
PROCEEDINGS OF SPIE 

 
 
 
 

Volume 10127 
 
 

Proceedings of SPIE 0277-786X, V. 10127 

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

 

Practical Holography XXXI: 
Materials and Applications 
 
 
Hans I. Bjelkhagen 
V. Michael Bove Jr. 
Editors 
 
 
30 January–1 February 2017 
San Francisco, California, United States 
 
 
Sponsored and Published by  
SPIE 
 

Practical Holography XXXI: Materials and Applications, edited by Hans I. Bjelkhagen,
V. Michael Bove, Jr., Proc. of SPIE Vol. 10127, 1012701 · © 2017 SPIE

CCC code: 0277-786X/17/$18 · doi: 10.1117/12.2275393

Proc. of SPIE Vol. 10127  1012701-1



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 Practical Holography XXXI: Materials and Applications, edited by 
Hans I. Bjelkhagen, V. Michael Bove Jr., Proceedings of SPIE Vol. 10127 (SPIE, Bellingham, WA, 2017) 
Seven-digit Article CID Number. 
 
ISSN: 0277-786X 
ISSN: 1996-786X (electronic) 
 
ISBN: 9781510606951 
ISBN: 9781510606968 (electronic) 
 
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 © 2017, 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/17/$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. A unique citation 
identifier (CID) number is assigned to each article 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. 10127  1012701-2



  Contents  
 
 
 vii Authors 
 
 ix Conference Committee 
 
 xi Introduction  
 
 
 SESSION 1 APPLICATIONS, MATERIALS, AND PROCESSES I 

 
   

 10127 02 Effective public security features for embossed holograms (Invited Paper) [10127-1] 
   
 10127 03 Coherent backlight unit using holographic optical elements for full-color flat-panel 

holographic display [10127-2] 
   
 10127 04 Backside imaging of a microcontroller with common-path digital holography [10127-3] 
   
 10127 05 Digital holographic microtomography of fusion spliced optical fibers [10127-4] 
   
 
 SESSION 2 HOLOGRAPHY, ART, AND PERCEPTION 

 
   

 10127 06 Holographic data visualization: using synthetic full-parallax holography to share 
information [10127-5] 

   
 10127 07 Sonorous images through digital holographic images [10127-6] 
   
 10127 08 Holographic space: presence and absence in time [10127-7] 
   
 
 SESSION 3 APPLICATIONS, MATERIALS, AND PROCESSES II 

 
   

 10127 0A Mass production of volume holographic optical elements (vHOEs) using Bayfol® HX 
photopolymer film in a roll-to-roll copy process (Invited Paper) [10127-9] 

   
 10127 0B Holographic interferometric and correlation-based laser speckle metrology for 3D 

deformations in dentistry [10127-10] 
   
 10127 0C HoloNetwork: communicating science through holography [10127-11] 
   
 10127 0D Numerical analysis of Bragg regime polarization gratings by rigorous coupled-wave 

analysis [10127-12] 
   
 10127 0E Changes in diffraction efficiency of gratings with high fructose corn syrup by aging 

[10127-13] 
   
 

iii

Proc. of SPIE Vol. 10127  1012701-3



 SESSION 4 DIGITAL HOLOGRAPHY I 

 
   

 10127 0H Blind digital holographic microscopy [10127-16] 
   
 10127 0I Sparsity-based fast CGH generation using layer-based approach for 3D point cloud model 

[10127-17] 
   
 10127 0J Near-to-eye electroholography via guided-wave acousto-optics for augmented reality 

[10127-18] 
   
 10127 0K Graphics processing unit accelerated numerical model for collinear holographic data 

storage system [10127-19] 
   
 10127 0L An analysis of printing conditions for wavefront overlapping printing [10127-20] 
   
 10127 0M Computation of exact diffraction field from its distributed samples [10127-21] 
   
 
 SESSION 5 DIGITAL HOLOGRAPHY II 

 
   

 10127 0N Investigating numerical reconstruction quality and sparsity constraints on the holographic 
fringe pattern in digital holography [10127-22] 

   
 10127 0O Off-axis self-interference incoherent digital holographic microscopy [10127-23] 
   
