth search. The
entries are subdivided following the same categories employed in the main section
(with the addition of a couple of entries representing enhanced metal detectors), however
without any particular ranking inside each category. Where available related references
(in a short form) and websites are reported as well. Bold characters are used to point to
the system name, sensor type or contact person which appears to best characterise an
entry.



Guidebook on Detection Technologies and Systems for Humanitarian Demining

/A0 yolnasoal mmm ‘/BI0'SPYDI MMM :8[ISqEM

‘puUD|IOYL 'S06.-PIW 8yl 8ouls BuloBuo updor ‘Yolnegoas 1opoY
puUD DIPOQUIDD Ul PaJsa) sjusuidoAa@ a|INpPOoW JoPI A INTT @Yt U0 pasog AjjoulBuQ pupL SAHVI puib.ieusd
pley ueaq eAny o} Ajey( OIWO] 1YsoliH ‘Ploy-punH 943 sulN punolo ‘g

IW}Y" L0~ £0020s0/PIoUDIO
/SBIIAILOD /8-|WLY~sOIf/dAl110 SO MMM /Al 0D 'SOD MMM :8[ISGEM
"ZSY=p¢dsp o0p
/B10 UoIODBUIUL MMM ‘GO0Z UDIOIN |§ ‘WBISAS uolbledoo)d
|jouolbUIBIUl Uodor ‘Ubisiubybly Ul jJuswdinb3 aoupbine|D
‘DIPOQqUILD Ul JBII0S BUIN UbURUDWNH 10) (Aiowuwing) J1odsy [ouUl Seouslajey| Iopy
Alqissod puo (G002Z-7002) 1JOJO8I8P D}OUL D UlM PBUIGUIOD {ldD Uodor Pyl '0D SO Bulpoijeusd
upisiuoybly Ul paisel pleld - ‘Ploy-puoHy oid pydjy uoiousg punolo 'y
‘uayl eouls paddols ‘Auoduiod
Aol sfuswidojereg Bulysiiand 0BpI0S ‘9861 "UDI ‘BUIWPUDT 8y} Bulwb] "JiiS
‘(,Jojoalep Ajpwoun ) 1aj9d (Yo' py2IB MMM 885) € "ON &Nss| ‘SO0Z 1000100 U8L8ISMEaN D2 YINos - oleubow
SPOOJ UO UoO81eP uagnor 1eog ABojouyos] uoldY aulnN ‘AHIID B SYIANNN Seousiajey| (6/ AN -011098|3
1V Ul 1o} (s0/61 @i0)) oM ‘plogquio] ausbng 'selunpoddo Jeysuniy ABojouyoal  ‘g/ AINN) lojodeq Adousnbaly
ysng, DISSPOYy 8yl Ul pasn ‘Piig UILIDN SO ||loM SO ‘O|gD|IDAD SWBISAS O AjlUlIND 'PasDg-o|0IysA  SUIN Oljb}eul-UON -MO7 JBYIO '€
woo pidde mmm 8J1sge
(Bro'wbwmmm  22Upl4 ‘SPS elddd
‘Buiuiuep I0YD I8led 080 ©88) [002-6661 +o8f0ld JATSININ Upedoing syl uiyym (1osusg
uoupyuowWNyY 10} POy ‘nosalung ‘NBIN UM pjoBuy/DIgILUDN Ul pajsa) pup padojersp adAlolold as|ind uoyonpuj slojoala

uo Ajgissod Jusuwidojensq usuwioD ‘PlIOY-PUDH Ioubiq) sdidiCIeN PaouUPyul g
'001-68 "dd (666 1) 0LLE 'IOA ‘TIdS sBuIpe©e20Id 1G9
-9G "dd (0002) 8£0V IO ‘FIdS 'sBulpee20id '£88-2/8 *dd (£002)
680G ‘IO ‘FIdS sBUjpee20Id "D 18 "eulp|0D [N SooUBI8joy SR
‘o|qIssod ou| ‘siosuag fejusr
Ajpoliuajod osjo alb sedpys 10alqo umouy o) yidsp pup (AMIAD
(Bulsa] oAI10NIISSQ-UON ZIS JO SIDUIISD SAIDIIUDND "saligodod «BuiBowi» Buunioa) lajauwiojoubp
‘B'9) suololddo Jeylo 1o} pup ‘sulend plel dieuboul padoys uo BulAial 1ojo0alep |0IeN Buipuim slojoala
puiobuo Ay luswdorseq aulploD I8N "PBSOQ-9IDIYSA IO PIBY-PUDH BullepURSN |OISIN PaouUDYyUg |

uoljpowiiojul [oUCHIPPY

uosiad Jopjuod S9OUBISJOI B SOUSUBLODIDYD JISDg

uiblo »
awipu WajsAg

ABojouyos]



197

Schematic overview of other systems and technologies

'€00¢
10} pauupn|d alem sisa) plal4

"O0UBIBIUOD BUIDS JIOS PUD JID JO SISAIOUY - SBAISO|AXS JO

uoyjo8lep [PoJWaYD "WOUS|[EfY W (SIUBAT ISDd <- MP"HPU MMM

988) Z00Z 2@2uUalajuo)d Jawwng 4IAN ‘|04 o 1osfoid yoiossal

22UDIDS|D SUIN JO UOIDIUSSSId ‘WIOYI0S ] [seousiojey]

wols|iefy uuy "(Hun sisAjoun ouolowIBY} puL ydoiBolouwolyd sob)
‘WIOYIDS pUa] pasng 8jolyaA pun (Lun Buldulpns paloiado Aleing) piey-puoH

uspams ‘|04
10}08}9p
pIey o|qoyod

uolo8lep
OAISO|dxe @0Dl] “| |

‘'suolpolddo Jeylo

10J BulobBuo spusuidolersq
‘Buisel [0oIuyo8]

10} 8|gp|IbAL sedA1010Id

/UJOD'UOZIIOYID|OLIS MMM [8[ISGEM

‘(siogo8)8g

PIOYPUDH <- uolposjed <- Bio BuluiuspupLpuouNy MMM)
1e8ys 1o 11d3 dSIAN G00Z enbojpiov)d Idd

PUD s10j08[8 IPIBN AHDID UL Ul painioa) AN :seousla)ey

(@S3IAN Awly

SN) SIIPM PIOYIR
‘(J0j04S) upoduUNg
ydesor ‘(I0joys)

