
SPIE

P
PROCEEDINGS

SERIES
The International Society
for Optical Engineering

 

  Proceedings of SPIE—The International Society for Optical Engineering, 9780819466624, v. 6540 
 

SPIE is an international technical society dedicated to advancing engineering and scientific 
applications of optical, photonic, imaging, electronic, and optoelectronic technologies. 

Optics and Photonics in Global 
Homeland Security III 

Theodore T. Saito 
Daniel Lehrfeld 
Michael J. DeWeert 
Editors 
 
 
10–12 April 2007 
Orlando, Florida, USA 
 
 
Sponsored and Published by 
SPIE—The International Society for Optical Engineering 

Volume 6540

���������	��	
��	�
�
	���
���	������
���
��������
���

�����	��	���	��	����	���	������	
����
�������
�
	��
��
�
��������


	���������	�������
�
	�����	��
�

����
�
	���
���	
�
�����

PROCEEDINGS OF SPIE 



The papers included in this volume were part of the technical conference cited on the cover and title 
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 in Global Homeland Security III, edited by 
Theodore T. Saito, Daniel Lehrfeld, Michael J. DeWeert, Proceedings of SPIE Vol. 6540 (SPIE, 
Bellingham, WA, 2007) Article CID Number. 
 
ISSN 0277-786X 
ISBN 9780819466624 
 
Published by 
SPIE—The International Society for Optical Engineering 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone 1 360/676-3290 (Pacific Time)· Fax 1 360/647-1445 
http://www.spie.org 
 
Copyright © 2007, The Society of Photo-Optical Instrumentation 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 http://www.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/07/$18.00. 
 
Printed in the United States of America. 



  Contents 

 
 vii Conference Committee 
 ix Session Summary 
 
 
 SESSION 1 OVERVIEW OF STATUS AND PLANS  
 
 654003 Homeland security R&D budgets and conference overview (Invited Paper) [6540-01] 
  T. T. Saito, Lawrence Livermore National Lab. (USA) 
 
 
 SESSION 2 DRINKING WATER SAFETY  
 
 654005 Combination of an on-line biomonitor using light emitting bacteria and a UV 

spectrophotometer probe for homeland security and drinking water safety [6540-02] 
  J. Appels, microLAN On-line Biomonitoring Systems (Netherlands); E. Küster, UFZ Helmholtz 

Ctr. for Environmental Research (Germany); J. van den Broeke, s::can Messtechnik GmbH 
(Austria); B. Tangena, D. de Zwart, RIVM, National Institute for Public Health and the 
Environment (Netherlands); A. Brandt, Kiwa Water Research (Netherlands) 

 
 654008 Nectophotometer: an infrared motility monitor used to rapidly identify toxicity in effluents 

and receiving waters [6540-05] 
  R. W. Lo Pinto, J. Santelli, Fairleigh Dickinson Univ. (USA) 
 
 654009 Water security: continuous monitoring of water distribution systems for chemical agents by 

SERS [6540-06] 
  F. Inscore, C. Shende, A. Sengupta, S. Farquharson, Real-Time Analyzers, Inc. (USA) 
 
 
 SESSION 3 BORDER SECURITY  
 
 65400B Unmanned ground vehicles and EO-IR sensors for border patrol (Invited Paper) [6540-07] 
  R. A. Bell, iRobot Corp. (USA) 
 

 
    

  
Pagination:  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 to be fully 
citable as soon 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, 0A, 0B … 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. 
 

iii



 65400C Remote optical interrogation of radiation sensitive infrared polarizers [6540-08] 
  R. R. Boye, S. A. Kemme, P. Nandy, C. M. Washburn, Sandia National Labs. (USA);                 

S. Samora, L&M Technologies, Inc. (USA); S. M. Dirk, D. R. Wheeler, Sandia National Labs. 
(USA) 

 
 65400D True-color night vision cameras [6540-09] 
  J. Kriesel, N. Gat, Opto-Knowledge Systems, Inc. (USA) 
 