 10127 0P An accurate algorithm to find the axial position of an object in lens-free inline digital 

holography [10127-24] 
   
 10127 0Q Fast computer-generated hologram computation using rendered depth map image 

[10127-26] 
   
 
  POSTER SESSION 

 
   

 10127 0R Holographic recording mechanism in albumin films with iron ions [10127-27] 
   
 10127 0S Angular multiplexing holograms of four images recorded on photopolymer films with 

recording-film-thickness-dependent holographic characteristics [10127-28] 
   
 10127 0T CυBE: Coherent υ Beam Educator [10127-29] 
   
 10127 0U Advanced channel modeling of holographic data storage considering degradation 

shapes of reconstructed image [10127-30] 
   
 10127 0V Lensless digital holographic microscope using in-line configuration and laser diode 

illumination [10127-31] 
   
 10127 0W Effect of monomer diffusion on photoinduced shrinkage in photopolymer layers 

determined by electronic speckle pattern interferometry [10127-32] 
   

iv

Proc. of SPIE Vol. 10127  1012701-4



 10127 0X Compact holographic optical element-based electronic speckle pattern interferometer for 
rotation and vibration measurements [10127-33] 

   
 10127 0Y Full-color high-definition CGH reconstructing hybrid scenes of physical and virtual objects 

[10127-34] 
   
 10127 0Z Comparison of computation time and image quality between full-parallax 4G-pixels CGHs 

calculated by the point cloud and polygon-based method [10127-35] 
   
 10127 10 Holographic gratings with cupric chloride, PVA, and organic dye [10127-36] 
   
 10127 11 Albumin holograms with gentian violet dye [10127-37] 
   
 10127 12 Nopal cactus film [10127-38] 
   
 10127 13 Recording of digital holograms of 3D scenes with depth up to 0.5 meter [10127-39] 
   
 10127 14 Analysis of security of optical encryption with spatially incoherent illumination technique 

[10127-40] 
 

v

Proc. of SPIE Vol. 10127  1012701-5



Proc. of SPIE Vol. 10127  1012701-6



Authors 
 
 
Numbers in the index correspond to the last two digits of the seven-digit citation identifier (CID) article 
numbering system used in Proceedings of SPIE. The first five digits reflect the volume number. Base 36 
numbering is employed for the last two digits and indicates the order of articles within the volume. 
Numbers start with 00, 01, 02, 03, 04, 05, 06, 07, 08, 09, 0A, 0B...0Z, followed by 10-1Z, 20-2Z, etc. 
 
Adinda-Ougba, Adamou, 0V 
An, Jungkwuen, 03 
Anderson, Patrick N., 0H 
Azevedo, Isabel, 07 
Bae, Yoonsung, 0O 
Bakanas, Ramūnas, 02 
Bavigadda, Viswanath, 0X 
Bove, V. Michael, Jr., 0J 
Bruder, Friedrich-Karl, 0A 
Bulanovs, Andrejs, 02 
Chang, Yin-Ren, 08 
Cheremkhin, Pavel A., 13, 14 
Choi, Chil-Sung, 03 
Conde-Cuatzo, María G., 10, 12 
Dalenius, Tove N., 06 
Datta, Bianca, 0J 
Dekiff, Markus, 0B 
Deng, Yating, 05 
Denz, Cornelia, 0B 
Dirksen, Dieter, 0B 
Dorantes-García, V., 11 
Escuti, Michael J., 0D 
Esmer, G. Bora, 0M 
Evtikhiev, Nikolay N., 13, 14 
Fäcke, Thomas, 0A 
Finkeldey, Markus, 04, 0V 
Fuentes-Tapia, Israel, 10, 12 
Gerhardt, Nils C., 04, 0V 
Gianani, Ilaria, 0H 
Göring, Lena, 04, 0V 
Grote, Fabian, 0A 
Hagen, Rainer, 0A 
Hernández-Fonseca, Danae, 10 
Hofmann, Martin, 04, 0V 
Hönel, Dennis, 0A 
Hooker, Simon M., 0H 
Huang, Yong, 0K 
Hwang, Sungwoo, 03 
Hwang, Wonsang, 0O 
Ichihashi, Y., 0L 
Jeon, Phil Jun, 0O, 0P 
 