SN ‘uolpIodiod
oI08s8y| ID[0IS

(Aouy

yolod duisololn

1UDUOSay|) DlleubDWOoILO8|e

‘Auliy SN Ag payse] #AzoIo|0)S AT A4S L peylidwis, pley-pupH VdNd/€-11a3 1Bylo 0L
SN ‘[ouolbUIelY|
RIS “AdD
'suoloolddo Buluiwsp 0Py BulnIeUsd <- /PSS/UIOD IS MMM (8[ISGEM DIUOUIDY PUD “8dD 0Py
uoupIUOWNY o) polsel U108 Plaljeulul ©00DNS AJISOW :WSJISAS SUIOQIID 104  BUMOO| PIoMIO pulibiieusd

uaaq aADY O} AlaAIiun

- "8UIOIID PUD PBSDG-SIIUSA

UdO suloqily [iS

punoI9 IBYLO 6

|UILY OPBASZY /IIS/AOB" U MMM [ 8ISGEM
'02-61 'dd 8661 AON-1OO (V)L ‘siplUSIOd

SN ‘(AlopiogoT

3331 '(Uonosep duIW PUD|) DAVINANY1 ‘'OP8ASZY 'S [S80USI8 8¢ |PUOIDN SI0ULIBDAM 1Py
‘8661 pPuUnoIo paddoys ‘(pppy asindwi] Jemodoldin) I INTT &4t Uo pasog 2ouaIMpD) INT] pulpieusd
sjuewidojensp &yl $1007  openszy usydels ‘PIBY-PUBH DAVINANV1 punoio g
‘DO SP BUIIUO-UODUL MMM (8JISGEM
Ul palsal plell ussq soy ‘(Npa NI oIDW ©88) ZOOZ ISNBNY ‘2’9 8nss| ‘UoIDY SuUilN Aupuwiies 1opoY
PUD ‘@I0MPOS PUD SIOSUSS JO [OUINO DIVIN ‘UIDBY $BPI}| 8PM00d ‘©@2UBIMDT "M\ [SOoUBI8j8Y] uoouj Buipliieusad
ulol) ADID 3dD SIOD 0 Sesn  SsIdyYLNYDS unjals ‘(8N00d) PasOLg-a|0IysA - punois /
L6/ 1=P1gsmau=2o¢,dyd xepul/as’ Il 09pamMs MMM 81ISqE/M)
'SIDBA G1-0L ‘(Buipuad podal) g'z'z'z 108lold d3l| seousisjey uspams ‘104 1opoY
1spd eyt 1o} Bulobuo ussq UuoSsSuIDYLIaY SOl UOHDILISSDID UHM ldD wioyp|d Buipliieusad
SOY |O4 10 ddO UO Yalnsssy| uojols ‘PIeY-pPuUdH dlv SNNNH punoio ‘9
uibuo %R
uolbuwIoUl [pUCKHIPPY uosiad Jopjuod s9oUBIBal B SOISLSIODIDYD disbg awIbu WajsAg ABojouyose]



Guidebook on Detection Technologies and Systems for Humanitarian Demining

"‘9|qD|IDAD
uolpuLIojUl dliaNd B4
‘sjuswidoleasp Bulobuo

SN ‘uolpiodiod

pLBIAD
puo Alnoes 35 Qo+t
(ANIV) Jojodjaq BN UoHOSIeP

"BUILIBIUNOYD <- WOD'DIISIAD MMM [8/ISqS/
‘'suoljoolddo
S0USJOP 10} SN PUD I0}08}8P [0 RdS JO UopUIqUIOD

'suolpoddo plel) [poonid
w0y} o) JoYMaulos
s siuswdoneq

(punwipoQ)
uuowiiy usbunr

‘(HpoiswioQ)
Jolh4 zuol4

‘pPalddy g 'SAUd JO [PUINOr |0 18 ‘BLON ‘A (OJuUI'wspna MMM

‘PlIOY-PUDH OUIIN POOUDAPY  SAIsO|dxe Yng ‘9|
Aubwiies
'200T ‘2r6-686 G "SAUd ‘punuipog

Alsionun Jyny ®
2088) /z/-ze/ 'dd ‘€00z ‘eousIajuo)) [puolbUIBIUl ALISIBAIUN |OIIUYDS|
102S-2WIAdN3 sBujpee20Id |0 18 ‘UUDWILY [ [Seousiojey] ppIsuIDg SN Uoloslep
‘o|goHod-upw A|QIssod - oAIso|dxe Yng ‘Gl

"1SDY)

10 ‘sindA G| -0| Isod 8yl
1o) BuioBuo ussaqg spy NSH
10 SOAISO|dX8 JO Uollo8Lep
YL 10} N UO Younosay

UbDjysIyo9I9 WIPBA

WY MM /UBYSIYDBIB /NI UISY ' NSY MMM

//:A1Y “/1OP8UIUL/NIUISY NS MMM ‘/NI'DUILSTD MMM [81ISGaM

"MOJSQ SOLISOON 985 SeoUBI8)8Y oIssNg| “AliSIoAIUN
'SI0BA 8y} 1oA0 padojeAsp sanbluyda) puD SWBISAS SNOLDA  B1DIS PRIBUIUIDY JON UolO818p
"PBsSDg-9|2IYSA J0/PUD PloyY-PUDH - BAIso|dxe fNg 1|

900¢
-€00¢ ,Uolo8Ieq PIBYSUIN,
£/008/6 +o8(oid 8008

Jiwiu-Gy/1dep/sli/is sl mmm oisqam
‘(OJurwepnNa MMM
998) /z/-zz/ 'dd ‘€00z ‘@ousiejuoD [pUoDUIBIUl  LIUSAOIS ‘DUB(gN
100S-2n3dn3 sBuUipee0id "o o ‘Uidy | [$90USI8jey  ‘SIN{ISUl UDSIS 1
"(INL JO uonoslep 8y} 1o Ininond U ALAILSUSS puD (9doupuosay

