PROCEEDINGS OF SPIE

Technologies for Optical
Countermeasures XV

David H. Titterton
Robert J. Grasso
Mark A. Richardson
Editors

10-12 September 2018
Berlin, Germany

Sponsored by
SPIE

Cooperating Organisations
European Optical Society
Cranfield University (United Kingdom)

Published by
SPIE

Proceedings of SPIE 0277-786X, V. 10797

Volume 10797

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

Technologies for Optical Countermeasures XV, edited by David H. Titterton, Robert J. Grasso,

Mark A. Richardson, Proc. of SPIE Vol. 10797, 1079701 - © 2018 SPIE -
CCC code: 0277-786X/18/$18 - doi: 10.1117/12.2517808

Proc. of SPIE Vol. 10797 1079701-1



The papers in this volume were part of the technical conference cited on the cover and title
page. Papers were selected and subject tfo review by the editors and conference program
committee. Some conference presentations may not be available for publication. Additional
papers and presentation recordings may be available online in the SPIE Digital Library at
SPIEDigitalLibrary.org.

The papers 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 these proceedings:

Author(s), "Title of Paper," in Technologies for Optical Countermeasures XV, edited by David H.
Titterton, Robert J. Grasso, Mark A. Richardson, Proceedings of SPIE Vol. 10797 (SPIE, Bellingham,
WA, 2018) Seven-digit Article CID Number.

ISSN: 0277-786X
ISSN: 1996-756X (electronic)

ISBN: 9781510621770
ISBN: 9781510621787 (electronic)

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 © 2018, 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/18/$18.00.

Printed in the United States of America.
Publication of record for individual papers is online in the SPIE Digital Library.
SPI DIGITAL

e LIBRARY

SPIEDigitallibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citatfion
identifier (CID) number is assigned to each article at the time of publication. Ufilization of CIDs
allows articles to be fully citable as soon as they are published online, and connects the same
identifier to all online and print versions of the publication. SPIE uses a seven-digit CID article
numbering system structured as follows:
= The first five 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.

Proc. of SPIE Vol. 10797 1079701-2



Contents

vii Authors
iX Conference Committee
Xi Introduction
KEYNOTE |
10797 02 Review and prospects of optical countermeasure technologies (Keynote Paper) [10797-1]
KEYNOTE Il
10797 05 Miysis DIRCM: the smallest, lightest multi-head DIRCM system available today (Keynote Paper)
[10797-4]
LASERS AND SOURCES |
10797 07 Passively Q-switched Yb:YAG micro-laser for high peak power high repetition rate burst of
pulses emission [10797-6]
ATMOSPHERIC EFFECTS
10797 OB Imaging theory and mitigation in exireme anisoplanatism (Invited Paper) [10797-10]
10797 OC Correction of turbulence-induced aberration by modelling the atmosphere as a multimode
coupler [10797-11]
KEYNOTE Ill
10797 0D Innovation in optical countermeasures (Keynote Paper) [10797-33]

Proc. of SPIE Vol. 10797 1079701-3



LASER EFFECTS |

10797 OE Evaluation of laser dazzling induced task performance degradation (Invited Paper) [10797-12]

10797 OF In-band low-power laser dazzle and pixel damage of an uncooled LWIR thermal imager
[10797-14]
THREAT DETECTION AND IMAGING

10797 0G Comparison of empirical and predicted UV aircraft signatures (Invited Paper) [10797-15]

10797 OH Non-mechanical beam steering: ways and means (Invited Paper) [10797-16]

10797 Ol Ladar data generation fused with virtual targets and visualization for small drone detection
system [10797-17]

10797 0J Target coordinate system for robust LADAR systems to magnetic field variation [10797-18]
QUANTUM CASCADE LASERS

10797 OL Aliasing effect of a QCL on a fixed-framerate sensor and potential anti-aliasing algorithm
designs (Invited Paper) [10797-20]

10797 OM Pulse shaping by incoherent beam combining of several Watt-level QCL modules at 4.0 um
[10797-21]
THREATS, THREAT DETECTION, AND DISCRIMINATION

10797 ON Laser interception technique with heterodyne self-mixing interferometry [10797-22]

10797 OP Mid-infrared laser source for field tests [10797-30]
LASER EFFECTS Il

10797 0Q Laser dazzling analysis of camera sensors [10797-26]