Jeong, Hyunwook, 0I, 0N 
Jolly, Sundeep, 0J 
Kawai, Kotaro, 0S 
Kazempourradi, Seyedmahdi, 0Q 
Kemper, Björn, 0B 
Kim, Dug Young, 0O, 0P 
Kim, Hak Gu, 0I, 0N 
Kim, Hojung, 03 

Kim, Jun Woo, 0P 
Kim, Sun Il, 03 
Kim, Yongkyu, 03 
Kim, Young, 03 
Kim, Yunhee, 03 
Kim, Yun-Tae, 03 
Koch, Eberhard, 0A 
Krasnov, Vitaly V., 13, 14 
Kröger, Elke, 0B 
Kulakov, Mikhail N., 13 
Kurbatova, Ekaterina A., 13 
Lee, Hee Jung, 0O, 0P 
Lee, Hong-Seok, 03 
Lim, Sung-Yong, 0U 
Lin, Xiao, 0K 
Lloyd, David T., 0H 
Ma, Xichao, 05 
Magalhães, Carolina, 0C 
Mang, Matthias M., 0H 
Matsushima, Kyoji, 0Y, 0Z 
Mejias-Brizuela, Nildia Y., 0E, 11 
Mihaylova, Emilia, 0X 
Moothanchery, Mohesh, 0W, 0X 
Nakahara, Sumio, 0Y 
Nakatsuji, Noriaki, 0Z 
Naydenova, Izabela, 0W 
Oi, R., 0L 
O'Keeffe, Kevin, 0H 
Okui, M., 0L 
Olivares-Pérez, Arturo, 0E, 0R, 10, 11, 12 
Ordoñez-Padilla, Manuel J., 0R, 11 
Ortiz-Gutiérrez, Mauricio, 11 
Osabe, Keiichi, 0S 
Palillero-Sandoval, O., 0R 
 

Pan, Feng, 05 
Pombo, Pedro, 0C 
Pramanik, Manojit, 0W, 0X 
Rees, Simon, 06 
Rewitz, Christian, 0A 
Richardson, Martin, 06, 08, 0T 
Ro, Yong Man, 0I, 0N 
Rodin, Vladislav G., 13, 14 
Sakamoto, Yuji, 0Y 
Sandford-Richardson, Elizabeth, 07 
Santos, Emanuel, 0C 
Savidis, Nickolaos, 0J 
Schellenberg, Falk, 04 
Schiavi, Andrea, 0H 
Senoh, T., 0L 

vii

Proc. of SPIE Vol. 10127  1012701-7



Seo, Juwon, 03 
Seo, Wontaek, 03 
Shifrina, Anna V., 14 
Smalley, Daniel, 0J 
So, Byunghwy, 0O 
Son, Kyungchan, 0U 
Song, Hoon, 03 
Sung, Geeyoung, 03 
Sureshkumar, Vivian Amos, 0T 
Tan, Xiaodi, 0K 
Toal, Vincent, 0W, 0X 
Toxqui-López, Santa, 10, 11, 12 
Treacher, Daniel J., 0H 
Tsuchiyama, Yasuhiro, 0Y 
Ulusoy, Erdem, 0Q 
Urey, Hakan, 0Q 
Varadarajan, Vadivelan, 02 
Wakunami, K., 0L 
Walmsley, Ian A., 0H 
Walze, Günther, 0A 
Wewer, Brita, 0A 
Wiegandt, Florian, 0H 
Xiang, Xiao, 0D 
Xiao, Wen, 05 
Yamaguchi, Masahiro, 0Y 
Yamamoto, K., 0L 
Yang, Hyunseok, 0U 
Zacharovas, Stanislovas, 02 
 

viii

Proc. of SPIE Vol. 10127  1012701-8



Conference Committee 
 
 
Symposium Chairs 

Jean-Emmanuel Broquin, IMEP-LAHC (France) 
Shibin Jiang, AdValue Photonics, Inc. (United States) 

