PROCEEDINGS OF SPIE

Photonic Instrumentation
Engineering V

Yakov G. Soskind
Craig Olson
Editors

30 January - 1 February 2018
San Francisco, California, United States

Sponsored and Published by
SPIE

Volume 10539

Proceedings of SPIE 0277-786X, V. 10539

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

Photonic Instrumentation Engineering V, edited by Yakov G. Soskind,
Craig Olson, Proc. of SPIE Vol. 10539, 1053901 - © 2018 SPIE
CCC code: 0277-786X/18/$18 - doi: 10.1117/12.2322641

Proc. of SPIE Vol. 10539 1053901-1



The papers in this volume were part of the technical conference cited on the cover and ftifle 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 Photonic Instrumentation Engineering V, edited by Yakov G. Soskind,
Craig Olson, Proceedings of SPIE Vol. 10539 (SPIE, Belingham, WA, 2018) Seven-digit Article CID
Number.

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

ISBN: 9781510615632
ISBN: 9781510615649 (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 © 2018, Society of Photo-Opfical 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 fo 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/18/$18.00.

Printed in the United States of America.
Publication of record for individual papers is online in the SPIE Digital Library.
s P I DIGITAL

e LIBRARY

SPIEDigitallibrary.org

Paper Numbering: Proceedings of SPIE follow an e-First publication model. A unique citation
identifier (CID) number is assigned to each artficle 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 o 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. 10539 1053901-2



Contents

Vii Authors
[ Conference Committee
SESSION 1 INNOVATIVE PHOTONICS INSTRUMENTATION |
10539 02 Ultra-high-speed variable focus optics for novel applications in advanced imaging
(Invited Paper) [10539-1]
10539 03 Time-of-flight range imaging for underwater applications [10539-2]
10539 05 Experimental simulation of ranging action using Si photonic crystal modulator and optical
antenna [10539-4]
SESSION 2 INNOVATIVE PHOTONICS INSTRUMENTATION II
10539 06 Large depth high-precision FMCW tomography using a distributed feedback laser array
[10539-5]
10539 07 Frequency locking of compact laser-diode modules at 633 nm [10539-4]
10539 08 Temperature-controller-free FDML laser based on adaptive sweep rate tuning by KTN
scanner [10539-7]
10539 09 Frequency-modulated laser ranging sensor with closed-loop control [10539-8]
10539 OA Refractive waveguide non-mechanical beam steering (NMBS) in the MWIR [10539-9]
SESSION 3 PHOTONICS SENSORS |
10539 0B Highly efficient router-based readout algorithm for single-photon-avalanche-diode
imagers for time-correlated experiments [10539-10]
10539 0C Monitoring pressure profiles across an airfoil with a fiber Bragg grating sensor array
[10539-11]
10539 OD A distributed fluid level sensor suitable for monitoring fuel load on board a moving fuel tank

[10539-12]

Proc. of SPIE Vol. 10539 1053901-3



SESSION 4 PHOTONICS SENSORS Il
10539 OF Development of a diamond waveguide sensor for sensitive protein analysis using IR
quantum cascade lasers [10539-15]
10539 0G Flow immune photoacoustic sensor for real-time and fast sampling of trace gases
[10539-16]
10539 OH A passive optical fibre hydrophone array utilising fibre Bragg grating sensors [10539-17]
10539 0l Fast and broadband detector for laser radiation [10539-18]
105392 0J Mid-infrared photoacoustic spectroscopy for atmospheric NO2 measurements [10539-50]
SESSION 5 SPECTROSCOPIC PHOTONIC INSTRUMENTS
10539 OK Detection of low concentration ammonia using differential laser induced fluorescence on
vapochromic coordination polymers [10539-19]
10539 OL A compressive sensing Fourier-transform on-chip Raman spectrometer [10539-21]
10539 00 Fluorescence excitation-emission matrix spectroscopy for degradation monitoring of
machinery lubricants [10539-24]
10539 OP Hollow-core fiber sensing technique for pipeline leak detection [10539-25]
SESSION 6 PHOTONIC METROLOGY INSTRUMENTATION |
10539 0Q Piezo-based motion stages for heavy duty operation in clean environments [10539-26]
10539 OR Light scattering by ultrasonically-controlled small particles: system design, calibration, and
measurement results [10539-27]
10539 OT A fiber-fed laser interferometer for optical metrology at cryogenic temperatures [10539-30]
SESSION 7 PHOTONIC METROLOGY INSTRUMENTATION II
10539 OW Magnetic field detection using magnetorheological optical resonators [10539-33]
10539 0X Model-based estimation and control for off-axis parabolic mirror alignment [1053%-34]
10539 OY Measurement and alignment of linear variable filters [10539-35]
10539 0Z Comparative analysis of methods and optical-electronic equipment to control the form

