
PROCEEDINGS OF SPIE 

Volume 7115 
 
 

Proceedings of SPIE, 0277-786X, v. 7115 
 

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

Technologies for Optical 
Countermeasures V 

David H. Titterton 
Mark A. Richardson 
Editors 
 
 
15–16 September 2008 
Cardiff, Wales, United Kingdom 
 
 
Sponsored by 
SPIE Europe 
 
Cooperating Organisations 
EMRSDTC—The Electro-Magnetic Remote Sensing Defence Technology Centre 
   (United Kingdom) 
FOI—Swedish Defence Research Agency (Sweden) 
Institute of Photonics (United Kingdom) 
Luminex Corporation (USA) 
Technium OpTIC (United Kingdom) 
WOF—Welsh Opto-electronics Forum (United Kingdom) 
 
Published by  
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 Technologies for Optical Countermeasures V, edited by David H. 
Titterton, Mark A. Richardson, Proceedings of SPIE Vol. 7115 (SPIE, Bellingham, WA, 2008) Article CID 
Number. 
 
ISSN 0277-786X 
ISBN 9780819473479 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time)· Fax +1 360 647 1445 
SPIE.org 
 
Copyright © 2008, 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 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/08/$18.00. 
 
Printed in the United States of America. 
 
Publication of record for individual papers is online in the 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 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. Numbers in the index correspond to the last 
two digits of the six-digit CID number. 



  Contents 

 
 vii Conference Committee 
 ix Introduction 
 
 
  LASER TECHNOLOGY FOR OCM  
 
 7115 05 Thulium fibre laser pumped mid-IR laser [7115-04] 
  I. Elder, SELEX Galileo (United Kingdom) 
 
 7115 06 White light lasers for remote sensing [7115-05] 
  D. A. Orchard, A. J. Turner, L. Michaille, K. R. Ridley, QinetiQ Ltd. (United Kingdom) 
 
 7115 07 Latest developments in 790nm-pumped Tm-doped fibre laser systems for DIRCM 

applications [7115-06] 
  G. Frith, Nufern (United States); T. McComb, CREOL, Univ. of Central Florida (United States) 

and Nufern (United States); B. Samson, Nufern (United States); W. Torruellas, Johns Hopkins 
Univ. (United States); A. Carter, J. Farroni, K. Farley, K. Tankala, Nufern (United States) 

 
 
  SYSTEMS AND POINTER TRACKERS I  
 
 7115 09 CASAM: a European R&T project for the protection of commercial aircrafts in flight (Invited 

Paper) [7115-08] 
  H. D. Tholl, Diehl BGT Defence (Germany); J.-F. Vergnolle, Sagem Défense Sécurité (France) 
 
 7115 0A Infrared semiconductor lasers for DIRCM applications [7115-09] 
  J. Wagner, N. Schulz, B. Rösener, M. Rattunde, Q. Yang, F. Fuchs, C. Manz, W. Bronner,  

C. Mann, K. Köhler, Fraunhofer-Institut für Angewandte Festkörperphysik (Germany);  
M. Raab, E. Romasev, H. D. Tholl, Diehl BGT Defence (Germany) 

 
 7115 0B Field testing of a next generation pointer/tracker for IRCM [7115-10] 
  S. Chapman, I. Wildgoose, E. McDonald, S. Duncan, SELEX Galileo (United Kingdom) 
 
 
  LASER BEAM PROPAGATION  
 
 7115 0C Laser beam propagation in jet engine plume environments: a review (Invited Paper) 

[7115-11] 
  L. Sjöqvist, FOI-Swedish Defence Research Agency (Sweden) 
 
 7115 0D Modeling aero optics effects in jets (Invited Paper) [7115-12] 
  O. Padé, Rafael (Israel) 
 
 7115 0E Laser beam propagation experiments along and across a jet engine plume [7115-13] 
  M. Henriksson, L. Sjöqvist, FOI-Swedish Defence Research Agency (Sweden); D. Seiffer,  

