
PROCEEDINGS OF SPIE 

 

 

 

 

 

Volume 11191 

 

 

Proceedings of SPIE 0277-786X, V. 11191 

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

Advanced Sensor Systems and 

Applications IX 
 

 

 

Tiegen Liu 

Gang-Ding Peng 

Zuyuan He 
Editors 
  

 

 

21–22 October 2019 

Hangzhou, China 

 
Sponsored by 
SPIE 

COS—Chinese Optical 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) • 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 Optical Society (Australia) • Singapore Optical 

Society (Singapore) • European Optical Society  
 

Supporting Organizations  

China Association for Science and Technology (CAST) (China) 

Department of Information of National Nature Science Foundation, China (NSFC) (China) 
 

Published by 

SPIE 
     

 

Advanced Sensor Systems and Applications IX, edited by Tiegen Liu, Gang-Ding Peng, 
Zuyuan He, Proc. of SPIE Vol. 11191, 1119101 · © 2019 SPIE  

CCC code: 0277-786X/19/$21 · doi: 10.1117/12.2560567

Proc. of SPIE Vol. 11191  1119101-1



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 Advanced Sensor Systems and Applications IX, edited by Tiegen Liu, 
Gang-Ding Peng, Zuyuan He, Proceedings of SPIE Vol. 11191 (SPIE, Bellingham, WA, 2019) Seven-digit 
Article CID Number. 
 

ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510630994 
ISBN: 9781510631007 (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. 

 

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. 11191  1119101-2



  Contents 

 

 

 vii Authors 

 

   ix Symposium Committees 

 

 xiii Conference Committee 

  

 SESSION 1  BIOCHEMICAL AND ENVIRONMENTAL SENSORS 

     

 

11191 04  Experimental study on the detection of trace H2S and H2O in high-voltage combination 

appliances based on TDLAS technology [11191-3] 

     

 

11191 05  Comparison studies between the pulsed lidar technique and the Scheimpflug lidar technique 

on a near-horizontal measurement path [11191-4] 

     
     

 SESSION 2  DISTRIBUTED AND MULTIPLEXED SENSORS 

     

 

11191 08  Quasi-single mode operated few-mode fiber for distributed acoustic sensing [11191-7] 

     

 

11191 0A  3D shape sensing medical needle based on the multiplexing of optical backscattering 

reflectometry [11191-9] 

     
     

 SESSION 3  MICRO/NANOSTRUCTURE SENSORS I 

     

 

11191 0C  Miniaturized fiber optic Fabry-Perot pressure measuring system used for marine pressure 

measurement [11191-12] 

     

 

11191 0D  Temperature dependence of a refractive index sensor based on core-offset in-line fiber  

Mach-Zehnder interferometer [11191-13] 

     
     

 SESSION 4  MICRO/NANOSTRUCTURE SENSORS II 

     

 

11191 0H  Double-core D-type photonic crystal fiber refractive index sensor based on grid coating 

[11191-17] 

     

 

11191 0J  Measurement of rotation angle by response of nanostructured metasurfaces [11191-19] 

     
     

iii

Proc. of SPIE Vol. 11191  1119101-3



 

 SESSION 5  NEW SENSOR DEVICES AND APPLICATIONS I 

     

 

11191 0L  Arrayed waveguide grating-based high-frequency ultrasonic sensors [11191-21] 

     

 

11191 0M  Estimation of permissible deviations of geometrical parameters of the ring confocal resonator 

[11191-22] 

     
     

 SESSION 6  NEW SENSOR DEVICES AND APPLICATIONS II 

     

 

11191 0O  Measurement of electric current by the optical current sensor based on magneto-optic crystal 

[11191-25] 

     

 

11191 0P  Fiber-optic water pressure sensor fabricated by a 3D printing technique [11191-26] 

     

 

11191 0R  Review on fiber optic sensing technologies applicable for hypersonic wind tunnel experiments 

[11191-28] 

     
     

   POSTER SESSION 

     

 

11191 0T  Intensity-modulated optical fiber sensor for static strain and vibration monitoring [11191-29] 

     

 

11191 0V  Quintuple fano-like MIM plasmonics structure based on coupling resonators for refractive index 

nano-sensor [11191-31] 

     

 

11191 0W  Experimental study of transversal-stress-induced polarization crosstalk behaviors in polarization 

maintaining fibers [11191-32] 

     

 

11191 0X  Fabrication of a helical structure on a commercial plastic optical fiber for refractive index 

sensing [11191-33] 

     

 

11191 0Y  Quasi-distributed temperature sensor based on cascaded quantum-dot fiber [11191-34] 

     

 

11191 10  Study on high sensitivity measurement method of hydrogen sulfide gas under long optical path 

[11191-36] 

     

 

11191 11  Study on measurement of Cl2 emission concentration by differential absorption spectroscopy 

[11191-37] 

     

 

11191 12  Research on measurement of urban C8H8 by open optical path detection system [11191-38] 

     

 

11191 13  Compound spatial imaging systems optimized by global synthesis [11191-39] 

