PROCEEDINGS OF SPIE

Real-Time Image and
Video Processing 2016

Nasser Kehtarnavaz
Matthias F. Carlsohn
Editors

7 April 2016
Brussels, Belgium

Sponsored by
SPIE

Cosponsored by

B-PHOT—Brussels Photonics Team (Belgium)
Research Foundation Flanders (Belgium)
Visit Brussels (Belgium)

Cooperating Organisations

Photonics 21 (Germany)

EOS—European Optical Society (Germany)

KTN—the Knowledge Transfer Network (United Kingdom)
Graphene Flagship (Belgium)

Photonics Public Private Partnership (Belgium)

Published by
SPIE

Volume 9897

Proceedings of SPIE 0277-786X, V. 9897

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

Real-Time Image and Video Processing 2016, edited by Nasser Kehtarnavaz,
Matthias F. Carlsohn, Proc. of SPIE Vol. 9897, 989701 - © 2016 SPIE
CCC code: 0277-786X/16/$18 - doi: 10.1117/12.2244259

Proc. of SPIE Vol. 9897 989701-1



The papers in this volume were part of the technical conference cited on the cover and fitle
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 Real-Time Image and Video Processing 2016, edited by
Nasser Kehtarnavaz, Matthias F. Carlsohn, Proceedings of SPIE Vol. 9897 (SPIE, Belingham, WA,
2016) Article CID Number.

ISSN: 0277-786X
ISSN: 1996-756X (electronic)
ISBN: 9781510601420

Published by

SPIE

P.O. Box 10, Belingham, 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.
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 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, OB ... 0Z, followed by 10-1Z, 20-2Z, etc. The CID Number appears on each
page of the manuscripf.

Proc. of SPIE Vol. 9897 989701-2



Contents

v Authors
Vi Conference Committee
SESSION 1 APPLICATIONS OF REAL-TIME IMAGE PROCESSING
9897 02 Real-time FPGA-based radar imaging for smart mobility systems (Invited Paper) [9897-1]
9897 03 3D real-time visualization of blood flow in cerebral aneurysms by light field particle image
velocimetry [9897-2]
9897 04 Application of the local similarity filter for the suppression of multiplicative noise in medical
ultrasound images [9897-3]
9897 05 Memory efficient and constant time 2D-recursive spatial averaging filter for embedded
implementations [9897-4]
9897 06 Real-time optical flow estimation on a GPU for a skied-steered mobile robot [9897-5]
SESSION 2 REAL-TIME IMAGING IMPLEMENTATIONS
9897 07 Design of a 3D-IC multi-resolution digital pixel sensor [9897-6]
9897 08 Parallel implementation of a hyperspectral data geometry-based estimation of number of
endmembers algorithm [9897-7]
9897 09 FPGA implementation of glass-free stereo vision [9897-8]
9897 0A A novel fast median filter algorithm without sorting [9897-9]
SESSION 3 REAL-TIME VIDEO PROCESSING
9897 OB 4K-based intra and interprediction techniques for HEVC [9897-10]
9897 0C In-network adaptation of SHVC video in software-defined networks [9897-11]
9897 0D The QoE implications of ultra-high definition video adaptation strategies [9897-12]
9897 OE Real-time multi-camera video acquisition and processing platform for ADAS [9897-13]
9897 OF Ghost removing for HDR real-time video stream generation [9897-14]
9897 0G Architecture of web services in the enhancement of real-time 3D video virtualization in

cloud environment [9897-15]

Proc. of SPIE Vol. 9897 989701-3



9897 OH

Contour-based object orientation estimation [9897-16]

POSTER SESSION

9897 Ol

92897 OK

92897 OL

9897 OM

9897 ON

9897 00

9897 OP

9897 0Q

9897 OR

9897 01

9897 0U

9897 OV

Distance and speed measurements from monocular images [9897-18]

Parallel multilayer perceptron neural network used for hyperspectral image classification
[9897-20]

Swarming visual sensor network for real-time multiple object tracking [9897-21]

Analysis and segmentation of images in case of solving problems of detecting and tracing
objects on real-time video [9897-22]

Automatic finger joint synovitis localization in ultrasound images [9897-23]

Optimized adaptation algorithm for HEVC/H.265 dynamic adaptive streaming over HTTP
using variable segment duration [9897-24]

Automatic detection and classification of obstacles with applications in autonomous
mobile robots [9897-25]

Real-time framework for tensor-based image enhancement for object classification
[9897-26]

Development of the software for images segmentation and objects detecting on video
[9897-27]

Real-time and low-cost embedded plaitform for car's surrounding vision system [9897-29]

Static hand gesture recognition based on finger root-center-angle and length weighted
Mahalanobis distance [9897-30]

A computationally efficient denoising and hole-filling method for depth image
enhancement [9897-31]

Proc. of SPIE Vol. 9897 989701-4



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, OA, 0B...0Z, followed by 10-1Z, 20-2Z, etc.

