PROCEEDINGS OF SPIE

Environmental Effects on Light
Propagation and Adaptive
Systems Il

Karin Stein
Szymon Gladysz
Editors

11-12 September 2019
Strasbourg, France

Sponsored by
SPIE

Cooperating Organisations

European Optical Society

ISPRS—International Society for Photogrammetry and Remote Sensing
EARSel—European Association of Remote Sensing Laboratories (Germany)

Published by
SPIE

Volume 11153

Proceedings of SPIE 0277-786X, V. 11153

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

Environmental Effects on Light Propagation and Adaptive Systems I, edited by Karin Stein, Szymon Gladysz,
Proc. of SPIE Vol. 11153, 1115301 - © 2019 SPIE - CCC code: 0277-786X/19/$21 - doi: 10.1117/12.2555603

Proc. of SPIE Vol. 11153 1115301-1



The papers in this volume were part of the technical conference cited on the cover and ftitle page.
Papers were selected and subject to 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 Environmental Effects on Light Propagation and Adaptive Systems i,
edited by Karin Stein, Szymon Gladysz, Proceedings of SPIE Vol. 11153 (SPIE, Belingham, WA, 2019)
Seven-digit Article CID Number.

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

ISBN: 9781510630093
ISBN: 9781510630109 (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 © 2019, 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 $21.00 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 mulfiple reproduction of any material in this
book is prohibited except with permission in writing from the publisher. The CCC fee code is 0277-
786X/19/$21.00.

Printed in the United States of America by Curran Associates, Inc., under license from SPIE.
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. A unique citation
identifier (CID) number is assigned to each article at the time of publication. Utilization of CIDs
allows arficles 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 arficle
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. 11153 1115301-2



Contents

\% Authors
vii Conference Committee

CHARACTERIZATION OF THE ENVIRONMENT

1115302 Near-surface turbulence effects on electro-optical propagation in an arid environment
(Invited Paper) [11153-1]
MODELLING AND SIMULATION

11153 04 Characterization of the turbulent atmospheric channel of space-ground optical links with
parametric models: description and cross-validation with mesoscale models and in situ
measurements (Invited Paper) [11153-3]

11153 05 Ultraviolet tfransmissions measurements along a horizontal near ground path in Nordic
environment [11153-4]

1115306 The influence of atmospheric profile resolution on modelling propagation effects in
high-elevation scenarios [11153-5]

11153 07 Quantification of distortion in long-range video sequences: straightness metric and reference
frame generation (Best Student Paper Award) [11153-6]
MEASUREMENT METHODS |

1115308 Effect of precipitation on the transmission of high power laser radiation [11153-7]

11153 09 Turbulent kinetic energy estimations from profiling wind lidar and provisional derivation to
calculate Cn2 [11153-8]

11153 0B Using ultrasonic anemometers for temperature measurements and implications on Cn2
[11153-10]

11153 0C Development of a low cost fast response sensor for wind and temperature measurements
[11153-11]
MEASUREMENT METHODS I

11153 0D Statistical comparison of probability models of intensity fluctuation [11153-12]

Proc. of SPIE Vol. 11153 1115301-3



11153 OE Properties of the electromagnetic field of a non-paraxial Gaussian beam propagating through
homogeneous and inhomogeneous air [11153-13]

11153 OF Experimental verification of the effects of atmospheric turbulence and retro-reflection on laser
beams with orbital angular momentum [11153-14]

11153 0G Comparative study of reference wave lacking measurement of topological charge of the
incoming optical vortex [11153-15]
ADVANCED FREE-SPACE OPTICAL COMMUNICATION TECHNIQUES AND APPLICATIONS

111530l Study of short and mid-infrared telecom links performance for different climatic conditions
[11153-18]

111530J BER analysis of FSO communication link over UAE weather conditions for UAV applications
[11153-19]

11153 0K Free-space optical secret key agreement with post-selection based on channel state
information [11153-20]
POSTER SESSION

11153 ON Average spectral efficiency analysis of FSO communication link over atmospheric turbulence

channel using various modulation techniques for UAV application [11153-25]

Proc. of SPIE Vol. 11153 1115301-4



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, 09, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etfc.