10J ©2ULB108 OLVN 1ebles oulg Heaqoy] UOIN|OSaI DN 8SpaIoUl Of plal) dieubbul [pUIBIXS UD JO 8N dlgqnog ajodnippon® JON UOLO818p
YHWS 'S'Yr "yidy '] os|o 983 ‘ydy zowo] "e|qppod-upw Alqissod I08[ONN) JAON  SAIsoldxe %ing ¢
/N" 00" AoUnNSUODIbu MMM [8[ISqEM
(oJurwepnammm
9988) |Z/-GL/ 'dd ‘€00z ‘eousisjuoD [puolbUIBLUl
1S9 10DS-2N3ANT sBUpee0Id D 1 "UHWS 'SV SoousIo)ey
10 ‘sipdA G| -0| 1sod ayL ‘B|gD|IDAD JOLDIISUCUIBP
1oy BujoBuo useq soy 1D AlojplogoT "uoldwNsuoD Jomod MO| PUD SYIPIMPUDg 3N ‘UopuUOT
1D $OAISO|dXd JO UolOBLP UOLDLIOXS apIMm BULNDS] ‘©2IA8P PasDQ UOIDIOXS SSION ab9||0D s,0uUy JON UoHOBIeP
B} 10J JON U0 yoInssaey| yHws uyor "POSDQ-8|DIYBA 10/PUD PIaY-PUDH - aAso|dxe INg L

UOHPWIOJUI [DUOHIPPY

uosiad jopbjuod

uibno @

SOOUBISJOI B SOIYSUSIODIDYD DISDg awIbU WoJSAS ABojouyos]



Schematic overview of other systems and technologies

‘(AJnoss 'B'e) supwop
18ylo Ul BuiobBuo ‘Bujuiisp
upuplUDWNY 1o} ploy

uo Alqissod Jusuwidorag

10U Jejed
‘nosaiuINg
usuiInD

woo nidde mmm [8lIsqem

(oJurrwspne mmm 8ss) 002

'‘qe4 ‘¢ 'd podsy [pul4 ‘ApniSojdx3 uIyosnig 'D 1seousIs)ey
‘(Bio'wbuwrmmm osjo ©8s) |00z-6661 +o8loid JAISININ
upadoling eyl uiyim ‘NBIN Ulm pjoBuy/OIQIUUDN Ul palsa) pup
padojersp 8dAl0]0ld 10108 1ep Al pWWDB ISD) AloA Dalo abIo|
0 pup Jopleusb uoinau pwsp|d asind LIoYs AISA D UO s8Iy
‘Paspg-sI0IyaA (Ajay|| 8low) 1o s|gouod Ub|N

22UDnI4 'SOS V2ldd3
(1osuas sisAjpuy
[po1WaYD uolnaN
asind) SYONd

1SDJ ‘UOINBN
SUIBJSAS
uolo8eP AINg "0C

'sespyd Apps

ul jus Ajgogoud ‘siojosiep
SADJ DWWOB Uo puL
22IN0Ss UoliNau uoisn) adAl
-eBJoyosIp O Uo JoNdied
Ul ‘sfosfoid-gns pIanss

(DACBDN)

1yonB| onsie|
‘(0JoAN)
DMOYIYSOA 1USOAR

1pd e-aAiso|dxa/IppoX/Ill/us)osp/dl OB IS[ MmMm 81ISqaM
'©Z1-0Z1 'dd 'sBuipeed0id 8ulns |0 18 1Iysoyoxno]

‘AGLL-ZLL 'dd 'sBujpseo0id awos “|o 18 1yonb) °] (sm deymmm
puo BIo°goozWepNy Mmm 888) 6| 1-91 | "dd ‘500z ‘(Buujweg
UDLIDJUDWNH U] 82UDJSISSY [ODIUDYOS)\ PUD SOIJ0QOY))

G00Z WIANH 40 SBUjpead0Ild |0 18 'OMDMNIUSOA Y SeousIejey]
"PesOg-9|0IUsA oq o} Al

uodor
‘AlisioAlun PAOBDN
‘ALISIBAIUN OJOAY

VNL :sudelsAs
uoloslep Aing '61

‘@0ouls pansind usag aAbY
suswidoeasp JI Josjoun
‘AWl UpISSNy AQ pasn
usaq aApy lybiw siolosleq

PsysAg AIOHA
‘Aisiodad Alobals

‘000¢ USIoN

‘6L 18S1-AIF1-IDON Hodey| INTT ‘UoiO8teq Ul 104 SUOHDINWIS
OlIDD BIUOW HBUDIDN "Y'V 100] 'V /|G |-/ L 'dd (85y

"ON '|And "JU0D 33 8661 ‘SBUIN PUDT pauopupqy JO Uolodled
By} UO "JUOD "lUlU| pug SBUIPSS20Id "AfSIoNed 'S seousle)oy
‘(uoloslep uabouyu)

UOIIDAILOD UOJINaU [pulleyl Ag pemol|o) eg o} (Uoljoslep

usBoIPAY) BULBLDISYODC UOIINSU [WBLSAS |gpuod [ondoissng/SN P41 1epx3

‘Pley-puoH

SpOYLaUl 8sISAIP
‘Pesng UOIINSN
SUIBJSAS

uolo8lep Aing ‘gl

‘'sospyd
Aoa Ul |jus Algogoud josfoid

MOZO}| O8PIH

1pd e-aAiso|dxa/IDPOY/IDAI[/us)osp/dl OB IS[ MMM :81ISGaM
‘(smdayl mmm

puo Bi0°googWePNY Mmm 885) | | 1-601 "dd ‘G0z (Buluiweg
UBLDJUDWNH Ul @2UDJSISSY/ [DDIUDYOSIA PUD SOIHOQOY])

G00Z WIANH 40 sBUIp8920Id [0 48 “MIYDD] "N [SO0UBI8)8Y
‘adl

uodor
‘AJISIoAlUN OYOSO

ASN uoyoelep
enisoldxe Aing /|

UolpWIojUl [PUOCHPPY

uosiad jopjuod

S9OUBISJSI B SOIYSUSIODIDYD DISDg

uiblo »
awIpuU WaJSAS

ABojouyos]



