
PROCEEDINGS OF SPIE 

 
 
 
 
 

Volume 9291 
 
 

Proceedings of SPIE 0277-786X, V. 9291 

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

13th International Scientific Conference on 
 

Optical Sensors and Electronic 
Sensors   

Jacek Golebiowski 
Roman Gozdur 
Editors 
 
 
22–25 June 2014 
Lodz, Poland 
 
 
Organized by 
Lodz University of Technology (Poland) 
Department of Semiconductor and Optoelectronic Devices (Poland) 
Polish Academy of Sciences (Poland) 
Polish Society of Sensor Technology (Poland) 
 
Sponsored by 
Ministry of Science and Higher Education (Poland) 
Polish Academy of Sciences (Poland) 
 
Published by 
SPIE 
 

13th International Scientific Conference on Optical Sensors and Electronic Sensors, edited by 
Jacek Golebiowski, Roman Gozdur, Proc. of SPIE Vol. 9291, 929101 · © 2014 SPIE 

CCC code: 0277-786X/14/$18 · doi: 10.1117/12.2082706

Proc. of SPIE Vol. 9291  929101-1



The papers included 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. The papers 
published in these proceedings 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 this book: 
  Author(s), "Title of Paper," in 13th International Scientific Conference on Optical Sensors and 
Electronic Sensors, edited by Jacek Golebiowski, Roman Gozdur, Proceedings of SPIE Vol. 9291 
(SPIE, Bellingham, WA, 2014) Article CID Number. 
 
ISSN: 0277-786X 
ISBN: 9781628413700 
 
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 © 2014, 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/14/$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, with papers published 
first online and then in print and on CD-ROM. Papers are published as they are submitted and 
meet publication criteria. A unique, consistent, permanent citation identifier (CID) number is 
assigned to each article at the time of the first 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, 
print, and electronic versions of the publication. SPIE uses a six-digit CID article numbering system 
in which: 

 The first four 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. The complete citation is used on the 
first page, and an abbreviated version on subsequent pages. Numbers in the index correspond to 
the last two digits of the six-digit CID Number. 

Proc. of SPIE Vol. 9291  929101-2



  Contents 
  
 
 vii Conference Committee 
 ix Introduction  
 
 
  13TH INTERNATIONAL SCIENTIFIC CONFERENCE ON OPTICAL SENSORS AND ELECTRONIC 

SENSORS 
 
 

 9291 02 Digital processing of pulse signal from light-to-frequency converter under dynamic 
condition [9291-2] 

  E. Pawlowski, Lublin Univ. of Technology (Poland) 
 
 9291 03 Modeling of determining temperature distribution based on spectral measurements  

[9291-3] 
  P. Komada, S. Cięszczyk, Lublin Univ. of Technology (Poland) 
 
 9291 04 64-element photodiode array for scintillation detection of x-rays [9291-4] 
  M. Węgrzecki, Institute of Electron Technology (Poland); D. Wolski, National Ctr. for Nuclear 

Research (Poland); J. Bar, T. Budzyński, Institute of Electron Technology (Poland);  
A. Chłopik, National Ctr. for Nuclear Research (Poland); P. Grabiec, H. Kłos, A. Panas,  
T. Piotrowski, W. Słysz, M. Stolarski, D. Szmigiel, I. Węgrzecka, M. Zaborowski, Institute of 
Electron Technology (Poland) 

 
 9291 05 Optical biosensor with poly[N-nonyl-3,6-bis(ethylenedioxythiophene)carbazole] matrix for 

monitoring of phenol derivatives [9291-7] 
  A. Jędrychowska, K. Malecha, J. Cabaj, J. Sołoducho, Wrocław Univ. of Technology 

(Poland) 
 
 9291 06 32-element beta detector developed at the Institute of Electron Technology (ITE) [9291-8] 
  M. Węgrzecki, Institute of Electron Technology (Poland); A. Yakushev, GSI 

Helmholtzzentrum für Schwerionenforschung GmbH (Germany); J. Bar, T. Budzyński,  
P. Grabiec, H. Kłos, A. Panas, W. Słysz, M. Stolarski, D. Szmigiel, I. Węgrzecka, M. Zaborowski, 
Institute of Electron Technology (Poland) 