parameters of spherical mirrors [10539-34]

Proc. of SPIE Vol. 10539 1053901-4



SESSION 8 INNOVATIVE PHOTONICS INSTRUMENTATION Il

105392 10 Polarization analysis of diamond subwavelength gratings acting as space-variant
birefringent elements [10539-37]

10539 12 Wide field of view 3D label-free super-resolution imaging [10539-39]
10539 13 Curved sensors for compact high-resolution wide field designs: prototype demonstration

and optical characterization [10539-40]

SESSION 9 INNOVATIVE PHOTONICS INSTRUMENTATION IV

10539 14 C-RED One and C-RED2: SWIR high-performance cameras using Saphira e-APD and Snake
InGaAs detectors [10539-41]

10539 16 Authentication via wavefront-shaped optical responses [10539-43]

10539 17 A portable non-contact displacement sensor and its application of lens centration error
measurement [10539-44]

POSTER SESSION

10539 18 Spectral imaging spreads into new industrial and on-field applications [10539-20]

10539 19 Multiple-aperture optical design for micro-level cameras using 3D-printing method
[10539-46]

10539 1A Photonic based liquid level transmitter using Mach-Zehnder interferometer for industrial
application [10539-47]

10539 1B Implementation of webcam-based hyperspectral imaging system [10539-48]

10539 1C Tuneable powerful UV laser system with UV noise eater [10539-49]

Proc. of SPIE Vol. 10539 1053901-5



Proc. of SPIE Vol. 10539 1053901-6



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.

Abbasi, Hamed, 1B

Abe, Hiroshi, 05
Acconcia, G., 0B
Amrhein, D., 02
Anderson, Benjomin R., 16
Andersson, P. O., OF
Arkwright, John W., 0C, 0D, OH
Arndt-Staufenbiel, Norbert, 09
Armold, C. B., 02

Baba, Toshihiko, 05
Balooch, Ali, 1B
Balslev-Harder, David, 0G, 0J
Baryshnikov, Nikolay, 0Z
Behaghel, Thibault, 13
Bekele, Robel Y., OA
Bergstrdm, J., OF

Blume, Gunnar, 07
Bottger, Gunnar, 09
Boutolleau, David, 14
Bouyé, Clémentine, 18
Brusch, Anders, 0G

Caldi, F., OB

Caplet, Stéphane, 13
Carmignani, Thomas, 14
Catregn, Gion-Pol, 03
Challener, W. A., OP
Chambion, Bertrand, 13
Chanda, Sheetal, 0Y
Chapman, Glenn H., 0K
Chen, Chun-Cheng, 17
Chen, Fong-Zhi, 17, 19
Chen, Hua-Lin, 17

Chen, Mingchen, 08
Chen, Po-Jui, 17

Cheng, Yuan-Chieh, 19
Chou, Hsico-Yu, 19
Choudhury, Niloy, OP
Christiansen, Adam, 0T
Clop, Fabien, 14
Cominelli, A., OB