Alcaraz Calero, Jose Maria, 0C, 0D, 0G
Alpatov, Boris, OH
Awobuluyi, Olatunde, 0C, 0D
Babayan, Pavel, OH

Bada, Adedayo, 0G
Baranov, Yuri P., OL

Ben Tahar, Houssem, 05
Bernabe, Sergio, 08

Botella, Guillermo, 08, OB
Bouderbane, Mustapha, OF
Brochard, N., 07

Carlsohn, Mafthias F., 03
Chen, Chen, 0V

Chen, Dong, 0A

Chen, Xinghao, OU
Chuhlamoyv, Anton, OM, OR
Cyganek, Bogustaw, 04, 0Q
Del Barrio, A. A., OB

Dubois, Julien, 07, OF
Ezhova, Kseniia, OM, OR
Fedorenko, Dmitriy, OM, OR
Ferndndez, D. G., 0B
Franchi, Emilio, OT

Gan, Qifeng, 05

Garcia, Carlos, 0B
Garcio-Salgado, Beatriz P., 0K
Ginhac, Dominique, 07, OF
Grecos, Christos, 0C, 0D, 0G, 00
Heyrman, Barthélémy, OF
Irondi, Iheanyi, 00O
Kehtarnavaz, Nasser, OV
Kemmling, André, 03

Kniaz, V. V., 06

Kusnik, Damian, 04
Langlois, J.M. Pierre, 05
Lapray, Pierre-Jean, OF

Li, Jicheng, OA

Liu, Bo, OU

Liu, Soulan, OV

Lu, Xinping, OA

Luki¢, Vojislav, O

Makarov, Alekse;j, Ol

Martin, Gabriel, 08
Medvedev, Roman V., OL
Nebhen, J., 07

Neri, Bruno, 02

Nightingale, James, 0C, 0D
Nurzynska, Karolina, ON
Petersen, Arne, 03

Plaza, Antonio, 08
Ponomaryov, Volodymyr 1., OK, OP
Prieto-Matias, Manuel, 08
Rahnama, Oscar, 0l
Robles-Gonzalez, Marco A., OK
Rosas-Miranda, Dario I., OP
Saponara, Sergio, 02, OE, OT
Seoud, Lama, 05

Shi, Chenbo, 0U

Smotka, Bogdan, 04, ON, 0Q
Tang, Weidong, 09

Wang, Qi, 0C, 0D, 0G, 00
Wietzke, Lennart, 03

Yan, Xiaolin, 09

Yang, Guopeng, 0A

Yang, Weiping, 0A

Yarishev, Sergey N., OL

Zhang, Zhilong, 0A

Proc. of SPIE Vol. 9897 989701-5



Proc. of SPIE Vol. 9897 989701-6



Conference Committee

Symposium Chairs

Francis Berghmans, Vrije Universiteit Brussel (Belgium)

Jirgen Popp, Leibniz-Institut fUr Photonische Technologien e.V.
(Germany)

Ronan Burgess, European Commission Photonics Unit (Belgium)

Peter Hartmann, SCHOTT AG (Germany)

Honorary Symposium Chair
Hugo Thienpont, Vrije Universiteit Brussel (Belgium)

Conference Chairs

Nasser Kehtarnavaz, The University of Texas at Dallas (United States)
Matthias F. Carlsohn, Computer Vision and Image Communication at
Bremen (Germany)

Conference Programme Committee

Mohamed Akil, Ecole Supérieure d'Ingénieurs en Electronique et
Electrotechnique (France)

Naseer Al-Jawad, The University of Buckingham (United Kingdom)

Guillermo Botella, Universidad Complutense de Madrid (Spain)

Ahmed Bouridane, Northumbria University (United Kingdom)

E. Roy Davies, University of London (United Kingdom)

Touradj Ebrahimi, Ecole Polytechnique Fédérale de Lausanne
(Switzerland)

Eran Anusha Edirisinghe, Loughborough University (United Kingdom)

Barak Fishbain, Technion-Israel Institute of Technology (Israel)

Johannes Furtler, AIT Austrian Institute of Technology GmbH (Austria)

Christos Grecos, University of the West of Scotland (United Kingdom)

Herbert Hufnagl, Festo AG (Germany)

Reinhard Koch, Christian-Albrechts-Universit&t zu Kiel (Germany)

Antonio NUnez Ordéinez, Universidad de Las Palmas de Gran Canaria
(Spain)

Antonio J. Plaza, Universidad de Extremadura (Spain)

Jose M. Cardoso Pereira, Instituto de Investigacdo Cientifica Tropical
(Portugal)

Volodymyr Ponomaryov, Instituto Politécnico Nacional (Mexico)

Luis Salgado, Universidad Politécnica de Madrid (Spain)

Jorge Santos, European Commission (Belgium)

Pedro Santos, Fraunhofer IGD (Germany)

vii

Proc. of SPIE Vol. 9897 989701-7



viii

Sergio Saponara, Universitd di Pisa (Italy)

Athanassios N. Skodras, University of Patras (Greece)
Bogdan Smolka, Silesian University of Technology (Poland)
Stephan C. Stilkerich, EADS Deutschland GmbH (Germany)
Lennart Wietzke, Raytrix GmbH (Germany)

Session Chairs

1

Applications of Real-Time Image Processing
Guillermo Botella, Universidad Complutense de Madrid (Spain)

Real-Time Imaging Implementations
Sergio Saponara, Universita di Pisa (Italy)

Real-Time Video Processing
Bogdan Smolka, Silesian University of Technology (Poland)

Proc. of SPIE Vol. 9897 989701-8