 65400E Enhanced surveillance system based on panomorph panoramic lenses [6540-10] 
  S. Thibault, ImmerVision (Canada) 
 
 65400G EO/IR sensors enhance border security, part two [6540-12] 
  D. Sharon, Opgal Optronic Industries Ltd (Israel); R. McDaniel, Kollsman, Inc. (USA) 
 
 65400H Application of IR microbolometers in border surveillance [6540-13] 
  D. K. Breakfield, P. Norton, D. Plemons, C. Rodriguez, D. Sustare, BAE Systems (USA) 
 
 65400I Polarization-holographic protection system [6540-14] 
  G. A. Kakauridze, B. N. Kilosanidze, Institute of Cybernetics (Georgia) 
 
 
 SESSION 4 TRANSPORTATION SECURITY  
 
 65400N Countering MANPADS: study of new concepts and applications II [6540-18] 
  D. Maltese, J.-F. Vergnolle, J. Aragones, M. Renaudat, SAGEM Defense and Security 

(France) 
 
 65400O Improved self-protection using dynamically optimized expendable countermeasures 

[6540-19] 
  H. Hovland, Norwegian Defence Research Institute (FFI) (Norway) 
 
 65400P Advances in Raman spectroscopy for explosive identification in aviation security [6540-20] 
  J. D. Santillán, C. D. Brown, W. Jalenak, Ahura Scientific (USA) 
 
 
 SESSION 5 PORT AND HARBOR SECURITY I  
 
 65400R Virtual sea border (Invited Paper) [6540-21] 
  D. Ferriere, National Infrastructure Institute (USA); A. Rucinski, T. Jankowski, Univ. of New 

Hampshire (USA) 
 
 65400S Maritime security laboratory for maritime security research [6540-22] 
  B. J. Bunin, A. Sutin, M. S. Bruno, Stevens Institute of Technology (USA) 
 
 65400T The Houston Ship Channel security: a case study [6540-23] 
  H. Q. Le, P. A. Bellamy, S. S. S. Pei, Univ. of Houston (USA) 
 
 
 SESSION 6 PORT AND HARBOR SECURITY II  
 
 65400U A smart camera system for fixed facility security surveillance [6540-24] 
  J. Love, D. Van Dover, S. Law, DRS Technologies Inc. (USA) 
 

iv



 
 65400V Underwater olfaction for real-time detection of submerged unexploded ordnance 

[6540-25] 
  R. J. Harper, M. L. Dock, ICx Nomadics (USA) 
 
 65400W Low cost MEMS hydrophones [6540-27] 
  K. J. Rebello, D. A. Kitchin, R. F. Henrick, The Johns Hopkins Univ. Applied Physics Lab. (USA); 

F. Tejada, Sensing Machines (USA) 
 
 65400Y Sensing and characterization of explosive vapors near 700 cm-1 [6540-29] 
  A. R. Ford, S. W. Reeve, Arkansas State Univ. (USA) 
 
 65400Z Automatic high throughput empty ISO container verification [6540-30] 
  A. Chalmers, American Science and Engineering, Inc. (USA) 
 
 654011 Determining water properties with remote sensing in littoral zones: What's available? What's 

possible? [6540-33] 
  P. Pratt, B. Baldauf, Northrop Grumman Space Technology (USA) 
 
 654012 Network of wireless gamma-ray sensors for radiological detection and identification 

[6540-34] 
  A. Barzilov, P. Womble, I. Novikov, J. Paschal, J. Board, K. Moss, Western Kentucky Univ. 