 
Symposium Co-chairs 

Connie J. Chang-Hasnain, University of California, Berkeley  
   (United States) 
Graham T. Reed, Optoelectronics Research Centre, University of  
   Southampton (United Kingdom) 

 
Program Track Chair 

Liang-Chy Chien, Kent State University (United States) 
 
Conference Chairs 

Hans I. Bjelkhagen, Glyndwr University (United Kingdom) and 
   Hansholo Consulting Ltd. (United Kingdom) 
V. Michael Bove Jr., MIT Media Laboratory (United States) 

 
Conference Program Committee 

Isabel Azevedo, Universidade de Aveiro (Portugal) 
David Brotherton-Ratcliffe, Geola Technologies Ltd. (United Kingdom) 
Frank C. Fan, Shenzhen AFC Technology Company, Ltd. (China) 
Gerald L. Heidt, Wasatch Photonics, Inc. (United States) 
Toshio Honda, Toppan Printing Company, Ltd. (Japan) 
Fujio Iwata, Toppan Printing Company, Ltd. (Japan) 
Michael A. Klug, Magic Leap, Inc. (United States) 
Alkiviadis Lembessis, The Hellenic Institute of Holography (Greece) 
Deanna McMillen, L-3 Communications EOTech (United States) 
Martina L. Mrongovius, RMIT University (Australia), Center for the 
   Holographic Arts (United States), and Academy of Media Arts, 
   Cologne KHM (Germany) 
Hiroshi Yoshikawa, Nihon University (Japan) 

 

ix

Proc. of SPIE Vol. 10127  1012701-9



Proc. of SPIE Vol. 10127  1012701-10



Introduction 
 
 
The SPIE conference on Practical Holography XXXI: Materials and Applications took 
place 30 January–1 February 2017 at the Moscone Center in San Francisco. The 
conference is an important international event in the field of holographic 
applications and recording materials. The conference provides a venue for all 
aspects of holography: art, display, metrology, scientific, security, storage, 
materials and processes, CGHs, and HOEs. The conference also brings together 
participants from all over the world. The Practical Holography conference is part of 
SPIE Photonics West 2017. The large Photonics West exhibition involved over 1,400 
companies.  
 
The holography conference was chaired by Hans Bjelkhagen, Glyndŵr University 
(United Kingdom), and V. Michael Bove Jr., MIT Media Laboratory (United States), 
and attracted about 50 participants. This year’s conference (as always) featured 
long-time participants and new members of the practical holography community 
sharing many novel and interesting contributions in various holographic fields 
during two days of oral presentations and a poster session. The oral presentations 
divided into three main sessions: Applications, Materials and Processes; 
Holography, Art, and Perception; and Digital Holography.  
 
Ramunas Bakanas, Geola (Lithuania), demonstrated that it is possible to record 
digital color master holograms on photoresist materials using pulsed RGB lasers. The 
main application is enhanced embossed security holograms. Thomas Fäcke, 
Covestro AG (Germany) (formerly Bayer MaterialScience AG) described mass-
production of volume HOEs in Bayfol® HX photopolymer in a roll-to-roll copying 
process. In the art section, Tove Noorjahaan Dalenius, De Montfort University 
(United Kingdom), described holographic data visualization using synthetic full-
parallax holography. Sundeep Jolly, MIT (United States), described the 
development of a near-to-eye 3D display based on waveguide holography.  
 
The SPIE Holography Technical Evening Event took place on 31 January at the 
InterContinental Hotel. It was focused on new developments, applications, 
holography events, and demonstrations. During the Tuesday evening event, short 
presentations took place. For example, Bernard Kress from Microsoft (United States) 
described holographic and diffractive waveguides used in VR displays, such as, in 
the HoloLens. A review of the HoloCenter in New York was given by Martina 
Mrongovius, Center for Holographic Arts (United States). Pedro Pombo, University 
of Aveiro (Portugal) and Fábrica Ciência Viva Science Centre (Portugal), informed 
us about the 11th International Symposium on Display Holography (ISDH 2018) 
which will take place 25–29 June 2018 at the University of Averio in Portugal. 
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