AlMansoori, Abdullah AlSaadi, 0J, ON
Almarzoogqi, Abdulrahman, 0J, ON
Andrews, Larry, 0D

Artaud, Géraldine, 04
Beason, Melissa, 0D

Bellossi, Raphaél, OF
Benammar, Bouchra, 04
Bierbrauver, Ute, 08

Bijl, Piet, 02

Conan, Jean-Marc, 04
Devecchi, B. A., 06
Duschek, Frank, 08

Eisele, Christian, 02

Endo, Hiroyuki, OK

Erasme, Didier, Ol

Eriksson, Johan, 05

Fujiwara, Mikio, OK

Gladysz, Szymon, 07, 0D, OF
Grillot, Fréderic, 0l
Grossmann, Peter, OB
Gustafsson, K. Ove S., 05
Hall, Thomas, 08

Henzing, J.S., 06

Hofmann, Julia, 07
Jarockyte, Rimante, 0C
Kitamura, Mitsuo, 0K

Kociok, Thomas, 02, 09, 0B, 0C
Kodatskii, Bogdan, 0G
Lambert, Andrew, OF
Manders-Groot, A. M. M., 06
Masciadri, Elena, 04

Moller, Sebastian, 05
Nikolaeva, Oxana A., OE
Pargmann, Carsten, 08
Peckhaus, Andreas, 08
Robert, Clélia, 04, Ol

Sasaki, Masahide, 0K
Sauvage, Chloé, 0l

Sayadi, Slim, 0J, ON

Scheers, L. C. W., 06

Seiffer, Dirk, 02

Sevryugin, Alexander, 0G
Shalymov, Egor, 0G

Shimizu, Ryosuke, OK
Shugaeyv, Fedor V., OE
Sorrente, Béatrice, Ol
Sprung, Detlev, 02, 09, 0B, 0C
Stein, Karin, 09, 0B, 0C
Sucher, Erik, 02, 09, OB, 0C

Suhareva, Natalia A., OE
Swamidoss, Issacniwas, 0J, ON
Takeoka, Masahiro, OK
Tsuzuki, Orie, OK

Turchi, Alessio, 04

Tursunoyv, lbrohim, 0G

Uliwer, Carmen, 02

van Binsbergen, Sven, 02

van Eijk, Alexander M. J., 06, 09, OB
Védrenne, Nicolas, 04
Veerman, H. E. T., 06

Velluet, Marie-Thérése, 04
Venediktov, Vladimir, 0G

Proc. of SPIE Vol. 11153 1115301-5



Proc. of SPIE Vol. 11153 1115301-6



Conference Committee

Symposium Chairs

Christopher M. U. Neale, University of Nebraska-Lincoln (United States)
and Daugherty Water for Food Institute (United States)

Karsten Schulz, Fraunhofer-Institut fr Optronik, Systemtechnik und
Bildauswertung (Germany)

Conference Chairs

Karin Stein, Fraunhofer-Institut fGr Optronik, Systemtechnik und
Bildauswertung (Germany)

Szymon Gladysz, Fraunhofer-Institut fOr Optronik, Systemtechnik und
Bildauswertung (Germany)

Conference Programme Committee

Sukanta Basu, Technische Universiteit Delft (Netherlands)

Ivo Buske, Deutsches Zentrum fUr Luft- und Raumfahrt e.V. (Germany)

Christopher C. Davis, University of Maryland, College Park
(United States)

Denis Dion Jr., Defence Research and Development Canada,
Valcartier (Canada)

Christian Eisele, Fraunhofer-Institut f{r Optronik, Systemtechnik und
Bildauswertung (Germany)

Michael Hart, The University of Arizona (United States)

Andrey V. Kanaev, U.S. Naval Research Laboratory (United States)

Luc Labarre, ONERA (France)

Andrew J. Lambert, The University of New South Wales at the
Australian Defence Force Academy (Australia)

Vladimir P. Lukin, V.E. Zuev Institute of Atmospheric Optics
(Russian Federation)

Florian Moll, Deutsches Zentrum fUr Luft- und Raumfahrt e.V.
(Germany)

Nicolas Perlot, Fraunhofer-Institut fir Nachrichtentechnik
Heinrich-Hertz-Institut (Germany)

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

Arthur D. van Rheenen, Norwegian Defence Research Establishment
(Norway)

Marie-Thérese Velluet, ONERA (France)

Oskar F. von der Luhe, Kiepenheuer-Institut fir Sonnenphysik
(Germany)

Henry White, BAE Systems (United Kingdom)

vii

Proc. of SPIE Vol. 11153 1115301-7



viii

Session Chairs

1

Characterization of the Environment
Karin Stein, Fraunhofer-Institut fGr Optronik, Systemtechnik und
Bildauswertung (Germany)

Modelling and Simulation
Andrew J. Lambert, The University of New South Wales at the
Australian Defence Force Academy (Australia)

Measurement Methods |
Marie-Thérese Velluet, ONERA (France)

Measurement Methods I
Szymon Gladysz, Fraunhofer-Institut fir Optronik, Systemtechnik und
Bildauswertung (Germany)

Advanced Free-Space Optical Communication Techniques and

Applications

Henry White, BAE Systems (United Kingdom)

Florian Moll, Deutsches Zentrum fUr Luft- und Raumfahrt e.V.
(Germany)

Proc. of SPIE Vol. 11153 1115301-8



