PROCEEDINGS OF SPIE

Optical Design and Testing IX

Yongtian Wang
Pablo Benitez
Osamu Matoba
Editors

21-22 October 2019
Hangzhou, China

Sponsored by
SPIE
COS—Chinese Opftical Society

Cooperating Organizations

Tsinghua University (China) ¢ Peking University (China) ¢ University of Science and Technology of China
(China) « Zhejiang University (China) ¢ Tianjin University (China) ¢ Beijing Institute of Technology (China)
Beijing University of Posts and Telecommunications (China) « Nankai University (China) » Changchun University
of Science and Technology (China) University of Shanghai for Science and Technology (China) ¢ Capital
Normal University (China) * Huazhong University of Science and Technology (China) ¢ Beijing Jiaotong
University (China) ¢ China Jiliang University (China) ¢ Shanghai Institute of Optics and Fine Mechanics, CAS
(China) * Changchun Institute of Optics, Fine Mechanics and Physics, CAS (China) Institute of
Semiconductors, CAS (China) ¢ Institute of Optics and Electronics, CAS (China) e Institute of Physics, CAS
(China) Shanghai Institute of Technical Physics, CAS (China) ¢ China Instrument and Control Society (China)
Japan Optical Society (Japan) * Korea Optical Society (Korea, Republic of)  Australia Opftical Society
(Australia)  Singapore Optical Society (Singapore) ¢ European Optical Society

Supporting Organizations
China Association for Science and Technology (CAST)
Department of Information of National Nature Science Foundation, China (NSFC)

Published by
SPIE

Volume 11185

Proceedings of SPIE 0277-786X, V. 11185

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

Optical Design and Testing IX, edited by Yongtian Wang, Pablo Benitez,
Osamu Matoba, Proc. of SPIE Vol. 11185, 1118501 - © 2019 SPIE
CCC code: 0277-786X/19/$21 - doi: 10.1117/12.2560515

Proc. of SPIE Vol. 11185 1118501-1



The papers in this volume were part of the technical conference cited on the cover and ftitle 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 Opfical Design and Testing IX, edited by Yongtian Wang, Pablo
Benitez, Osamu Matoba, Proceedings of SPIE Vol. 11185 (SPIE, Bellingham, WA, 2019) Seven-digit
Article CID Number.

ISSN: 0277-786X
ISSN: 1996-756X (electronic)

ISBN: 9781510630871
ISBN: 9781510630888 (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 © 2019, 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 $21.00 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/19/$21.00.

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.

SPIE. Csrary

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, OA, OB ... 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each
page of the manuscript.

Proc. of SPIE Vol. 11185 1118501-2



Contents

il Authors
ix Symposium Committees
xiii Conference Committee
SESSION 1 FREEFORM ILLUMINATION
1118503 Multi-channel freeform optics for glare-free lighting (Invited Paper) [11185-2]
1118504 Generalized Monge-Ampeére equations for illumination freeform design (Invited Paper)
[11185-3]
1118505 Heat flux simulation irradiation system design [11185-4]
SESSION 2 DIFFRACTIVE OPTICS AND HOLOGRAPHY
1118508 Novel liquid-crystal computer-generated hologram based on spatial light modulator
interference exposure method [11185-7]
SESSION 3 NOVEL IMAGING TECHNIQUES
1118508 Tissue diagnosis using nanoscale morphological markers extracted from quantitative phase
images (Invited Paper) [11185-10]
111850F Sparse aperture imaging analysis for quasi four-mirror structure [11185-14]
SESSION 4 FREEFORM IMAGING
111850G Design of optical see-through head-mounted display systems using freeform optics
(Invited Paper) [11185-15]
SESSION 5 OPTICAL DESIGN AND TESTING
111850L Al mirrors in vacuum ultraviolet region [11185-20]

Proc. of SPIE Vol. 11185 1118501-3



11185 0N Design method for high magnification mid-wave infrared continuous zoom lens [11185-22]

111850P High-precision centering measurement of large-aperture aspheric mirror [11185-24]

111850Q Instantaneous wavefront measurement based on deflectometry [11185-25]