Guidebook on Detection Technologies and Systems for Humanitarian Demining

*JOSUSS UOIDULIUOD D
so |nydiey Alqissod pauwesa
‘onbiuyos) Buibowl

1o8lIp O O (0002-L661) AON
uowles AQ paisel pleid

UIOD UOIXA" MMM [8[ISGEaM

'¢00¢

1890400 ‘0L ON 7 IOA H4Bisu| Ul SIgIIDAY 'Z00Z ©UNf ‘PuUojedI0g
1ANDI Uig sBuipeao0ld “ABojouyosy) 181008%00q ADI-X YlIM
SauIWIpUD| PaUNg JO UuolO818d |0 18 ‘UUDWSIN ‘M S8oUsI8j8y|
'Soull} Uoloalep BUo| AjpAlDIa) painins) 8dAL00Id

‘yidap wo Qg o umop usnoid Ajjusinddo usaq sy uoloaied

- 'PesPg-S|0IYysA

Aupulies
‘HQWS NOIXA

1811028100 q

ADI-X :SUIBJSAS

uolosLep
AING JIBULO ‘¢

‘DIPOID ‘geIbnz

‘@INJIISU| DINO®SOg 1oQNy]
oy} Ag poday] jlog yjdep
-ul uo pepnoul josfoid
ay] ‘eboJs Juswdoerep
[INJ Y} Yo0aI JOU JIoASMOY
PIP ‘dH O} UOUSHO Yim

‘(oJurwepna' mmm 8ss) zi/-/¢/ 'dd

'000Z "©oUBIBJUOD [DUOIDLUIBIUI |ODS-ZNIANT SBUIPe9D0I4 |0
18 "USBIA "D (/00Zzodul/se0UBI8jUOD/SS SIBUIIDYD A MMM ©8S)
7002 DdNI ‘seqoid 1psjonu JO 8sn 8y YLIM SOUDUSDS [USIDLIP
Ul eAIsojdxe uspply JO uoyoajed "I 18 ‘DIGUSN 'O SeousI8jey
"(2002-0002) Buiuiwsp upUpjUDWNY 4O AljodyI0eds

Ao ‘"oAOPDd
(soIsAyd IpBIONN

pPaWID PUD seUILIPUD| JO BuiBoull PUD UOILOSI8P 8yl 10} ‘WaISAS JO 81N1IIsUl |OUOIION

pIggeN eddesnis 181100800 UOIINSU D YLIM IOL08L8p [DiaW o JO Uolbibelu|

1811008%00q

uploy) N4NI UOINSU SUIBlSAS

puo jdeouod Buyselelu| ‘IISSIA OlIODUDID ‘PISY-PUDH ANIAVIQ UOLOS8I8P AINg "€¢
/1" UISPOS MMM [8[ISQE/
‘(1osfoid «WwslsAS uolloaeq SUIN UI-8S0|D PBIUNOIN-S|DIYSA»
VIAAS-USIAIN UDWISS-00Upl4 8y} Ul paAoidws ag ol) Bueq
‘BujoBuo o spusuidoreq oWl &Y} IO} JOSUSS UOIDULIIIUOD D SO PUD suolo2lddo aousjep 2ouDn.4 1SDJ ‘UoIiNeN

'700C Ul paisal piely

AlINIss©00NSs Jogblisuowe Ineuino| &1 eddijiud

10J AlUIDW “WBISAS pasog anbluyos) sjoiind palnioossy
‘PesPg-S|0IysA

‘NY3QOos savi

SUIBISAS
uolosiep Aing '¢¢

‘BuioBuo A|qissod salAILOD
paioey 'e00¢ Ul ASIAN

/UOD DUIABIBUSIY MMM [BLISGEM

((ojurwspne mmm

985) Go/-19/ 'dd ‘eo0z ‘©ousI8jUOD [PUOKLUIBU|
1008-2W3IanT sbulpeeo0id b 4o "YDIIBOIN "D'g Seouslsjey
‘SISA|DUD

Japun 82UpISaNSs By} JO ‘DINULIOY [DIIWBYD 8YL PUD ‘SOIDI
UsBAXQO puL UBBOILN ‘UOQUDD 8y} JO uolpuUluLIBIeP [PoUIdWwS
aAlIoIIUOND D PIBIA Of $I010818P SADI PWWIND UINUDWISS

SN ‘seibojouyos|

1S0J ‘UoJINBN

AQ seuUIW ]V 10} JIOSUSS uolnjosal ybiy pupn snbiuyos) ao1und painioossn ay) Uo $8)19y ABisuqIiH SWIBJSAS
UOIDUIIIUOD D SO pajsal  YolBo uppbog "POSOg-SI0IYSA 10 S|gPHOd UDIA lozuagiadng uoOBBP AING ' 1T
uiblo %

uoypuwuiojul [oUCHIPPY

uosiad Jopjuod SeoUBIaJel B SOISLIBJODIDYD JIsbg

auwIpu WajsAs

ABojouydse]



Schematic overview of other systems and technologies

'sjsol
asoy} 92UIs payoy usag
oAby JyBiw sjusuidoeaaq
'SI0SUSS IopnY ainuady
DI18YLUAS puD paloll]
Uim Awly sn AQ peise]

(@S3AN Awly sn)

lajlalg uuny puo

18]8821yD seloyd
‘("ou| ‘ABojouyos|
[©ge1y2s)

B0y sewor

1ou’|egalyos' MMM [81ISqaM

‘(uolonpey paly/uolosled

D8Iy BPIM <- UolO818q <- BIO'BUIUILIBPUDLIDHIUDUINY MMM)
S}OBUS 1004 WBISAS UOIIO88d PUD ASAING SUILUPUDT

% 181doowWND dSIAN (NPa'NUWIOIDW 888) 66| JIBUWWNG ‘Z'e
BNSS| ‘UOILOY SUIA JO [DUINOr DIVIA ‘UOHO8jed PUD 8oUupIns|D
BUIWPUDT PBJSISSD AJIDDIUDYDS)\ ‘UOIPUSS) '] seousIajay|
'SIOSUSS Jualayip Buiunow Jo

a|gpdpo Wioy|d |jpUBD SNOWOUOIND AjN) ‘PB|I0ILUCD Ajojowsy|

oSNy

'HQWDS 8ipleo
ayosiuoie|3
‘ABojouyos|
[8g8Iyos

‘SN "OuUl |18gL8IYoSs
AVS/ddD 10
‘euloglly ¢l Buisn Jeydoown)d

SUWISJSAS
puisues a1ouwsy| 'gg

‘'sodAjojold

JO Juswdolensp /002
[Hun “1o8foid oAILLIOgD||0D
UDWISS-0DUDIH

(lotewueyy)
uodspy| |oxy
‘Yosol5 uupulieH

0S6=Pee=0Oup|;,dydxepul

/op 08lep-||oIeWUIBUI MMM/ /:d1Y 84sgem

'Géi-G8y "dd (G00Z)