(USA) 
 
 654013 An underwater system for explosive detection [6540-35] 
  V. Valkovic, D. Sudac, Institut Ruder Boskovic (Croatia); D. Matika, Institute for Researches 

and Development of Defense Systems (Croatia); R. Kollar, EOD (Croatia) 
 
 
 SESSION 7 HEALTH SECURITY  
 
 654015 Biological and chemical terrorism scenarios and implications for detection system needs 

(Invited Paper) [6540-36] 
  S. P. Gordon, I. Chumfong, D. M. Edwards, N. J. Gleason, T. West, L. Yang, Sandia National 

Labs. (USA) 
 
 654016 Field-capable biodetection devices for homeland security missions [6540-37] 
  G. M. Dougherty, D. S. Clague, R. R. Miles, Lawrence Livermore National Lab. (USA) 
 
 65401D System integration and development for biological warfare agent surveillance [6540-44] 
  J. A. Mark, L. D. Green, A. Deshpande, P. S. White, Los Alamos National Lab. (USA) 
 
 
 SESSION 8 NON-INTRUSIVE INSPECTION TECHNOLOGIES  
 
 65401F Effectiveness of electrostatic shielding and electronic subtraction to correct for the hole 

trapping in CdZnTe semiconductor detectors (Invited Paper) [6540-45] 
  A. E. Bolotnikov, G. S. Camarda, A. Hossain, Y. Cui, R. B. James, Brookhaven National Lab. 

(USA) 
 
 65401I Special nuclear material detection using pulsed neutron interrogation [6540-48] 
  F. H. Ruddy, J. G. Seidel, R. W. Flammang, Westinghouse Electric Co. (USA) 
 

v



 
 65401J Fast digitization and discrimination of prompt neutron and photon signals using a novel 

silicon carbide detector [6540-49] 
  B. W. Blackburn, J. T. Johnson, S. M. Watson, D. L. Chichester, J. L. Jones, Idaho National 

Lab. (USA); F. H. Ruddy, J. G. Seidel, R. W. Flammang, Westinghouse Electric Co. (USA) 
 
 65401K Photon dosimetry using plastic scintillators in pulsed radiation fields [6540-50] 
  D. L. Chichester, B. W. Blackburn, J. T. Johnson, S. M. Watson, Idaho National Lab. (USA) 
 
 65401M Active millimeter wave detection of concealed layers of dielectric material [6540-52] 
  N. J. Bowring, Manchester Metropolitan Univ. (United Kingdom); J. G. Baker, Univ. of 

Manchester (United Kingdom); N. D. Rezgui, M. Southgate, Manchester Metropolitan Univ. 
(United Kingdom); J. F. Alder, Univ. of Manchester (United Kingdom) 

 
 65401N Non-scanning x-ray backscattering inspection systems based on x-ray focusing [6540-53] 
  V. Grubsky, M. Gertsenshteyn, T. Jannson, G. Savant, Physical Optics Corp. (USA) 
 
 65401O Bimodal detection of underground contamination in two-dimensional systems [6540-54] 
  M. F. Serrano-Guzmán, I. Padilla, R. Rodriguez, Univ. of Puerto Rico, Mayaguez (USA) 
 
 65401P Development of advanced neutron/gamma generators for imaging and active 

interrogation applications [6540-55] 
  J. Reijonen, N. Andresen, F. Gicquel, R. Gough, M. King, T. Kalvas, K.-N. Leung, T.-P. Lou,  

H. Vainionpaa, Lawrence Berkeley National Lab. (USA); A. Antolak, D. Morse, B. Doyle, 
Sandia National Labs. (USA); G. Miller, Tensor Technology Inc. (USA); M. Piestrup, Adelphi 
Technology Inc. (USA) 

 
 65401Q Remote explosive and chemical agent detection using broadly tunable mid-infrared 

external cavity quantum cascade lasers [6540-57] 
  T. Rayner, M. Weida, M. Pushkarsky, T. Day, Daylight Solutions, Inc. (USA) 
 
 
  POSTER SESSION  
 
 65401R Large area x-ray detectors for cargo radiography [6540-58] 
  C. Bueno, D. Albagli, GE Global Research (USA); J. Bendahan, GE Homeland Protection 

(USA); D. Castleberry, T. Gordon, F. Hopkins, W. Ross, GE Global Research (USA) 
 
  
  Author Index 
  

vi



Conference Committee 

 
Symposium Chair 

John C. Carrano, Luminex Corporation (USA) 
 