 
 9291 07 The novel method of adhesive bonding in technology of semiconductor fluidic systems 

[9291-9] 
  H. Kłos, P. Prokaryn, A. Sierakowski, M. Węgrzecki, J. Bar, P. Grabiec, Institute of Electron 

Technology (Poland) 
 
 9291 08 Identification of biomass co-combustion operating point using image processing [9291-10] 
  A. Kotyra, W. Wójcik, Lublin Univ. of Technology (Poland); A. Iskakova, S. Zhussupbektov,  

K. I. Stapaev Kazakh National Technical Univ. (Kazakhstan)  
 

 9291 09 Systems for real-time optical diagnostics of biological objects [9291-14] 
  S. Lisenko, M. Kugeiko, Belarusian State Univ. (Belarus); O. Hotra, W. Surtel, Lublin Univ. of 

Technology (Poland) 
 

iii

Proc. of SPIE Vol. 9291  929101-3



 9291 0A Improvement of the operation rate of medical temperature measuring devices [9291-15] 
  O. Hotra, Lublin Univ. of Technology (Poland); O. Boyko, Danylo Halytsky Lviv National 

Medical Univ. (Ukraine); T. Zyska, Lublin Univ. of Technology (Poland) 
 
 9291 0B The influence of temperature non-uniformity on retrieval of gas concentration in OP-FTIR 

spectroscopy [9291-18] 
  S. Cięszczyk, Lublin Univ. of Technology (Poland) 
 
 9291 0C Comparison of different types of electronic nose instruments for evaluation of odour 

nuisance from landfill [9291-19] 
  J. Gębicki, T. Dymerski, J. Namieśnik, Gdansk Univ. of Technology (Poland) 
 
 9291 0D Quality evaluation of agricultural distillates using different types of electronic noses  

[9291-20] 
  T. Dymerski, J. Gębicki, J. Namieśnik, Gdansk Univ. of Technology (Poland) 
 
 9291 0E Thermal energy harvesters with piezoelectric or electrostatic transducer [9291-21] 
  P. Prokaryn, K. Domański, M. Marchewka, D. Tomaszewski, P. Grabiec, Institute of Electron 

Technology (Poland); O. Puscasu, S. Monfray, T. Skotnicki, STMicroelectronics (France) 
 
 9291 0F Metal oxide gas sensors upon various temperature-induced profiles [9291-22] 
  P. Gwiżdż, A. Brudnik, K. Zakrzewska, AGH Univ. of Science and Technology (Poland) 
 
 9291 0G Polarization-maintaining photonic crystal fiber modal interferometer [9291-24] 
  C. Kaczmarek, Lublin Univ. of Technology (Poland) 
 
 9291 0H Proximity sensors based on ball-lensed optical fibers [9291-25] 
  B. Guzowski, M. Cywinski, M. Lakomski, Lodz Univ. of Technology (Poland) 
 
 9291 0I Current transducers used in power line measurements [9291-26] 
  Sz. Milcarz, J. Gołębiowski, Lodz Univ. of Technology (Poland) 
 
 9291 0J Temperature measurement systems in wearable electronics [9291-27] 
  S. Walczak, Research and Innovation Ctr. PRO-AKADEMIA (Poland) and Lodz Univ. of 

Technology (Poland); J. Gołębiowski, Lodz Univ. of Technology (Poland) 
 
 9291 0K Research on the use of hydrogel for the three-dimensional cell culture in microfluidic 

system [9291-28] 
  E. Tomecka, E. Jastrzębska, M. Chudy, A. Dybko, Warsaw Univ. of Technology (Poland) 
 
 9291 0L Cytotoxicity studies of CdSeS/ZnS quantum dots on cell culture in microfluidic system 

[9291-30] 
  M. Haczyk, I. Grabowska-Jadach, M. Drozd, M. Pietrzak, E. Malinowska, Z. Brzózka, Warsaw 

Univ. of Technology (Poland) 
 
