PROCEEDINGS OF SPIE

Optics and Photonics for
Counterterrorism, Crime Fighting,
and Defence VIl

Colin Lewis
Douglas Burgess
Editors

24-26 September 2012
Edinburgh, United Kingdom

Sponsored by
SPIE

Cosponsored by
SELEX GALILEO « THALES

Delivered with the support of
Scottish Development International ¢ Scottish Enterprise

Cooperating Organisations

DSTL (United Kingdom) ¢ IOP Instrument Science and Technology Group (United Kingdom)
Scottish Optoelectronics Association (United Kingdom)

Electronics Sensors and Photonics Knowledge Transfer Network (United Kingdom)

Published by
SPIE

Volume 8546

Proceedings of SPIE 0277-786X, V.8546

SPIE is an international society advancing an interdisciplinary approach to the science and application of light.

Optics and Photonics for Counterterrorism, Crime Fighting, and Defence VIII,
edited by Colin Lewis, Douglas Burgess, Proc. of SPIE Vol. 8546, 854601
© 2012 SPIE - CCC code: 0277-786/12/$18 - doi: 10.1117/12.2014713

Proc. of SPIE Vol. 8546 854601-1



The papers included in this volume were part of the technical conference cited on the cover and
fitle page. Papers were selected and subject to review by the editors and conference program
committee. Some conference presentations may not be available for publication. The papers
published in these proceedings reflect the work and thoughts of the authors and are published
herein as submitted. The publisher is not responsible for the validity of the information or for any
outcomes resulting from reliance thereon.

Please use the following format to cite material from this book:

Author(s), "Title of Paper," in Optics and Photonics for Counterterrorism, Crime Fighting, and
Defence VI, edited by Colin Lewis, Douglas Burgess, Proceedings of SPIE Vol. 8546 (SPIE,
Bellingham, WA, 2012) Article CID Number.

ISSN: 0277-786X
ISBN: 9780819492876

Published by

SPIE

P.O. Box 10, Belingham, Washington 98227-0010 USA
Telephone +1 360 676 3290 (Pacific Time) - Fax +1 360 647 1445
SPIE.org

Copyright © 2012, Society of Photo-Opfical Insfrumentation Engineers.

Copying of material in this book for internal or personal use, or for the internal or personal use of
specific clients, beyond the fair use provisions granted by the U.S. Copyright Law is authorized by
SPIE subject to payment of copying fees. The Transactional Reporting Service base fee for this
volume is $18.00 per article (or portion thereof), which should be paid directly to the Copyright
Clearance Center (CCC), 222 Rosewood Drive, Danvers, MA 01923. Payment may also be made
electronically through CCC Online at copyright.com. Other copying for republication, resale,
advertising or promotion, or any form of systematic or multiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is
0277-786X/12/$18.00.

Printed in the United States of America.

Publication of record for individual papers is online in the SPIE Digital Library.

SPIE &
Digital Library

SPIEDigitalLibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model, with papers published
first online and then in print and on CD-ROM. Papers are published as they are submitted and
meet publication criteria. A unique, consistent, permanent citation identifier (CID) number is
assigned to each article at the time of the first publication. Utilization of CIDs allows articles fo be
fully citable as soon as they are published online, and connects the same identifier to all online,
print, and electronic versions of the publication. SPIE uses a six-digit CID article numbering system
in which:
= The first four digits correspond to the SPIE volume number.
= The last two digits indicate publication order within the volume using a Base 36 numbering
system employing both numerals and letters. These two-number sets start with 00, 01, 02, 03, 04,
05, 06, 07, 08, 09, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc.
The CID Number appears on each page of the manuscript. The complete citation is used on the
first page, and an abbreviated version on subsequent pages. Numbers in the index correspond to
the last two digits of the six-digit CID Number.

