
PROCEEDINGS OF SPIE 

Volume 8355 
 
 

Proceedings of SPIE, 0277-786X, v. 8355 
 

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

Infrared Imaging Systems: 
Design, Analysis, Modeling,      
and Testing XXIII 

Gerald C. Holst 
Keith A. Krapels 
Editors 
 
 
24–26 April 2012 
Baltimore, Maryland, United States 
 
 
Sponsored and Published by 
SPIE 
 

Infrared Imaging Systems: Design, Analysis, Modeling, and Testing XXIII, edited by Gerald C. Holst, Keith A. Krapels, 
Proc. of SPIE Vol. 8355, 835501 · © 2012 SPIE · CCC code: 0277-786X/12/$18 · doi: 10.1117/12.934822

Proc. of SPIE Vol. 8355  835501-1



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 Infrared Imaging Systems: Design, Analysis, Modeling, and Testing XXIII, 
edited by Gerald C. Holst, Keith A. Krapels, Proceedings of SPIE Vol. 8355 (SPIE, Bellingham, WA, 
2012) Article CID Number. 
 
ISSN 0277-786X 
ISBN 9780819490339 
 
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 © 2012, 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/12/$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 as 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. 

Proc. of SPIE Vol. 8355  835501-2



  Contents 

 
 ix Conference Committee 
 
 
 SESSION 1 TESTING I  
 
 8355 03 Spectral responsivity calibrations of two types of pyroelectric radiometers using three 

different methods [8355-02] 
  J. Zeng, National Institute of Standards and Technology (United States) and Utah State Univ. 

(United States); G. P. Eppeldauer, L. M. Hanssen, V. B. Podobedov, National Institute of 
Standards and Technology (United States) 

 
 8355 04 Using GStreamer to perform real-time MRTD measurements on thermal imaging systems 

[8355-03] 
  S. D. Burks, J. M. Doe, J. Fanning, B. Preece, U.S. Army Night Vision & Electronic Sensors 

Directorate (United States) 
 
 8355 05 PV-MCT working standard radiometer [8355-04] 
  G. P. Eppeldauer, V. B. Podobedov, National Institute of Standards and Technology (United 

States) 
 
 8355 06 Noise estimation of an MTF measurement [8355-05] 
  D. P. Haefner, S. D. Burks, U.S. Army Night Vision & Electronic Sensors Directorate (United 

States) 
 
 8355 07 Laser speckle MTF processing and test development for VIS and IR sensors [8355-06] 
  P. P. K. Lee, ITT Exelis Geospatial Systems (United States); C. W. McMurtry, E. J. Tan, J. L. Pipher, 

M. V. Bocko, Univ. of Rochester (United States); J. D. Newman, ITT Exelis Geospatial Systems 
(United States) 

 
 
 SESSION 2 TESTING II  
 
 8355 09 Advanced trend removal in 3D noise calculation [8355-08] 
  S. D. Burks, Q. Nguyen, U.S. Army Night Vision & Electronic Sensors Directorate (United States) 
 
 8355 0B On-axis and off-axis characterization of MWIR and LWIR imaging systems using 

quadri-wave interferometry [8355-10] 
  S. Velghe, D. Brahmi, W. Boucher, B. Wattellier, PHASICS S.A. (France) 
 
 8355 0C Rapid electro-optical (EO) TPS development in a military environment [8355-44] 
  J. McKechnie, A. Irwin, Santa Barbara Infrared, Inc. (United States); T. Gauntner, U.S. Army 

Armament Research, Development and Engineering Ctr. (United States) 
 
 
 
 
 

iii

Proc. of SPIE Vol. 8355  835501-3



 SESSION 3 TARGETS, BACKGROUND, AND ATMOSPHERICS I  
 
 8355 0D Atmospheric effects on target acquisition [8355-12] 
  N. S. Kopeika, A. Zilberman, Y. Yitzhaky, E. Golbraikh, Ben-Gurion Univ. of the Negev (Israel) 
 
 8355 0E Improved motion estimation for restoring turbulence-distorted video [8355-13] 
  C. M. Zwart, Arizona State Univ. (United States); R. J. Pracht, 4-D Imaging, Inc. (United States); 