10797 OR Preventing image information loss of imaging sensors in case of laser dazzle [10797-25]

10797 0S Visible and near-infrared laser dazzling of CCD and CMOS cameras [10797-27]

Proc. of SPIE Vol. 10797 1079701-4



10797 OT Modelled and experimental laser-induced sensor damage thresholds to continuous wave
infrared sources [10797-28]

POSTER SESSION

10797 OW Research on relation model of optical camouflage similarity and identification probability of
marine targets [10797-32]

Proc. of SPIE Vol. 10797 1079701-5



Proc. of SPIE Vol. 10797 1079701-6



Authors

Numbers in the index correspond to the last two digits of the seven-digit citation identifier (CID) article
numbering system used in Proceedings of SPIE. The first five digits reflect the volume number. Base 36
numbering is employed for the last two digits and indicates the order of articles within the volume.
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 0%, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etc.

Becker, Jonathan, OL
Benton, David M., OH
Bodrucki, Frances, OL
Bohak, Ciril, O

Bos, Jeremy P., OB
Bourdon, P., 07

Broilo, Matt, OL

Budin, D., OE

Burgess, Christopher D., OT
Chapman, Stuart, 05
Chen, Zhongwei, OW
Choi, Wonju, 0l
Chrétien, Sophie, OF, 0S
Cordell, John, OL

Dai, Jun, OW
Dolfi-Bouteyre, A., 07
Durécu, A., 07

Eberle, Bernd, OR
Eeckhout, M., OE
Esser, M. J. Daniel, 0C
Figen, Ziya Gurkan, OP
Flemming, Brian K., 0C
Fleury, D., 07
Gustave, F., 07
Hackens, B., OF

Hill, Lee, OT

Jacgmin, H., 07
James, I., 0G

Khan, Danish, Ol

Kim, Byeong Hak, 0I, 0J
Kim, Jin Kyum, 0I, 0J
Kim, Min Young, 0, 0J
Kong, Xinxin, ON

Le Gouet, J., 07

Lee, Hyun Jeong, Ol
Lewins, Lindsay, OT
Lewis, G. D., OF
Lombard, L., 07
Merella, Lorenz, 0S
MUnzhuber, F., OM

Ni, Jiazheng, OW
O'Keefe, E., 0G
Ozbilgin, Tugba, 0Q
Perneel, C., OE
Pétriaux, A., OE
Planchat, C., 07

Reilly, Michael E., 0C
Richardson, M., 0G
Ritt, Gunnar, OR

Santos, Cristiane N., OE, OF, 0S
Schwarz, Bastian, OR

Shang, Wangi, ON

Speer, R. G., OM

Tholl, Hans Dieter, 02
Vandewal, Marijke, OE, OF, 0S
Westgate, Christopher, OT
Williamson, C. A., OE
Winstanley, Paul, 0D

Wu, Zhou, ON

Xiangli, Bin, ON

Yeniay, Aydin, 0Q

Yu, Jun, OW

Zhang, Li, OW

Zhang, Wenxi, ON

Proc. of SPIE Vol. 10797 1079701-7

vii



Proc. of SPIE Vol. 10797 1079701-8



Conference Committee

Symposium Chair
Ric Schleijpen, TNO Defence, Security and Safety (Netherlands)

Symposium Co-chair

Karin U. Stein, Fraunhofer-Institut fir Optronik, Systemtechnik und
Bildauswertung (Germany)

Conference Chairs

David H. Titterton, UK Defence Academy (United Kingdom)
Robert J. Grasso, Polaris Alpha (United States)
Mark A. Richardson, Cranfield University (United Kingdom)

Conference Programme Committee

Brian Butters, Meon Technology Limited (United Kingdom)

Marc Eichhorn, Fraunhofer-Institut fir Optronik, Systemtechnik und
Bildauswertung (France)

lan F. Elder, SELEX Galileo Ltd. (United Kingdom)

Markus Henriksson, FOI-Swedish Defence Research Agency (Sweden)

David B. James, Cranfield University (United Kingdom)

Helena Jelinkova, Czech Technical University in Prague (Czech Republic)