Symposium Cochair 

Larry B. Stotts, Defense Advanced Research Projects Agency (USA) 
 
Program Track Chair 

Edward M. Carapezza, Defense Advanced Research Projects Agency 
(USA) and University of Connecticut (USA) 

 
Conference Chairs 

Theodore T. Saito, Lawrence Livermore National Laboratory (USA) 
Daniel Lehrfeld, Photonic Products Group, Inc. (USA) 
Michael J. DeWeert, BAE Systems (USA) 

 

Program Committee 

Susan F. Hallowell, Federal Aviation Administration (USA) 
Daniel T. Holslin, Science Applications International Corporation (USA) 
Dan J. Kroll, Hach Company, Inc. (USA) 
Ashok K. Sood, Magnolia Optical Technologies, Inc. (USA) 
Sarka O. Southern, GAIA Medical Institute (USA) 

 

Session Chairs 

 1 Overview of Status and Plans 
Theodore T. Saito, Lawrence Livermore National Laboratory (USA) 
 

 2 Drinking Water Safety 
Dan J. Kroll, Hach Company, Inc. (USA) 
 

 3 Border Security 
Ashok K. Sood, Magnolia Optical Technologies, Inc. (USA) 
 

 4 Transportation Security 
Daniel Lehrfeld, Photonic Products Group, Inc. (USA) 
 

 5 Port and Harbor Security I 
Michael J. DeWeert, BAE Systems (USA) 
 

  

vii



 6 Port and Harbor Security II 
Michael J. DeWeert, BAE Systems (USA) 
 

 7 Health Security 
Sarka O. Southern, GAIA Medical Institute (USA) 
 

 8 Non-Intrusive Inspection Technologies 
Daniel T. Holslin, Science Applications International Corporation (USA) 
F. Patrick Doty, Sandia National Laboratories (USA) 
 

  
 

viii



 
 

 
 

Transportation Security 
An Overview and Perspective 

 
 

Daniel Lehrfeld, President/CEO 
Photonic Products Group, Inc., 181 Legrand Avenue, Northvale, NJ 07647 

ABSTRACT 
This overviews the Transportation Security session and places it in the context of the mission of 
the Optics and Photonics in Global Homeland Security III technical group. An excellent group of 
papers are presented regarding the scope and status of the U.S. Department of Homeland 
Security’s counter-MANPADS (i.e. MAN-Portable Air Defense Systems) systems technology 
demonstration and development program for commercial aircraft, the European Union’s counter-
MANPADS program, and component technology work relevant to air transportation security. 

Keywords: Homeland Security, Counter-MANPADS, Man-Portable Air Defense Systems, 
commercial aircraft protection, explosive detection, Raman spectroscopy, explosive screening. 
 
OVERVIEW AND PERSPECTIVE 
Good morning and welcome to Session 4 of this year’s Optics and Photonics in Global 
Homeland Security conference.  

We have an excellent group of papers in this morning’s session; the fourth year in which we 
have assembled a session on this subject within SPIE. I’d like to take just a few minutes before 
we begin to share some thoughts on the threats to security in our world and on what we have 
been working to accomplish within this technical group. I promise to come back to the dates on 
my opening slide (Figure 1) and place them in the context of this session in a few minutes. 
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                                      Figure 1 

 
At this week’s symposia we have here gathered several thousand scientists, engineers, and 
technologists from government, industry, and academia from all over the world. I find myself 
reflecting on how far mankind’s understanding of the physical world and universe has 
progressed, at an ever accelerating rate, over the past century or two. Along with that growing 
understanding of our planet and its evolution there has emerged a sobering awareness that there 
are potential threats that at the very least can endanger the lives of large subsets of our 
populations, or of entire societies, and in some cases even the continued existence of mankind 
itself. I divide those threats to mankind into two categories: threats from nature, and threats from 
man (Figure 2).  
 

x



 
 

 
 

Optics and Photonics in Global 
Homeland Security

Mankind and Our Societies Ever More 
Aware of Threats to Existence

- From Nature
- From Man

  
 Figure 2 

 
The threats from nature are not “new”. They have been a part of life on this planet since long 
before the emergence of our species (Figure 3). What is new is our awareness of their existence 
and potential for wholesale destruction. We now know that natural disasters such as asteroid 
impacts and major violent geologic events have lead in the past to rapid and drastic changes in 
climate and even to the extinction of species.  
 
