
PROCEEDINGS OF SPIE 

 
 
 
 

Volume 10031 
 
 

Proceedings of SPIE 0277-786X, V. 10031 

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

 

Photonics Applications in 
Astronomy, Communications, 
Industry, and High-Energy 
Physics Experiments 2016 
 
 
Ryszard S. Romaniuk 
Editor 
 
 
29 May–6 June 2016 
Wilga, Poland 
 
 
Organized by 
Institute of Electronic Systems, Faculty of Electronics and Information Technologies, 
   Warsaw University of Technology (Poland) 
 
 
Sponsored by 
PSP—Photonics Society of Poland • SPIE • Committee of Electronics and 
Telecommunications, Polish Academy of Sciences • EuCARD2—Enhanced European 
Coordination of Accelerator R&D (CERN, EU FP7) • PKOpto—Polish Committee of 
Optoelectronics of SEP—The Association of Polish Electrical Engineers • EuroFusion 
Collaboration • EuroFusion Poland 
 
Published by 
SPIE 

Photonics Applications in Astronomy, Communications, Industry, and High-Energy Physics Experiments 2016,
edited by Ryszard S. Romaniuk, Proc. of SPIE Vol. 10031, 1003101 · © 2016 SPIE

CCC code: 0277-786X/16/$18 · doi: 10.1117/12.2257157

Proc. of SPIE Vol. 10031  1003101-1



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 Applications in Astronomy, Communications, Industry, and 
High-Energy Physics Experiments 2016, edited by Ryszard S. Romaniuk, Proceedings of SPIE 
Vol. 10031 (SPIE, Bellingham, WA, 2016) Six-digit Article CID Number. 
 
ISSN: 0277-786X 
ISSN: 1996-756X (electronic) 
ISBN: 9781510604858 
ISBN: 9781510604865 (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 © 2016, 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/16/$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. 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 six-digit CID article 
numbering system structured as follows: 

 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.  

Proc. of SPIE Vol. 10031  1003101-2



  Contents  

 
Part One  
 
 xiii Authors 
 
 xvii Conference Committee 
 
 xxi Introduction  
 
 
  CONFERENCE OVERVIEW 
 
   

 10031 02 Photonics applications and web engineering: WILGA Winter 2016 (Invited Paper) [10031-1] 
   
 10031 03 Photonics applications and web engineering: WILGA Summer 2016 [10031-2] 
   
 
  MATERIAL ENGINEERING 
 
   

 10031 04 Spray coated nanosilver functional layers (Invited Paper) [10031-9] 
   
 10031 05 Investigation of adhesion of functional nanolayers to different substrates [10031-10] 
   
 10031 06 Optical characterization of pure and Al-doped ZnO prepared by sol-gel method 

[10031-23] 
   
 10031 07 Thermal and electrical comparison of different joining techniques [10031-31] 
   
 10031 08 Structural investigation of anatase prepared at different calcination temperatures of sol-gel 

process [10031-50] 
   
 10031 09 Comparative analysis of luminescent properties of germanate glass and double-clad 

optical fibers co-doped with Yb3+/Ho3+ ions [10031-55] 
   
 10031 0A Analysis of quantum cutting in aluminosilicate glass co-doped with Yb3+/Eu3+ ions 

[10031-56] 
   
 10031 0B The FEM simulation of the thin walled aircraft engine corpus deformation during milling 

[10031-67] 
   
 10031 0C The construction of the milling process simulation models [10031-71] 
   
 10031 0D The influence of annealing on the electrical and optical properties of silicon-rich silicon 

nitride films [10031-88] 
   
 10031 0E Machining efficiency increase when nickel alloy turning using computer simulation 

method [10031-93] 

iii

Proc. of SPIE Vol. 10031  1003101-3



 10031 0F The application of high-speed camera for analysis of chip creation process during the 
steel turning [10031-108] 

   
 10031 0G Antibacterial activity of graphene layers [10031-116] 
   
 10031 0H Development of control system of metallic inclusions in granular materials based on the 

method of scanning signal [10031-123] 
   
 10031 0I Low temperature electrical conductance in (FeCoZr)x(PbZrTiO3)(100-x) nanocomposite films 

[10031-126] 
   
 10031 0J High-temperature thermogravimetric analysis and differential scanning calorimetry of 

nanocomposites (FeCoZr)x(CaF2)100-x [10031-141] 
   
 10031 0K Measurement and analysis of absolute quantum yield of Rhodamine B doped PMMA 

[10031-146] 
   
 10031 0L The implementation of a thermal imaging camera for testing the temperature of the cutting 

zone in turning [10031-148] 
   
 10031 0M Selective laser melting of metal micropowders with short-pulse laser [10031-154] 
   
 10031 0N Experimental elaboration and analysis of dye-sensitized TiO2 solar cells (DSSC) dyed by 

natural dyes and conductive polymers [10031-179] 
   
 10031 0O Simulation and optimization of physical phenomena when engine block machining: case 

study [10031-195] 
   
 10031 0P Tool life modeling and computer simulation of tool wear when nickel-based material 

turning [10031-197] 
   
 
  PHOTONICS 
 
   

 10031 0Q Chaotic systems in optical communications (Invited Paper) [10031-6] 
   
 10031 0R Modeling of multi-channel MIMO-VLC systems in the indoor environment [10031-8] 
   
 10031 0S Energy transfer mechanisms in heavy metal oxide glasses doped with lanthanide ions 

[10031-12] 
   
 10031 0T Spectroscopic properties of Eu-doped antimony-germanate glass and glass-ceramics 

[10031-16] 
   
 10031 0U Optical profilometer [10031-17] 
   
 10031 0V Holographic display with LED sources illumination and enlarged viewing angle [10031-19] 
   
 10031 0W Stereo matching using oriented spatial Habor filters [10031-21] 
   
 10031 0X Monitoring of the electrical parameters in off-grid solar power system [10031-29] 
   

iv

Proc. of SPIE Vol. 10031  1003101-4



 10031 0Y Paraxial parameters and aberration of seven-electrode axisymmetric cathodic lens 
[10031-35] 

   
 10031 0Z Modeling structures of 1D PhC for telecommunication applications [10031-38] 
   
 10031 10 Processing laser beam spot images using the parallel-hierarchical network for 

classification and forecasting their energy center coordinates [10031-53] 
   
 10031 11 Possibilities of applications of fiber Bragg gratings for thermonuclear fusion technology 

[10031-98] 
   
 10031 12 The low coherence Fabry-Pérot interferometer with diamond and ZnO layers [10031-102] 
   
 10031 13 Improving the quality perception of digital images using modified method of the eye 

aberration correction [10031-103] 
   
 10031 14 Performance analysis of the multimode fiber dispersion compensation with the use of 

compensating fiber [10031-105] 
   
 10031 15 Spectral reflectance and transmission modeling of multi-cavity Fabry-Pérot interferometer 

with ZnO thin films [10031-111] 
   
 10031 16 Correction of frequency response of infrared photodetector signal path [10031-120] 
   
 10031 17 RGB imaging volumes alignment method for color holographic displays [10031-122] 
   
 10031 18 Optical transmission testing based on asynchronous sampling techniques [10031-137] 
   
 10031 19 Characterization of mode group transfer matrix in multimode couplers using spatial light 

modulation [10031-142] 
   