708G "IOA 3J1dS sPulpeed0Id |0 18 ‘tenbsns o7 4 :seousiejoy
'solpuUsos Joblioy 8yl o)

BuUIPIODDOD PBUIGUIOD 8Q O} — |0IUO0D ¥ PUDWUIOD ‘UOHDULIUOD
‘Uolo8ep ‘A0D8p - $OIDIUSA BAI4 'suoln2lddp aousiep

puo Buideex-eonad 10} Ajupwild ‘(SIOSUSS UOIDWIIIUOD pasod
UOJINdU pPUD DJU0IL08j8-0Ldo |DILDads-IINW }dD ‘slojoalep
[o1ewW) WalsAs Bulos|D pUD UOIO8I8R Ul Pa||0ILUCD 810wy
'Pesg-S|oIysA

2oupn.4
VAN PUD suelsAS
auIoqUlY S8|PY|
‘AUDWII®S 'HAQWS
aulslsAspun
[IojowiuIeUR]
VIIAAS-ASNIN

SUUIBJSAS
1osuag-IHINIA
pPasog-SI0IydA 'Lg

‘AUl SN UM pajsey
plel AJoAISUSIXS SUIBISAG
'S06. ©YL ©2UIs Uoloalep

BUIWPUD| J1SNODD
Ipsu|-uou palesuold soH

Aoysuoq upwig

ULy Aoxsuop/ejdosd/e080/Buliesulbus/Npa'sUsASLS MMM
ULy AOYSUOP /SMBN/NPS" YDB1-SUBABIS 908 MMM /ST
‘sjuajod

SN IDIOASS 1200 dUNF 71 /2-G0/Z 'dd 9 "'ON "L L | "|OA ‘DOUSWY
1O AJ©100S DISNODY [PUINOI D 18 ‘AoYsuoq ' seousiajey|
‘(e1qissod g JUBIu SIUDLIDA PIaY-puUny) Paspg a|0IUaA

sSn ‘ABojouyos|
JO ©JN}IISU| SUSASIS IDBUI-UON :OIUISIOS

$O1SNOOD

/OUSNODY "9

"UMOUX
sjusuwdopAsp Jusdal
ON 'e2p|d usyo} usag
aADY O} Ajxilun Bulsey pleld

(paujorn)
uoq se|pyD

‘9661 1990100 80

"8178'€9G’°G 'ON HUSIOd SN Wéé L "8E8T-LEST 'G6 "OOUBWY JO ALBI00S
DIISNODY [PUINOT ‘s18B0y| I Y ‘'Uuod '9'D ‘Y661 ‘6-G 'dd | "ON

‘72 IO ‘DloJsNy D1SNOdY ‘enbjuyos) esindul 21jsNoo UL AQ
$108[QO paung JO UODD0T ‘s18bB0y| [ 'Y 'UoQ 'S "D SeousIojey|
"Jo)0adspPNO| UOIDLOXS UD pUD

‘Alolualayip pasn pup 8Bl 8yl JI8A0 pauunos seuoydoioiw
D1ISNODD JO-PUDLS oM} BulAoiduls poylawl [opLuoD-uou ajduwis
‘Pley-puoH

DIjOISNY
‘AlISISAIUN USOUOA esindwl] :olulsies

$214SN0OD

/2USNODY "Gz

uoljouliojul OUOCHIPPY

uosiad jopjuod

SOOUBIaJl B SOISLIBJODIDYD JIsbg

uiblo »
ouwIpU WajsAS

ABojouyose]



Guidebook on Detection Technologies and Systems for Humanitarian Demining

‘(spupbpByieN

oyl "OND Ajjue
,Uol108189p aulupuD| 10}
UIBJSAS DIBWIDD PasID|Od,
8y} Io} 8J0UL00} OS|D 888

'€601-9V/Sd/vaVI uolooland v3y| ‘Duisny ‘OUUSIA
'sioppNbPOeH YIv| &Y} $0 000 INAY /-€ Pley Bullesin dnoio
AIOSINDY 8y} JO Hodey| ‘Buiujuueg UDLDLHUDUINH 10 WIOMD|d
1OSUSS-ILNN PBJIOIUOD Alejowsy] v Ul ‘UoIO8[ed e2unupiO
papojdxeun pPUD SaUIWPUDT "D 18 1AouoBIog ‘N 9 Seousiejey
's0861 ©u} Buunp

padojersp AlQpgold ‘WaLSAS 181IDI$YO0g UOIINaU PIBY-PUDH

‘Pojsel
plal AJAISUBIXS PUD sO86 | AlDS O} SQ/61 Alpe padojeaag
"ADLD ¥dD PasSOg-9|2IUdSA

SN 2IvS

OOUJY YINOS “AISO
(so1bpz 10) sonjpz

JEYITeEely boT oTo |
uoljnaN
SWBISAS

uoloslep Aing '¢¢

10poY
pulpieusd
puncio "¢e

(smdall'mmm 888) |'2'S'Z "IN 108[oid d3l) seousisajay)

‘(«soumdiy 1o81ep o) 8|qissod

10U S| JI pup UIpl8) BUIpuNOINS 8y} WOl $108(0 apnul-unul

ysiNnBulsIp O} JNDILIP AISA S| 1in) SALDBSU IS0 UISSS SHNSSy|

uoss|eIUDQ UDIoS ‘adl

uspsms 104

'SWIBISAS 19p|O

pasupjod
‘paipiyu|
SWBISAS

Buisuss ajouley] ' |¢

'1S09|
10 ‘sIbdA g -0| Jspd ayy

10} IVINDD o BujoBuo useq
soy Buibouwl [pipoadsiedAy
JIINW UO YoI0nasay|
‘sjuswdonsp BuilobuO

