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Preface

On behalf of the Organizing Committee it is our pleasure to invite you to Osijek
for the 5th Croatian Computer Vision Workshop. This year, the Workshop will
be organized in the beautiful town of Osijek at the Faculty of Electrical Engi-
neering, Computer Science and Information Technology, Josip Juraj Strossmayer
University of Osijek, Croatia.

The objective of the Workshop is to bring together professionals from academia
and industry in the area of computer vision theory and applications in order to
foster research and encourage academia-industry collaboration in this dynamic
field. The Workshop program includes oral and poster presentations of origi-
nal peer reviewed research from Croatia and elsewhere. Furthermore, the pro-
gram includes invited lectures by distinguished international researchers present-
ing state-of-the-art in computer vision research. Workshop sponsors will provide
a perspective on needs and activities of the industry. Finally, one session shall
be devoted to short presentations of activities at Croatian research laboratories.

The Workshop is jointly organized by the Center of Excellence for Computer
Vision, University of Zagreb and by the Faculty of Electrical Engineering, Com-
puter Science and Information Technology, Josip Juraj Strossmayer University
of Osijek.

Osijek is a beautiful European city with many cultural and historical attrac-
tions, which we are sure all participants will enjoy. We look forward to meet you
all in Osijek for the 5th Croatian Computer Vision Workshop.

October 2016

Sven Lončarić, General Chair

Robert Cupec, Technical Program Chair
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5th Croatian Computer Vision Workshop (CCVW 2016) 
Technical Program 

 
Tuesday, 11th October, 2016 

10:15 – 10:30 Opening 

10:30 – 11:15 Invited Lecture 
Visual Sensor Networks in Theory and Practice 
Janez Perš, University of Ljubljana, Slovenia 

11:15 – 12:30 Poster Session 
Current Computer Vision Research Activities 

1. Probabilistic Eye Contact Detection for the Robot-assisted ASD Diagnostic Protocol 
Frano Petric, Damjan Miklić and Zdenko Kovačić, University of Zagreb, Croatia 

2.  Visibility Estimation of Surface Defects Under Various Illumination Angles 
Using Bidirectional Distribution Function and Local Binary Pattern 
Petra Gospodnetić and Falco Hirschenberger, University of Zagreb, Croatia and Fraunhofer ITWM, Germany 

3. Learning Local Descriptors by Optimizing the Keypoint-Correspondence Criterion 
Nenad Markuš, Igor Pandžić and Jörgen Ahlberg, University of Zagreb, Croatia and Linköping University, Sweden 

4. Real Time Face Tracking and Analysis 
Ivan Gogić and Igor S. Pandžić, University of Zagreb, Croatia 

5. Sensitivity of Tone Mapped Image Quality Metrics to Perceptually Hardly Noticeable Differences 
Nikola Banić and Sven Lončarić, University of Zagreb, Croatia 

6. FPGA based multiple view 3D reconstruction system 
Pavle Prentašić, Tomislav Devčić and Sven Lončarić, University of Zagreb, Croatia and Xylon d.o.o., Croatia 

7. Estimating Local Orientation in 3D Fibrilar Textures by Modifying the Traditional Brightness Constancy Approaches 
Vedrana Baličević, Sven Lončarić and Bart Bijnens, University of Zagreb, Croatia and Pompeu Fabra University, Spain 

8. Application Transfer from Mine Action to C-IED 
Tamara Ivelja and Milan Bajić, University of Zagreb, Croatia and HCR-CTRO Scientific Council, Croatia 

9. Neonatal Brain MRI Analysis 
Jelena Božek, University of Zagreb, Croatia 

10. Cellular Automata in Digital Image Forensics 
Dijana Tralić and Sonja Grgić, University of Zagreb, Croatia 

11. Machine Learning Tools for Color Management Applications 
Ante Poljičak and Lidija Mandić, University of Zagreb, Croatia 

12. T-phantom: A New Phantom Design for Neurosurgical Robotics 
Marko Švaco, Bojan Jerbić, Ivan Stiperski, Josip Vidaković, Bojan Šekoranja and Filip Šuligoj, University of Zagreb, Croatia 

13. Detection and Localization of Spherical Markers in Photographs 
Josip Tomurad and Marko Subašić, University of Zagreb, Croatia 

14. Automated Computer Vision-based Reading of Residential Meters 
Karlo Koščević and Marko Subašić, University of Zagreb, Croatia 

15. Multi-Camera System Calibration for 3D Surround Camera Distribution 
Jovan Mijatov, Vladimir Zlokolica, Relja Ljubobratović, Krešimir Vdovjak, Irena Galić, Radovan Obradović and Vladimir Mastilović, 
University of Novi Sad, Serbia, Josip Juraj Strossmayer University of Osijek, Croatia and 3Lateral d.o.o., Serbia 

