
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 11144 
 
 

Proceedings of SPIE 0277-786X, V. 11144 

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

Photonics and Education in 
Measurement Science 2019 
 
 
 
Maik Rosenberger 
Paul-Gerald Dittrich 
Bernhard Zagar 
Editors   

 
 
17–19 September 2019 
Jena, Germany 
 
 
Organized by 
Technische Universität Ilmenau (Germany) 
SpectroNet c/o Technologie- und Innovationspark Jena GmbH (Germany) 
TU Ilmenau Service GmbH (Germany) 
Qualimess - Next Generation (Germany) 
 
 
Sponsored by 
emsys Embedded Systems GmbH (Germany) 
NKT Photonics GmbH (Germany) 
Quantum Design GmbH (Germany) 
Steinbeis Qualitätssicherung und Bildverarbeitung GmbH (Germany) 
TechnoTeam Bildverarbeitung GmbH (Germany) 
Vision & Control GmbH (Germany) 
 
Published by  
SPIE 
 

Photonics and Education in Measurement Science 2019, edited by Maik Rosenberger,
Paul-Gerald Dittrich, Bernhard Zagar, Proc. of SPIE Vol. 11144, 1114401
© 2019 SPIE · CCC code: 0277-786X/19/$21 · doi: 10.1117/12.2549081

Proc. of SPIE Vol. 11144  1114401-1



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 Photonics and Education in Measurement Science 2019, edited by 
Maik Rosenberger, Paul-Gerald Dittrich, Bernhard Zagar, Proceedings of SPIE Vol. 11144 (SPIE, 
Bellingham, WA, 2019) Seven-digit Article CID Number. 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
 
ISBN: 9781510629813 
ISBN: 9781510629820 (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. 11144  1114401-2



  Contents 
 
 vii Authors  
 
 ix Conference Committee  
 
 xi Introduction 
  

   SESSION 1 
     
 11144 03  Multimodal sensor: high-speed 3D and thermal measurement [11144-40] 

     
 11144 04  Smart multispectral image acquisition and multi-channel image processing with 

programmable system on chip devices [11144-16] 
     
 11144 05  Sensitivity-enhanced fiber interferometric high temperature sensor based on Vernier effect 

[11144-17] 
     
 11144 06  Laboratory exercise of digital measurement system based on Modbus protocol used for indoor 

environment monitoring [11144-3] 
     
 11144 07  Measurement accuracy and dependence on external influences of the iPhone X TrueDepth 

sensor [11144-7] 
     
 11144 08  Supercontinuum white light lasers: a review on technology and applications [11144-49] 

     
     

   SESSION 2 
     
 11144 09  Quantification and classification in process analytics using hyperspectral imaging [11144-59] 

     
 11144 0A  Principle investigations on polarization image sensors [11144-58] 

     
 11144 0B  SnapshotNIR: a handheld multispectral imaging system for tissue viability assessment 

[11144-60] 
     
 11144 0C  Remote-audit and VR support in precision and mechanical engineering [11144-48] 

     
 11144 0D  Modelling and calibration of multi-camera-systems for 3D industrial supervision applications 

[11144-43] 
     
 11144 0E  How to support interest in engineering in secondary education [11144-4] 

     
     

iii

Proc. of SPIE Vol. 11144  1114401-3



   SESSION 3 
     
 11144 0F  Three-dimensional THT solder joint reconstruction for inline inspection systems [11144-25] 

     
 11144 0G  Scattering light in bearing production: roundness, waviness, roughness in one operation 

[11144-31] 
     
 11144 0H  Inline thickness measurement with imaging ellipsometry [11144-36] 

     
 11144 0I  A high sensitivity fiber Bragg grating seismic sensor system for intrusion detection [11144-47] 

     
 11144 0J  Physically based synthetic image generation for machine learning: a review of pertinent 

literature [11144-51] 
     
 11144 0K  F0-Lab: the simple tool for laboratory experiments in measurement and instrumentation 

[11144-8] 
     
     

   SESSION 4 
     
 11144 0L  Scene based camera pose estimation in Manhattan worlds [11144-19] 

     
 11144 0M  Feature detection in unorganized pointclouds [11144-15] 

     
 11144 0N  Magnetic-fluid-based photonic crystal fiber for temperature sensing [11144-22] 

     
 11144 0O  Simulation-based investigation on optical 3D surface measurement with composite spectral 

patterns [11144-27] 
     
 11144 0P  Spectral near field data of LED systems for optical simulations [11144-29] 

     
 11144 0Q  Implementation of a multiview passive-stereo-imaging system with SoC technology [11144-12] 