     

 

11191 14  Embedded fiber Bragg grating strain sensor with enhanced sensitivity [11191-40] 

     

iv

Proc. of SPIE Vol. 11191  1119101-4



 

11191 15  Miniaturized underwater polarized radiation measuring instrument [11191-41] 

     

 

11191 17  The development of chemical oxygen demand monitoring technology and instrument in 

seawater based on spectrum analysis [11191-43] 

     

 

11191 18  Research and development of an optical gyrocompass using a three-axis FOG [11191-44] 

     

 

11191 1A  Research on visibility detection based on forward scattering technology [11191-46] 

     
     

 

v

Proc. of SPIE Vol. 11191  1119101-5



Proc. of SPIE Vol. 11191  1119101-6



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. 

 

Arsalan, Muhammad, 08 

Ashry, Islam, 08 

Bao, Haiyang, 0D, 0X 

Beisenova, Aidana, 0A 

Blanc, Wilfried, 0A 

Boronakhin, Alexander M., 0J 

Cai, Zong-Qi, 17 

Cao, Zhigang, 0Y 

Che, Yachen, 0C 

Chen, He-Ming, 0H 

Chen, Peng, 15 

Chen, Shizhe, 1A 

Chen, Shuwang, 10 

Chen, Weibiao, 15 

Chen, Zhenyi, 0P 

Cheng, Junhua, 0L, 0T 

Cheng, Yuan, 05 

Deng, Dongli, 18 

Du, Wenyu, 0Y 

Efremova, Ekaterina A., 0J 

Fang, Li-Ming, 0H 

Fei, Ruonan, 05 

Feng, Ting, 0W 

Feng, Wei-Wei, 17 

Filatov, Yuri V., 0M 

Gong, Zhenfeng, 05 

Gorelaya, Alina V., 0M 

Guo, Jie, 11 

Guo, Yongxing, 14 

Guo, Ziming, 0P 

Han, Xiaohong, 11, 12 

Hao, Peng, 0O, 0W 

He, Shukai, 04 

He, Yan, 15 

Hou, Yao-Bin, 17 

Hui, Fei, 18 

Hveding, Frode, 08 

Issatayeva, Aizhan, 0A 

Jia, Wenjuan, 0C 

Jiang, Guozhang, 14 

Jiang, Junfeng, 0C 

Jiang, Xuhai, 0L, 0T 
 

Kong, Zheng, 05 

Larionov, Daniil Yu., 0M 

Li, Jingke, 0L, 0T 

Li, Kaipeng, 15 

Li, Maochun, 18 

Li, Mingsuo, 13 

Li, Mingxuan, 12 

Li, Na, 0L, 0T 

Li, Renyun, 0C 

Li, Xintian, 04 

Li, Zhihong, 0W 

Lin, Jiping, 0Y 

Liu, Fanghua, 15 

Liu, Hua, 13 

Liu, Huanhuan, 0P 

Liu, Shungui, 04 

Liu, Tiegen, 0C 

Luo, Weidong, 0Y 

Lv, Qishen, 04 

Ma, Teng, 05 

Mao, Liming, 0L, 0T 

Mao, Yuan, 08 

Mei, Liang, 05 

Molardi, Carlo, 0A 

Ng, Tien Khee, 08 

Ning, Lizhen, 0O 

Ooi, Boon S., 08 

Pang, Fufei, 0P 

Qi, Xiaoguang, 0C 

Qiu, Huacheng, 0R 

Ran, Zengling, 0R 

Shalymov, Egor V., 0J, 0M 

Shalymov, Roman V., 0J 

Shen, Shi, 0P 

Shi, Jiatong, 11, 12 

Song, Shuli, 10 

Song, Tongtong, 10 

Tang, Feng, 04 

Tao, Chuanyi, 0L, 0T 

Tosi, Daniele, 0A 

Venediktov, Dmitriy V., 0M 

Venediktov, Vladimir Yu., 0J, 0M 
 

Venediktova, Anastasia V., 0J 

Wan, Xiaozheng, 1A 

Wang, Bo, 1A 

Wang, Lailong, 0O 

Wang, Shuang, 0C 

Wang, Tingyun, 0P 

Wang, Yan, 0Y 

Wang, Zhenzhen, 10 

Wu, Bingcheng, 0D, 0X 

Wu, Dong, 0R 

Wu, Wen, 0C 

Xiao, Jianjun, 0L, 0T 

Xiong, Li, 14 

Xu, Shuang, 14 

vii

Proc. of SPIE Vol. 11191  1119101-7



Xue, Peng, 0D, 0X 

Xue, Rui, 12 

Yan, Miao, 18 

Yan, Xingkui, 1A 

Yang, Junfeng, 0P 

Yang, Yanguang, 0R 

Yao, Penghui, 0O 

Yao, X. Steve, 0O, 0W 

Yin, Xiaowei, 10 

Yu, Benli, 0Y 

Yu, Fangda, 0D, 0X 

Yu, Jianguo, 0V 

Yu, Shilin, 0V 

Yu, Zhiwei, 11 

Yue, Yunqi, 04 

Zeng, Xiaozhe, 04 

Zhang, Guosheng, 0Y 

Zhang, Han, 11, 12 

Zhang, Jiming, 1A 

Zhang, Jing, 0L, 0T 

Zhang, Keke, 1A 

Zhang, Xiaoming, 18 

Zhang, Yufei, 15 

Zhang, Zeheng, 0W 

Zhao, Huanyu, 1A 

Zhao, Qiang, 1A 

Zhao, Tonggang, 0V 

Zhao, Yan, 0L, 0T 
 

Zhen, Shenglai, 0Y 

Zheng, Jie, 0D, 0X 

Zheng, Xueyong, 1A 

Zhou, Junnan, 0W 

Zhou, Liwei, 13 

Zhu, Jun, 0Y 

Zhu, Ronggang, 13 

Zhu, Xiaolei, 15 

Zhuang, Zixiang, 0Y 

 

viii

Proc. of SPIE Vol. 11191  1119101-8



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) 

Zejin 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) 

Wenqing Liu, Vice President, Chinese Optical Society, and Anhui 

Institute of Optics and Fine Mechanics (China) 

Guobin Fan, China Academy of Engineering Physics (China) 