UWOD'Salll' MMM ~O0.0@.+OC(_OO.\<<,>\S CB]ISGeM

'8/¢

-G9¢ "dd ‘(1002) 76EY 'IOA JIdS SPUIP©800Id ‘ODUDA| | /9-9G "dd

"(G00Z) 76LS "IOA 3IdS sBUIpee00Id |0 18 ‘©840IN [ Seousieiey
'SOOUDISUINDIID BUIOS Japun 8|qissod §| uoljoalep

oUW palng 'seuo paop|duis Alluaodal InNoiud ul ‘Spool uo

souUlW JO 10 “(SBuUlU [DNPIAIPUI UDYL Jaylol) SI0iDipuUl plalaulul

UVINDD) 40 10 saulwl PID| 8204INS JO UOILO818p 8yl Of Uoiplddo 8|qIssod
9840\ uyor ‘POSg-9|DIYSA 10 SUIoQUIY

DPOUDD ‘YoIDssey
S8l % IVINOD
(1obBoul]
olydniboioads
auloqy
fopdwo?) ISVD

|oJjoadsiodAH
JUINA SUIBISAS
Buisuses ajoway| ‘0g

"ONOSOY Ul
iSO} By} 92UIs paypy usaq
aADY 1yBiw spusuidoieneq

/UOD 19098aUIU MMM [8[ISQE/M

"OJISgeM 8} Woly o|ap(ivAL (1002-0002)

spodal Jsa] "uolosep teblioy palng puo uolpieuad abb||o)
‘uoynjosal Yoy 4o e|godod eidiouud ul ‘sieurs Ag (VS aMnN)
Iopy| ainpady JIBYLIUAS PUDOSPIM DILN UL Bulunouw diysiy
‘ouIoglY

YN ‘Sleus
PUD UOIDPUNOS
18)88s8UIN
amn 1ejeesauln

SWIBJSAS
Buisuses ajoway| ‘62

uoypuIojul [OUCHIPPY

uosiad jopjuod S9OUBIaJel B SOISLBIODIDYD JIsbg

uiblo »
awpu WajsAg

ABojouyoal



Annex 2

Involved organisations

This annex includes the contact details of the organisations appearing in this Guidebook.
In the case of multi-partner projects, only the project leader is listed.

Applied Physics Laboratory, V.G. Khlopin Radium Institute

Address

Applied Physics Laboratory
V.G. Khlopin Radium Institute
274 Murinsky pr., 28

194021 St. Petersburg

Russia
Contact person
Name Kuznetsov
First name  Andrey
Function Director of the Nuclear Physics Department
E-mail apl@atom.nw.ru
Telephone  +7-812-2470173
Fax +7-812-2478095

Website: www.apstec.ru

Biosensor Applications Sweden AB

Address
Ursviksvéigen 131A
S-174 46 Sundbyberg

Sweden
Contact person
Name Eng
First name  Lars
Function Project leader
E-mail lars.eng@biosensor.se
Telephone  +46 8 706 7508
Fax +46 8 706 7525

Website: www.biosensor.se

CROMAC

Address
HCR Centar za testiranje, razvoj i obuku, d.o.o.
CROMAC - Centre for testing, development and training, Ltd.

Sortina 1 d
10000 Zagreb, Croatia
Contact person
Name Pavkovic
First name  Nikola
Function Director
E-mail nikola.pavkovic@ctro.hr
Telephone  +385 1 650 0021
Fax +385 1 652 0301

Website: www.ctro.hr
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CyTerra Corporation

Address
CyTerra Corporation
7558 Southland Blvd. #130
FL 32809, Orlando

us
Contact person
Name Hatchard
First name  Colin
Function International Sales and Marketing
E-mail chatchard@cyterracorp.com
Telephone  +1 978 314 8894
Fax +1 978 477 0223

Website: www.cyferracorp.com

Delft University of Technology

Address
Delft University of Technology
Faculty of Applied Physics
Department of Radiation, Radionuclides and Reactors
Radiation, Detectors and Materials Group
Mekelweg 15
2629 JB Delft
The Netherlands

Contact person
Name Dr Bom
First name  Victor R.
Function Senior staff
E-mail V.R.Bom@tnw.tudelft.nl
Telephone  +31 15 2788130
Website: www.rrr.fudelft.nl

DLR - Deutsches Zentrum fur Luft- und Raumfahrt e.V. (Research Centre)

Address
DLR - Deutsches Zentrum fur Luft- und Raumfahrt e.V. (Research Centre)
Godesberger Allee 119

53175, Bonn
Germany

Contact person
Name SUB
First name  Helmut
email helmut.suess@dlr.de
Telephone  +49 8153 28 2372
Fax +49 8153 28 1135
Name Peichl
First name  Markus
E-mail markus.peichl@dlr.de
Telephone  +49 8153 28 2390
Fax +49 8153 28 1135

Website: www.dlr.de or www.dlr.de/hr/Institut/Abteilungen/as/gruppen/mikrowellensensorik

DRCD Suffield/Canadian Centre for Mine Action Technologies (CCMAT)

Address
DRDC Suffield
PO Box 4000, Station Main
Medicine Hat, Alberta
T1A 8K6 Canada
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Contact person
Name Weickert
First name  Chris
Function Head, Military Engineering Section
E-mail chris.weickert@drdc-rddc.gc.ca
Telephone  +1 403 544-5331
Fax +1 403-544-4704

Website: www.suffield.drdc-rddc.gc.ca, www.ccmat.ge.ca

ERA Technology Lid

Address
ERA Technology Ltd
Cleeve Road
KT22 7SA Leatherhead, Surrey

UK
Contact person
Name Daniels
First name  David
Function Chief Consultant - Sensors
E-mail david.daniels@era.co.uk
Telephone  +44 1372367084
Fax +44 1372367081

Website: www.era.co.uk

FGAN-FOM Research Institute for Optronics and Pattern Recognition

Address
FGAN-FOM Research Institute for Optronics and Patftern Recognition
Gutleuthausstr. 1
D-76275 Ettlingen
Germany

Contact person
Name Hebel
First name  Marcus
Function Research Scientist
E-mail hebel@fom.fgan.de
Telephone  +49 7243 992 323
Fax +49 7243 992 299

Website: www.fom.fgan.de/

GE Infrastructure, Security (formerly Quantum Magnetics, Inc.)