N. Wendelstein, E. Sucher, Forschungsinstitut für Optronik und Mustererkennung (Germany) 
 

iii



 7115 0F Characterization of optical turbulence in a jet engine exhaust with Shack-Hartmenn 
wavefront sensor [7115-14] 

  R. Deron, F. Mendez, Office National d'Etudes et de Recherches Aérospatiales (France) 
 
 7115 0G Atmospheric turbulence effects in single-photon counting time-of-flight range profiling 

[7115-15] 
  L. Sjöqvist, C. Grönwall, M. Henriksson, P. Jonsson, O. Steinvall, FOI-Swedish Defence 

Research Agency (Sweden) 
 
 7115 0H Propagation of 632.8 nm and 4.67 µm laser beams in a turbulent flow containing CO2 and 

H2O at high temperatures [7115-16] 
  W. M. Isterling, Defence Science and Technology Organisation (Australia); B. B. Dally, 

 Z. T. Alwahabi, Univ. of Adelaide (Australia); M. Dubovinsky, D. Wright, Defence Science 
and Technology Organisation (Australia) 

 
 7115 0I Audio communications with a mid-IR laser [7115-17] 
  K. J. Grant, B. A. Clare, W. Martinsen, M. Dubovinsky, W. Isterling, D. Wright, K. A. Mudge, 

Defence Science and Technology Organisation (Australia) 
 
 7115 0J On the interaction of turbulence intensity and its scales with various diameter laser beams 

at high temperatures [7115-18] 
  W. M. Isterling, Defence Science and Technology Organisation (Australia); B. B. Dally,  

Z. T. Alwahabi, Univ. of Adelaide (Australia); M. Dubovinsky, D. Wright, Defence Science 
and Technology Organisation (Australia) 

 
 
  SYSTEMS AND POINTER TRACKERS II  
 
 7115 0K Demonstration of a distributed directed infrared countermeasure source: the 

multifunctional laser [7115-19] 
  T. Delmonte, M. A. Watson, E. J. O'Driscoll, BAE Systems (United Kingdom); D. P. Hand, 

Heriot-Watt Univ. (United Kingdom) 
 
 7115 0M Near-infrared laser range finder using kHz repetition rate [7115-21] 
  J. Kölbl, M. Fröschl, A. Seedsman, EOS Optronics GmbH (Germany); P. Sperber, Univ. of 

Applied Sciences (Germany) 
 
 
  NON-LINEAR MATERIALS FOR OCM  
 
 7115 0N Review of the development of nonlinear materials for mid-IR generation [7115-22] 
  P. D. Mason, L. F. Michaille, QinetiQ Ltd. (United Kingdom) 
 
 7115 0O Tandem PPKTP and ZGP OPO for mid-infrared generation [7115-23] 
  M. Henriksson, Swedish Defence Research Agency (Sweden) and Royal Institute of 

Technology (Sweden); L. Sjöqvist, Swedish Defence Research Agency (Sweden);  
G. Strömqvist, V. Pasiskevicius, F. Laurell, Royal Institute of Technology (Sweden) 

 
 7115 0P Synchronous initiation of optical detonators by Q-switched solid laser sources [7115-24] 
  J. Goujon, O. Musset, Institut Carno de Bourgogne, CNRS, Univ. de Bourgogne (France);  

A. Marchand, C. Bigot, TDA (France) 
 

iv



 7115 0Q Tunable high-pulse-energy mid-infrared laser source based on optical parametric 
amplification in ZnGeP2 [7115-25] 

  M. W. Haakestad, G. Arisholm, E. Lippert, S. Nicolas, G. Rustad, K. Stenersen, Norwegian 
Defence Research Establishment (Norway) 

 
 
  ANALYSIS AND SIMLUATION  
 
 7115 0S Countermeasure development using a formalised metric-based process (Invited Paper) 

[7115-27] 
  L. Barker, Defence Science and Technology Lab. (United Kingdom) 
 
 7115 0T Use of a transmissometer model for infrared smoke model validation and assessment of 

obscuration and detection times [7115-28] 
  B. Butters, R. Walmsley, Chemring Countermeasures Ltd. (United Kingdom) 
 