 9291 0M Case study of piezoelectric flexible thin films in pulse excited electromechanical 

transducers [9291-31] 
  N. Salamon, Lodz Univ. of Technology (Poland), CEA-LITEN (France), and 

STMicroelectronics (France); R. Gozdur, M. Turczyński, Z. Lisik, Lodz Univ. of Technology 
(Poland); U. Soupremanien, E. Ollier, CEA-LITEN (France); S. Monfray, T. Skotnicki, 
STMicroelectronics (France) 

 

iv

Proc. of SPIE Vol. 9291  929101-4



 
 9291 0N Spectropolarimetric analysis of differential interferometer [9291-32] 
  K. Gut, Silesian Univ. of Technology (Poland) 
 
 9291 0O Autonomous sensor-transponder RFID with supply energy conditioning for object 

navigation systems [9291-33] 
  M. Skoczylas, K. Kamuda, P. Jankowski-Mihułowicz, W. Kalita, M. Węglarski, Rzeszów Univ. of 

Technology (Poland) 
 
 9291 0P Ablation of selected conducting layers by fiber laser [9291-34] 
  R. Pawlak, M. Tomczyk, M. Walczak, Lodz Univ. of Technology (Poland) 
 
 
   Author Index 

v

Proc. of SPIE Vol. 9291  929101-5



Proc. of SPIE Vol. 9291  929101-6



Conference Committee 
 
Conference Chairs 

Jacek Golebiowski, Lodz University of Technology (Poland) 
Roman Gozdur, Lodz University of Technology (Poland) 
 

Organizing Committee 

Roman Gozdur, Lodz University of Technology (Poland) 
Jacek Golebiowski, Lodz University of Technology (Poland) 
Jerzy Marian Korczynski, Lodz University of Technology (Poland) 
Andrzej Majocha, Lodz University of Technology (Poland) 
Lukasz Ruta, Lodz University of Technology (Poland) 
Bartłomiej Guzowski, Lodz University of Technology (Poland) 
Szymon Milcarz, Lodz University of Technology (Poland) 
Stefan Cieslak, Lodz University of Technology (Poland) 
 

Programme Committee 

P. di Barba, Università degli Studi di Pavia (Italy) 
S. Baterbek, K. I. Satpaev Kazakh National Technical University      
   (Kazakhstan) 
A. Cysewska-Sobusiak, Poznan University of Technology (Poland) 
A. Dybko, Warsaw University of Technology (Poland) 
J. Dziuban, Wrocław University of Technology (Poland) 
L. Golonka, Wrocław University of Technology (Poland) 
T. Gotszalk, Wrocław University of Technology (Poland) 
P. Grabiec, Institute of Electron Technology (Poland) 
R. Jachowicz, Warsaw University of Technology (Poland) 
Z. Jankiewicz,  Military University of Technology (Poland) 
M. Junisbekov, M. Kh. Dulaty Taraz State University (Kazakhstan) 
W. Kalita, Rzeszów University of Technology (Poland) 
Y. Krak, Taras Shevchenko National University of Kyiv (Ukraine) 
Y. Kryvonos, Glushkov Institute of Cybernetic of the National Academy of   
   Sciences (Ukraine) 
M. Kujawinska, Warsaw University of Technology (Poland) 
Z. Lisik, Lodz University of Technology (Poland) 
M. Lobur, Lviv Polytechnic (Ukraine) 
V. Lytvynenko, Kherson State Technical University (Ukraine) 
A. Napieralski, Lodz University of Technology (Poland) 
A. Nowakowski, Gdansk University of Technology (Poland) 
T. Palko, Warsaw University of Technology (Poland) 
R. Pawlak, Lodz University of Technology (Poland) 
D. Pijanowska, Polish Academy of Science (Poland) 
T. Pisarkiewicz,  AGH University of Science and Technology (Poland) 
T. Pustelny, Silesian University of Technology (Poland) 

vii

Proc. of SPIE Vol. 9291  929101-7



E. Raj, Lodz University of Technology (Poland) 
P. Strumillo, Lodz University of Technology (Poland) 
J. Szuber, Silesian University of Technology (Poland) 
H. Teterycz, Wrocław University of Technology Poland 
W. Torbicz, Polish Academy of Science (Poland) 
R. Walczak, Wrocław University of Technology (Poland) 
J. Weremczuk, Warsaw University of Technology (Poland) 
S. Wiak, Lodz University of Technology (Poland) 
B. Wiecek, Lodz University of Technology (Poland) 
W. Wojcik, Lublin University of Technology (Poland) 
K. Zakrzewska, AGH University of Science and Technology (Poland) 
 