 10031 1A The analysis of fluids by their refractive index using the tapered optical fiber [10031-161] 
   
 10031 1B On high speed transmission with the 850nm VCSELs [10031-166] 
   
 10031 1C Performance comparison of the 1310nm optical amplifiers [10031-168] 
   
 10031 1D Reconfigurable remote access unit for W-band radio-over-fiber transmission [10031-175] 
   
 10031 1E RIN measurements of the 850nm VCSELs [10031-181] 
   
 10031 1F Versatile subnanosecond laser diode driver [10031-185] 
   
 10031 1G Optimization of group delay response of (apodized) tapered fiber Bragg grating by 

shaping taper transition and apodization window [10031-187] 
   
 10031 1H Custom FBGs inscription using modified phase mask method with precise micro- and 

nano-positioning [10031-188] 
   
 10031 1I A dual-parameter tilted fiber Bragg grating-based sensor for liquid level and temperature 

monitoring [10031-189] 
   

v

Proc. of SPIE Vol. 10031  1003101-5



 10031 1J Polymer planar waveguide broadband differential interferometer [10031-190] 
   
 10031 1K Automated Talbot interferometer for fiber Bragg gratings inscription with improved 

accuracy and repeatability [10031-198] 
   
 10031 1L System for rugged surface detection based on MEMS inertial sensor signals analysis 

[10031-208] 
   
 10031 1M Gradient-index POF without dopants: how the optical properties can be controlled by sole 

temperature treatment [10031-213] 
   
 10031 1N Event-based image recognition applied in tennis training assistance [10031-223] 
   
 
  SENSORS AND MEASUREMENTS 
 
   

 10031 1O Electromagnetic obstacle detection in close distance [10031-3] 
   
 10031 1P Energy monitoring and managing for electromobility purposes (Invited Paper) [10031-11] 
   
 10031 1Q Identification of gas powered motor propulsion group for small unmanned aerial vehicles 

[10031-25] 
   
 10031 1R Amplifiers dedicated for large area SiC photodiodes [10031-28] 
   
 10031 1S Experimental determination of the emissivity coefficient of selected materials [10031-30] 
   
 10031 1T Wireless powering for electrochemical sensor [10031-32] 
   
 10031 1U The gravitational acceleration components elimination from the accelerometer 

measurement data [10031-34] 
   
 10031 1V Analysis of the possibility of a PGA309 integrated circuit application in pressure sensors 

[10031-37] 
   
 10031 1W Mobile platform of altitude measurement based on a smartphone [10031-39] 
   
 10031 1X Measurement of reactive power under asymmetrical nonsinusoid modes of electric 

networks with earthed neutral [10031-43] 
   
 10031 1Y Determining of combustion process state based on flame images analysis [10031-54] 
   
 10031 1Z Wideband 4-diode sampling circuit [10031-59] 
   
 10031 20 Analysis of the thermal effect influence on the MEMS accelerometer sensors measurement 

results [10031-60] 
   
 10031 21 Characterization of electrical appliances based on their immitance [10031-64] 
   
 10031 22 Brushless DC electric motor application in environment CH4 sensor [10031-65] 
   
 10031 23 Researching the method of providing harmonicity to multi-level inverter [10031-95] 

vi

Proc. of SPIE Vol. 10031  1003101-6



 10031 24 Electric scooter pilot project [10031-100] 
   
 10031 25 Experimental studies of a prototype model of the multilevel 6KW-power inverter at supply 

by 12 accumulators [10031-109] 
   
 10031 26 Nichrome micro-heaters as actuators for microfluidic sensors [10031-113] 
   
 10031 27 The method of translation additive and multiplicative error in the instrumental component 

of the measurement uncertainty [10031-121] 
   
 10031 28 Information measuring systems with mobile devices for identification of air pollution 

parameters caused by transport [10031-124] 
   
 10031 29 A novel method of measurement of LC circuits Q-factor [10031-129] 
   
 10031 2A Deterministic chaos in RL-diode circuits and its application in metrology [10031-132] 
   
 10031 2B The influence of moisture on the activation energy of the conductivity of paper-oil 

insulation of power transformers [10031-140] 
   
 10031 2C Heat flow meter for the diagnostics of pipelines [10031-151] 
   
 10031 2D Using spread spectrum for AMR magnetic sensor [10031-153] 
   
 10031 2E Conductometric device for measuring fluid concentrations in lab-on-foil technology 

[10031-163] 
   
 10031 2F Noncontact method of temperature measurement based on the phenomenon of the 

luminophor temperature decreasing [10031-178] 
   
 10031 2G Research of insulating oil percolation in electrical pressboard using optical registration 

[10031-200] 
   
 10031 2H System for water level measurement based on pressure transducer [10031-207] 
   
 10031 2I The concept and architecture of data communication in autonomous cleaning robots 

[10031-209] 
   
 10031 2J Identification of needs and requirements defined by services subordinated to the Minister 

of the Interior and Administration in key technology and user interfaces to develop a 
concept of the video signals integrator (VSI) system [10031-220] 

   
 10031 2K Video signals integrator (VSI) system architecture [10031-221] 
   
 
 

vii

Proc. of SPIE Vol. 10031  1003101-7



  BIOMEDICAL 
 
   

 10031 2L Temporary tattoo for wireless human pulse measurement (Invited Paper) [10031-18] 
   
 10031 2M The use of statistical characteristics of measured signals to increasing the reliability of the 

rhinomanometric diagnosis [10031-22] 
   
 10031 2N An informational model of sportsman’s competitive activities [10031-24] 
   
 10031 2O The use of strain gauge platform and virtual reality tool for patient stability examination 

[10031-27] 
   
 10031 2P Implementation of control system for optogenetic devices and home-cage environments 

[10031-46] 
   
 10031 2Q Objective models of EMG signals for cyclic processes such as a human gait [10031-57] 
   
 10031 2R Quality improvement of diagnosis of the electromyography data based on statistical 

characteristics of the measured signals [10031-62] 
   
 10031 2S Identification and bioinformatics comparison of two novel phosphatases in monoecious 

and gynoecious cucumber lines [10031-70] 
   
 10031 2T Application of SVM classifier in thermographic image classification for early detection of 

breast cancer [10031-72] 
   
Part Two 
 
 
 10031 2U Feature selection and definition for contours classification of thermograms in breast cancer 

detection [10031-73] 
 
 10031 2V Contour classification in thermographic images for detection of breast cancer [10031-74] 
   
 10031 2W Asymmetry features for classification of thermograms in breast cancer detection [10031-75] 
   
 10031 2X Automatic recognition of thermographic examinations for early detection of breast cancer 

[10031-76] 
   
 10031 2Y Bioinformatic investigation of the role of ubiquitins in cucumber flower morphogenesis 

[10031-87] 
   
 10031 2Z Device to determine the level of peripheral blood circulation and saturation [10031-90] 
   
 10031 30 The utility of optical detection system (qPCR) and bioinformatics methods in reference 

gene expression analysis [10031-97] 
   
 10031 31 Human ECG indicators for fast screening and evaluation [10031-99] 
   
 10031 32 Optical fiber head for monitoring of heart rate and blood oxygenation [10031-104] 
   

viii

Proc. of SPIE Vol. 10031  1003101-8



 10031 33 A device for conducting a dynamic modes of UIAB therapy with automatic process testing 
[10031-107] 