111850R Transient microscopic testing method based on deflectometry [11185-24]
POSTER SESSION

11185 0S Automatic detection device for defects of optic fiber imaging elements [11185-27]

1118507 The optimization of optical system with liquid lenses via hybrid algorithm [11185-28]

11185 OW Liquid crystal hologram for cylinder lens measurement [11185-31]

111850X A method of real-time analysis for stray light uniformity of optical telescope [11185-32]

111850Y Alignment of the wedge scanner prism utilizing second order split reflection [11185-33]

1118507 Optimization of the space-borne Infrared optical system by tolerance sensitivity analysis
[11185-34]

1118510 Core mismatching based in-fiber Michelson interferometer for liquid refractive index sensing
[11185-35]

1118511 Design of infrared optical system based on three germanium lens with low stray radiation
[11185-34]

1118512 Research on shape factor based on Gaussian radial basis function [11185-37]

1118514 Global optimization to improve multi-configuration sensor [11185-39]

1118515 Algorithm of design optics for illumination system with wide beam angle [11185-40]

1118516 Photorealistic visualization of fluorescent materials with dual surface scattering [11185-41]

1118517 Possibility of vergence disagreement reducing on the base of approximate restoration of the
depth map [11185-42]

1118518 Providing the quality control in manufacturing of optical elements [11185-43]

11185 1A Design of the illumination optical systems of the washing floodlight [11185-45]

Proc. of SPIE Vol. 11185 1118501-4



11185 1B

11185 1C

11185 1D

11185 1E

11185 1G

11185 1H

The theoretical research on fundamental mode 20/400-um fiber laser for beam propagation
application [11185-44]

Injection-seeded optical parametric oscillator at 1645 nm for space-borne remote sensing of
CHa [11185-47]

An improved photovoltaic agriculture system with groove glass plate [11185-48]

Inversion algorithm validation of 1.57-uym airborne double-pulse IPDA lidar for atmospheric CO2
measurement [11185-49]

Novel local variable magnification imaging optical system based on liquid lens [11185-51]

Coaxial near-infrared illumination and imaging optical system design with common aperture
[11185-52]

Proc. of SPIE Vol. 11185 1118501-5



Proc. of SPIE Vol. 11185 1118501-6



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, OA, 0B...0Z, followed by 10-1Z, 20-2Z, etc.

Bi, Decang, 1E
Bogdanov, Nikolay, 15, 17
Bykovskii, Sergei, 17
Chang, Jun, 1G, TH
Chen, Baohua, OF
Chen, Bin, OF

Chen, lJiayi, OP

Chen, Weibiao, 1C, 1E
Chen, Xiao, 1C

Chen, Yixing, 0G

Cui, Ze-yao, 11

Dang, Xuan Du, ON
Desnijder, Karel, 03
Ding. Zhanghao, 0G
Fan, Junliu, OF

Fu, Yang, 0S

Gao, Bin, TA

Gao, Yang, 12

Geng, Dongxian, 1B
Gu, Hanting, 0Q, OR
Han, Liang, 10
Hanseloer, Peter, 03
Hao, Qun, OW

Hoang, Minh Anh, ON
Hong, Jinsuk, OY, 0Z
Hu, Yao, 08, OW
Huang, Yonggang, 0S
Huang, Yusheng, 1B
Huo, Tengfei, OP

Huo, Tonglin, OL
lJzerman, W. L., 04
Ingenhoff, Jan, 1D
Jeong, Su Seong, 07
Jiang, Shanping, 05, 08
Jiao, Peng, 0S