Proc. of SPIE Vol. 8546 854601-2



Contents

Vii Conference Committee
[ Introduction
SESSION 1 DETECTION OF HAZARDOUS MATERIALS: SENSORS AND COMPONENTS FOR CLOSE-BY

PROTECTION |

8546 02 Trace detection of explosives and their precursors by surface enhanced Raman
spectroscopy [8546-1]
S. Aimaviva, S. Botti, L. Cantarini, A. Palucci, A. Puiu, A. Rufoloni, ENEA (Italy); L. Landstrom,
Serstech AB (Sweden); F. S. Romolo, Univ. of Lausanne (Switzerland)

8546 03 Multi-wavelength excitation Raman spectrometers and microscopes for measurements of
real-world samples [8546-2]
W. Yang, H. Wu, J. Qian, L. Chandler, C. Lieber, BaySpec Inc. (United States); C. Denfinger
Rigaku Raman Technologies, Inc. (United States)

8546 04 The detection limit of imaging Raman spectroscopy for 2,4,6-TNT, 2,4-DNT and RDX [8546-3]
E. Ceco, Swedish Defence Research Agency (Sweden); M. Nordberg, Swedish Defence
Research Agency (Sweden) and Royal Institute of Technology (Sweden); A. Enlerding,
H. Ostmark, Swedish Defence Research Agency (Sweden)

SESSION 2 DETECTION OF HAZARDOUS MATERIALS: SENSORS AND COMPONENTS FOR CLOSE-BY

PROTECTION I

8546 05 Variable basis function for least squares for chemical classification in surface enhance
Raman spectroscopy (SERS) [8546-4]
D. K. Emge, J. A. Guicheteau, U.S. Army Edgewood Chemical Biological Cir. (United
States)

8546 06 Lab-on-a-bubble: direct and indirect assays with portable Raman instrumentation [8546-5]
K. Carron, Univ of Wyoming (United States) and Snowy Range Instruments (United States);
V. Schmit, B. Scott, Univ of Wyoming (United States); R. Martoglio, DePauw Univ. (United
States)

8546 07 Time-resolved spectral characterization of a pulsed external-cavity quantum cascade
laser [8546-6]
J.-M. Melkonian, M. Raybaut, A. Godard, J. Petit, M. Lefebvre, ONERA (France)

8546 08 Ultra high brightness laser diode arrays for pumping of compact solid state lasers and

direct applications [8546-7]
A. Kohl, T. Fillardet, A. Laugustin, O. Rabot, Quantel Group (France)

Proc. of SPIE Vol. 8546 854601-3



SESSION 3

FORENSIC-LEVEL SENSING

8546 09 A first approach for digital representation and automated classification of toolmarks on
locking cylinders using confocal laser microscopy [8546-8]
E. Clausing, Otto-von-Guericke Univ. Magdeburg (Germany) and Fachhochschule
Brandenburg (Germany); C. Kraetzer, J. Dittmann, Ofto-von-Guericke Univ. Magdeburg
(Germany); C. Vielhauer, Otto-von-Guericke Univ. Magdeburg (Germany) and
Fachhochschule Brandenburg (Germany)

8546 0A A first approach to the detection and equalization of distorted latent fingerprints and
microtraces on non-planar surfaces with confocal laser microscopy [8546-9]
S. Kirst, E. Clausing, Otto-von-Guericke Univ. Magdeburg (Germany) and Fachhochschule
Brandenburg (Germany); J. Dittmann, Otto-von-Guericke Univ. Magdeburg (Germany);
C. Vielhauer, Fachhochschule Brandenburg (Germany)

8546 0B High-speed biometrics ultrasonic system for 3D fingerprint imaging [8546-10]
R. G. Maeyv, F. Severin, Univ. of Windsor (Canada)

SESSION 4 SCREENING TECHNIQUES, INCLUDING NOVEL WAVEBANDS

8546 0C Combined optics and ulirasound for security screening [8546-12]
D. A. Hutchins, L. A. J. Davis, R. J. Green, A. Saleem, The Univ. of Warwick (United Kingdom)