   
 10031 34 Development of implantable light source for optogenetics [10031-110] 
   
 10031 35 Novelty detection for breast cancer image classification [10031-112] 
   
 10031 36 Liquid crystal foil for the detection of breast cancer [10031-115] 
   
 10031 37 Computer-aided analysis of signals from a low-coherence Fabry-Perot interferometer used 

for measurements of biological samples [10031-119] 
   
 10031 38 Methods and fiber optics spectrometry system for control of photosensitizer in tissue during 

photodynamic therapy [10031-133] 
   
 10031 39 Miniature subcutaneous optogenetic device [10031-145] 
   
 10031 3A Preprocessing for classification of thermograms in breast cancer detection [10031-152] 
   
 10031 3B The effect of electromagnetic radiation of wireless connections on morphology of amniotic 

fluid [10031-158] 
   
 10031 3C The optical diagnostics of parameters of biological tissues of human intact skin in near-

infrared range [10031-172] 
   
 10031 3D An application of Chan-Vese method used to determine the ROI area in CT lung screening 

[10031-173] 
   
 10031 3E Polarimetric characterisation of histological section of skin with pathological changes 

[10031-183] 
   
 10031 3F Modular control system for optogenetic experiments [10031-186] 
   
 10031 3G Real-time processing of EMG signals for bionic arm purposes [10031-206] 
   
 10031 3H Hough transform for human action recognition [10031-219] 
   
 
  RESEARCH EXPERIMENTS 
 
   

 10031 3I Connections between femtoscopy results in small and large systems (Invited Paper) 
[10031-41] 

   
 10031 3J The development of algorithms for the deployment of new version of GEM-detector-based 

acquisition system [10031-44] 
   
 10031 3K Automatization of hardware configuration for plasma diagnostic system [10031-63] 
   
 10031 3L Modeling of serial data acquisition structure for GEM detector system in Matlab [10031-68] 
   
 10031 3M Algorithm for fast event parameters estimation on GEM acquired data [10031-69] 
   

ix

Proc. of SPIE Vol. 10031  1003101-9



 10031 3N Test systems of the STS-XYTER2 ASIC: from wafer-level to in-system verification [10031-92] 
   
 10031 3O Digital filters in radio detectors of the Pierre Auger Observatory [10031-118] 
   
 10031 3P Proton femtoscopy at BES [10031-125] 
   
 10031 3Q Studying the mechanisms of particle production using the angular correlations [10031-131] 
   
 10031 3R Timing module for MTCA MCH [10031-139] 
   
 10031 3S Overview of recent results from the Beam Energy Scan program in the STAR experiment 

[10031-155] 
   
 10031 3T Visualization stabilization methods for the CERN ALICE high energy physics experiment 

[10031-162] 
   
 10031 3U Quarkonia production vs event activity [10031-171] 
   
 10031 3V SOLPEX x-ray polarimeter detector luminescence background calculated using Geant4 

simulation software [10031-174] 
   
 10031 3W Simulation of Caliste-SO single pixel response [10031-180] 
   
 10031 3X GEM detectors development for radiation environment: neutron tests and simulations 

[10031-210] 
   
 10031 3Y Technological aspects of GEM detector design and assembling for soft x-ray application 

[10031-211] 
   
 10031 3Z Algorithms development for the GEM-based detection system [10031-214] 
   
 10031 40 How THERMINATOR model works for BES program [10031-215] 
   
 10031 41 Pi of the Sky involvement in LSC-Virgo electromagnetic follow-up project [10031-204] 
   
 10031 42 Development and validation of the Overlap Muon Track Finder for the CMS experiment 

[10031-222] 
   
 
  HIGH PERFORMANCE COMPUTING 
 
   

 10031 43 Analysis of the positivity of fractional standard and descriptor continuous-time linear 
systems by the use of Caputo-Fabrizio definition (Invited Paper) [10031-5] 

   
 10031 44 Conception of discrete systems decomposition algorithm using p-invariants and 

hypergraphs [10031-7] 
   
 10031 45 Automatic latency equalization in VHDL-implemented complex pipelined systems 

[10031-13] 
   
 10031 46 Version control friendly project management system for FPGA designs [10031-14] 
   

x

Proc. of SPIE Vol. 10031  1003101-10



 10031 47 Application of temporal LNC logic in artificial intelligence [10031-15] 
   
 10031 48 Classification of Polish shale gas boreholes using measurement data [10031-33] 
   
 10031 49 BFT replication resistant to MAC attacks [10031-40] 
   
 10031 4A Gate-based decomposition of index generation functions [10031-42] 
   
 10031 4B Methods for reliability evaluation of trust and reputation systems [10031-45] 
   
 10031 4C Monitoring of distributed systems using historical debuggers [10031-47] 
   
 10031 4D Dependability analysis of WRT54GL router [10031-48] 
   
 10031 4E Development of dialog system powered by textual educational content [10031-49] 
   
 10031 4F Evaluation of uncertainty of control by measurement with logical conditions [10031-51] 
   
 10031 4G Evaluation of multilayer perceptron algorithms for an analysis of network flow data 

[10031-52] 
   
 10031 4H Quantum search simulation with Wolfram Mathematica [10031-58] 
   
 10031 4I Modeling adaptive non-repudiation security services [10031-61] 
   
 10031 4J A method of transition conflict resolving in hierarchical control [10031-66] 
   
 10031 4K Numerical solution of stiff algebraic-differential systems with piecewise fixed step control 

[10031-83] 
   
 10031 4L The compressed average image intensity metric for stereoscopic video quality assessment 

[10031-85] 
   
 10031 4M Fault tolerance techniques for embedded telemetry system: case study [10031-86] 
   
 10031 4N Reduction of influence of gain errors on performance of adaptive sub-ranging A/D 

converters with simplified architecture [10031-91] 
   
 10031 4O RPython high-level synthesis [10031-94] 
   
 10031 4P Uniform asymptotic analysis of electromagnetic signal evolution in dispersive Lorentz 

medium [10031-96] 
   
 10031 4Q New simulation method of the parallel-hierarchical network for data processing based on 

network representation as a collection of number sets [10031-101] 
   
 10031 4R Entropy-based consistent model driven architecture [10031-114] 
   
 10031 4S Usage of the hybrid encryption in a cloud instant messages exchange system [10031-117] 
   
 10031 4T Method of determining of keywords in English texts based on the DKPro Core [10031-127] 
   

xi

Proc. of SPIE Vol. 10031  1003101-11



 10031 4U New trends in logic synthesis for both digital designing and data processing [10031-130] 
   
 10031 4V Modelling reduced sparse data [10031-134] 
   
 10031 4W Analysis of data throughput in communication between PLCs and HMI/SCADA systems 

[10031-149] 
   
 10031 4X Comparison of H.265/HEVC encoders [10031-156] 
   
 10031 4Y An FPGA-based reconfigurable DDC algorithm [10031-157] 
   
 10031 4Z The covert channel over HTTP protocol [10031-160] 
   
 10031 50 Improving the quality of the ECG signal by filtering in wavelet transform domain [10031-164] 
   
 10031 51 Application of optical flow algorithms and flame image sequences analysis in combustion 

process diagnostics [10031-165] 
   