16. Weakly-Supervised Semantic Segmentation by Redistributing Region Scores Back to the Pixels 
Josip Krapac and Siniša Šegvić, University of Zagreb, Croatia 

17. Convolutional Scale Invariance for Semantic Segmentation 
Ivan Krešo, Denis Čaušević, Josip Krapac and Siniša Šegvić, University of Zagreb, Croatia 

18. Simulation for Robotic Stereotactic Neurosurgery 
Josip Vidaković, Bojan Jerbić, Filip Šuligoj, Marko Švaco and Bojan Šekoranja, University of Zagreb, Croatia 

19. Local and Non-local Operators in Digital Image Processing 
Andrija Štajduhar and Sven Lončarić, University of Zagreb, Croatia 

20. Compressive Sensing for Reconstruction of 3D Scans 
Ivo Stančić, University of Split, Croatia 

21. Development of Humanoid Robot Marko – Assistant in Therapeutic Treatments of Children With Cerebral Palsy 
Mirko Raković, University of Novi Sad, Serbia 

 

12:30 – 13:15 Lunch Break 
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5th Croatian Computer Vision Workshop (CCVW 2016) 
Technical Program 

 
Tuesday, 11th October, 2016 

13:15 – 13:45 Invited Lecture 
Camera Tracking for Visual Effects in Movies 
Simone Gasparini, Institut National Politechnique de Toulouse, France 

13:45 – 14:45 Industry Session 

13:45 – 14:00 Autoliv Vision Systems – The Road to Self-Driving Cars 
Ragnar Hägg, Autoliv Inc., Sweden 

14:00 – 14:15 Towards Automated Tracking of Football Players 
Dalibor Čvek, Once sport d.o.o., Croatia 

14:15 – 14:30 3Lateral – Digital Humans and Statistical Deformation Modeling 
Vladimir Mastilović, 3Lateral, Serbia 

14:30 – 14:45 Round table discussion: Industry-Academia Collaboration 

14:45 – 15:00 Coffee Break 

15:00 – 16:00 Research Initiatives and Laboratories 

15:00 – 15:15 Center of Research Excellence for Data Science and Advanced Cooperative Systems 
Sven Lončarić, University of Zagreb, Croatia 

15:15 – 15:30 Research activities of the Advanced Shape Reconstruction and Registration Laboratory 
Tomislav Pribanić, Tomislav Petković and Matea Đonlić, University of Zagreb, Croatia 

15:30 – 15:45 Computer Vision Research at FERIT Osijek 
Robert Cupec, Irena Galić and Željko Hocenski, Josip Juraj Strossmayer University of 
Osijek, Croatia 

15:45 – 16:00 Current Research in Image Processing and Computer Vision at FESB 
Dunja Gotovac and Stanko Kružić, University of Split, Croatia 

16:00 Closing 
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Invited Speakers

Visual Sensor Networks in Theory and Practice
J. Perš

University of Ljubljana, Slovenia

Capabilities of embedded processors have been increasing at a rapid pace for a
some time, reaching the point where even more complex computer algorithms
can be implemented on embedded systems. Consequently, we have witnessed a
migration of many computer vision tasks to the domain of embedded systems,
and, at least conceptually, into the field of visual sensor networks (VSNs).
However, the the large-scale deployment of VSNs is hindered by many open
problems, and in this talk, I will try to address three of them. I will present
the conceptual solution for data-centric routing in VSNs, especially for typical
surveillance scenario of detecting the appearance of the same object appearing
throughout the very large network of cameras without a central server. Next,
I will address the problem of performance evaluation in distributed surveillance
scenarios. Finally, I will describe the challenges of designing the architecture for
intelligent cameras, used as VSN nodes.

Camera Tracking for Visual Effects in Movies
S. Gasparini

Institut National Politechnique de Toulouse, France

In this talk I will present the on going work at our laboratory focusing on camera
tracking for the previsualization of visual special effects during the shooting of
movies. The work has been carried on in the context of the european funded
project POPART (http://popartproject.eu/): the project aimed at bridging the
gap between the production and the post production process in filmaking, bring-
ing augmented reality directly on the set to pre-visualize the visual effects, so that
the movie director can have a rough preview of the digital effects (3D rendering)
that will be later added during the post-production process. I will described the
original approach that has been implemented to combine quick and easy setup
with a robust and precise camera tracking.
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Abstracts

Poster Session: Current Computer Vision Research
Activities

Probabilistic Eye Contact Detection for the Robot-assisted ASD
Diagnostic Protocol