Jin, Chen-jie, 11

Jin, Zheng, OT
Kajdacsy-Balla, Andre, OB
Kim, Sug-Whan, 0Y
Kim, Youngsoo, 07

Ko, Dai Ho, 0Z

Koh, Hoe Seog, OY
Kong. Ming, 0Q, OR
Lee, Eung-shik, 0Z

Lee, Kyoungmuk, 0Z
Lemeshev, Andrew, 16
Li, Bin, OP

Li, Jun Yang, 12

Li, Mengjuan, OP

Proc. of SPIE Vol

Li, Mingsuo, 14

Li, Shiguang, 1C

Li, Shuangying, OL

Li, Taoran, 0X

Li, Wen Qiang, 12

Li, Yejin, OT

Li, Zhengda, OT

Liang, Rongguang, 0Q, OR
Liv, Hua, 14

Liu, Jigiao, 1C, 1E

Liu, Wen, 1D

Liv, Yinggang, 10

Long. You, 12

Ma, Xivhua, 1C

Majeed, Hassaan, 0B
Meuret, Youri, 03

Ning, Xiaolong, 1D

Pan, Zhi-feng, 11
Popescu, Gabriel, 0B
Potemin, Igor S., 15, 16, 17, 18
Qico, Xueguang, 10

Qu, Hang, 1A

Que, Dai Cuong, ON

Ren, Wei-feng, 11

Ren, Yuan, 1G, TH

Romijn, L. B., 04

Ryckaert, Wouter, 03
Shao, Min, 10

Shi, Pan, 0S

Shin, Jung-Hwan, 0Y
Sokolov, Vadim, 16

Song, Dalin, 1G, TH

Song, Hongwei, 1G, 1H
Sun, Haibin, 0T

Sun, Haonan, 10

Sun, Shengli, OT

Sun, Wenqing, OF
Takabayashi, Masanori, 0B
ten Thije Boonkkamp, J. H. M., 04
Tian, Jianfeng, 0X

Vu, Thanh Dat, ON

Wang, Cong, 0P

Wang, Danyi, 05, 08
Wang, Daodang, 0Q, OR
Wang, Fengli, OL

Wang, Haichao, 0P
Wang, Jiuwang, 0S
Wang, Shaopu, 05, 08, OW
Wang, Xuegjiao, 1B

. 11185 1118501-7

vii



viii

Wang, Yan, 18

Wang, Yun, OP

Wang, Yun, 0S

Wang, Zhanshan, OL
Wang, Zhen, OW

Wei, Hongjun, OT

Wei, Jinhong, OT

Wu, Quanying, OF

Wu, Rengmao, 0G

Wu, Ying, OX

Xiao, Lei, 1A

Xie, Zhongming, 0Q, OR
Yang, Linhua, 05
Yang, Xue, 0X

Yang, Ye, 1G, TH
Yoon, Jeeyeon, 0Z

Yu, Xin, 11

Zhang, Haiping, OF
Zhang, Jun, TA

Zhang, Junxuan, 1C
Zhang, Pengsong, 08
Zhang, Wanlong, OW
Zhang, Wentao, 0Q, OR
Zhang, Xinyu, 1D
Zhao, Guoliang, 1G, TH
Zhao, Qing, 1G, 1H
Zhao, Ran, 0S

Zhao, Yifei, 1G, TH

Zhdanov, Andrey, 15, 16, 17, 18
Zhdanov, Dmitry, 15, 16, 17,18

Zheng, Jianan, 1D
Zhou, Hongjun, OL
Zhou, Liang, 12
Zhou, Liwei, 14
Zhou, You, 0S
Zhu, Ronggang, 14
Zhu, Xiaojie, TA
Zhu, Xioolei, 1C
Zhu, Xioopeng, 1E
Zhu, Yadan, 1E
Zhu, Yongdli, TA

Proc. of SPIE Vol. 11185 1118501-8



Symposium Committees

General Chairs

Jim M. Oschmann, President, SPIE and Ball Aerospace (United States)
Qihuang Gong, President, Chinese Optical Society and Peking
University (China)

General Co-chairs

Guangcan Guo, Past President, Chinese Optical Society and
University of Science and Technology of China (China)

Lejin Liu, Vice President, Chinese Optical Society and National
University of Defense Technology (China)

Technical Program Chairs

Ruxin Li, Vice President, Chinese Optical Society and Shanghai
Institute of Optics and Fine Mechanics (China)
Xingde Li, Johns Hopkins University (United States)

Technical Program Co-chairs

Tianchu Li, National Institute of Metrology (China)

Wei Huang, Northwestern Polytechnical University (China)

Ying Gu, Vice President, Chinese Optical Society and PLA General
Hospital (China)