 10031 52 Subpixel edge detection method based on low-frequency filtering [10031-167] 
   
 10031 53 A survey over possible intra prediction optimizations in the H.265/HEVC encoder 

[10031-169] 
   
 10031 54 Architecture of the parallel hierarchical network for fast image recognition [10031-170] 
   
 10031 55 The method of parallel-hierarchical transformation for rapid recognition of dynamic 

images using GPGPU technology [10031-176] 
   
 10031 56 Efficient treatment of offsets of internal components in adaptive sub-ranging A/D 

converters [10031-182] 
   
 10031 57 Digital signal processing techniques for pitch shifting and time scaling of audio signals 

[10031-184] 
   
 10031 58 Modeling and performance analysis of QoS data [10031-191] 
   
 10031 59 Performance analysis and acceleration of cross-correlation computation using FPGA 

implementation for digital signal processing [10031-196] 
   
 10031 5A Adapting Eclat algorithm to parallel environments with Charm++ library [10031-199] 
   
 10031 5B Dynamic partial reconfiguration of logic controllers implemented in FPGAs [10031-201] 
   
 10031 5C Extraction of essential features by quantum density [10031-202] 
   
 10031 5D Leverage estimation for multi-output neural networks [10031-216] 
   
 10031 5E Deep learning classifier based on NPCA and orthogonal feature selection [10031-217] 
   
 10031 5F Real-time detecting and tracking ball with OpenCV and Kinect [10031-218] 
  
 

xii

Proc. of SPIE Vol. 10031  1003101-12



Authors 
 
 
Numbers in the index correspond to the last two digits of the six-digit citation identifier (CID) article 
numbering system used in Proceedings of SPIE. The first four 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. 
 
Abdreshova, Samal, 4F 
Abramenko, Ludmila, 55 
Abramowski, Andrzej, 2J, 2K, 53 
Adamek, Marek, 47 
Adamski, G., 1J 
Akhmetova, Ardak, 0H 
Annabayev, Azamat, 3C 
Arabas, Jarosław, 48 
Askarova, Nursanat, 27 
Avrunin, Oleg G., 2R 
Azarhov, Olexand, 3B 
Azarov, Olexiy D., 38 
Babska, Luiza, 2Q 
Baczewski, Michal, 1V 
Bajdel, Barcel, 3X 
Bąkała, Jarosław, 3V 
Baranowska, Agata, 32 
Barcz, Aleksy, 5E 
Barylak, A., 3W 
Barylak, Jaromir, 3V, 3W 
Barylo, Hryhoriy I., 33 
Bayas, Marsia M., 3E 
Bazydło, Grzegorz, 5B 
Beckers, M., 1M 
Belka, Radosław, 06, 08 
Belniak, P., 14 
Bieniasz, Jędrzej, 4G 
Bieńkowska, Barbara, 3X 
Biernat, Michał, 36 
Bisikalo, Oleg V., 4E, 4T 
Bogachuk, Volodymyr V., 27, 2F 
Boiko, Oleksandr, 0I 
Bolyuh, Boris, 3C 
Bolyuh, Dmitry, 3C 
Bondaletov, Konstantin O., 28 
Bondariev, Vitalii, 0J 
Borecki, Michał, 1R, 22, 26 
Borowik, Grzegorz, 4A, 4U 
Brawata, Sebastian, 2J, 2K 
Brzeziński, Krzysztof, 40 
 

Bubak, Iwona, 2J, 2K 
Budak, Paweł, 48 
Bukowiecka, Danuta, 2J, 2K 
Bunge, C.-A., 19, 1M 
Burbelo, Mykhailo J., 1X 
Burd, Aleksander, 1O, 29 
Burlibay, Aron, 0W 
Buś, Szymon, 57 
Bylinsky, Yosip Y., 52 

Byszek, Agnieszka, 36 
Byszuk, Adrian, 3L 
Chepurna, Oksana M., 38 
Chernyshova, Maryna, 3J, 3K, 3L, 3M, 3X, 3Y, 3Z 
Chlipała, Maksymilian, 0V 
Chorchos, Łukasz, 1B, 1C, 1D, 1E 
Ciarkowski, Adam, 4P 
Cichosz, Paweł, 2T, 2U, 2V, 2W, 2X, 35, 3A 
Cieszewski, Radoslaw, 4O 
Czajkowski, Rafał, 2P, 3F 
Czarnacka, Karolina, 0D 
Czarski, Tomasz, 3J, 3K, 3L, 3M, 3X, 3Z 
Dedek, Jan, 24 
Den, W., 12 
Diduszko, R., 08 
Dobosz, J., 42 
Docekal, Tomas, 1P 
Dorosz, Dominik, 09, 0A, 0S, 0T, 32 
Doroz, P., 1R 
Dovgalets, Sergei M., 4E 
Dronenko, Vladimir, 3C 
Drozd, Jakub, 22 
Dubovoi, Vladimir M., 4F 
Duk, Mariusz, 1R, 22, 28 
Dumenko, Victoria P., 2Z 
Dusza, Jacek J., 2Q 
Dybowska-Sarapuk, Ł., 04, 0G 
Dzhobalaeva, G., 23, 25 
Dzida, Grzegorz, 50 
Dzierżak, Róża, 2Z, 31, 3E, 50 
Dzieżyc, Marcin, 4D 
 

Dziomin, Uladzimir, 5E 
Dziuniak, Dmytro Y., 28 
Frasunek, Przemysław, 2J, 2K 
Gamaleia, Nikolai F., 38 
Gasior, P., 11 
Gaska, Michal, 2J, 2K 
Gawkowski, Piotr, 4D 
Gęca, M., 26 
Gierwiało, Radosław, 17 
Głas, Dariusz, 3O 
Gloza, Małgorzata, 2J, 2K 
Glushko, Mykhailo, 2A 
Golembiovsky, Matej, 24 
Golovko, Vladimir, 5E 
Gorgolewski, Aleksander, 3V 
Goriachev, Georgii V., 28 
Grabski, Waldemar, 5A 
Grądz, Żaklin, 3B 

xiii

Proc. of SPIE Vol. 10031  1003101-13



Graniszewski, Waldemar, 4Z 
Grel, Tomasz, 5D 
Gries, T., 1M 
Gromaszek, Konrad, 0H, 27, 4S, 52 
Gumiński, M., 3R 
Gut, K., 1J 
Hackiewicz, Krzysztof, 1A, 2E 
Harasim, Damian, 38, 3C 
Herzog, T., 0N, 1J 
Hirsch, Marzena, 12, 15 
Hoffmann, Kacper, 32 
Hotra, Zenon Yu., 33 
Hraniak, Valerii F., 2F 
Ibrayev, Alpamys, 0Y 
Ibrayev, Arman, 0Y 
Idzkowski, Adam, 0X, 1S, 1U, 1V 
Ilipbaeva, L., 23 
Iskakova, Aigul, 52 
Issembergenov, N., 25 
Ivakh, Mariya S., 33 
Ivasyuk, Igor, 54 
Jagodziński, Dariusz, 2T, 2U, 2V, 2W, 2X, 35, 3A 
Jakubowska, Małgorzata, 04, 05, 07, 0G, 1T, 2L 
 