F. Petric, D. Miklić, Z. Kovačić

University of Zagreb, Croatia

This paper describes a probabilistic method for eye contact detection, aimed
at facilitating the diagnostic process of Autism Spectrum Disorder (ASD). Eye
contact, which is a special case of a wider social-attention cue called gaze, plays
a major role in ASD diagnostics protocols used in clinical practice. Therefore, a
reliable method for automatic eye contact detection is a key capability to open the
way towards robot-assisted autism diagnostics, which has the potential to reduce
diagnostic time and increase reliability. The proposed method uses data from a
simple low-resolution monocular camera, which is built into the NAO humanoid
robot, and uses head pose and gaze direction as its inputs, which are very prone
to outliers. We use a probabilistic framework in order to provide continuous
measure of the eye contact and increase robustness to outliers. Furthermore, we
take into account the temporal aspect of eye contact, in order to discard short
glances which do not indicate actual transfer of attention. Initial experimental
results, conducted in a laboratory setting, confirm that the proposed method can
be effective in detecting eye contact with the NAO humanoid robot.

Visibility Estimation of Surface Defects Under Various Illumination
Angles Using Bidirectional Distribution Function and Local Binary

Pattern
P. Gospodnetić, F. Hirschenberger

University of Zagreb, Croatia and Fraunhofer ITWM, Germany

In development of surface defect inspection systems surface illumination often
plays a key role in defect detectability. Illumination setup is currently configured
manually for each type of defect which should be detected. This paper presents
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Poster Session Tuesday, 11th Oct., 11:00-12:30

the use of a local binary pattern operator together with bidirectional reflectance
distribution function in order to detect various surface defects and evaluate their
visibility. This method is useful for improving visual surface inspection system
reliability and shortening the time required for a feasibility study. Reflectance
of the sample material is acquired through a custom built image acquisition
system, which uses a robot arm in order to automatically retrieve data under
different illumination angles. By combining texture description with reflectance
information, it is possible to localize defects without prior knowledge of their
characteristics. Whereas defect visibility evaluation requires manual ground truth
marking in order to produce realistic results.

Learning Local Descriptors by Optimizing the
Keypoint-Correspondence Criterion

N. Markuš, I. S. Pandžić, J. Ahlber

University of Zagreb, Croatia and Linköping University, Sweden

Current best local descriptors are learned on a large dataset of matching and
non-matching keypoint pairs. However, data of this kind is not always available
since detailed keypoint correspondences can be hard to establish. On the other
hand, we can often obtain labels for pairs of keypoint bags. For example, keypoint
bags extracted from two images of the same object under different views form
a matching pair, and keypoint bags extracted from images of different objects
form a non-matching pair. On average, matching pairs should contain more
corresponding keypoints than non-matching pairs. We describe an end-to-end
differentiable architecture that enables the learning of local keypoint descriptors
from such weakly-labeled data.

Real Time Face Tracking and Analysis
I. Gogić, I. S. Pandžić

University of Zagreb, Croatia

This paper presents a real-time face tracking and analysis system. The track-
ing system is comprised of efficient face detection and face alignment algorithms
which enable real-time execution on all major desktop, mobile, web and embed-
ded platforms. Discriminative shape regression is used to accurately detect facial
landmarks. The detected landmark positions are then used to extract salient
features from image patches in order to perform further face analysis including
emotion, gender and age detection. Furthermore, features extracted from eye
patches are used in a regression based framework to infer a gaze vector for the
tracked face.

12



Tuesday, 11th Oct., 11:00-12:30 Poster Session

Sensitivity of Tone Mapped Image Quality Metrics to Perceptually
Hardly Noticeable Differences

N. Banić, S. Lončarić

University of Zagreb, Croatia

As high dynamic range images are being used more widely, the need for good
tone mapping operators (TMOs) i.e. methods for their conversion to low dy-
namic range images rises as well. In evaluation of results of TMOs objective
image quality metrics are often used for practical reasons. Since these metrics
only approximate perceptual evaluation, they are sometimes too sensitive to per-
ceptually unimportant details. In this paper such sensitivities of three recent tone
mapped image quality metrics are compared: TMQI, TMQI-II, and FSITM. The
comparison is performed by using specifically designed tone mapped images to
check the measures’ susceptibility to perceptually unnoticeable changes in bright-
ness of the resulting image. It is shown that while values of TMQI and FSITM
are only slightly affected by such changes, the recent TMQI-II can obtain signifi-
cantly different values, which brings into question its ability perform a fair TMO
comparison. The results are presented and discussed.