Cook, PeterR., OH
Crapella, Giacomo, 0l
Denisov, Dmitrii, 0Z
d'Humiéres, Benoit, 18
DiLazaro, Thomas, 06
Dotsenko, E., 02
Dudelzak, Alexander E., 00O
Eilers, Hergen, 16

Fang, Joyce, 0X

Feautrier, Philippe, 14
Feinstein, Alan, 0Q
Feise, David, 07

Ferrari, Marc, 13
Finnell, Terry, OY

Frantz, Jesse A., OA
Fredell, Markus, OY

Fu, Chien-Chung, 19
Furukado, Yuya, 05
Gach, Jean-Luc, 14
Gaschet, Christophe, 13
Gétin, Stéphane, 13
Ghioni, M., OB

Gissin, Michael, 0Q
Gom, Brad, 0T

Gotjen, Henry, OA
Gray, Bonnie, 0K
Green, Benjamin, 00
Gritsevich, Maria, OR
Grosu, Florin, OY
Gunawidjaja, Ray, 16
Haas, J., OF
Hoeggstrom, Edward, OR, 12
Hansen, Kristy L., 0C
Heindmdaki, Jyrki, 12
Helander, Petteri, OR
Henry, David, 13
Hinakura, Yosuke, 05
Hsu, Wei-Yao, 17, 19
Huang, Chao-Tsung, 19
Hugot, Emmanuel, 13
loppolo, Tindaro, OW
Jahn, Wilfried, 13
Janeczka, Christian, 09
Jarvis, Gregg, 0Y
Jedrzejczyk, Daniel, 07
Johnson, Robert, OY
Kang, S., 02

Karas, Andrew R., 0C, OH
Karasik, Valerii, 0Z
Karasikov, Nir, 0Q
Karlsson, M., OF, 10
Karp, Jason, OP
Kassamakov, Ivan, OR, 12
Kasten, Matthias A., OP
Khripunov, Sergey, 1C
Kobftsev, Sergey, 1C
Kolacz, Jakub, OA
Kudryashov, Alexis, 0Z

Proc. of SPIE Vol. 10539 1053901-7

vii



viii

Kumar, Manish, 1A
Laidmde, Ivo, 12
Lamard, Laurent, 0J
Lassen, Mikael, 0G, 0J
Lee, Reging, OL
Leisching, Patrick, 07
Lemarchand, Stephane, 14
Leutenegger, Tobias, 03
Leznoff, Daniel, OK

Lin, Wen-Lung, 19

Lin, Yi-Hao, 17

Locknar, Sarah, OY
Lombardo, Simona, 13
Maconi, Géran, OR, 12
Merbold, Hannes, 03
Mizaikoff, B., OF
Muinonen, Karri, OR
Muller, Fabian M., 09
Myers, Jason D., 0A
Naciri, Jawad, OA

Naylor, David, 0T

Nazeri, Majid, 1B
Nehmetalloh, George, 06
Nikitin, Alexander N., 0Z
Nikolajeff, F., OF

Nolleke, Christian, 07
Nolvi, Anton, 12
Osterlund, L., OF
Papageorgiou, Anthony W., 0C, 0D, OH
Parkinson, Luke A., 0C, 0D
Paschke, Katrin, 07
Peled, Gal, 0Q

Pelevic, Nikola, 0G
Pellegrino, Sergio, Ol
Peng, Wei-Jei, 17, 19
Penttil&, Antti, OR
Peremans, Andre, 0J
Peronio, P., OB

Persijn, Stefan, 0G
Petersen, Jan C., 0G, 0J
Piron, P., OF, 10

Podmore, Hugh, OL

Pohl, Johannes, 07
Puranen, Tuomas, OR
Radnatarov, Daba, 1C
Raghuwanshi, Sanjeev K., TA
Rahmlow, Tom, OY

Rech, I., OB

Robin, Thierry, 18
Romanov, Pavel, 0Z
Rubino, Edoardo, OW
Sahm, Alexander, 07
Sakamoto, Tadashi, 08
Sakharov, Alexey, 0Z
Salmi, Ari, OR