Huilin Jiang, Changchun University of Science and Technology
(China)

Wengqing liv, Vice President, Chinese Optical Society, and Anhui
Institute of Optics and Fine Mechanics (China)

Guobin Fan, China Academy of Engineering Physics (China)

Suotang liq, Vice President, Chinese Optical Society, and Shanxi
University (China)

Xiaomin Ren, Vice President, Chinese Optical Society, and Beijing
University of Posts and Telecommunications (China)

Secretaries-General

Bo Gu, Deputy Secretary General, Chinese Optical Society (China)
Hong Yang, Deputy Secretary General, Chinese Optical Society and
Peking University (China)

Proc. of SPIE Vol. 11185 1118501-9



Yan Li, Deputy Secretary General, Chinese Optical Society, and
Peking University (China)
Daoxin Dai, Zhejiang University (China)

Local Organizing Committee Chair

Xu lLiu, Secretary General, Chinese Optical Society and Zhejiang
University (Chinaq)

Local Organizing Committee Co-chairs

Jianrong Qiu, Zhejiang University (China)
Daoxin Dai, Zhejiang University (China)

Local Secretaries

Wei Xiong, Chinese Optical Society (China)
Qing Yang, Zhejiang University (Chinaq)

Local Organizing Committee

Qing Yang, Zhejiang University (China)

Lan Wu, Zhejiang University (China)

Yaocheng Shi, Zhejiang University (China)
Dong Liu, Zhejiang University (China)

Yungui Ma, Zhejiang University (China)

Ke Si, Zhejiang University (China)

Yang Yang, Zhejiang University (China)
Xinyong Dong, China Jiliang University (China)
Le Wang, China Jiliang University (China)

Fei Tong, Chinese Optical Society (China)

Technical Organizing Commitfee

Mohammad Hossein Asghari, Loyola Marymount University
(United States) and Tachyonics Inc. (United States)

Pablo Benitez, Universidad Politécnica de Madrid (Spain)

Liangcai Cao, Tsinghua University (China)

P. Scott Carney, University of Rochester (United States)

Benyong Chen, Zhejiang University of Science and Technology
(China)

Honggiang Chen, GE Global Research (United States)

Daoxin Dai, Zhejiang University (China)

Qionghai Dai, Tsinghua University (China)

Qihuang Gong, Peking University (China)

Ying Gu, Chinese PLA General Hospital (China)

Proc. of SPIE Vol. 11185 1118501-10



Guang-Can Guo, University of Science and Technology of China
(China)

Byoung Seung Ham, Gwangju Institute of Science and Technology
(Korea, Republic of)

Sen Han, University of Shanghai for Science and Technology (China)
and Suzhou H&L Instruments, LLC (China)

Zuyuan He, Shanghai Jiao Tong University (China)

Werner H. Hofmann, Technische Universitat Berlin (Germany)

Minghui Hong, National University of Singapore (Singapore)

Bahram Jalali, University of California, Los Angeles (United States)

Satoshi Kawata, Osaka University (Japan)

Baojun Li, Jinan University (China)

Ming Li, Institute of Semiconductors, CAS (China)

Ruxin Li, Shanghai Institute of Optics and Fine Mechanics (China)

Xingde Li, Johns Hopkins University (United States)

Jian Liv, PolarOnyx, Inc. (United States)

Tiegen Liu, Tianjin University (China)

Yongfeng Lu, University of Nebraska-Lincoln (United States)

Qingming Luo, Huazhong University of Science and Technology
(China)

Gang-Ding Peng, The University of New South Wales (Australia)

Osamu Matoba, Kobe University (Japan)

Min Qiu, Westlake University (China)

Yuji Sano, IMPACT (Japan)

Yunlong Sheng, Université Laval (Canada)

Kebin Shi, Peking University (China)

Tsutomu Shimura, The University of Tokyo (Japan)

Upendra N. Singh, NASA Langley Research Center (United States)

Michael G. Somekh, Shenzhen University (China)

Yuguo Tang, Suzhou Institute of Biomedical Engineering and
Technology (China)