8546 OE Detection of bottled liquid explosives by near infrared [8546-14]
H. Itozaki, R. Miyamura, H. Sato-Akaba, Osaka Univ. (Japan)

8546 OF Identification and mapping of spilled liquids by passive hyperspeciral imaging [8546-15]
R. Braun, R. Harig, Bruker Optik GmbH (Germany)

8546 0G Increasing the quality of image of a commercially available passive THz camera due to
computer processing of image [8546-16]
V. A. Trofimov, V. V. Trofimov, Lomonosov Moscow State Univ. (Russian Federation);
N. Palka, M. Kowalski, Military Univ. of Technology (Poland)

SESSION 5 STAND-OFF AND REMOTE DETECTION OF HAZARDOUS MATERIALS

8546 OH Active coherent laser spectrometer for remote detection and identification of chemicals
[8546-17]
N. A. Macleod, D. Weidmann, Rutherford Appleton Lab. (United Kingdom)

8546 0l Real time standoff gas detection and environmental monitoring with LWIR hyperspectral

imager [8546-18]
F. Prel, L. Moreau, ABB Inc. (Canada); H. Lavoie, F. Bouffard, J.-M. Thériault, Defence
Research and Development Canada, Valcartier (Canada); C. Vallieres, C. Roy, ABB Inc.
(Canada); D. Dubé, Defence Research and Development Canada, Valcartier (Canada)

8546 0J LWIR hyperspectral imaging application and detection of chemical precursors [8546-19]

H. Lavoie, J.-M. Thériault, F. Bouffard, E. Puckrin, D. Dubé, Defence Research and
Development Canada, Valcartier (Canada)

Proc. of SPIE Vol. 8546 854601-4



8546 0K Infrared hyperspectral imaging for chemical vapour detection [8546-20]
K. Ruxton, G. Robertson, W. Miller, G. P. A. Malcolm, G. T. Maker, M Squared Lasers Ltd.
(United Kingdom); C. R. Howle, Defence Science and Technology Lab. (United Kingdom)

SESSION 6 MINIMISING ATMOSPHERIC TURBULENCE EFFECTS ON IMAGERY

8546 OM A real-time processor for imaging through turbulence and other sub-optimal environments
[8546-22]
J. A. Cochrane, Melford Resolution Ltd. (United Kingdom); S. Collier, N. Mitchell,
J. Shadforth, Amber Optix Ltd. (United Kingdom)

8546 ON Real-time dictionary based super-resolution of surveillance video streams and targets
[8546-23]
T. M. Hospedales, S. Gong, Vision Semantics Ltd. (United Kingdom)

8546 00 Simulation of atmospheric turbulence effects and mitigation algorithms on stand-off
auvtomatic facial recognition [8546-24]
K. R. Leonard, U.S. Army Night Vision & Electronic Sensors Directorate (United States);
J. Howe, D. E. Oxford, Defence Science and Technology Lab. (United Kingdom)

SESSION 7 UNDERSTANDING SCENES THROUGH IMAGE PROCESSING

8546 OP A visual scene busyness measure through a region growing spatial segmentation [8546-25]
G. Gupta, A. Psarrou, S. Triantaphillidou, J.-Y. Park, Univ. of Westminster (United Kingdom)

8546 0Q Robust background subtraction for automated detection and tracking of targets in wide
area motion imagery [8546-26]
P. Kent, S. Maskell, QinetiQ Ltd. (United Kingdom) and Imperial College London (United
Kingdom); O. Payne, S. Richardson, QinetiQ Ltd. (United Kingdom); L. Scarff, Goodrich ISR
Systems (United States)

8546 OR Scaling up multi-camera tracking for real-world deployment [8546-27]
Y. Raja, S. Gong, Vision Semantics Ltd. (United Kingdom)

8546 0S A methodology to evaluate the effect of video compression on the performance of
analytics systems [8546-28]
A. Tsifouti, Ctr. for Applied Science and Technology (United Kingdom); M. M. Nasralla,
M. Razaak, J. Cope, J. M. Orwell, M. G. Martini, Kingston Univ. (United Kingdom); K. Sage,
Ctr. for Applied Science and Technology (United Kingdom)