Whether concern is the next pandemic, or the next “killer” asteroid, we can take some degree of 
comfort in the belief that with our awareness of such threats, we have begun to apply our 
science, our technologies, and societal planning, to the detection, countering, and at least the 
mitigation of their impact.  I find it even more comforting that the most dire among these natural 
phenomena may not occur for millions of years. But should we assign the highest priority to our 
finite resources to addressing these threats? I think not. 
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Threats From Nature:
- Mutating pathogens
- Asteroid impact
- Geologic events
- Atmospheric events

 
                                               Figure 3 

 

It is the threats from man that are more imminent, even more challenging, and potentially equally 
destructive.  

I ran across some fascinating data recently on the subject of the world’s human population 
(Figure 4). According to the best scientific experts on the subject, the entire world population 
two thousand years ago, at the beginning of the “common era”, was approximately 170 million. 
By the year 1000, it is estimated to have grown by less than a factor of two, to approximately 
270 million. Currently, a thousand years later, our population has grown twenty-fold to 
approximately 6700 million people. 
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World Population (est.)
- 5000 bce: 5 million
- 1 bce:   170 million
- 1000:    270 million
- 2007: 6,700 million

 

                           Figure 4 
In recent years we have become ever more aware and concerned that mankind has the potential 
to destroy itself, along with thousands of other species on this planet. The explosive growth in 
human population, and the blistering pace of development of human scientific knowledge, 
industrialization, and technology, have created the capability of our species to wreak havoc on a 
greater scale that ever before (Figure 5). Man himself, wittingly or unwittingly is the most 
dangerous vector for spreading the pathogen responsible for the next pandemic. The threat from 
the use of nuclear weapons of mass destruction has been with us for over five decades, and we 
are reminded that with their proliferation the scenario of the “nuclear winter” on earth (to borrow 
a phrase from the cold-war era) is perhaps more real that ever before. Our growth in numbers as 
a species and lack of coordination throughout the globe has apparently created the threat, some 
believe present reality, of permanent and irreversible damage to the ecosystems that support our 
life on planet earth.  

A most deadly ingredient in this mix of threats from man is the fact that in today’s highly 
advanced technological world, there remain ideologies based on intolerance, isolation, and 
ignorance that appear intent to wield political, social, and economic power in the hopeless cause 
of world domination. Such ideologies have always lead to conflict and mass destruction in the 
past, and armed with today’s technological toolkit and global inter-dependence, the potential 
magnitude of resulting destruction is simply unacceptable for mankind to bear. 

It is the recognition of this latter threat that triggered the formation of the Department of 
Homeland Security in the USA, and that deserves the undivided attention and close cooperation 
of concerned individuals and societies throughout the world.  If as societies we can apply some 
of our scientific and technological focus to mitigating destruction and recovery from disasters 
from asteroids, volcanoes, tsunamis, hurricanes, and bird flu, we should do so. But our main 
focus should be on securing ourselves from the dangers we face from man. In doing so, we 
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address the more imminent concerns and it is likely that the majority of solutions devised in 
averting and recovering from disasters in that arena will have collateral applicability to disasters 
from nature. 
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Threats From Man:
- Vector for pathogens
- “Nuclear winter”
- Destruction of ecosystems
- Ideologies of ignorance and

intolerance

 

                                 Figure 5 

 
As scientists and engineers we can provide insights into the possible, and we can devise potential 
solutions to specific technical problems. We can analyze likely scenarios and in coordination 
with experts in intelligence gathering and psychology assign risk probabilities to future events. 
But we do not set priorities, nor should we. We are not able to select, implement, and deploy 
system solutions alone to make our homelands more secure. Implementation requires political 
will and support, and the collective concurrence of many people in government tasked to set 
priorities and develop and find suitable solutions. We cannot do it alone. 