D. H. Frakes, Arizona State Univ. (United States) and 4-D Imaging, Inc. (United States) 
 
 8355 0F Impact of atmospheric aerosols on long range image quality [8355-14] 
  D. A. LeMaster, M. T. Eismann, Air Force Research Lab. (United States) 
 
 8355 0G Fried deconvolution [8355-15] 
  J. Gilles, S. Osher, Univ. of California, Los Angeles (United States) 
 
 8355 0H Turbulence stabilization [8355-16] 
  Y. Mao, Univ. of Minnesota (United States); J. Gilles, Univ. of California, Los Angeles (United 

States) 
 
 8355 0I Turbulence mitigation of short exposure image data using motion detection and 

background segmentation [8355-17] 
  C. S. Huebner, Fraunhofer-Institut für Optronik, Systemtechnik und Bildauswertung 

(Germany) 
 
 
 SESSION 4 TARGETS, BACKGROUND, AND ATMOSPHERICS II  
 
 8355 0J Short-exposure passive imaging through path-varying convective boundary layer 

turbulence [8355-18] 
  D. H. Tofsted, U.S. Army Research Lab. (United States) 
 
 8355 0K An efficient turbulence simulation algorithm [8355-19] 
  A. L. Robinson, J. Smith, A. Sanders, Ctr. for Advanced Sensors, The Univ. of Memphis (United 

States) 
 
 8355 0L Energy conservation: a forgotten property of the turbulent point spread function [8355-20] 
  M. Charnotskii, Zel Technologies, LLC (United States) and National Oceanic and 

Atmospheric Administration (United States) 
 
 8355 0M Long-term measurements of atmospheric point-spread functions over littoral waters as 

determined by atmospheric turbulence [8355-21] 
  A. N. de Jong, P. B. W. Schwering, K. W. Benoist, TNO Defense, Security and Safety 

(Netherlands); W. H. Gunter, G. Vrahimis, F. J. October, Institute for Maritime Technology 
(South Africa) 

 
 8355 0N Hyperspectral image turbulence measurements of the atmosphere [8355-22] 
  S. E. Lane, L. L. West, G. G. Gimmestad, Georgia Tech Research Institute (United States);  
  S. Kireev, W. L. Smith, Sr., Hampton Univ. (United States); E. M. Burdette, Georgia Tech 

Research Institute (United States); T. Daniels, NASA Langley Research Ctr. (United States);  
  L. Cornman, Univ. Corp. for Atmospheric Research (United States) 
 
 

iv

Proc. of SPIE Vol. 8355  835501-4



 SESSION 5 SMART PROCESSING I: JOINT SESSION WITH CONFERENCE 8353  
 
 8355 0O Infrared detector size: how low should you go? [8355-23] 
  R. Driggers, U.S. Naval Research Lab. (United States); G. Holst, Consultant (United States);  
  J. Reynolds, J. Fanning, U.S. Army Night Vision & Electronic Sensors Directorate (United 

States); R. Vollmerhausen, Univ. of Delaware (United States) 
 
 8355 0P Implementation of intensity ratio change and line-of-sight rate change algorithms for 

imaging infrared trackers [8355-25] 
  C. R. Viau, Tactical Technologies, Inc. (Canada) 
 
 
 SESSION 6 SMART PROCESSING II: JOINT SESSION WITH CONFERENCE 8353  
 
 8355 0Q Turbulence compensation: an overview [8355-26] 
  A. W. M. van Eekeren, K. Schutte, J. Dijk, P. B. W. Schwering, M. van Iersel, N. J. Doelman, TNO 

Defense, Safety and Security (Netherlands) 
 
 8355 0R A real-time atmospheric turbulence mitigation and super-resolution solution for infrared 

imaging systems [8355-27] 
  D. R. Droege, L-3 Communications Cincinnati Electronics (United States); R. C. Hardie, L-3 

Communications Cincinnati Electronics (United States) and Univ. of Dayton (United States); 
B. S. Allen, A. J. Dapore, J. C. Blevins, L-3 Communications Cincinnati Electronics (United 
States) 

 
 8355 0S Turbulence degradation and mitigation performance for handheld weapon ID [8355-28] 
  R. L. Espinola, S. Aghera, R. Thompson, J. Miller, U.S. Army Night Vision & Electronic Sensors 

Directorate (United States) 
 