Janczak, Daniel, 0G, 1T, 2L 
Janik, Małgorzata A., 3Q 
Janiszewski, Marek B., 4B 
Jankowski, Cezary, 4A 
Jankowski, Stanisław, 5D, 5E, 5F 
Jaremek, Henryk, 36 
Jarosiński, Jakub, 2P, 39, 3F 
Jaskorzyńska, Bożena, 0Z 
Jastrzebski, Pawel, 2J, 2K 
Jednoróg, Sławomir, 3X 
Jędrzejewska-Szczerska, Małgorzata, 37 
Jędrzejewski, Kazimierz, 1G, 1H, 1I 
Jędrzejewski, Konrad, 4N, 56, 57 
Jeleń, Piotr, 09 
Jewartowski, Blazej, 2J, 2K 
Junussova, Diliara, 0Y 
Jurek, Tomasz, 1I 
Juszczyk, Bartłomiej, 2P, 39, 3F, 4Y 
Kaczorek, Tadeusz, 43 
Kalisiak, Michał, 29 
Kalizhanova, Aliya, 4Q 
Kałużyński, P., 0N, 1J 
Karabekova, Dana Zh., 2C 
Kasińska, Justyna, 06 
Kasinski, Krzysztof, 3N 
Kasprowicz, Grzegorz, 2J, 2K, 2P, 39, 3F, 3J, 3K, 
   3L, 3M, 3R, 3X, 3Z, 4Y 
Katsyv, Samuil, 2A 
Kęczkowska, Justyna, 06, 08 
Khassenov, Ayanbergen K., 2C 
Kholin, Vladimir V., 38 
Kiełbasiński, K., 07 
Kierczyński, Konrad, 2B 
Kisiel, Adam, 3I 
Klapouschak, Andrii Yu., 2Z 
Knapska, Ewelina, 2P, 39, 3F 
Kochanowicz, Marcin, 09, 0A, 0K, 0S, 0T, 32 

Kociubiński, A., 26 
Koczorowska-Gazda, Agata, 1X 
 

Kokriatskaia, Natalia, 54 
Kokriatskaya, Nataliya I., 10, 4Q, 55 
Kolasiński, Piotr, 3J, 3K, 3L, 3Z 
Kolomiets, Ivan S., 3E 
Komada, Paweł, 2F, 2R 
Komarov, F. F., 0D 
Komorowski, Michał, 4C 
Korwin-Pawlowski, M. L., 1R, 26 
Kosarzewski, Leszek, 3U 
Kostishyn, Sergii V., 2M 
Kotela, A., 0G 
Kotyra, Andrzej, 2R, 4F, 51, 52, 54 
Koval, Leonid G., 2M 
Kowalczuk, Cezary, 2Y 
Kowalczyk, Marcin, 0R, 1W 
Kowalik, Ryszard, 21 
Kowalska-Strzęciwilk, Ewa, 3X, 3Y 
Kowalski, Adam, 1N 
Kowalski, Jakub, 2P, 3F 
Kozacki, Tomasz, 0V, 17 
Kozak, Czesław, 2G 
Kozera, Ryszard, 4V 
Kozhukhar, Oleksandr T., 33 
Koziorek, Jiri, 4W 
Kozlovska, Tetyana I., 2Z 
Krawczyk, Rafał D., 2P, 39, 3F, 3J, 3K, 
   3L, 3M, 3X, 3Z 
Krosman, Kazimierz, 4M 
Krupski, Jacek, 4Z 
Krzemińska, Patrycja, 2L 
Krzemiński, J., 04, 05, 07, 0G 
Krzywkowski, Tomasz, 2S 
Kucheruk, Volodymyr Y., 27, 2A 
Kuczewski, Arkadiusz, 0A 
Kujawińska, Małgorzata, 17 
Kukharchuk, Vasyl V., 2F 
Kulik, Paweł, 2P, 39, 3F 
Kurzela, Michał, 1O 
Kutaev, Yuriy, 54 
 

Kuttybayeva, Ainur, 0Y 
Kvaternyuk, Sergii, 3C 
Kvyetnyy, Roman N., 13, 4S 
Łabiak, Grzegorz, 4J 
Łaszyńska, Ewa, 3X 
Ławicki, Tomasz, 0W, 55 
Ledentsov, Nikolay, 1B 
Łęgorz, P., 0G 
Leoniuk, Katarzyna, 0X 
Łętkowski, Piotr, 48 
Levytskyi, Ivan T., 0H 
Linczuk, Maciej, 4O 
Linczuk, Paweł, 3J, 3K, 3M, 3X 
Lipiec, Andrzej, 3S 
Lisovenko, Anna I., 4E 
Lizak, T., 26 
Loboda, Yurii V., 1X 
Łuba, Tadeusz, 4A, 4U 
Luganska, Saule, 4Q 

xiv

Proc. of SPIE Vol. 10031  1003101-14



Lysak, Yuri, 0W 
Maciak, E., 0N 
Maciejewski, Marcin, 2Z, 31, 33, 50 
Majchrowicz, D., 12 
Maksymiuk, L., 14 
Małecka-Massalska, Teresa, 2N, 3E 
Malinowski, Karol, 3K, 3X, 3Z 
Małkiewicz, Ł., 56 
Malkiewicz, Łukasz, 4N 
Mankiewicz, Lech, 2P, 39, 3F, 41 
Manujło, Andrzej, 1K 
Marchel, H., 0G 
Markowski, Konrad, 1G, 1H, 1I 
Marzęcki, Michał, 2H, 2I 
Matras, A., 0B 
Matysiewicz, Mateusz, 2T, 2U, 2V, 2W, 2X, 
   35, 3A 
Melnychuk, Lyudmyla M., 1X 
Miętki, P., 42 
Mikolajek, Martin, 4W 
Miluski, Piotr, 09, 0A, 0K, 0S, 0T 
Mirek, Karol, 1Q 
 

Mokin, Vitalii B., 28 
Moskovko, Maryna V., 2N 
Mrotek, Marcin, 37 
Mrozek, T., 18 
Mrozek, T., 3W 
Mulawka, Jan, 47 
Mussabekov, Kanat, 2A 
Mussabekov, Nazarbek, 4S 
Mussabekova, Assel, 3B 
Myrcha, Julian, 3T 
Nakonechna, Svitlana S., 10, 55 
Nalbach-Moszynska, Małgorzata, 2J, 2K 
Neumann, Łukasz, 2T, 2U, 2V, 2W, 2X, 35, 3A 
Niepostyn, Stanisław Jerzy, 4R 
Noakes, Lyle, 4V 
Nosova, Yana, 2M 
Novikov, Vsevolod O., 3B 
Novikova, Anastasia O., 2N 
Nowak, Bartosz, 2I 
Nowak, Robert M., 2T, 2U, 2V, 2W, 2X, 
   35, 3A, 48 
Nussupbekov, Bekbolat R., 2C 
Ogrodzki, Jan, 4K 
Okuniewski, Rafał, 2T, 2U, 2V, 2W, 2X, 35, 3A 
Oldziej, Daniel, 1Q 
Oleszkiewicz, Witold, 2T, 2U, 2V, 2W, 2X, 35, 3A 
Olid Dominguez, Ferran, 3G 
Omiotek, Zbigniew, 2M, 2N, 3E 
Opalska, Katarzyna, 16 
Opilski, Z., 1J 
Orakbayev, Yerbol, 4F 
Orazalieva, Sandugash, 13 
Orlyk, Pavel, 13 
Osiecki, Tomasz, 5F 
Osipowski, Paweł, 2S, 2Y 
Osuch, Tomasz, 1G, 1H, 1I 
Paczesny, Daniel, 1L, 2H, 2I 
Pastuszak, Grzegorz, 2J, 2K 