Address
GE Infrastructure, Security
15175 Innovation Drive
CA 92128, San Diego
us

Contact person
Name Barrall
First name  Geoffrey
Function Technology Leader

E-mail geoffrey.barrall@ge.com
Telephone  +1 858 605 5500 ext 470
Fax +1 858 605 5501

Website: www.gesecurity.com/
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Georgia Institute of Technology

Address
Georgia Institute of Technology
School of Electrical and Computer Engineering
777 Atlantic Dr.
Atlanta GA, 30332-0250

us
Contact person
Name Scoftt
First name  Waymond
Function Professor
E-mail Waymond.scott@ece.gatech.edu
Telephone  +1 404 894 3048
Fax +1 404 894 4641

Website: users.ece.gatech.edu/~wrscott/

IMEC-ETRO

Address
VUB-ETRO
Pleinlaan 2
B - 1050 Brussels
Belgium

Contact person
Name Sanhli
First name  Hichem
Function Professor
Email hsahli@etro.vub.ac.be
Telephone  +32 2 629 2916
Fax +32 2 629 2883

Website: www.efro.vub.ac.be/

Kayser-Threde GmbH

Address
Kayser-Threde GmbH
Wolfratshauser Strasse 48
D-81379 Muenchen

Germany
Contact person
Name Dr. Klein
First name  Volker
Function Senior Research Scientist
E-mail Volker.Klein@kayser-threde.de
Telephone  +49 89 72495 147
Fax +49 89 72495 291

Website: www.kayser-threde.de/

Kawasaki Heavy Industries,Ltd.

Address
Kawasaki Heavy Industries,Ltd.
Tokyo Head Office,
World Trade Center Bldg.
4-1, Haomamatsu-cho, 2-chome
Minato-ku, Tokyo, 105-6116
Japan
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Contact person
Name Nakamura
First name  Hayato
Function Staff Officer, Project Department, Corporate Business Development Division
E-mail Nakamura_h@khi.co.jp
Telephone  +81 3 3435 2451
Fax+ 81 3 3435 2024

Website: www.khi.co.jo

Neptec Design Group

Address
302 Legget Drive
Kanata, Ontario
Canada, K2K 1Y5

Contact person
Name Church
First name  Philip
Function Director, Sensor Systems
E-mail pchurch@neptec.com
Telephone  +1 613 599 7603 ext 513
Fax +1 613 599 7604

Website: www.neptec.com

NIITEK, Inc.

Address
NIITEK, Inc.
43671 Trade Center Place
Sterling, Virginia 20169
us

Contact person
Name Clodfelter
First name  Fred
Function CEO

E-maiil Fred@NIITEK.com

Telephone  +1 703 661 0287

Fax +1 703 661 0284
Website: www.NIITEK.com
Address

Humanitarion Demining Program (Mr. Richard Walls)
ATIN: AMSRD-CER-NV-CM-HD

10221 Burbeck Rd.

Fort Belvoir, VA 22060

us
Contact person
Name Walls
First name  Richard
Function Electrical Engineer
E-mail richard.walls@nvl.army.mil
Telephone  +1703 7042375
Fax +1 703 704 3001

Website: www.humanitarian-demining.org/
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Nomadics Inc.

Address
Nomadics Inc.
1024 S. Innovation Way
74074 Stillwater, Oklahoma

us
Contact person
Name Sikes
First name  John
Function Deputy Manager, National Security and Homeland Defense
E-mail jsikes@nomadics.com
Telephone  +1 405 372 9535
Fax +1 405 372 9537

Website: www.nomadics.com/
PipeHawk plc

Address
Pipehawk plc
Systems House, Mill Lane
Alton, Hampshire, GU34 2QG
United Kingdom

Contact person
Name Chignell
First nome  Richard
Function Technical Director
E-mail richard.chignell@pipehawk.com
Telephone  +44 1420 590990
Fax +44 1420 590620

Website: www.pipehawk.com

QinetiQ Ltd

Address
QinetiQ Ltd
Cody Technology Park
GU14 0LX, Farnborough
United Kingdom

Contact person
Name Allsopp
First name  David (Dave)
Function PHMD Project leader
E-mail djallsopp@ginetig.com
Telephone  +44 1252 395111
Fax +44 1252 396059

Website: www.qginetiq.com

Renaissance/Royal Military Academy

Address
Renaissance/Royal Military Academy
30, avenue de la Renaissance
1000 Brussels

Belgium
Contact person
Name Yvinec
First name  Yann
Function Project co-ordinator (Phase 1)
E-mail Yann.Yvinec@rma.ac.be
Telephone  +32 2 737 64 74
Fax +32 2 737 64 72

Website: www.rma.ac.be
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Science Applications International Corporation (SAIC)

Address
16701 West Bernardo Drive
San Diego
California 92127
us
Contact person
Name Sullivan
First name  Robert
Function PELAN Program Manager
E-mail Robert.a.Sullivan@saic.com

Telephone  +1 858 826-6019
Website: www.saic.com

Tau Giken Co, limited/ University of Electro-Communication

Address
Tau Giken Co, Ltd.
224-0054181 Saedo-cho, Tsuzuki-ku

Yokohama
Japan
University of Electro-Communication
182-8585
Chofu-shi, Chofugauka 1-5-1
Tokyo
Japan
Contact person
Name Shinji
First name  Gotoh
Function General Manager
emai Is-gotoh@pop21.0dn.ne.jp
Telephone  +81(45) 935-0721
Fax +81(45) 935-0731

Website: www1.0dn.ne.jpo/~aae76220

Technische Universitat limenau

Address
Technische Universit&t llmenau
PO Box 1005 65
Max-Planck-Ring 14
98684 limenau
Germany

Contact person
Name Sachs
First name  Jurgen
Function Co-ordinator

E-mail Juergen.sachs@tu-ilmenau.de
Telephone  +49 3677 692623
Fax +49 3677 691113

Website: www.fu-imeanu.de or www.demand.meodat.com

Tohoku University

Address
Tohoku University
Center for Northeast Asian Studies
41 Kawauchi, Sendai
980-8576 Japan



Guidebook on Detection Technologies and Systems for Humanitarian Demining

Contact person
Name Sato
First name  Motoyuki
Function Professor
E-mail sato@cneas.tohoku.ac.jp
Telephone  +81 22 795 6075
Fax +81 22 795 6075

Website: cobalt.cneas.tohoku.ac.jo/users/sato/

TNO Defence, Security and Safety

Address
P.O. Box 96864
2509 JG The Hague
The Netherlands

Oude Waalsdorperweg 63
2597 AK The Hague
The Netherlands

Contact person
Name Dr. de Jong
First name  Wim
Function Project manager / Scientist
E-mail Wim.deJong@tno.nl
Telephone  +31 70 374 04 38
Fax +31 70 374 06 54