Masahiko Tani, University of Fukui (Japan)

Limin Tong, Zhejiang University (China)

Kazumi Wada, Massachusetts Institute of Technology (United States)

Yongtian Wang, Beijing Institute of Technology (China)

Rongshi Xiao, Beijing University of Technology (Chinaq)

Hongxing Xu, Wuhan University (China)

Jianhua Yao, Zhejiang University of Technology (Chinal)

Toru Yoshizawa, Tokyo University of Agriculture and Technology
(Japan) and 3D Associates, Inc. (Japan)

Changyuan Yu, The Hong Kong Polytechnic University
(Hong Kong, China)

Xiao-Cong Yuan, Shenzhen University (China)

Cunlin Zhang, Capital Normal University (China)

Song Zhang, Purdue University (United States)

Xi-Cheng Zhang, University of Rochester (United States)

Proc. of SPIE Vol. 11185 1118501-11

Xi



Xii

Xinliang Zhang, Wuhan National Laboratory for Optoelectronics
(China)

Xuping Zhang, Nanjing University (China)

Zhenrong Zheng, Zhejiang University (China)

Changhe Zhou, Shanghai Institute of Opftics and Fine Mechanics
(China)

Zhiping Zhou, Peking University (China)

Dan Zhu, Huazhong University of Science and Technology (China)

Ning Hua Zhv, Institute of Semiconductors, CAS (China)

Proc. of SPIE Vol. 11185 1118501-12



Conference Committee

Conference Chairs

Yongtian Wang, Beijing Instfitute of Technology (China)
Pablo Benitez, Universidad Politécnica de Madrid (Spain)
Osamu Matoba, Kobe University (Japan)

Conference Program Committee

Yasuhiro Awatsuji, Kyoto Institute of Technology (Japan)

Jian Bai, Zhejiang University (China)

Julie L. Bentley, University of Rochester (United States)

Dewen Cheng, Beijing Institute of Technology (China)

Chunlei Du, Chongaing Institute of Green and Intelligent Technology
(China)

Fabian Duerr, Vrije Universiteit Brussel (Belgium)

Yi-Chin Fang, Natfional Kaohsiung First University of Science and
Technology (Taiwan, China)

Qiaogiang Gan, University at Buffalo (United States)

Weichuan Gao, Oculus VR, LLC (United States)

Sen Han, University of Shanghai for Science and Technology (China)

Hong Hua, College of Optical Sciences, The University of Arizona
(United States)

Jae Young Joo, Korea Photonics Technology Institute
(Korea, Republic of)

Tina E. Kidger, Kidger Optics Associates (United Kingdom)

Jaisoon Kim, Myongji University (Korea, Republic of)

Tsuyoshi Konishi, Osaka University (Japan)

Jaejoong Kwon, Samsung Display Co., Ltd. (Korea, Republic of)

Yun Woo Lee, Korea Research Institute of Standards and Science
(Korea, Republic of)

Irina L. Livshits, ITMO University (Russian Federation)

Takanori Nomura, Wakayama University (Japan)

Sung Chan Park, Dankook University (Korea, Republic of)

Gilles Pauliat, Institut d'Optique Graduate School (France)

Xiang Peng, Shenzhen University (China)

Sandy To, The Hong Kong Polytechnic University (Hong Kong, China)

H. Paul Urbach, Technische Universiteit Delft (Netherlands)

Daodang Wang, China Jiliang University (China)

Rengmao Wu, Zhejiang University (China)

Chunyu Zhao, Arizona Optical Metrology LLC (United States)

Jun Zhu, Tsinghua University (China)

xiii

Proc. of SPIE Vol. 11185 1118501-13



Xiv

Session Chairs

1

Freeform llumination
Osamu Matoba, Kobe University (Japan)

Diffractive Optics and Holography
Rengmao Wu, Zhejiang University (China)

Novel Imaging Techniques
Rengmao Wu, Zhejiang University (China)

Freeform Imaging
Youri Meuret, KU Leuven (Belgium)

Optical Design and Testing
Yao Hu, Beijing Institute of Technology (China)

Proc. of SPIE Vol. 11185 1118501-14