Suotang Jia, 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) 

 

ix

Proc. of SPIE Vol. 11191  1119101-9



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

Daoxin Dai, Zhejiang University (China) 

 

Local Organizing Committee Chair 

Xu Liu, Secretary General, Chinese Optical Society and Zhejiang  
   University (China) 

 

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 (China) 

 

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 Committee 

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

Pablo Benítez, 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) 
Hongqiang 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) 

x

Proc. of SPIE Vol. 11191  1119101-10



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 Universität 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 Liu, 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 (China) 
Hongxing Xu, Wuhan University (China) 

Jianhua Yao, Zhejiang University of Technology (China) 
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) 

xi

Proc. of SPIE Vol. 11191  1119101-11



Xinliang Zhang, Wuhan National Laboratory for Optoelectronics 

(China) 

Xuping Zhang, Nanjing University (China) 

Zhenrong Zheng, Zhejiang University (China) 

Changhe Zhou, Shanghai Institute of Optics and Fine Mechanics 

(China) 

Zhiping Zhou, Peking University (China) 

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

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

xii

Proc. of SPIE Vol. 11191  1119101-12



Conference Committee 

 

 

Symposium Chairs 

Jacobus M. Oschmann, Ball Aerospace (United States) 

Qihuang Gong, Peking University (China) 

 

Conference Chairs 

Tiegen Liu, Tianjin University (China) 

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

Zuyuan He, Shanghai Jiao Tong University (China) 

 

Conference Program Committee 

Xiaoyi Bao, University of Ottawa (Canada) 

Kin-Seng Chiang, City University of Hong Kong (Hong Kong, China) 

Brian Culshaw, University of Strathclyde (United Kingdom) 

Xudong Fan, University of Michigan (United States) 

Claire Gu, University of California, Santa Cruz (United States) 

Bai-Ou Guan, Jinan University (China) 

Huizhu Hu, Zhejiang University (China) 

Shibin Jiang, AdValue Photonics, Inc. (United States) 

Wei Jin, Shenzhen Research Institute (China) 

Rene Landgraf, Fraunhofer-Institut für Photonische Mikrosysteme 

(Germany) 

Deming Liu, Huazhong University of Science and Technology (China) 

Niels Neumann, TU Dresden (Germany) 

Li Pei, Beijing Jiaotong University (China) 

Xueguang Qiao, Northwest University (China) 

Yunjiang Rao, University of Electronic Science and Technology of 

China (China) 

Tobias Schuster, Technische Universität Dresden (Germany) 

Anbo Wang, Virginia Polytechnic Institute and State University  

    (United States) 

Tingyun Wang, Shanghai University (China) 

Hai Xiao, Clemson University (United States) 

Steve Yao, General Photonics Corporation (United States) 

Paul Kit-Lai Yu, University of California, San Diego (United States) 

Libo Yuan, Harbin Engineering University (China) 

 

xiii

Proc. of SPIE Vol. 11191  1119101-13



 

Session Chairs 

1      Biochemical and Environmental Sensors 

Haiwen Cai, Shanghai Institute of Optics and Fine Mechanics, 

Chinese Academy of Sciences (China) 

 

2      Distributed and Multiplexed Sensors 

Long Jin, Jinan University (China) 

 

3      Micro/Nanostructure Sensors I 

Qingwen Liu, Shanghai Jiao Tong University (China) 

 

4      Micro/Nanostructure Sensors II 

Fei Xu, Nanjing University (China) 

 

5      New Sensor Devices and Applications I 

Huilian Ma, Zhejiang University (China) 

 

6      New Sensor Devices and Applications II 

Zuyuan He, Shanghai Jiao Tong University (China) 

 

 

 

xiv

Proc. of SPIE Vol. 11191  1119101-14