Espen Lippert, Norwegian Defence Research Establishment (Norway)

Gerald C. Manke I, Naval Surface Warfare Center Crane Div.
(United States)

Eric D. Park, Q-Peak, Inc. (United States)

Philip Perconti, U.S. Army Research Laboratory (United States)

Manijeh Razeghi, Northwestern University (United States)

Kenneth A. Sarkady, U.S. Naval Research Laboratory (United States)

Ric H. M. A. Schleijpen, TNO Defence, Security and Safety (Netherlands)

Dirk Peter Seiffer, Fraunhofer-Institut fir Optronik, Systemtechnik und
Bildauswertung (Germany)

Ove Steinvall, Swedish Defence Research Agency (Sweden)

Alexander M. J. van Eijk, TNO Defence, Security and Safety (Netherlands)

Dorota S. Temple, RTl Infernational (United States)

Hans-Dieter Tholl, Diehl BGT Defence GmbH & Company KG (Germany)

Proc. of SPIE Vol. 10797 1079701-9



Session Chairs

1 Keynote |
Robert J. Grasso, Polaris Alpha (United States)
David H. Titterton, UK Defence Academy (United Kingdom)

2  Keynotelll
Robert J. Grasso, Polaris Alpha (United States)
David H. Titterton, UK Defence Academy (United Kingdom)

3  Lasers and Sources |
Dorota S. Temple, RTl International (United States)

4  Lasers and Sources |l
Eric D. Park, Q-Peak, Inc. (United States)

5  Atmospheric Effects
Robert J. Grasso, Polaris Alpha (United States)

6 Keynotelll
Robert J. Grasso, Polaris Alpha (United Stafes)

7 Laoser Effects |
Robert J. Grasso, Polaris Alpha (United States)

8 Threat Detection and Imaging
David H. Titterton, UK Defence Academy (United Kingdom)

9  Quantum Cascade Lasers
Hans Dieter Tholl, Diehl Defence GmbH & Company KG (Germany)

10 Threats, Threat Detection, and Discrimination
Alexander M. J. van Eijk, TNO Defence, Security and Safety (Netherlands)

11 Loser Effects |l

Robert J. Grasso, Polaris Alpha (United States)
David H. Titterton, UK Defence Academy (United Kingdom)

Proc. of SPIE Vol. 10797 1079701-10



Infroduction

This year’'s conference, held in Berlin Germany, was well attended with many
excellent papers in all fields of technology related to Optical Countermeasures.
The welcome, intfroductions, and administrative notes for the conference were
given by Conference Chairmen David Titterton and Robert Grasso.

The first keynote session started the conference with two excellent papers, the first
one by Dr. Hans Dieter Tholl of Diehl Defence, and the second one given by Prof.
Ted Masselink of Humboldt University. Hans reviewed the advances in
countermeasure technology for platform protection over the last 15 years.
Potential future developments were considered with an emphasis on multi-
functionality. Ted spoke about the evolution of semiconductor laser technology
and in particular how quantum-cascade-technology performance can be
enhanced, with some interesting predictions of performance, especially beam
brightness.

The second keynote session also featured two papers, the first one from Dr.
Richard Maulini of Alpes Lasers and the second one from Stuart Chapman of
Leonardo. Richard described the current developments aimed at making
quantum-cascade lasers more robust for anticipated future countermeasure
applications. Stuart described the Miysis directed infrared countermeasure system
and reported on the excellent platform-protection performance achieved during
recent live-fire tests.

The third keynote session feature a paper by Paul Winstanley of The TecHorizons
Institute. He described approached to innovation through both past and present
projects. He emphasised the importance of multi-disciplinary approaches to
achieve the desired goals when adapting existing technology to meet
enhanced project requirements rapidly and efficiently.

Session 3, Lasers and Sources |, saw three papers presented. The first paper was
an invited paper from Dr. Frank Wise of Cornell University describing a new route
to generating high power from fibre lasers using spatio-temporal mode-locking.
This was followed by two more excellent papers, the first from the team at ONERA
(Pierre Bourdon), describing a passively Q-switched micro-laser and a second
paper delivered my Markus Niemeyer detailing the developments with
advanced, high efficiency, high-power diode lasers.