 8355 0T Patch-based local turbulence compensation in anisoplanatic conditions [8355-29] 
  A. W. M. van Eekeren, M. C. Kruithof, K. Schutte, J. Dijk, M. van Iersel, P. B. W. Schwering, TNO 

Defense, Safety and Security (Netherlands) 
 
 
 SESSION 7 TARGETS, BACKGROUND, AND ATMOSPHERICS III  
 
 8355 0U High fidelity simulations of infrared imagery with animated characters [8355-30] 
  F. Näsström, A. Persson, D. Bergström, J. Berggren, J. Hedström, J. Allvar, M. Karlsson, Swedish 

Defence Research Agency (Sweden) 
 
 8355 0W Infrared signature measurements with the ABB dual-band hyperspectral imager [8355-32] 
  F. Prel, L. Moreau, S. Lantagne, ABB, Remote Sensing Group (Canada); R. D. Bullis, NAVAIR 

(United States); C. Roy, C. Vallières, L. Levesque, ABB, Remote Sensing Group (Canada) 
 
 8355 0X Comparison of image restoration algorithms in the context of horizontal-path imaging 

[8355-60] 
  S. Gladysz, Fraunhofer-Institut für Optronik, Systemtechnik und Bildauswertung (Germany);  
  R. Baena Gallé, Univ. de Barcelona (Spain) 
 
 
 
 

v

Proc. of SPIE Vol. 8355  835501-5



 SESSION 8 MODELING I  
 
 8355 0Y Modeling boost performance using a two dimensional implementation of the targeting task 

performance metric [8355-34] 
  B. L. Preece, D. P. Haefner, J. D. Fanning, U.S. Army Night Vision & Electronic Sensors 

Directorate (United States) 
 
 8355 0Z Performance evaluation of optimization methods for super-resolution mosaicking on UAS 

surveillance videos [8355-35] 
  A. Camargo, Research and Development at I+T (Peru); Q. He, Mississippi Valley State Univ. 

(United States); K. Palaniappan, Univ. of Missouri, Columbia (United States) 
 
 
 SESSION 9 MODELING II  
 
 8355 10 Human target acquisition performance [8355-250] 
  B. P. Teaney, T. W. Du Bosq, J. P. Reynolds, R. Thompson, S. Aghera, S. K. Moyer, E. Flug,  
  R. Espinola, J. Hixson, U.S. Army Night Vision & Electronic Sensors Directorate (United States) 
 
 8355 11 Validating an analytical technique for calculating detection probability given 

time-dependent search parameters [8355-37] 
  M. H. Friedman, H.-S. Choi, J. Cha, J. P. Reynolds, U.S. Army Night Vision & Electronic Sensors 

Directorate (United States) 
 
 8355 12 A standard data set for performance analysis of advanced IR image processing techniques 

[8355-38] 
  A. R. Weiß, U. Adomeit, Fraunhofer-Institut für Optronik, Systemtechnik und Bildauswertung 

(Germany); P. Chevalier, S. Landeau, Délégation Générale pour l'Armement (France); P. Bijl, 
TNO Defense, Safety and Security (Netherlands); F. Champagnat, ONERA (France); J. Dijk, 
TNO Defense, Safety and Security (Netherlands); B. Göhler, Fraunhofer-Institut für Optronik, 
Systemtechnik und Bildauswertung (Germany); S. Landini, Selex Galileo (Italy); J. P. Reynolds, 
U.S. Army Night Vision & Electronic Sensors Directorate (United States); L. N. Smith, U.S. Naval 
Research Lab. (United States) 

 
 8355 13 Benchmarking image fusion algorithm performance [8355-39] 
  C. L. Howell, U.S. Army Night Vision and Electronic Sensors Directorate (United States) 
 
 
 SESSION 10 MODELING III  
 
 8355 14 Metrics for image-based modeling of target acquisition [8355-41] 
  J. D. Fanning, U.S. Army Night Vision & Electronic Sensors Directorate (United States) 
 
 8355 15 Measuring the performance of super-resolution reconstruction algorithms [8355-42] 
  J. Dijk, K. Schutte, A. W. M. van Eekeren, P. Bijl, TNO Defense, Safety and Security 

(Netherlands) 
 
 8355 16 Weighted contrast metric for imaging system performance [8355-43] 
  B. P. Teaney, U.S. Army Night Vision & Electronic Sensors Directorate (United States) 
 