Website: www.tho.nl/defensie_en_veiligheid/index.xml

University of Cape Town, South Africa

Address
Department of Physics
University of Cape Town
Rondebosch 7700
South Africa

Contact person
Name Brooks
First name  Frank
Function Emeritus Professor
E-mail forooks@science.uct.ac.za
Telephone  +27 21 650 3325
Fax +27 21 650 3342

Website: www.phy.uct.ac.za/anp/

University of Florida

Address
202 NSC, Box 118300,
Nuclear & Radiological Engineering
University of Florida
Gainesville, FL 32611
us

Contact person
Name Dugan
First name  Edward
Function Associate Professor and RSD/LMR R&D Director/ Coordinator

E-mail edugan@ufl.edu
Telephone  +1 352 392 1401 ext 309 f
Fax +1 352 392 3380

Website: www.nre.ufl.edu and sxi.nre.ufl.edu/index.html
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University of Mississippi, National Center for Physical Acoustics

Address
1 Colisesum Drive
University, MS 38677

us
Contact person
Name Sabatier, PhD
First name  James M.
Function Senior Research Scientist
E-mail Sabatier@olemiss.edu
Telephone  +1 662 915 5404
Fax +1 662 915 3949

Website: www.olemiss.edu/depts/ncpa/

Vallon GmbH

Address
Vallon GmbH
Im Grund 3
D-72800 Eningen
Germany

Contact person
Name Braunstein
First name  Jurgen
Function Sales Director

E-maiil jurgen.braunstein@vallon.de
Telephone +49 712198550
Fax +49 71 21 8 36 43

Website: www.vallon.de






2D

3D

Ab
AFPs
Ag
AGM
AIR
AM
AP
APT
AT
ATR
BGO
CBI
CDS
CMP
COTS
CRDC
CROMAC
CRREL
CZT
DARPA
DFID
DOB
DRDC
DRES
DSP
EC
EIT
ERC
EUDEM
FAR
FMCW
FNA

Annex 3

Glossary of acronyms
and abbreviations

two dimensional

three dimensional

antibody

amplifying fluorescent polymers

antigen

automated georeferencing module

airborne

amplitude modulation (AM broadcast radio)
anti-personnel

associated particle technique

anti-tank

aided target recognition

Bismuth Germanate

Compton Backscatter X-ray Imaging

Central Demolition Site, Afghanistan

common midpoint

commercial off-the-shelf

Defence R&D Canada

Croatian Mine Action Centre

Cold Regions Research and Engineering Laboratory, US
cadmium zinc telluride

Defense Advanced Research Projects Agency, US
Department for International Development, UK
depth of burial

Defence R&D Canada

Defence Research Establishment Suffield

digital signal processor

European Commission

electrical impedance tomography

explosive related compound

European Union in Humanitarian Demining project
false alarm rate

Frequency Modulated Continuous Wave Radar
fast neutron analysis
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FOI Defence Research Agency, Sweden

FP European Union’s Framework Programme for Research and
Technological Development

GDC General Dynamics Canada

GICHD  Geneva International Centre for Humanitarian Demining

GIS geographical information system

GPR ground penetrating radar

GPS global positioning system

HD humanitarian demining

HMAU Humanitarian Mine Action Unit

HSLS hyper-spectral line scanner

IAEA International Atomic Energy Agency

ICT information and communication technologies

IED improvised explosive device

INS inertial navigation system

IR infra-red

ITEP International Test and Evaluation Programme for Humanitarian Demining

KIA Kabul International Airport

LAN local area network

LDV laser Doppler vibrometer

LMR lateral migration radiography

MAG Mines Advisory Group

MAIS mine action information system

MB-LDV  multi-beam laser Doppler vibrometer

MD metal detector

MEDDS  Mechem Explosive and Drug Detection System

MgM Menschen gegen Minen

MLBS maximum length binary sequence

MSIR multispectral /thermal infrared

MWR microwave radiometer

NBS neutron backscattering

NMR nuclear magnetic resonance

NNA nanosecond neutron analysis

NPA Norwegian People’s Aid

NQR nuclear quadrupole resonance

NVESD  Night Vision and Electronic Sensors Directorate, US

OPMS optical position monitoring system

PC personal computer

PCA principal component analysis

PD probability of detection

PFA probability of false alarm

PFNA pulsed fast neutron analysis
PFTNA pulsed fast-thermal neutron analysis
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PRC pseudo random code

QCM quartz crystal microbalance

REM remote detection system

REST Remote Explosive Scent Tracing

RF radio frequency

RFI radio frequency interference

ROC receiver operating curves

RSD radiography by selective detection

RX receiver

SAR synthetic aperture radar

SNR signal to noise ratio

SOPs standing operating procedures

SPIE The International Society for Optical Engineering
TBD to be defined

TDT Testing, Development and Training, CROMAC
TIR thermal infra-red

TMAC Thailand Mine Action Centre

TNA thermal neutron analysis

TNO Netherlands Organization for Applied Scientific Research
TNT trinitrotoluene

TOF time-of-flight

TRL Technology Readiness Level

X transmitter

UAV unmanned aerial vehicle

UNMACA United Nations Mine Action Centre for Afghanistan
UWB ultra wideband

UXO unexploded ordnance

Units of measurements

cm centimetre

dB decibel

dBm decibel (absolute power level, 0dBm=1mW)

eV electron Volt

GHz gigahertz

K Kelvin

kg kilogram

kHz kilohertz

kVp kiloVolt peak
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b pound

m metre

m? square metre

MeV million electron Volt
MHz megahertz

mm millimetre

vs microsecond

m/s metre/second

ng nanogram

nm nanometre

n/s neutrons per second
JoJ4 picogram

ps picosecond

s second

\Y Volt

W Watt









Geneva International Centre for
Humanitarian Demining
Centre International de
Déminage Humanitaire - Genéve

Geneva International Centre for Humanitarian Demining
7bis, avenue de la Paix

P.0. Box 1300

CH - 1211 Geneva 1

Switzerland

Tel. (41 22) 906 16 60, Fax (41 22) 906 16 90
www.gichd.ch