8546 0T Multisensor data fusion for IED threat detection [8546-29]
W. Mees, Royal Belgian Military Academy (Belgium); R. Heremans, Royal Belgian Military
Academy (Belgium) and AGT Group (R&D) GmBH (Germany)

8546 0U Is automated conversion of video to text a reality? [8546-30]
R. Bowden, Univ. of Surrey (United Kingdom); S. Cox, R. Harvey, Y. Lan, Univ. of East Anglia
(United Kingdom); E.-J. Ong, Univ. of Surrey (United Kingdom); G. Owen, Annwvyn
Solutions (United Kingdom); B.-J. Theobald Univ. of East Anglia (United Kingdom)

Proc. of SPIE Vol. 8546 854601-5



POSTER SESSION

vi

8546 OV

8546 OW

8546 0OX

8546 OY

8546 01

Mid-infrared hyperspectral imaging for the detection of explosive compounds [8546-31]
K. Ruxton, G. Robertson, W. Miller, G. P. A. Malcolm, G. T. Maker, M Squared Lasers Ltd.
(United Kingdom)

Stand-off detection of traces of explosives and precursors on fabrics by UV Raman
spectroscopy [8546-32]
R. Chirico, S. Aimaviva, S. Botti, L. Cantarini, F. Colao, L. Fiorani, M. Nuvoli, A. Palucci, ENEA

(Italy)

Stand-off spectroscopy for the detection of chemical warfare agents [8546-33]

R. J. Clewes, C. R. Howle, Defence Science and Technology Lab. (United Kingdom);
D. J. M. Stothard, M. H. Dunn, Univ. of St. Andrews (United Kingdom); G. Robertson,
W. Miller, G. Malcolm, G. Maker, M Squared Lasers Ltd. (United Kingdom); R. Cox,

B. Williams, M. Russell, DeltaNu, Inc. (United States)

TATP stand-off detection with open path-FTIR techniques [8546-34]
C. Fischer, T. Pohl, K. Weber, A. Vogel, G. van Haren, Fachhochschule DUsseldorf
(Germany); W. Schweikert, Fraunhofer-Institut fir Chemische Technologie (Germany)

Exploiting high resolution Fourier transform speciroscopy to inform the development of a
quantum cascade laser based explosives detection systems [8546-35]

F. Carlysle, N. Nic Daeid, Univ. of Strathclyde (United Kingdom); E. Normand, M. McCulloch,
Cascade Technologies Ltd. (United Kingdom)

Author Index

Proc. of SPIE Vol. 8546 854601-6



Conference Committee

Symposium Chairs

David H. Titterton, Defence Science and Technology Laboratory
(United Kingdom)

Reinhard R. Ebert, Fraunhofer-Institut fir Optronik, Systemtechnik und
Bildauswertung (Germany)

Conference Chairs

Colin Lewis, Ministry of Defence (United Kingdom)
Douglas Burgess, Burgess Consulting (United Kingdom)

Conference Programme Committee

David A. Atkinson, Pacific Northwest National Laboratory
(United States)

Benedicte Bascle, Thales Optronique S.A. (France)

Richard R. Botten, Ministry of Defence (United Kingdom)

David J. Clarke, SELEX Galileo Ltd. (United Kingdom)

Giovanni Cocca, SELEX Galileo Ltd. (United Kingdom)

Howard J. Cummins, Her Majesty's Government Communications
Cenftre (United Kingdom)

Bruno Desruelle, Ministry of Defence (France)

Brian E. Foulger, Ministry of Defence (United Kingdom)

Gillian F. Marshall, QinetiQ Ltd. (United Kingdom)

Niamh NicDaeid, University of Strathclyde (United Kingdom)

Svante C.M. Odman, Swedish Defence Research Agency (Sweden)