 
 

vi

Proc. of SPIE Vol. 8355  835501-6



 8355 17 Improved fusing infrared and electro-optic signals for high-resolution night images 
[8355-61] 

  X. Huang, Stevens Institute of Technology (United States); R. Netravali, Columbia Univ. 
(United States); H. Man, V. Lawrence, Stevens Institute of Technology (United States) 

 
 
 SESSION 11 MODELING IV  
 
 8355 18 Locally adaptive contrast enhancement and dynamic range compression [8355-46] 
  R. Maschal, S. S. Young, U.S. Army Research Lab. (United States) 
 
 8355 19 Impact of waveband on target-to-background contrast of camouflage [8355-47] 
  V. A. Hodgkin, J. G. Hixson, T. Corbin, U.S. Army Night Vision & Electronic Sensors Directorate 

(United States); W. P. Armentrout, Westminster College (United States) 
 
 8355 1A Performance modeling and assessment of infrared-sensors applicable for the TALOS project 

UGV as a function of target/background and environmental conditions [8355-48] 
  S. Barbe, J.-C. Krapez, Y. Louvet, ONERA (France) 
 
 8355 1B Evaluating the efficiency of a night-time, middle-range infrared sensor for applications in 

human detection and recognition [8355-50] 
  T. Bourlai, J. Von Dollen, West Virginia Univ. (United States); N. Mavridis, New York Univ. Abu 

Dhabi (United Arab Emirates); C. Kolanko, West Virginia Univ. (United States) 
 
 8355 1C Compensating internal temperature effects in uncooled microbolometer-based infrared 

cameras [8355-51] 
  F. Pedreros, J. E. Pezoa, S. N. Torres, Univ. de Concepción (Chile) 
 
 8355 1D A standardized way to select, evaluate, and test an analog-to-digital converter for 

ultrawide bandwidth radiofrequency signals based on user's needs, ideal, published,and 
actual specifications [8355-62] 

  D. Y. Chang, Naval Postgraduate School (United States) and Naval Air Warfare Ctr. 
Weapons Div. (United States); N. C. Rowe, Naval Postgraduate School (United States) 

 
 
  POSTER SESSION  
 
 8355 1E Determining detection, recognition, and identification ranges of thermal cameras on the 

basis of laboratory measurements and TTP model [8355-52] 
  J. Bareła, M. Kastek, K. Firmanty, P. Trzaskawka, R. Dulski, Military Univ. of Technology 

(Poland) 
 
 8355 1F Testing of infrared image enhancing algorithm in different spectral bands [8355-53] 
  R. Dulski, T. Sosnowski, M. Kastek, P. Trzaskawka, Military Univ. of Technology (Poland) 
 
 8355 1G An experimental validation of the Gauss-Markov model for nonuniformity noise in infrared 

focal plane array sensors [8355-54] 
  O. Zapata, F. Pedreros, S. N. Torres, Univ. de Concepcion (Chile) 
 
 8355 1H Modification of infrared signature of naval vessels [8355-55] 
  S. Milewski, Polish Naval Academy (Poland); R. Dulski, M. Kastek, P. Trzaskawka, J. Barela,  
  K. Firmanty, Military Univ. of Technology (Poland) 

vii

Proc. of SPIE Vol. 8355  835501-7



 8355 1I Radiometric calibration for MWIR cameras [8355-56] 
  H. Yang, J. Chun, Korea Advanced Institute of Science and Technology (Korea, Republic 

of); D. C. Seo, J. Yang, Korea Aerospace Research Institute (Korea, Republic of) 
 
 8355 1J Infrared image segmentation with Gaussian mixture modeling [8355-58] 
  D.-S. Lee, S. Yeom, Daegu Univ. (Korea, Republic of) 
 
 8355 1K Evaluation of the effects of some remarkable internal and external factors on an infrared 

seeker [8355-59] 
  A. Uçar, B. Özkan, TÜBİTAK SAGE (Turkey) 
 
  
  Author Index 

viii

Proc. of SPIE Vol. 8355  835501-8



Conference Committee 

 
Symposium Chair 

Kevin P. Meiners, Office of the Secretary of Defense (United States) 
 

Symposium Cochair 

Kenneth R. Israel, Lockheed Martin Corporation (United States) 
 