Pavlov, Sergii V., 38, 3E 
Pavlov, Volodymyr S., 2Z 
 

Pawełkowicz, Magdalena E., 2S, 2Y, 30 
Pawłowski, R., 07 
Pepłowski, Andrzej, 1T, 2L 
Perka, Arkadiusz, 1H 
Perlicki, K., 18 
Petruk, Vasyl, 3C 
Pietrzycki, Marcin, 09 
Pijarski, Paweł, 10, 1X, 4E 
Pisarska, Joanna, 0A 
Pisarski, Wojciech A., 0A 
Pląder, Wojciech, 2S, 2Y, 30 
Plaza, Małgorzata, 0B, 0O 
Pluciński, Jerzy, 37 
Poddubetskaya, Мarina P., 4Q 
Podgórski, P., 3W 
Popiel, Piotr, 55 
Potrykus, Paweł, 3X 
Poźniak, Krzysztof T., 2J, 2K, 3J, 3K, 3L, 3M, 
   3X, 3Z, 4U 
Prokop, Paweł, 3D 
Prokopenya, Alexander N., 4H 
Prokopowicz, Rafał, 3X 
Przybecki, Zbigniew, 2S, 2Y, 30 
Przywózki, Tomasz, 2P, 39, 3F 
Puerta Ramirez, Rafael, 1B 
Puścian, Alicja, 2P, 39, 3F 
Puścian, Marek, 5A 
Radtke, Maciej, 1Z 
Radzewicz, Czesław, 34 
Radzikowski, Kacper, 48 
Ragiń, Tomasz, 09, 0S, 0T 
Rasiński, Paweł, 2P, 39, 3F 
Ratajczyk, Adrian, 1L 
Rawski, Mariusz, 4G 
Rogalski, Przemysław, 2G 
Rokita, Przemysław, 3T 
Romańczuk, Patryk, 09 
Romaniuk, Ryszard S., 02, 03, 0Y 
Romanyuk, Olexander N., 4S 
Romanyuk, Sergii O., 2R 
Rommel, Simon, 1D 
Roszkowski, Paweł, 1W 
 

Rovira, Ronald H., 3E 
Rumian, Ksenia, 0O 
Rusakov, Konstantin, 2P, 34, 3F 
Rusyn, Bohdan, 0W 
Sadikova, Gulnar, 2F 
Sagymbekova, Azhar, 0H 
Sailarbek, Saltanat, 28 
Sander, Sergii V., 2Z 
Saran, Tomasz, 31 
Savenkov, Sergii N., 3E 
Sawicki, Aleksander, 1S, 1U, 20 
Sawicki, Daniel, 1Y, 4F 
Schüppert, M., 1M 
Ścisłowski, D., 3W 
Seide, G., 1M 
Selegrat, Monika, 2Q 

xv

Proc. of SPIE Vol. 10031  1003101-15



Selivanova, Karina G., 2R 
Selma, R., 59 
Shton, Irina O., 38 
Shushliapina, Natalia, 2M 
Siejka, Sebastian, 3P 
Siemon, Mia S. N., 3H 
Sitarz, Maciej, 09 
Siuzdak, J., 0Q 
Skalski, A., 05 
Skarzyńska, Agnieszka, 30 
Skoczylas, Marcin, 2O 
Skowron, Krzysztof, 4G 
Slanina, Zdenek, 1P, 24 
Ślusarczyk, Ł., 0C, 0L 
Smailova, Saule, 0H, 27, 2R, 4T, 54 
Smolarz, Andrzej, 13, 4Q 
Sofina, Olga, 13 
Sokołowski, Marcin, 41 
Sosnowski, Janusz, 4M 
Sowiński, Mikołaj, 2P, 3F, 39 
Stasenko, Vladyslav A., 3E 
Stefanowicz, Ł., 44 
Stepniak, G., 19, 1M 
Stęślicki, Marek, 3V, 3W 
 

Strąkowski, Marcin, 0U 
Struniawski, Jarosław, 2J, 2K 
Struzikiewicz, Grzegorz, 0F, 0O 
Strzeciwilk, Dariusz, 58 
Surtel, Wojciech, 2Z, 31, 33, 3D, 50 
Szadkowski, Zbigniew, 3O 
Szaforz, Żaneta, 3V 
Szałapak, J., 04, 05, 07 
Szczypiorski, Krzysztof, 4Z 
Szreder, Agnieszka, 15 
Szymański, Paweł, 40 
Szymański, Zbigniew, 5E 
Taissariyeva, K. N., 23, 25, 2A 
Tanaś, J., 51 
Tarapata, Grzegorz, 1L, 2H, 2I 
Timchenko, Leonid I., 10, 4Q, 54, 55 
Titarchuk, Evgenii O., 4S 
Titova, Natalia, 3B 
Toigozhinova, Ainur, 0W 
Trochimiuk, Maciej, 2J, 2K, 4X 
Trzepiński, Mateusz, 4G 
Trzyna, Marcin, 36 
Tuleshova, Azhar, 2M 
Tunia, Marcin A., 4I 
Turkiewicz, Jarosław P., 1B, 1C, 1D, 1E 
Tuzhanskyy, Stanislav Yu., 3E 
Tyburska, Agata, 2J, 2K 
Tymchyk, Sergii V., 2N 
Usembaeva, S., 25 
Utreras, Andres J., 13 
Vad, T., 1M 
Vala, David, 2D 
Vasilenko, Valentina B., 2Z 
Vasilevskyi, Olexander M., 27 
Vedmitskyi, Yurii G., 2F 
Vegas Olmos, Juan Jose, 1B, 1D 

Voytsehovich, Valerii S., 38 
Walendziuk, Wojciech, 0X, 1Q, 1S, 1U, 1V, 20, 2O 
Wałpuski, B., 0M 
 

Wawrzyniak, Zbigniew M., 1L, 1N, 3G 
Weremczuk, Jerzy, 1A, 2E 
Wieczorek, Piotr Z., 1F 
Wieliczko, Natalia, 0A 
Wieloszyńska, Aleksandra, 0U 
Wilczewski, Grzegorz, 18, 4L 
Wilinski, Artur, 5C 
Winiecki, Wiesław, 21 
Wiśniewski, Remigiusz, 5B 
Wojcieszek, Michał, 2S, 2Y 
Wójcik, Augustyn, 21 
Wójcik, M., 0N 
Wójcik, Waldemar, 13, 27, 2A, 2M, 3B, 4T, 54 
Wojeński, Andrzej, 3J, 3K, 3L, 3M, 3X, 3Z 
Wojtulewicz, Andrzej, 1Z 
Woyke, Michał, 2H 
Wróblewska, M., 0G 
Wysk, Lukasz, 2O 
Yahimovich, Olexand V., 4T 
Yarovyi, Andrii, 55 
Yesmakhanova, Laura, 55 
Yukhymchuk, Maria S., 4F 
Zabolotna, Natalia I., 2R 
Zabołotny, Wojciech M., 3J, 3K, 3L, 3X, 3Z, 45, 46 
Zadrożny, Adam, 41 
Zając, A., 0T 
Zamihovskyi, Leonid M., 0H 
Zaperty, Weronika, 17 
Żarnecki, Aleksander Filip, 41 
Żarnecki, G., 42 
Zavadskiy, Vladislav, 10, 1X 
Zawistowski, K., 42 
Zawistowski, Zygmunt J., 0Z 
Zbierski, Maciej, 49 
Żbik, Mateusz, 1F 
Zbroszczyk, Hanna, 40 
Zębala, Wojciech, 0E, 0O, 0P 
Zhirnova, Oxana, 2C 
Zhukov, Serhii O., 28 
Zienkiewicz, Paweł, 3J 
Ziółkowski, Adam, 3X 
 