Sangherq, Jas S., OA
Savransky, Dmitry, 0X
Schneider-Ramelow, Martin, 09
Schréder, Henning, 09
Scorticati, Davide, 0l

Scott, Alan, OL
Sczupak, Rob, OY
Shaw, Brandon, OA
Sheldakova, Julia, 0Z
Singh, Yadvendra, 1A
Sosnovski, Oleg, 00O
Spillmann, Christopher M., OA
Stadler, Eric, 14

Stevens, David, 0K

Suresh, Pooja, 00

Theriault, C., 02

Toyoda, Seiji, 08

Ueno, Masahiro, 08

Upton, Tim, OY
Vandeneynde, Aurélie, 13
Vargas Catalan, E., OF, 10
Veenendadal, lan, 0T
Wang, Jung-Hsing, 17
Wanwanscappel, Yann, 14
Wu, Chong-Syuan, 19
Yasinov, Roman, 0Q

Yin, Dawei, 0K

Yu, Zong-Ru, 17, 19
Zarudneyv, Yurii, 1C

Proc. of SPIE Vol. 10539 1053901-8



Conference Committee

Symposium Chairs

Connie J. Chang-Hasnain, University of California, Berkeley
(United States)

Graham T. Reed, Optoelectronics Research Centre, University of
Southampton (United Kingdom)

Symposium Co-Chairs

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

Program Track Chair
Yakov Sidorin, Quarles & Brady LLP (United States)

Conference Chair
Yakov G. Soskind, Apple Inc. (United States)

Conference Co-Chair

Craig Olson, L-3 Communications (United States)

Conference Program Committee

James B. Breckinridge, California Institute of Technology
(United States)

Lynda E. Busse, U.S. Naval Research Laboratory (United States)

James T. A. Carriere, Ondax, Inc. (United States)

John D. Coirless, Verity Instruments, Inc. (United States)

David G. Fischer, NASA Glenn Research Center (United States)

Daniel Herrmann, Synopsys Inc. (United States)

Chris Hessenius, College of Optical Sciences, The University of Arizona
(United States)

Gary B. Hughes, California Polytechnic State University, San Luis
Obispo (United States)

Filipp V. Ignatovich, Lumetrics, Inc. (United States)

Jacob B. Khurgin, Johns Hopkins University (United States)

Matthew P. Lumb, U.S. Naval Research Laboratory (United States)

Daniel Manssen, Apple Inc. (Germany)

Patrick C. Mock, TetraVue (United States)

Darryl Naidoo, CSIR National Laser Center (South Africa)

Proc. of SPIE Vol. 10539 1053901-9



Nada A. O'Brien, Oculus Research (United States)

Lucas Redlarski, Mitutoyo Research Center Europe B.V. (Netherlands)
Jeff Throckmorton, Avo Photonics, Inc. (United States)

Mariano Troccoli, AdTech Optics, Inc. (United States)

Session Chairs

1 Innovative Photonics Instrumentation |
Yakov Soskind, Apple Inc. (United States)

2  Innovative Photonics Instrumentation lI
Lynda E. Busse, U.S. Naval Research Laboratory (United States)

3  Photonics Sensors |
Patrick C. Mock, TetraVue (United States)

4 Photonics Sensors I
Patrick C. Mock, TetraVue (United States)

5  Spectroscopic Photonic Instruments
James T. A. Carriere, Ondax, Inc. (United States)

6  Photonic Metrology Instrumentation |
Lucas Redlarski, Mitutoyo Research Center Europe B.V. (Netherlands)

7 Photonic Metrology Instrumentation i
Lucas Redlarski, Mitutoyo Research Center Europe B.V. (Netherlands)

8 Innovative Photonics Instrumentation il
Daniel Manssen, Apple Inc. (Germany)

9 Innovative Photonics Instrumentation IV
Craig Olson, L-3 Sonoma EO (United States)

Proc. of SPIE Vol. 10539 1053901-10