Session 4, Lasers and Sources Il, consisted of two very good papers, the first by Dr.
Eric Park, describing advances with target illumination lasers, the second paper
from a team at Herriot-Watt (Dr. Daniel Esser) describing pump sources for
holmium YAG amplifiers.
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Session 5, Atmospheric Effects, was infroduced by an invited paper from Jeremy
Bos, of The Michigan Technological University, describing mitigation of
atmospheric effects in the presence of extreme anisoplanatic geometry. The
supporting paper was from a team at Heriot-Watt University and reported a
mathematical-modelling fechnique for compensating atmospheric-turbulence-
induced aberration effects.

Session 6, was the third key-note session concerning innovation, Paul Winstanley.

Session 7, Laser Effects |, saw two excellent papers concerning use of laser-
induced dazzle effects from the team at The Royal Military Academy Belgium. This
session was infroduced by an invited paper delivered by Dr. Marijke Vanderwall
describing the impact of laser-induced dazzle on personnel undertaking various
tasks. Dr. Gareth Lewis described the impact of low-power laser beams causing
damage to an uncooled thermal imager, through an in-band mechanism.

Session 8, Threat Detection and Imaging, was started with two invited papers. The
first from Ifor James, described the calibration of ultraviolet signature prediction
methods versus empirical data for threat simulation models. The second, from Dr.
David Denton, reviewed the various approaches to non-mechanical beam
steering and the development of a new technique for beam control. There were
two excellent supporting papers in this session from teams in The Republic of
Koreaq, the first concerned used of ladar data for Dr.one detection and the
second paper described the use of digital magnetic compass to ensure robust
target location data from a ladar system.

Session 9, Quantum-Cascade Lasers (QCL), had two invited papers and a
supporting paper. The first invited paper was from Dr. Arkadiy Lyakh, who
described an approach for optimising the laser emission (enhanced brightness)
from a broad-area QCL for countermeasure applications. The second invited
paper, from Frances BoDr.ucki considered aliasing effects from a QCL and
compensation from anti-aliasing algorithms.

Session 10, Threats, Threat Detection and Discrimination, had an excellent invited
paper from Germany given by Prof.essor Marc Eichhorn, which described the use
of laser beams in optical countermeasures, from generation of the coherent
radiation to impact on the threat weapon. There were two supporting papers,
the first one from China describing a laser intferception technique using a
heterodyne self-mixing technique. The second supporting paper was from Dr.
Ziya Figen, who reported on a mid-wave infrared laser developed for
countermeasure field tests.

Session 11, Laser Effects ll, had four excellent contributing papers all concerning
in-band dazzle effects. The first paper was from Dr. Bernd Eberle, who described
an approach for mitigating the impact of laser-induced on imaging sensors. Dr.
Tugba Ozbilgin reported on an analysis of laser-dazzle effects, whilst Cristiane
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Nascimento described measurements made of dazzled CCD and CMOS
cameras using visible and near infrared radiation. Chris Westlake concluded the
session, and the conference sessions, by describing his work on modelling laser-
induced damage thresholds compared with experimental data collected from
2D arrays.

The conference again provided a forum to debate an important topic. This
year's topic was Hostile Fire and Unguided Threat: do we really have an issue
here? As usual, there was a lively debate. It was established quickly that there is
‘anissue’ here, as these weapon posed a serious risk to the survivability of air
platforms. Various strategies and techniques were discussed for countering these
asymmetric threats. The use of laser-based countermeasures was discussed in
some detail, but there was some confusion regarding the actual restriction
defined in the International Committee of the Red Cross (ICRC) Vienna Protocol
(October 1995).

We hope to establish a plenary session during next year's event with a number of
other conferences at this symposium, which considers countering swarms of
unmanned air vehicles.

Overall the Chairmen were very pleased with the quality of the papers,
attendance, detailed treatment of the subjects and the quality of the questions
when the papers were opened for discussion. At the conclusion of this
conference the Chairmen thanked the Programme Committee for their effort
over the year to secure good papers, thanked the presenters for their excellent
work and encouraged them to join us at next year's conference, and wished
everyone safe travels with the hopes of seeing everyone next year at the
conference in Strasburg.

David H Titterton
Robert J. Grasso
Mark A. Richardson
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