 7115 0U CW and temporal theoretical model predictions and experimental results for Tm:YAG and 

Ho:YAG lasers [7115-31] 
  E. K. Gorton, J. G. Betterton, D. A. Orchard, B. J. Perrett, P. D. Mason, QinetiQ Ltd. (United 

Kingdom); I. F. Elder, SELEX Galileo (United Kingdom) 
 
   
  Author Index 

v





Conference Committee 

 
Symposium Chair 

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

 
Conference Chairs 

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

Mark A. Richardson, Cranfield University (United Kingdom) 
 

Program Committee 

Brian Butters, Chemring Countermeasures (United Kingdom) 
Stuart S. Duncan, SELEX Sensors and Airborne Systems Ltd. (United 

Kingdom) 
Anton Kohnle, FGAN-FOM (Germany) 
Stephen P. McGeoch, Thales Optronics Ltd. (United Kingdom) 
Julie Poupard, Délégation Générale pour l'Armement (France) 
Sandy J. Smith, European Office of Aerospace Research and 

Development (United Kingdom) 
Ove K. Steinvall, FOI-Swedish Defence Research Agency (Sweden) 
Mark R. G. Taylor, Defence Science and Technology Organisation 

(Australia) 
Jonathan A. Terry, University of St. Andrews (United Kingdom) 
Hans D. Tholl, Diehl BGT Defence GmbH & Company KG (Germany) 

 

Session Chairs 

 1 Keynote Session 
Mark A. Richardson, Cranfield University (United Kingdom) 
 

 2 Laser Technology for OCM 
David H. Titterton, Defence Science and Technology Laboratory  
   (United Kingdom) 
 

 3 Systems and Pointer Trackers I 
Brian Butters, Chemring Countermeasures (United Kingdom) 
 

 4 Laser Beam Propagation 
Stuart S. Duncan, SELEX Sensors and Airborne Systems Ltd. (United  
   Kingdom) 
 

vii



 5 Systems and Pointer Trackers II 
Lars J. Sjöqvist, Swedish Defence Research Agency (Sweden) 
 

 6 Non-Linear Materials for OCM 
Hans D. Tholl, Diehl BGT Defence GmbH & Company KG (Germany) 
 

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

viii



Introduction 
 
 
The purpose of this conference was to provide a technical forum for the 
discussion and dissemination of information on optical, electro-optical, and 
infrared technologies as applied to the countermeasure role in security and 
defence. 
  
Since the polished shields of antiquity that were used to reflect the sun into the 
enemies’ eyes, optics and optical systems have been used on the battlefield as a 
cost-effective countermeasure. The simplest modern optical countermeasure 
techniques can still be extremely inexpensive in comparison with the 
platform/weapon system that they protect. Take for example the humble infrared 
flare ejected from the multi-million dollar aircraft, and the smoke screen 
deployed to protect an armoured fighting vehicle or column of vehicles. More 
sophisticated defensive aid systems are being developed that can encompass 
sensor systems, tracking systems, active and passive countermeasures, and 
sophisticated control and processing systems. It was all of these techniques and 
their underlying technologies, from the simple to the complex, which this 
conference aimed to address. 
  
The conference content was even higher than last year, with 30 quality papers 
squeezed into the one and a half days available. Interest and attendance were 
high throughout; the conference room was usually full, with some people having 
to stand for some of the sessions. The importance of the laser in countermeasure 
technologies was evident by the fact that three of the sessions were focused on 
laser systems. Additionally, there were two sessions on systems and pointer 
trackers and a general session on analysis and simulation. 
  
The conference kicked off with an excellent keynote address on the progress and 
development of high-energy laser sources from the U.S. Department of Defense, 
High-Energy Laser Joint Technology Office, and each session typically started with 
an invited paper. All of the papers were well received and each created 
significant interest and subsequent questioning. 
  
We, therefore, commend the following papers to your attention and invite you to 
advance the topic of Technologies for Optical Countermeasures even further by 
submitting your research and development work for consideration in next year’s 
conference. 
  
  

David H. Titterton 
Mark A. Richardson 
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