Zlepko, Alexandra S., 2N 
Zlepko, Sergii M., 2N, 2R, 2Z 
Żmojda, Jacek, 09, 0A, 0K, 0S, 0T, 32 
Zuberek, Włodzimierz M., 58 
Zubrzycka, Weronika, 3N 
Zyska, Tomasz, 2A, 2C, 2F 
Zyskowski, Maciej, 0K 
 

xvi

Proc. of SPIE Vol. 10031  1003101-16



Conference Committee 
 
 
WILGA Symposia Steering Committee 

Andrzej Domański, Warsaw University of Technology (Poland) 
Jan Dorosz, Białystok University of Technology (Poland) 
Tadeusz Kaczorek, Białystok University of Technology (Poland) 
Jerzy Klamka, Elektronika, Association of Polish Electrical Engineers 
   (Poland) 
Lech Mankiewicz, Mikołaj Kopernik Astronomical Center (Poland) 
Krzysztof Poźniak, Warsaw University of Technology (Poland) 
Ryszard S. Romaniuk, Warsaw University of Technology (Poland) 
Jerzy Weremczuk, Warsaw University of Technology (Poland) 
Tomasz R.Woliński, Warsaw University of Technology (Poland) 
Waldemar Wójcik, Lublin University of Technology (Poland) 
Filip A. Żarnecki, Warsaw University (Poland) 

 

WILGA 2016 Symposium Chair 

Ryszard S. Romaniuk, Warsaw University of Technology (Poland) 
 

WILGA 2016 Symposium Committee 

Tomasz Adamski, Warsaw University of Technology (Poland 
Michał Borecki, Warsaw University of Technology (Poland) 
Dominik Dorosz, Białystok University of Technology (Poland) 
Piotr Gawkowski, Warsaw University of Technology (Poland)  
Antoni Grzanka, Warsaw University of Technology (Poland) 
Małgorzata Jakubowska, ITME Warsaw (Poland) 
Stanisław Jankowski, Warsaw University of Technology (Poland) 
Kazimierz Jędrzejewski, Warsaw University of Technology (Poland)  
Konrad Jędrzejewski, Warsaw University of Technology (Poland) 
Grzegorz Kasprowicz, Warsaw University of Technology (Poland)  
Adam Kisiel, Warsaw University of Technology (Poland) 
Andrzej Kotyra, Lublin University of Technology (Poland)  
Maciej Linczuk, Coordinator, Warsaw University of Technology 
   (Poland) 
Piotr Malecki, Kraków University of Technology (Poland) 
Lech Mankiewicz, Polish Academy of Sciences (Poland) 
Robert Nietubyć, National Center for Nuclear Research (Poland) 
Robert Nowak, Warsaw University of Technology (Poland) 
Jan Ogrodzki, Warsaw University of Technology (Poland) 
Leszek Opalski, Warsaw University of Technology (Poland) 
Grzegorz Pankanin, Warsaw University of Technology (Poland) 
Anatoli Płatonow, Warsaw University of Technology (Poland) 

xvii

Proc. of SPIE Vol. 10031  1003101-17



Krzysztof Poźniak, Warsaw University of Technology (Poland) 
Michał Ramotowski, Warsaw University of Technology (Poland) 
Ryszard S. Romaniuk, Warsaw University of Technology (Poland) 
Jerzy Siuzdak, Warsaw University of Technology (Poland)  
Władysław Skarbek, Warsaw University of Technology (Poland) 
Janusz Sosnowski, Warsaw University of Technology (Poland) 
Piotr Turkiewicz, Warsaw University of Technology (Poland) 
Zbigniew Wawrzyniak, Warsaw University of Technology (Poland) 
Jerzy Weremczuk, Warsaw University of Technology (Poland) 
Andrzej Wróbel, Nencki Institute of Experimental Biology (Poland) 
Wojciech Zabołotny, Warsaw University of Technology (Poland) 
Filip A. Żarnecki, Warsaw University (Poland) 

 

WILGA 2016 Symposium Session Chairs 

 1 Photonics Applications and Web Engineering, XXXVIIIth Wilga 2016 
Symposium Opening 
Ryszard S. Romaniuk, Warsaw University of Technology (Poland) 
 

 2 Pi of the Sky: A Network of Astronomical Telescopes 
Filip A. Żarnecki, Warsaw University (Poland)  
Lech Mankiewicz, Mikołaj Kopernik Astronomical Center (Poland) 
 

 3 Satellite and Space Technology  
Mirosław Kowaliński, Space Research Center (Poland) 
 

 4 High Energy Physics Experiments 
Krzysztof Poźniak, Warsaw University of Technology (Poland) 
 

 5 Sensors and Measurement Systems 
Jerzy Weremczuk, Warsaw University of Technology (Poland) 
 

6 Optoelectronics Technologies, Components, Devices and Systems 
Michał Borecki, Warsaw University of Technology (Poland) 
 

 7 Materials and Technologies 
Małgorzata Jakubowska, Warsaw University of Technology (Poland) 
 

 8 Components and System Modelling 
Leszek Opalski, Warsaw University of Technology (Poland) 
Jan Ogrodzki, Warsaw University of Technology (Poland) 
 

 9 Biomedical and DNA Computing 
 Antoni Grzanka, Warsaw University of Technology (Poland) 

 

xviii

Proc. of SPIE Vol. 10031  1003101-18



 10 Computational Intelligence  
Janusz Sosnowski, Warsaw University of Technology (Poland) 
Piotr Gawkowski, Warsaw University of Technology (Poland) 
 

 11 Artificial Intelligence, Cryptography, Software and Ontological ITC 
Systems  
Robert Nowak, Warsaw University of Technology (Poland) 
 

 12 WILGA 2016 SPIE – PSP Best Student Paper Awards  
Maciej Linczuk, Warsaw University of Technology (Poland) 

xix

Proc. of SPIE Vol. 10031  1003101-19



Proc. of SPIE Vol. 10031  1003101-20



Introduction 
 
 
The SPIE-IEEE-PSP WILGA symposium [wilga.ise.pw.edu.pl], is a multi-conference 
event, a kind of international Forum of Young Science in Photonics, Advanced 
Electronics and Internet Engineering. It is organized twice a year under the eminent 
patronage of two big international engineering institutions, SPIE [www.spie.org] 
and IEEE [www.ieee.org] and their Polish Counterparts: PSP—Photonics Society of 
Poland [www.photonics.pl], successor of Polish Chapter of SPIE [www.spie.pl] and 
IEEE Poland Section [www.ieee.pl], with participation of IEEE R8 
[ewh.ieee.org/reg/8/sac/cms]. The patrons of the symposium are: PAS—Polish 
Academy of Science (The Committee on Electronics and Telecommunication) 
[keit.pan.pl], Association of Polish Electrical Engineers (SEP) [www.sep.com.pl], 
Polish Committee of Optoelectronics SEP [pkopto.ise.pw.edu.pl], Warsaw University 
of Technology [www.pw.edu.pl], Faculty of Electronics and Information 
Technology [www.elka.pw.edu.pl], Institute of Electronic Systems 
[www.ise.pw.edu.pl].  
 
