
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 11749 
 
 

Proceedings of SPIE 0277-786X, V. 11749 

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

Chemical, Biological, Radiological, 
Nuclear, and Explosives (CBRNE) 
Sensing XXII 
 
 
 
Jason A. Guicheteau 
Chris R. Howle 
Editors   

 
 
12–16 April 2021 
Online Only, 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 Chemical, Biological, Radiological, Nuclear, and Explosives (CBRNE) 
Sensing XXII, edited by Jason A. Guicheteau, Chris R. Howle, Proc. of SPIE  11749, Seven-digit Article 
CID Number (DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510643352 
ISBN: 9781510643369 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2021 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 
 
 
   REMOTE AND DISTRIBUTED SENSING OF CBRNE HAZARDS 
     
  11749 02  Overview study on the characterization of zirconia as a function of calcination temperature 

(Invited Paper) [11749-1] 
     
  11749 07  Broadband photoacoustic spectroscopy using quantum cascade laser arrays for 

compositional analysis of airborne aerosols [11749-6] 
     
     

   EXPLOSIVE SENSING 
     
  11749 08  Multi-sensor threat detection for screening people and their carried bags [11749-7] 

     
     

   BIOLOGICAL HAZARD SENSING 
     
  11749 0B  Routes to enabling Raman detection of in-theatre biological contaminants over extended 

range: spatial heterodyne spectroscopy, time-resolved Raman measurements, and the march 
towards the deep-UV (Invited Paper) [11749-10] 

     
  11749 0C  Sensing of bacterial spores with 2D-IR spectroscopy [11749-11] 

     
  11749 0D  A compact fiber-laser-based system for detection of biological agents via coherent Raman 

spectroscopy [11749-12] 
     
  11749 0G  Development of army relevant wearable Photonic Integrated Circuit (PIC) biosensors  

[11749-15] 
     
     

   STAND-OFF SENSING OF CHEMICAL HAZARDS 
     
  11749 0I  Recent development of a new handheld UV Raman sensor for standoff detection [11749-28] 

     
  11749 0J  Mobile cart-based detection of infrared backscatter from hazardous substances at proximal 

distances [11749-29] 
     
  11749 0L  Detection of chemical threats on surfaces using a human color vision inspired sensing method 

[11749-31] 
     
     
     

iii



   INTELLIGENT SYSTEMS FOR CBRNE DETECTION 
     
  11749 0M  CBRNE sensors: intelligent systems [11749-17] 

     
  11749 0O  Predicting instrument detection capability of dispersed samples while moving [11749-19] 

     
     

   ADVANCES IN CBE SIGNATURE ANALYSIS AND SENSOR ALGORITHMS 
     
  11749 0P  Challenges to detection: humidity as a spur to chemical agent change [11749-20] 

     
  11749 0Q  Real-time analysis of hyperspectral data in MATLAB: theoretical limits of anomaly detection 

utilizing higher order statistics through simulation [11749-21] 
     
  11749 0R  Experimental and modeling investigation of binary liquid mixtures [11749-22] 

     
  11749 0S  Combining spectroscopic ellipsometry with transmission spectroscopy to derive accurate 

optical constants for organic materials [11749-24] 
     
  11749 0T  Measuring accurate optical constants of uranium minerals for use in optical modeling of 

infrared spectra [11749-26] 
     
  11749 0U  Random forest and long short-term memory based machine learning models for classification 

of ion mobility spectrometry spectra [11749-27] 
     
     

   POSTER SESSION 
     
  11749 0W  Inverse analysis of diffuse reflectance for surface-distributed particles using absorbance basis 

functions [11749-25] 
     
     

 

iv