     
     

   SESSION 5 
     
 11144 0R  Comparison of the performance of innovative deep learning and classical methods of 

machine learning to solve industrial recognition tasks [11144-26] 
     
 11144 0S  Measurement principle and arrangement for the determination of spectral channel-specific 

angle dependencies for multispectral resolving filter-on-chip CMOS cameras [11144-2] 
     
 11144 0T  Automatic crack detection on concrete floor images [11144-41] 

     
 11144 0U  Characterization of optical spectrum in laser beam welding of dissimilar aluminum-copper 

joints and time-dependent correlation to process stages [11144-50] 

iv

Proc. of SPIE Vol. 11144  1114401-4



 11144 0V  System calibration and characterization of an ultra-compact multispectral snapshot imaging 
system [11144-42] 

     
     

   SESSION 6 
     
 11144 0W  A fiber optic ultrasonic sensing system for 2D temperature field monitoring using optically 

generated acoustic waves [11144-28] 
     
 11144 0X  Optical analysis of magnetic microstructures [11144-14] 

     
 11144 0Y  Data fusion of multi-spectral cameras on a low-power processing platform for self-sufficient 

outdoor operation [11144-30] 
     
 11144 0Z  A development overview of a signal flow model for spectral data with a final assessment under 

a practical point of view [11144-38] 
     
 11144 10  Introducing uncertainty of complex-valued quantities in measurement science education 

[11144-35] 
     
     

   SESSION 7 
     
 11144 11  Application of DOE in confocal microscopy for surface measurement [11144-33] 

     
 11144 12  LumiScan technology for automation and quality inspection [11144-62] 

     
     

   POSTER SESSION 
     
 11144 13  Preparatory course “Practical electronics” focused on measurement and instrumentation 

[11144-5] 
     
 11144 14  Efficient 3D object tracking approach based on convolutional neural network and Monte Carlo 

algorithms used for a pick and place robot [11144-6] 
     
 11144 15  The new subject at the Czech Technical University in Prague: laboratories of industrial 

electronics and sensors [11144-10] 
     
 11144 16  FPGA-based lens undistortion and image rectification for stereo vision applications [11144-11] 

     
 11144 17  Highly sensitive carbon monoxide sensor for coal mine combustion monitoring [11144-20] 

     
 11144 18  Response time analysis of hot-wire-based gas velocity sensor using optical fiber [11144-34] 

     
 11144 19  Spectrum detection of multichannel miniature spectrometer on matrix-sensor [11144-37] 

     

v

Proc. of SPIE Vol. 11144  1114401-5



 11144 1A  Portability of the fragmented l1-norm transform for massively parallel processing [11144-39] 

     
 11144 1B  Simplified Stokes polarimeter based on division-of-amplitude [11144-44] 

     
 11144 1C  Production of a favorable calibration target for the determination of distortions of lenses in 

image processing [11144-45] 
     
 11144 1D  Requirements for web-based integrated management systems in the production of image 

processing components [11144-46] 
     
 11144 1E  The perspective of optical measurement methods in forestry [11144-52] 

     
     

 

vi

Proc. of SPIE Vol. 11144  1114401-6



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. 
 
Anding, K., 0R 
Arronde Pérez, Dailys, 10 
Bammer, Ferdinand, 0H 
Bergmann, Jean Pierre, 0U 
Berlich, R., 0V 
Berndt, Dirk, 0T 
Beyerer, Jürgen, 11, 1B 
Bi, Weihong, 0N 
Bichra, M., 0S 
Bilal, Muhammad Musavir, 0N 
Bogatsch, Tania, 0C, 1D 
Breitbarth, Andreas, 07 
Brinkmann, Julia, 07 
Brodmann, Boris, 0G 
Brüning, R., 0V 
Brunner, R., 0V 
Cao, Chengyu, 0W 
Carl, Christin, 1E 
Dietrich, Patrick, 03 
Dittrich, Paul-Gerald, 07, 0O, 0S 
Döge, Jens, 0Y 
Dong, Guofeng, 18 
Dong, X. P., 05 
Drabek, Tomas, 15 
Du, Cong, 0W 
Findeisen, Erik, 1E 
Fischer, Jan, 0E, 0K, 13, 15 
Franke, Karl-Heinz, 0L 
Fu, Guangwei, 0N 
Fütterer, Richard, 04, 0Q 
Garbe, Christoph S., 12 
Gebhart, Ingo, 03 
Glawion, Kirsten, 09 
Granzow, Nicolai, 08 
Grass, Oliver, 09 
Greiner, Philipp, 0C, 1D 
Guo, Xu, 0W 
Haar, L., 0R 
Haas, Moritz, 1E 
Haasz, Vladimír, 0E, 0K, 13 
Heist, Stefan, 03 
Helfrich, Dominik, 0G 
 

