
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume  
11931 

 
 

Proceedings of SPIE 0277-786X, V. 11931 

 

Optical Architectures for Displays 
and Sensing in Augmented, Virtual, 
and Mixed Reality (AR, VR, MR) III 
 
 
 
Bernard C. Kress 
Christophe Peroz 
Editors   

 
 
23–25 January 2022 
San Francisco, California, United States 
 
 
Sponsored and Published by  
SPIE 
                                       

 

iii
Optical Architectures for Displays and Sensing in Augmented, Virtual, and Mixed Reality 
(AR, VR, MR) III, edited by Bernard C. Kress, Christophe Peroz, Proc. of SPIE Vol. 11931

1193101 · © 2022 SPIE · 0277-786X · doi: 10.1117/12.2635879

Proc. of SPIE Vol. 11931  1193101-1



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 Optical Architectures for Displays and Sensing in Augmented, Virtual, 
and Mixed Reality (AR, VR, MR) III, edited by Bernard C. Kress, Christophe Peroz, Proc. of SPIE  11931, 
Seven-digit Article CID Number (DD/MM/YYYY); (DOI URL). 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510647329 
ISBN: 9781510647336 (electronic) 
 
Published by 
SPIE 
P.O. Box 10, Bellingham, Washington 98227-0010 USA 
Telephone +1 360 676 3290 (Pacific Time) 
SPIE.org 
Copyright © 2022 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. 

 

iv

Proc. of SPIE Vol. 11931  1193101-2



  Contents 
 
 
 
  v Conference Committee 
  

   POSTERS 
     
  11931 02  Compact electric pupil steering for Maxwellian-type augmented reality systems [11931-11] 

     
  11931 03  Autonomous calibration for gaze detection using Bayesian estimation and canonical 

correlation analysis [11931-14] 
     
  11931 04  Hyperchromatic multifocal 3D display for augmented reality applications [11931-15] 

     
  11931 05  An augmented reality measurement tool for clinical procedures [11931-16] 

     
  11931 06  Assessing internal, external and covert visuospatial attention in AR using brain sensing: a pilot 

study [11931-21] 
     
  11931 07  Sub-millisecond in-plane only phase modulation by an SSD liquid crystal technology to AR/VR 

devices [11931-25] 
     
  11931 08  Inside-out tracking and projection mapping for robot-assisted transcranial magnetic 

stimulation [11931-28] 
     
  11931 09  The path towards mass manufacturing of optical waveguide combiners via large-area 

nanoimprinting [11931-29] 
     
  11931 0A  Quadrant detector-based method for eye point alignment of augmented and virtual reality 

head mounted displays [11931-30] 
     
  11931 0B  Demonstrations of Bayfol HX vHOE’s in see-through display applications [11931-35] 

     
  11931 0C  Compact design principle for diffractive exit-pupil expander in AR near-eye system [11931-37] 

     
  11931 0D  Phase-only modulation with economic and compact vertical aligned liquid crystal devices 

[11931-38] 
     
  11931 0E  Sharpness and contrast of AR/VR near-eye displays: goniometric vs. advanced 2D imaging 

light measurements of the modulation transfer function (MTF) [11931-39] 
     
  11931 0F  Wavelength multiplexed field of view expansion for high-resolution near-to-eye displays 

[11931-40] 
     
  11931 0G  Waveguide-type floating display using holographic optical element with convergent power 

[11931-41] 
     

v

Proc. of SPIE Vol. 11931  1193101-3



  11931 0I  Novel modular optical system for simplified development of AR, VR display measurement 
solutions [11931-45] 

     
  11931 0J  Polarization-dependent combiner for wide field-of-view glasses-like AR displays [11931-47] 

     
  11931 0K  A study on human-robot coordination in augmented reality assisted hand tracking system 

[11931-49] 
     
  11931 0L  Phase detection to measure rotational direction of resonant MEMS mirror driven by parametric 

excitation [11931-50] 
     
  11931 0M  Low-power, small-form-factor angle sensing circuit for an electrostatic, quasi-static MEMS 

mirror in AR applications [11931-52] 
     
  11931 0O  Ultra-high-refractive index nanocomposites for extended reality [11931-54] 

     
  11931 0P  Volume holographic grating for wavelength multiplexed field-of-view expansion [11931-57] 

     
  11931 0Q  The return of the interlace [11931-59] 

     
  11931 0R  Toward zero latency XR devices: How smart microdisplay help to solve XR problems [11931-6] 

     
  11931 0S  Fundamental evaluation of mental exhaustion induced by the use of the system to provide 

independent views to both of eyes based on critical flicker-fusion frequency [11931-68] 
     
  11931 0T  Adhesives and functional polymers for miniaturization of XR devices [11931-9] 

     
     

 

vi

Proc. of SPIE Vol. 11931  1193101-4



Conference Committee 
 
 
Symposium Chair 

Ari Grobman, Lumus Ltd. (Israel) 
 

Conference Chairs 

Bernard C. Kress, Google (United States) 
Christophe Peroz, Sony Corporation (Japan) 

 

Conference Program Committee 

Martin S. Banks, University of California, Berkeley (United States) 
Pablo Benítez, University Politécnica de Madrid (Spain) 
Julie L. Bentley, University of Rochester (United States) 
Michael P. Browne, SA Photonics, Inc. (United States) 
Weichuan Gao, Facebook Technologies, LLC (United States) 
Andreas G. Georgiou, Microsoft Research Cambridge  
   (United Kingdom) 
Robin Held, Microsoft Corporation (United States) 
Hong Hua, College of Optical Sciences, The University of Arizona 

(United States) 
Mary Lou Jepsen, Openwater (United States) 
Fernando Mendoza-Santoyo, Centro de Investigaciones en Óptica, 

A.C. (Mexico) 
Hiroshi Mukawa, Sony Corporation (Japan) 
Ryan Ong, Magic Leap, Inc. (United States) 
Maria Pace, Microsoft Corporation (United States) 
Yifan (Evan) Peng, Stanford University (United States) 
Jannick P. Rolland, The Institute of Optics (United States) 
Zhujun Shi, Apple Inc. (United States) 

 

 

vii

Proc. of SPIE Vol. 11931  1193101-5



Proc. of SPIE Vol. 11931  1193101-6