Session Chairs 

1 Microsystems, Lab-on-chip I 
Paolo di Barba, Università degli Studi di Pavia (Italy) 
Teodor Gotszalk, Wrocław University of Technology (Poland) 

 
2 Microsystems, Lab-on-chip II 

Paolo di Barba, Università degli Studi di Pavia (Italy) 
Teodor Gotszalk, Wrocław University of Technology (Poland) 

 
3 MEMS, MOEMS, NEMS Sensors 

Artur Dybko, Warsaw University of Technology (Poland)  
Jerzy Weremczuk, Warsaw University of Technology (Poland) 

 
4 Biosensors and Chemical Sensors 

Artur Dybko, Warsaw University of Technology (Poland) 
Jerzy Weremczuk, Warsaw University of Technology (Poland) 

 
5 Modelling and Design 
 Stephane Monfray, ST Microelectronics (France) 
 Pawel Strumillo, Lodz University of Technology (Poland) 
 
6 Sensors of Physical Quantities, Sensor Networks 
 Stephane Monfray, ST Microelectronics (France) 
 Pawel Strumillo, Lodz University of Technology (Poland) 
 
7 Optical and Optoelectronic Sensors 
 Ryszard Pawlak, Lodz University of Technology (Poland) 
 
8 Materials Engineering and Technology 
 Ryszard Pawlak, Lodz University of Technology (Poland) 

 

viii

Proc. of SPIE Vol. 9291  929101-8



Introduction 
 
 
The Department of Semiconductor and Optoelectronics Devices from Lodz 
University of Technology was honored to host the 13th International Scientific 
Conference on Optical Sensors and Electronic Sensors, COE2014, at Hotel 
Ambasador in the heart of the city of Lodz, 22–25 June 2014. The Polish Academy 
of Science and the Polish Society of Sensors Technology were co-organizers of the 
conference. For the first time, we had the pleasure of welcoming scientists from 
Europe. The international character of this meeting is illustrated by the 7 countries 
represented and by the almost 90 attendees who came from Belarus, France, Italy, 
Germany, Poland, Ukraine and Kazakhstan. 
 
The conference consisted of 8 oral sessions, with 4 invited papers, 32 contributed 
papers and three poster sessions including 39 papers. The Polish Ministry of Science 
and Higher Education and The Polish Academy of Science generously sponsored 
the conference. A number of other sponsors, listed elsewhere, are gratefully 
acknowledged for their help in the success of this meeting. The conference took 
place under auspices of The Rector of Lodz University of Technology, The Mayor of 
the City of Lodz and The Voivod of the City of Lodz. 
 
The Vice-Rector of Lodz University of Technology opened the conference on 
Monday morning, followed by Ryszard Jachowicz, President of Polish Society of 
Sensors Technology, Slawomir Hausman, Dean of Electrical Faculty, Lodz University 
of Technology and Paweł Bejda, Vice-Voivod of the City of Lodz. 
 
The scientific programme was, of course, organized by the Scientific Committee, 
chaired by Jacek Golebiowski, head of the COE2014 conference. In the 
programme, special attention was paid to the various types of electronic and 
optical sensors, applications, modern materials, technologies and computational 
simulations. 
 
The Local Organizing Committee members chaired by Roman Gozdur, put much 
effort into ensuring the success of the meeting. Finally, the joint meeting of the 
Polish Society of Sensors Technology members accepted the proposal to host the 
next conference in 2016 at Gdansk University of Technology.  
 
 
 

Conference Chairs 
Jacek Golebiowski 

Roman Gozdur 
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