Heß, Albrecht, 16 
Hoffmann, Rolf, 1C 
Holub, Jan, 06, 0K, 15 
Hou, Moyu, 18 
Hu, Jie, 17 
Hubold, M., 0V 
Huemer, Florian, 0H 

Illmann, Raik, 0Z 
Jahn, Norbert, 0C, 1D 
Junger, Christina, 16 
Karolus, Benedikt, 12 
Kasper, André, 0Y 
Kind, Cosima, 07 
Krüger, Udo, 0P 
Kühmstedt, Peter, 03 
Landmann, Martin, 03 
Längle, Thomas, 11, 1B 
Lei, X. Q., 05 
Li, Shujuan, 0I 
Li, Yanfang, 17 
Li, Zhen, 18 
Li, Zheng, 11, 1B 
Linß, Gerhard, 0C, 1D 
Liu, Tongyu, 17, 18 
Liu, Xuejing, 0N 
Liu, Yuqian, 0W 
Lübbecke, Steffen, 0D 
Ludwig, Mike, 0Y 
Lummitsch, Sascha, 1E 
Lutzke, Peter, 03 
Ma, Tong, 0W 
Martins, Laurin, 0C, 1D 
Michlmayr, Sebastian, 0X 
Min, Li, 0I 
Negara, Christian, 1B 
Nestler, Rico, 0L, 14 
Ni, Jiasheng, 0I 
Niedermaier, Inga, 09 
Notni, Gunther, 03, 04, 07, 0A, 0C, 0D, 0M, 0O, 

0Q, 0R, 0S, 0Z, 14, 16, 1A, 1C, 1D 
Peter, Nico, 0Y 
Pfützenreuter, C., 0S 
 

Piepereit, H., 19 
Piepgras, Ruben, 0X 
Polte, G., 0R 
Pospisil, Tomas, 06 
Preissler, Marc, 0M 
Priwitzer, Holger, 0Y 
Rebhan, David, 0A 
Reichel, Andreas, 0Y 
Richter, Johannes, 0F 
Rosenberger, Maik, 0A, 0O, 0S, 0Z, 14, 16, 1A 
Rotscholl, Ingo, 0P 
Sandring, Sten, 09 
Schambach, Jörg, 0F 
Schardt, Timothy, 07 

vii

Proc. of SPIE Vol. 11144  1114401-7



Schellhorn, Mathias, 04, 0Q 
Schmidt, Franz, 0P 
Scholz, T., 1A 
Schraml, Dominik, 0J 
Schricker, Klaus, 0U 
Seibold, Marc, 0U 
Simler, Christophe, 0T 
Sommer, Stephan, 0G 
Sowa, Michael G., 0B 
Straube, Guido, 0D 
Sun, Zhihui, 0I 
Svatos, Jakub, 06 
Taphanel, Miro, 11 
Trampert, Klaus, 0P 
Trostmann, Erik, 0T 
Vehar, Darko, 0L 
Wa, Jin, 0N 
Walz, J., 0R 
Wang, Chang, 0I 
Wang, Jiqiang, 18 
Wang, Meng, 0I 
Wang, Xingwei, 0W 
Wang, Zhaowei, 17 
Wei, Yubin, 17 
Wenzel, Sven, 12 
Yang, Luwen, 0N 
Yang, Yuanyuan, 0I 
Yaroshchuk, Artem, 0D 
 

Zagar, Bernhard, 0X 
Zangl, Hubert, 10 
Zhang, Chen, 0D, 0O, 14 
Zhang, Tingting, 17 
Zhang, Y., 14 
Zhang, Yanjun, 0N 
Zhao, Lin, 18 
Zhou, Jingcheng, 0W 
Ziems, Bernd, 0Y 
 

viii

Proc. of SPIE Vol. 11144  1114401-8



Conference Committee 
 
 
Conference Chairs 

Maik Rosenberger, Technische Universität Ilmenau (Germany) 
Paul-Gerald Dittrich, SpectroNet Collaboration Cluster (Germany) 
Bernhard Zagar, Johannes Kepler University Linz (Austria) 

 
International Steering Committee 

Maik Rosenberger, Technische Universität Ilmenau (Germany) 
Pawel Mazurek, Warsaw University of Technology (Poland) 
Paul-Gerald Dittrich, SpectroNet Collaboration Cluster (Germany) 
Bernhard Zagar, Johannes Kepler University Linz (Austria) 
Tongyu Liu, Qilu University of Technology (China) 
Yanong Ning, Qilu University of Technology (China) 

