PROCEEDINGS OF SPIE

Atmospheric Propagation Xlli

Linda M. Thomas
Earl J. Spillar
Editors

20-21 April 2016
Baltimore, Maryland, United States

Sponsored and Published by
SPIE

Volume 9833

Proceedings of SPIE 0277-786X, V. 9833

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

Atmospheric Propagation XIII, edited by Linda M. Thomas,
Earl J. Spillar, Proc. of SPIE Vol. 9833, 983301 - © 2016 SPIE
CCC code: 0277-786X/16/$18 - doi: 10.1117/12.2245769

Proc. of SPIE Vol. 9833 983301-1



The papers 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. 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 Atmospheric Propagation Xlll, edited by Linda M. Thomas,
Earl J. Spillar, Proceedings of SPIE Vol. 9833 (SPIE, Belingham, WA, 2016) Six-digit Article CID
Number.

ISSN: 0277-786X
ISSN: 1996-756X (electronic)
ISBN: 9781510600744

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 © 2016, 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/16/$18.00.

Printed in the United States of America.

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

SPIE i
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 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 six-digit CID article
numbering system sfructured as follows:
= 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, 0%, 0A, 0B ... 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each
page of the manuscript.

Proc. of SPIE Vol. 9833 983301-2



Contents

v Authors
vii Conference Committee
SESSION 1 HIGH ENERGY LASER PROPAGATION
9833 02 Atmospheric propagation of high power laser radiation at different weather conditions
[9833-1]
9833 03 Estimation of atmospheric parameters from time-lapse imagery [9833-2]
9833 04 Beaconless adaptive-optics technique for HEL beam control [9833-3]
9833 05 A fast calculating two-stream-like multiple scattering algorithm that captures azimuthal
and elevation variations [9833-4]
SESSION 2 FREE SPACE LASER COMMUNICATION
9833 07 Bi-directional free space laser communication of gigabit ethernet telemetry data using
dual atmospheric effect mitigation approach [9833-4]
9833 08 Enhanced link availability for free space optical time-frequency transfer using adaptive
optic terminals [9833-7]
9833 09 Free-space and underwater GHz data transmission using AlGalnN laser diode technology
[9833-8]
9833 0A Lasercomm system development for high-bandwidth terrestrial communications [9833-9]
SESSION 3 ATMOSPHERIC PROPAGATION: MODELING AND EXPERIMENTATION
9833 0B Passive adaptive imaging through turbulence [9833-10]
9833 0C Controlled simulation of optical turbulence in a temperature gradient air chamber
[9833-11]
9833 0D Atmospheric refraction: Applied image analysis and experimental example for index
profile with curvature [9833-12]
9833 OE Capturing atmospheric effects on 3D millimeter wave radar propagation patterns [9833-13]
9833 OF Diffractive propagation and recovery of modulated (including chaotic) eleciromagnetic
waves through uniform atmosphere and modified von Karman phase turbulence [9833-14]
9833 0G Development and characterisation of FPGA modems using forward error correction for

FSOC [9833-17]

Proc. of SPIE Vol. 9833 983301-3



Proc. of SPIE Vol. 9833 983301-4



Avuthors

Numbers in the index correspond to the last two digits of the six-digit citation identifier (CID) article
numbering system used in Proceedings of SPIE. The first four digits reflect the volume number. Base 36
numbering is employed for the last two digits and indicates the order of arficles 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.

Barraza, Jose, 0D

Basu, Santasri, 03
Baumann, Esther, 08
Bergeron, Hugo, 08
Biggs, Colin L., 0G
Bockowski, M., 09

Bos, Natalie G., 0A
Brown, Andrea M., OA
Burley, Jarred L., 05
Cannon, Brice M., 0A
Chan, Eric, 07
Chatterjee, Monish R., OF
Clare, Bradley A., 0G
Coddington, lan, 08
Cook, Richard D., OE
Cowley, Wiliam G., 0G
Czernecki, R., 09

Dennis, Michael L., 08
Deschenes, Jean-Daniel, 08
Dragulin, lvan, 0D
Duschek, Frank, 02
Elmore, Brannon, 05
Fiorino, Steven T., 03, 05, OE
Giorgetta, Fabrizio R., 08
Grant, Kenneth J., 0G
Hall, Thomas, 02
Handke, JUrgen, 02
Juarez, Juan C., 08, 0A
Keefer, Kevin J., OE
Kelly, A. E., 09
Khizhnyak, Anatoliy, 04
Korotkova, Olga, 0C
Kucharski, R., 09
Lechner, Goftfried, 0G
Leszczynhski, M., 09
Manning, Sean, 0G
Markov, Viadimir, 04
Marona, L., 09
Matchefts, Elizabeth, 05
McCrae, Jack E., 03
Mohamed, Fathi H. A., OF
Mudge, Kerry A., 0G
Najda, S. P., 09
Newbury, Nathan R., 08
Pargmann, Carsten, 02
Perlin, P., 09

Petrillo, Keith G., 08, OA
Riggins, James L., 0A

Saint Clair, Jonathan, 07
Schmidt, Jaclyn, 05
Short, Daniel, 0D
Sinclair, Laura C., 08
Sluz, Joseph E., OA
Souza, Katherine T., 08, OA
Stringer, Jeremy, OE
Suski, T., 09

Swann, William C., 08
Targowski, G., 09
Tofsted, David, 0B
Tomey, Hala J., OA
Toselli, Italo, 0C

Venkat, Radha A., OA
Voelz, David, 0D

Wang, Fei, 0C

Watson, S., 09
Wisniewski, P., 09

Proc. of SPIE Vol. 9833 983301-5



Proc. of SPIE Vol. 9833 983301-6



Conference Committee

Symposium Chairs

David A. Logan, BAE Systems (United States)

Symposium Co-chair

Donald A. Reago Jr., U.S. Army Night Vision & Electronic Sensors
Directorate (United States)

Conference Chairs

Linda M. Thomas, U.S. Naval Research Laboratory (United States)
Earl J. Spillar, Air Force Research Laboratory (United States)

Conference Program Committee

Ammar Al-Habash, Raytheon Space & Airborne Systems
(United States)
Gary Baker, Lockheed Martin Space Systems Company
(United States)
Gary G. Gimmestad, Georgia Tech Research Institute (United States)
Ken J. Grant, Defence Science and Technology Organisation
(Australia)
Juan C. Juarez, Johns Hopkins University Applied Physics Laboratory
(United States)
Christopher I. Moore, U.S. Naval Research Laboratory (United States)
William S. Rabinovich, U.S. Naval Research Laboratory (United States)
Jonathan M. Saint Clair, The Boeing Company (United States)
David H. Tofsted, U.S. Army Research Laboratory (United States)
Morio Toyoshima, National Institute of Information and
Communications Technology (Japan)
Cynthia Y. Young, University of Central Florida (United States)

Session Chairs

1

High Energy Laser Propagation
Juan C. Juarez, Johns Hopkins University Applied Physics Laboratory
(United States)

Free Space Laser Communication
Linda M. Thomas, U.S. Naval Research Laboratory (United States)

Atmospheric Propagation: Modeling and Experimentation
Linda M. Thomas, U.S. Naval Research Laboratory (United States)

Proc. of SPIE Vol. 9833 983301-7

vii



Proc. of SPIE Vol. 9833 983301-8



