
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 13048 
 
 

Proceedings of SPIE 0277-786X, V. 13048 

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

c 

Radar Sensor Technology XXVIII 
 
 
 
Abigail S. Hedden 
Gregory J. Mazzaro 
Editors   

 
 
22–24 April 2024 
National Harbor, Maryland, United States 
 
 
Sponsored and Published by  
SPIE 
                                       
 



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 Radar Sensor Technology XXVIII, edited by Abigail S. Hedden, Gregory J. 
Mazzaro, Proc. of SPIE 13048, Seven-digit Article CID Number (DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510674141 
ISBN: 9781510674158 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2024 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. 

 



  Contents 
 
 vii Conference Committee 
  

 SESSION 1  APPLICATIONS AND EXPLOITATION TECHNIQUES I 
     
 13048 02  Dual-scan dual-frequency GPR imaging for mapping the permafrost table [13048-3] 

     
 13048 03  Application of first-order non-autonomous chaos synchronization for bistatic radar system 

(Early Career Research Award) [13048-4] 
     
 13048 04  Single-layer resonant metasurfaces as versatile IR sensors, polarizers, filters, and reflectors 

[13048-47] 
     
     

 SESSION 2  ALGORITHMS AND PROCESSING TECHNIQUES I 
     
 13048 05  Doppler processing with near-field arrays [13048-5] 

     
 13048 08  Signal processing applications of the Sensor Open Systems Architecture for missile seekers 

[13048-8] 
     
     

 SESSION 3  PHENOMENOLOGY I 
     
 13048 09  Non-plane wave incidence on a body of revolution for remote sensing applications [13048-9] 

     
 13048 0B  Change detection algorithms for ad hoc distributed radar [13048-11] 

     
     

 SESSION 4  PHENOMENOLOGY II 
     
 13048 0C  Improved investigation of electromagnetic compatibility between radar sensors and 5G-NR 

radios [13048-12] 
     
 13048 0E  A quantitative study of the benefits of the third-order over the second-order harmonic radar 

[13048-14] 
     
     
     
     
     

iii



 SESSION 5  APPLICATIONS AND EXPLOITATION TECHNIQUES II 
     
 13048 0F  Investigation of OFDM signals for microwave ranging [13048-15] 

     
 13048 0G  RF-hardening of small UAS for mitigation of HIRF impacts [13048-16] 

     
 13048 0H  Vibration monitoring of tunnel faces applying 78GHz DBF-based high-speed imaging radar 

[13048-17] 
     
     

 SESSION 6  ALGORITHMS AND PROCESSING TECHNIQUES II 
     
 13048 0I  Combined Kalman and Kalman-Levy filter for maneuvering target tracking [13048-18] 

     
 13048 0J  Extending language-based cost functions with deep learning [13048-19] 

     
 13048 0K  Accuracy evaluation of asymptotic methods for the electromagnetic simulation of personnel 

security screening [13048-21] 
     
     

 SESSION 7  QUANTUM REMOTE SENSING 
     
 13048 0L  Experimental progress using quantum binary waveforms and immediate idler detection 

techniques for remote sensing [13048-25] 
     
 13048 0M  Quantum interferometric radar for biomedical applications [13048-26] 

     
 13048 0N  Quantum illumination networks [13048-27] 

     
 13048 0O  Ultralow-phase noise microwave generation using photonics for enhanced radar applications 

[13048-28] 
     
     

 SESSION 8  RADAR MICRO-DOPPLER 
     
 13048 0P  Gait pattern analysis of older adults via radar micro-Doppler signatures and wrist-worn 

accelerometer data [13048-29] 
     
 13048 0Q  RF sensing of personalized mobility: accounting for temporal variability in ethogram-based 

classification [13048-30] 
     
 13048 0R  Micro-Doppler radar characterization of vehicle vibrations [13048-31] 

     
 13048 0S  Electromagnetic modeling and analysis of micro-Doppler characteristics of simulated human 

limping gaits [13048-32] 
     

iv



 SESSION 9  MILLIMETER-WAVE SENSING AND IMAGING I 
     
 13048 0T  A standardized test for measuring the spatial resolution of active millimeter wave imaging 

systems [13048-33] 
     
 13048 0U  Measuring the refractive index of foam materials with very low reflection coefficients at 

millimeter wavelengths [13048-35] 
     
 13048 0V  Sparse array millimeter-wave imaging using a single-board MIMO radar sensor [13048-36] 

     
     

 SESSION 10  MILLIMETER-WAVE SENSING AND IMAGING II 
     
 13048 0W  Rotational millimeter-wave shoe scanner using the discrete Fourier transform for 

backprojection-based image reconstruction [13048-37] 
     
 13048 0X  Multistatic cylindrical fast backprojection 3D image reconstruction [13048-38] 

     
 13048 0Z  Shape-morphing origami platforms for RF computational imaging [13048-40] 

     
     

   POSTER SESSION 
     
 13048 10  A newly developed method for georegistration of synthetic aperture radar imagery [13048-42] 

     
 13048 11  Geolocation using synthetic aperture radar multilateration [13048-43] 

     
 13048 12  Ray-tracing modeling for submillimeters [13048-44] 

     
     

 

v