It has been the aim of this technical group since its founding by Ted Saito in the immediate 
aftermath of 9/11, to work to bring together concerned individuals from government, from 
industry, and from academia to exchange information on needs, priorities, near-term options, and 
longer-term options related to potential solutions to problems in homeland security.  

With that said, let’s turn our attention to the subject of security in our transportation systems. 

Let me comment on the dates listed on my first slide (Figure 6). In January of 1995 the 
government of the Philippines uncovered hard evidence of a plot to hijack 12 trans-pacific 
airliners for attacks on targets in the USA. September 11, 2001 needs no comment. In December 
of 2001, passengers and crew subdued the infamous “shoe-bomber” in mid-flight over the 
Atlantic. In November 2002, a coordinated attack using shoulder-launched, man-portable ground 
to air missiles fortunately missed its target of a commercial airliner in Kenya. In November of 
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2003 a similar attack outside of Baghdad succeeded in severely damaging a DHL cargo plane, 
whose destruction would have been certain if not for extraordinary skill on the part of the pilot. 
On March 11, 2004 we saw the coordinated and deadly attack using explosives against four 
commuter trains in Madrid. July 7, 2005 saw a similar coordinated attack against London’s 
public transport systems. In August of 2006, authorities in the UK uncovered and thwarted a plot 
targeting the simultaneous explosion in mid-air of multiple commercial airplanes while en route 
to the USA. 
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Jan 7, 1995: Manila
Sep 11, 2001: USA
Dec 22, 2001: Shoe bomber  
Nov 28, 2002: Kenya
Nov 23, 2003: DHL Baghdad
Mar 11, 2004: Madrid

Jul 7, 2005: London
Aug 9, 2006: London

 

                                      Figure 6 
 

My point is that the highest priority focus for the jihadist-Islam terrorists has been, and will 
likely with good reason remain, our transportation systems (Figure 7). The terrorist objective (or 
“doctrine” to borrow a term from the military) is to cost effectively orchestrate death and 
destruction in a manner that will maximize the total economic cost to the targeted societies. The 
shock and fear resulting especially from destruction of aircraft in flight or of trains en route, the 
disruption of normal travel and commerce, the certainty of widespread publicity amplifying 
anxiety, collectively can lead to costs measured in the tens or even hundreds of billions of dollars 
just from individual incidents.  
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Air Transportation Remains 
A Preferred Terrorist Target

• Aircraft a symbol of the modern world and 
globalization

• Fits terrorist doctrine:
- targets civilians with certain lethality 
- attracts widespread publicity
- causes public shock and fear
- creates disruption of travel & commerce

• Total economic damage many times 
direct costs of incidents

 

                                                                                     Figure 7 
 
In today’s session, summarized in Figure 8, we have an outstanding collection and cross-section 
of papers focusing on the topic of securing transportation by air. In keeping with our philosophy, 
this session brings together individuals representing the governmental perspective, the 
perspective of systems developers, and of component technology developers. I wish to thank 
James Tuttle and the Department of Homeland Security’s Counter-MANPADS and Air 
Transportation Security Program Office and his deputy Mr. Kerry Wilson who is here today, for 
their team’s participation in today’s session. In Mr. Wilson’s invited paper we will hear of the 
status of their present program, and related technology development needs.  We are also 
appreciative of the participation today of all of our other authors and presenters. They represent 
three industry systems development teams, both in the USA an in the EU, advancing the 
development and application of airborne missile warning and countermeasure systems optimized 
for the protection of commercial aircraft.  In the components technology arena, we will hear 
about strategies for deploying expendable countermeasures in aircraft protection systems. We 
will also hear about an exciting new development in the field of Raman spectroscopy applied to 
explosives detection. 
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