WILGA Organizers: The Symposium is organized by a group of devoted young 
people—photonics, mechatronics and electronics researchers—gathered in the 
PERG/ELHEP Research Group of the Institute of Electronic Systems at the Faculty of 
Electronics and Information Technology of WUT. Most of these young researchers 
are active members of PSP, SEP, SPIE, OSA and IEEE. The symposium is diligently run 
by young researchers for young fellow researchers, and the main aim is to have a 
lot of fun and to learn a lot.  
 
WILGA Publications: The WILGA Symposium publishes its papers in the following 
proceedings series, technical and peer-reviewed journals: Proceedings of SPIE, 
since 2002; IEEE eXplore, Internet publication data base; Photonics Letters of 
Poland, since 2009; Elektronika, SEP Journal, since 1998; IJET— International Journal 
of Electronics and Telecommunications, PAS [ijet.pl]. 
 
WILGA Proceedings of SPIE: There has been a long tradition of WILGA publishing its 
works in the Proceedings of SPIE. This volume is the 15th published with WILGA 
papers. All of the WILGA-SPIE volumes contain over 1,500 papers. All WILGA 
Symposia published more than 2,500 papers with over 5,000 participants. This is an 
extraordinary achievement for a modest symposium oriented solely on young 
researchers. No one event of similar character could compare to this 
achievement. This success was only possible due to big involvement of young 
researchers in their work. The following WILGA Proceedings of SPIE volumes were 
published: Wilga 2002 – Proc. SPIE 5125; Wilga 2003 – Proc. SPIE 5484; Wilga 2004 – 
Proc. SPIE 5775; Wilga 2005 bis – Proc. SPIE 5948; Wilga 2005 – Proc SPIE 6159; Wilga 
2006 – Proc. SPIE 6347; Wilga 2007 – Proc. SPIE 6937; Wilga 2008 – Proc. SPIE 7124; 
Wilga 2009 – Proc. SPIE 7502; Wilga 2010 – Proc. SPIE 7745; WILGA 2011 – Proc. SPIE 
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8008; WILGA 2012 – Proc. SPIE 8454, WILGA 2013 – Proc. SPIE 8903, WILGA 2014 – 
Proc. SPIE 9290; WILGA 2015 – Proc. SPIE 9662.  
 
SPIE Poland 2005: The SPIE Poland meetings in 2005 were very special because the 
Polish Chapter of SPIE (predecessor of Photonics Society of Poland) hosted 
together with SPIE and some other regional SPIE Chapters, the SPIE Warsaw 
Congress on Optics and Optoelectronics – SPIE COO Warsaw 2005. WILGA 2005 
Symposium was split into two parts—one held usually in WILGA and the second 
jointly with the COO’05.  
 
WILGA ways and topics: The official language of the Symposium is English. Peer 
reviewed papers are published in a renowned, worldwide recognized series 
Proceedings of SPIE. The Symposium is designed mainly for Ph.D., M.Sc., and B.Sc. 
students from physics, electronics and mechatronics, as well as material research 
and their tutors/mentors. WILGA has a number of main topical tracks. Historically, 
the first one was Photonics and Web Engineering. Generally, WILGA embraces 
advanced photonic, mechatronic and electronic systems, in the following 
aspects: theory, modeling, algorithms, simulations, emulations, design, hardware, 
software, hardware-software interaction and integration, measurements, testing, 
commissioning and exploitation. WILGA also addresses new research tendencies 
like 3D photonics and electronics design, micro and nano-systems, material 
engineering including meta-materials.  
 
Topical sessions are organized by leading experts. Sessions usually begin with 
current tutorials and are filled with contributed papers by students and young 
researchers. One of the most important session tracks in WILGA is photonics 
applications and systems for superconductive accelerator (and free electron laser) 
technology and high energy physics experiments. We warmly invite students, 
young researchers and their tutors to participate in WILGA.  
 
WILGA XXX Jubilee Symposium: WILGA 2012, the January Edition, was held 26–29 
January 2012 at WUT’s FE&IT. WILGA 2012, the May edition, was held 28 May–2 June 
2012 in a resort owned by Warsaw University of Technology. There were more than 
300 presentations delivered during both editions of WILGA, covering a broad area 
of photonics applications and web engineering. Nearly 350 persons participated. 
An exceptionally efficient chair of the Organization Committee of WILGA 20121 
was traditionally Dr. Maciek Linczuk [M.Linczuk@elka.pw.edu.pl].  
 
WILGA 2015: The WILGA 2015 Symposium was held during the last whole week of 
May 2015, plus two adjacent weekends. The working research Sessions of 36th 
WILGA 2015 were traditionally as in previous years: general photonics, optical fiber 
technology, optical communications, optoelectronics, applications of optical 
fibers, integration of electronics, photonics and mechatronics, distributed 
measurement systems, LHC and CMS at CERN, JET and ITER tokomaks, optics and 
optoelectronics for astronomy, fundamentals of FPGA-DSP systems, object- 
oriented design of hardware, terabit optical data links, software-hardware co-
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design, biomedical engineering, computational intelligence of advanced systems, 
development of photonics and electronics in Europe and Poland, radar 
technology, terahertz photonics, free electron lasers, E-XFEL and POLFEL lasers, 
EuCARD2—Enhanced European Coordination of Accelerator Research and 
Development, TIARA, EuroFusion Project, etc. 
 
WILGA offspring: The WILGA Symposium gave birth to a few topical meetings and 
conferences which then struck out on their own. These include student regional 
meetings (Opole, Wrocław, Kielce, Białystok, Lublin, Toruń and others), of SPIE 
student chapters, IEEE student branches, and also stand-alone conferences. Some 
of these meetings are still held periodically with WILGA, while some of them gained 
complete independence. WILGA is very proud of this sort of parenthood, since the 
very good idea of WILGA is proliferating elsewhere. One of such meetings is, now 
fully nondependent, SPS—Signal Processing Symposium which started at WILGA in 
2003.  
 
WILGA 2016: The 38th Edition of the WILGA Symposium was held on 29 May–6 June 
2016, and gathered more than 350 participants from Poland and Europe. Over 250 
papers were presented orally and there were approximately 50 posters. This 
Proceedings of SPIE volume contains 194 papers. 
 
SPIE – PSP WILGA 2017: The organizers of WILGA 2017 40th Symposium Jubilee 
Edition, to be held 28 May – 5 June 2017, warmly invite interested young researchers 
and students in photonics and related fields to participate in this exceptional and 
very friendly research event oriented to host young researchers from Poland and 
from all over Europe.  
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