 
International Program Committee 

Gunther Notni (Germany) 
Rafael Celestre (Brazil) 
Jan Holub (Czech Republic) 
Gerhard Linß (Germany) 
Miroslav Benisek (Serbia) 
Peter Kneppo (Slovakia) 
Roman Morawski (Poland) 
Karl H. Ruhm (Switzerland) 
Shigeru Takayama (Japan)  
Reza Talebi-Daryani (Germany) 
Leo Van Biesen (Belgium) 
Eric Benoit (France) 
Hubert Zangl (Austria) 
Daniel Garten (Germany) 
Nataliya Kosach (Ukraine) 
Jakub Svatos (Czech Republic) 
Raik Illmann (Germany) 
Francesco Crenna (Italy) 
Sanowar H. Khan (United Kingdom) 
Maria Luisa Reis (Brazil) 
Luca Mari (Italy) 
Nick Leithold (Germany) 
Patrick Guillaume (Belgium) 
Steve Vanlanduit (Belgium) 
Iakyra Borrakuens Couceiro (Brazil) 
Armando Albertazzi (Brazil) 

Shangzhong Jin (China) 
Xinyong Dong (China) 
Petr Páta (Czech Republic) 
Vladimir Vasinek (Czech Republic) 
Rainer Tutsch (Germany) 
Tilo Pfeifer (Germany) 
Simone Carmignato (Italy) 
Yasuhiro Takaya (Japan) 
Marcin Gnyba (Poland) 
Małgorzata Kujawińska (Poland) 
Carlos A. F. Fernandes (Portugal) 
Jose Rebordão (Portugal) 
Seung Kwan Kim (Korea, Republic of) 
Yuri Chugui (Russian Federation) 
Pedro Corredera (Spain) 
Kamol Wasapinyokul (Thailand) 
Akos Zarándy (Hungary) 
Ken Grattan (United Kingdom) 
Wei Jin (Hong Kong China) 
Perry Shum (Singapore) 
Yunjiang Rao (China) 
Zuyuan He (China) 
Saiied Aminossadati (Australia) 
Edward Lewis (Ireland) 
Jia Chen (Germany) 
K. Kalli (Cyprus) 

ix

Proc. of SPIE Vol. 11144  1114401-9



Proc. of SPIE Vol. 11144  1114401-10



Introduction 
 
 
The Joint TC1 - TC2 International Symposium on Photonics and Education in 
Measurement Science, which takes place 17–19 September 2019 in collaboration 
with the Conference on Optical Fibre & Photonic Sensors for Industrial & Safety 
Applications (OFSIS), addresses recent research and developments in photonic 
instrumentation and applications as well as education and training in 
measurement sciences. 
 
The conference focuses on the theme, “Photonics and Education in 
Measurement Science,” and provides a forum for the exchange of the latest 
research findings and innovations related to this theme. Topics include, but are 
not limited to, the following: 
 
• Measurement, Instrumentation, and Photonics for Education & Training 
• Applied Photonics for Science and Engineering in Industry, Biology, Medicine, 

Environment, and Administration 
• Sensor & System Characterization for Machine Vision and Image Processing 
• Photonic Sensors and Systems for Multimodal Sensing 
• Photonics, Machine Vision, and Image Processing in UV, VIS, NIR, SWIR, and 

LWIR Wavelength Range including Thermal and THz 
• Software & Processing of Multivariate and Multidimensional Data as well as 

Deep Learning Approaches 
• Development of Models, Methods, and Algorithms in Photonics, Machine 

Vision, and Image Processing. 
 
Well-known experts from leading research facilities, companies, and institutions 
will give insights on their latest research and developments in photonic 
measurement engineering for quality assurance. 
 
This conference is where scientists and innovators meet to share, inspire, and 
network. We are proud to host the Joint TC1 - TC2 International Symposium on 
Photonics and Education in Measurement Science 2019 in Jena, Germany. This 
year’s schedule is packed with scientific keynotes and lectures about new 
technologies, methods, and applications as well as scientific tours, an exhibition 
of instruments, and solutions for photonic measurement sciences. 
 
We are grateful to all the contributors who present their valuable work to the 
research and industry community. We sincerely wish you a very pleasant stay 
during the conference, and a nice trip home with plenty of pleasant memories of  

xi
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this conference. We give our best regards to the participants of the conference. 
Welcome to Germany! Welcome to Jena!  
 

Maik Rosenberger 
Paul-Gerald Dittrich 

Bernhard Zagar 
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