Conference Chairs 

Gerald C. Holst, JCD Publishing (United States) 
Keith A. Krapels, U.S. Army CERDEC Night Vision & Electronic Sensors 

Directorate (United States) 
 

Program Committee 

Gisele Bennett, Georgia Institute of Technology (United States) 
Piet Bijl, TNO Defence, Security and Safety (Netherlands) 
Ronald G. Driggers, U.S. Naval Research Laboratory (United States) 
Richard L. Espinola, U.S. Army CERDEC Night Vision & Electronic Sensors 

Directorate (United States) 
David P. Forrai, L-3 Communications Cincinnati Electronics (United 

States) 
Alan Irwin, Santa Barbara Infrared, Inc. (United States) 
Terrence S. Lomheim, The Aerospace Corporation (United States) 
Teresa L. Pace, Lockheed Martin Corporation (United States) 
Endre Repasi, Fraunhofer-Institut für Optronik, Systemtechnik und 

Bildauswertung (Germany) 
Hector M. Reyes, Raytheon Company (United States) 
Joseph P. Reynolds, U.S. Army CERDEC Night Vision & Electronic Sensors 

Directorate (United States) 
Bernard M. Rosier, ONERA (France) 
Michael A. Soel, FLIR Systems, Inc. (United States) 
Curtis M. Webb, Northrop Grumman Electronic Systems (United States) 

 

Session Chairs 

 1 Testing I 
Curtis M. Webb, Northrop Grumman Electronic Systems (United States) 
Alan Irwin, Santa Barbara Infrared, Inc. (United States) 
 
 
 

ix

Proc. of SPIE Vol. 8355  835501-9



 2 Testing II 
Curtis M. Webb, Northrop Grumman Electronic Systems (United States) 
Alan Irwin, Santa Barbara Infrared, Inc. (United States) 
 

 3 Targets, Background, and Atmospherics I 
Richard L. Espinola, U.S. Army CERDEC Night Vision & Electronic Sensors 
   Directorate (United States) 
Endre Repasi, Fraunhofer-Institut für Optronik, Systemtechnik und 
   Bildauswertung (Germany) 
 

 4 Targets, Background, and Atmospherics II 
Richard L. Espinola, U.S. Army CERDEC Night Vision & Electronic Sensors 
   Directorate (United States) 
Endre Repasi, Fraunhofer-Institut für Optronik, Systemtechnik und 
   Bildauswertung (Germany) 
 

 5 Smart Processing I: Joint Session with Conference 8353 
Richard L. Espinola, U.S. Army CERDEC Night Vision & Electronic Sensors 
   Directorate (United States) 
Endre Repasi, Fraunhofer-Institut für Optronik, Systemtechnik und 
   Bildauswertung (Germany) 
 

 6 Smart Processing II: Joint Session with Conference 8353 
Richard L. Espinola, U.S. Army CERDEC Night Vision & Electronic Sensors 
   Directorate (United States) 
Endre Repasi, Fraunhofer-Institut für Optronik, Systemtechnik und 
   Bildauswertung (Germany) 
 

 7 Targets, Background, and Atmospherics III 
Richard L. Espinola, U.S. Army CERDEC Night Vision & Electronic Sensors 
   Directorate (United States) 
Endre Repasi, Fraunhofer-Institut für Optronik, Systemtechnik und 
   Bildauswertung (Germany) 
 

 8 Modeling I 
Ronald G. Driggers, U.S. Naval Research Laboratory (United States) 
 

 9 Modeling II 
Ronald G. Driggers, U.S. Naval Research Laboratory (United States) 
 

 10 Modeling III 
Hector M. Reyes, Raytheon Company (United States) 
Joseph P. Reynolds, U.S. Army CERDEC Night Vision & Electronic Sensors 
   Directorate (United States) 
Michael A. Soel, FLIR Systems, Inc. (United States) 
 
 

x

Proc. of SPIE Vol. 8355  835501-10



 11 Modeling IV 
Hector M. Reyes, Raytheon Company (United States) 
Joseph P. Reynolds, U.S. Army CERDEC Night Vision & Electronic Sensors 
   Directorate (United States) 
Michael A. Soel, FLIR Systems, Inc. (United States) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

xi

Proc. of SPIE Vol. 8355  835501-11



 
 
 

xii

Proc. of SPIE Vol. 8355  835501-12


