
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 12526 
 
 

Proceedings of SPIE 0277-786X, V. 12526 

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

Multimodal Image Exploitation  
and Learning 2023 
 
 
 
 
Sos S. Agaian 
Vijayan K. Asari 
Stephen P. DelMarco 
Editors   

 
 
1 May 2023 
Orlando, Florida, United States 
 
 
Sponsored and Published by  
SPIE 
                                       
 

Multimodal Image Exploitation and Learning 2023, edited by Sos S. Agaian, Vijayan K. Asari, 
Stephen P. DelMarco, Proc. of SPIE Vol. 12526, 1252601 · © 2023 SPIE

0277-786X · doi: 10.1117/12.2691012

Proc. of SPIE Vol. 12526  1252601-1



The papers 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. 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 Multimodal Image Exploitation and Learning 2023, edited by  
Sos S. Agaian, Vijayan K. Asari, Stephen P. DelMarco, Proc. of SPIE 12526, Seven-digit Article CID 
Number (DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510661660 
ISBN: 9781510661677 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2023 Society of Photo-Optical Instrumentation Engineers (SPIE). 
 
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 fees. To obtain permission to use and share articles in this volume, visit 
Copyright Clearance Center 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. 
 
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: A unique citation identifier (CID) number is assigned to each article in the 
Proceedings of SPIE 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 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, 0A, 0B … 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each 
page of the manuscript. 

 

Proc. of SPIE Vol. 12526  1252601-2



  Contents 
 
  v Conference Committee 
  

 SESSION 1  MACHINE LEARNING APPLICATIONS I 
     
  12526 02  The space dual of Einstein’s relativity advances the theoretical backing for this year's 

astronomical observation of dark energy residing in the universe's black holes [12526-39] 
     
  12526 03  AI-based matchmaking as an innovative tool for a network-driven event industry  

(Invited Paper) [12526-1] 
     
  12526 04  A machine learning approach to image registration verification [12526-3] 

     
     

 SESSION 2  INNOVATIVE IMAGING TECHNIQUES 
     
  12526 06  New retinex model-based infrared image enhancement [12526-5] 

     
  12526 07  PCA informed non-linear channel color quantization (Best Paper Award) [12526-6] 

     
  12526 08  Application of computational topology to vision aided navigation in GPS-denied regions 

[12526-7] 
     
  12526 09  Off-angle iris recognition using single and multiple deep learning frameworks [12526-8] 

     
     

 SESSION 3  VIRTUAL REALITY AND SITUATIONAL AWARENESS 
     
  12526 0A  Virtual reality for CSI training [12526-10] 

     
  12526 0C  Pixel-level transformations in domain adaptive object detection for thermal imagery [12526-12] 

     
     

 SESSION 4  MACHINE LEARNING APPLICATIONS II 
     
  12526 0E  Real-time pedestrian detection using radar-camera fusion and clustering [12526-15] 

     
     
     
     

iii

Proc. of SPIE Vol. 12526  1252601-3



   POSTER SESSION 
     
  12526 0G  Alpha-rooting color image enhancement for neural light field rendering [12526-19] 

     
  12526 0H  Diagnosis of keratoconus using novel elevation mapping technique from smartphone image 

[12526-20] 
     
  12526 0I  A MIX-decision CNN solution for real-time semantic segmentation on embedded devices 

[12526-21] 
     
  12526 0J  Instant-level vehicle speed and traffic density estimation using deep neural network [12526-23] 

     
  12526 0M  Entropy bottleneck network for IR image compression [12526-26] 

     
  12526 0N  Gaze depth estimation for eye-tracking systems [12526-27] 

     
  12526 0O  Mitigation of adversarial noise attacks on skin cancer detection via ordered statistics binary 

local features [12526-28] 
     
  12526 0Q  RGB and IR imagery fusion for autonomous driving [12526-30] 

     
  12526 0T  Edge preserving noise removal via extended weighted Okada bitonic plane kernels for 

spectral domain optical coherence tomography [12526-17] 
     
  12526 0U  New method of color image histogram equalization with gray replacement for underwater and 

medical images [12526-18] 
     
  12526 0V  Weather removal with a lightweight quaternion Chebyshev neural network [12526-2] 

     
     

   DIGITAL POSTER SESSION 
     
  12526 0W  Action recognition from thermal videos using skeleton information and 3D local binary dense 

micro-block difference [12526-33] 
     
  12526 0X  Image haze removal using block-based multiscale enhancement method [12526-34] 

     
  12526 0Y  A new solution for the multi-criteria method of preprocessing and its application as a detector 

of object boundaries in images [12526-35] 
     
     

 

iv

Proc. of SPIE Vol. 12526  1252601-4



Conference Committee 
 
 
Symposium Chairs 

Tien Pham, The MITRE Corporation (United States) 
Douglas R. Droege, L3Harris Technologies, Inc. (United States) 

 

Symposium Co-chairs 

Augustus W. Fountain III, University of South Carolina (United States) 
Teresa L. Pace, L3Harris Technologies, Inc. (United States) 

 

Program Track Chair 

David W. Messinger, Rochester Institute of Technology (United States) 
 

Conference Chairs 

Sos S. Agaian, College of Staten Island (United States) 
Vijayan K. Asari, University of Dayton (United States) 
Stephen P. DelMarco, BAE Systems (United States) 

 

Conference Co-chair 

Sabah A. Jassim, The University of Buckingham (United Kingdom) 
 

Conference Program Committee 

David Akopian, The University of Texas at San Antonio (United States) 
Theus H. Aspiras, University of Dayton (United States) 
Colleen P. Bailey, University of North Texas (United States) 
Ravindrnath C. Cherukuri, CHRIST (Deemed to be University) (India) 
Reiner Creutzburg, Technische Hochschule Brandenburg (Germany) 
Arman Darbinyan, Russian-Armenian University (Armenia) 
Johan Debayle, MINES Saint-Étienne (France) 
Yunbin Deng, BAE Systems (United States) 
Eliza Yingzi Du, Qualcomm Inc. (United States) 
Frederic Dufaux, Laboratoire des Signaux et Systèmes, CNRS (France) 
Erlan H. Feria, College of Staten Island (United States) 
Artyom M. Grigoryan, The University of Texas at San Antonio  

(United States) 
Balvinder Kaur, U.S. Army CCDC C5ISR Center Night Vision and 

Electronic Sensors Directorate (United States) 
Karen Panetta, Tufts University (United States) 
Haleh Safavi, NASA Goddard Space Flight Center (United States) 

v

Proc. of SPIE Vol. 12526  1252601-5



Harin Sellahewa, The University of Buckingham (United Kingdom) 
Jinshan Tang, George Mason University (United States) 
Thaweesak Trongtirakul, Rajamangala University of Technology Phra 

Nakhon (Thailand) 
Viacheslav Voronin, Moscow State University of Technology "STANKIN" 

(Russian Federation) 
Shiqian Wu, Wuhan University of Science and Technology (China) 
Yufeng Zheng, Alcorn State University (United States) 

 

vi

Proc. of SPIE Vol. 12526  1252601-6