Harbinder S. Rana, Defence Science and Technology Laboratory
(United Kingdom)

Salman Rosenwaks, Ben-Gurion University of the Negev (Israel)

Andrew M. Scott, QinetiQ Ltd. (United Kingdom)

Neil C. Shand, Defence Science and Technology Laboratory
(United Kingdom)

Mavuro G. Varasi, Finmeccanica (Italy)

Peter W. Yuen, Cranfield University (United Kingdom)

Robert J Stokes, Nanoink Inc. (USA) (United Kingdom)

Session Chairs

1 Detection of Hazardous Materials: Sensors and Components for
Close-by Protection |
David A. Atkinson, Pacific Northwest National Laboratory
(United States)

vii

Proc. of SPIE Vol. 8546 854601-7



2  Detection of Hazardous Materials: Sensors and Components for
Close-by Protection |l
Robert Grasso, Northrop Grumman (United States)

3  Forensic-Level Sensing
Colin Lewis, Ministry of Defence (United Kingdom)

4 Screening Techniques, including Novel Wavebands
Douglas Burgess, Burgess Consulting (United Kingdom)

5  Stand-off and Remote Detection of Hazardous Materials
Chris Howle, Defense Science and Technology Laboratory
(United Kingdom)
6  Minimising Atmospheric Turbulence Effects on Imagery
Harbinder S. Rana, Defence Science and Technology Laboratory
(United Kingdom)

7 Understanding Scenes through Image Processing
Andrew Powell, Ministry of Defence (United Kingdom)

viii

Proc. of SPIE Vol. 8546 854601-8



Infroduction

Welcome to the proceedings of the 2012 conference 8546 on Optics and
Photonics for Counterterrorism, Crime Fighting and Defence, held in Edinburgh in
the UK. The conference covered the major hard problems encountered by these
three communities: analysing materials and objects that might be dangerous,
sensing the more distant surroundings for threats, and interprefing activity
captured by TV cameras.

We again highlighted the “proximal” distance between 0.1 and 2 metres where
communities’ activities overlap. But whilst first responders coming to a terrorist
incident would describe this as “stand off”, conventional military forces would
regard them as extremely dangerous short range activities. Whilst different users
face these similar threats, their various legal frameworks determine the level of
uncertainty they can tolerate. For example, first responders may need only an
alert that something in the area may be dangerous. On the other hand, forensic
examiners collecting evidence for court proceedings need to be much more
certain about what they have found.

One topic that arose during the conference was that of target and sensor
geometry. Af short range an operator knows where to direct his instrument, as he
has the suspicious material in his sight. In contrast, when operated at a safe
distance, a laser-based sensor will not cover the whole field of regard and needs
to be cued onto its target. Without this aid, the time for an operator to scan a
complete scene is likely to be unacceptably long. There were several papers
describing sensors that could interrogate an area, thus avoiding this problem:;
either by using fast 2d scanning of a focussed laser beam, or by employing a 2d
sensor array to image the return from a scene flooded by radiation.

Sensitivity and specificity, and how these two parameters work together, was
anofher subject for discussion. Whilst impressive increases in detector sensitivity
were described by some speakers (essential so that dilute or remote dangerous
materials are not missed), the need to avoid excessive false alarms was also
recognised. One solution to this problem, described by a number of presenters,
was to increase the number of discriminants by using better spectral or temporal
sensing.

With so much imagery being capfured from installed security cameras, the
conference concentfrated the imaging theme on automatic processing
techniques to help find and frack suspicious objects, people, and vehicles, and
on the effects on performance of restricted data bandwidths. We used the topic
of sensing at long range as the starting point for a lively discussion on how to
compensate for atmospheric tfurbulence effects.

Proc. of SPIE Vol. 8546 854601-9



If you came to the 2012 conference, or if you are reading this book or CD and
wished you'd been there, or feel you can contribute to next year's event, then
please note that we shall be in Dresden in 2013.

Colin Lewis
Doug Burgess
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