FPGA Based Multiple View 3D Reconstruction System

P. Prentašić, T. Devčić, S. Lončarić

University of Zagreb, Croatia and Xylon d.o.o., Croatia

Advanced driver assistance systems have become an important part of modern
vehicles. Such systems can be used for pedestrian detection, line following, traffic
sign recognition and other tasks, which can increase the road traffic safety. De-
veloping such systems is a prerequisite for developing autonomous driving cars.
3D reconstruction from multiple views has recently been a heavily researched
topic. In this paper we present an FPGA based multiple view 3D reconstruction
system for obstacle detection. The system consists of four non-overlapping cam-
eras mounted on each vehicle side used for image acquisition and a Xilinx Zynq
development platform.
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Poster Session Tuesday, 11th Oct., 11:00-12:30

Estimating Local Orientation in 3D Fibrilar Textures by Modifying
the Traditional Brightness Constancy Approaches

V. Baličević, S. Lončarić, B. Bijnens

University of Zagreb, Croatia and Pompeu Fabra University, Spain

For a quantitative representation of textures, it is essential to select an optimal
set of informative and application-appropriate texture features. Directionality is
a feature that has proven to be prominent in specific medical applications where
imaging of biological tissue is done at the order of magnitude that captures the
elongated tissue constituent units known as fibers. Our approach for detecting
fiber orientation in volumes acquired by slice-wise imaging is to use well known
methods for tracking objects in videos, based on the brightness constancy princi-
ple: as in the Horn-Schunck and Lucas-Kanade algorithms. The underlying idea
is that fibers should not dramatically change their appearance in space. The
novelty in the applied approach is: I) we are working with static 3D images (vol-
umes), therefore the third spatial dimension is treated as the temporal dimension
in the original algorithm, II) we apply each algorithm along three orthogonal di-
rections, meaning that any of the three spatial dimensions can be considered as a
substitute for the temporal one, and III) we merge the vector fields obtained along
each of the three directions into one resulting vector field to take into account the
known limitations of the algorithms. Due to the unavailability of datasets with
annotated ground-truths for 3D medical textures, we create our own artificial 3D
textures that mimic the behaviour of fibrilar textures to perform the evaluation.
Preliminary results confirm that Horn-Schunck and Lucas-Kanade are isotropic
and their results largely depend on the choice of the denoted slicing direction and
the predominant fibers directions. However, if there is no predominant orienta-
tion in the texture, then combining the results from three orthogonal directions
gives improvement with respect to the results obtained along the default slicing
direction. Though brightness constancy approaches are commonly used in video
applications, we managed to obtain good results on static 3D images by slightly
modifying the original approaches.

Application Transfer from Mine Action to C-IED

T. Ivelja, M. Bajić

University of Zagreb, Croatia and HCR-CTRO Scientific Council, Croatia

The development of several reconnaissance and detection tools based on im-
age collecting, processing, analysis and interpretation was done in FP7 project
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Tuesday, 11th Oct., 11:00-12:30 Poster Session

TIRAMISU for humanitarian Mine Action. A new threat in Europe, use of im-
provised explosive devices (IED) by terrorists, raised the need to provide counter-
IED tools. The transfer of solutions derived for Mine Action is considered and
possible transfer to counter IED domain is commented. In this paper counter-IED
(C-IED) issues are considered for the case of vehicle convoy in a natural terrain,
outside of the settlements. The experience and references from research for the
needs of mine action can be useful in this case but there are several new aspects.
Among others, some of the aspects considered are: the need to detect IEDs, the
terrorist, to assess situational awareness before and during the advancement of
the convoy, provide intelligence in the control of the convoy. Intensive multisen-
sory reconnaissance in combination with fusion and multi-criteria analysis shall
produce information and data in near real time. This is the most important
difference regarding the image collecting, processing and analysis.

Neonatal Brain MRI Analysis

J. Božek

University of Zagreb, Croatia

The talk will present medical image analysis part of research activities at the
Video Communications Laboratory at the University of Zagreb, Faculty of Elec-
trical Engineering and Computing. As a continuation of a postdoctoral research
we collaborate with FMRIB Centre at the University of Oxford, King’s College
London and Imperial College London, UK on the Developing Human Connec-
tome Project (http://www.developingconnectome.org/). The goal of the project
is to create a dynamic map of human brain connectivity in the fetal and neonatal
brain. Modelling of the fetal and neonatal connectome development is performed
using structural, functional and diffusion MRI and advanced methods for MR
image analysis. This talk will focus on the structural aspects of the neonatal MR
image analysis, namely construction of a neonatal cortical surface atlas using
multimodal surface matching (MSM) as well as preliminary results of cortical
myelination of the neonatal brain.

Cellular Automata in Digital Image Forensics

D. Tralić, S. Grgić

University of Zagreb, Croatia

Digital images are nowadays commonly used thanks to the simplicity of their
acquisition, sharing, storing and editing. Many advanced processing tools allow
editing of digital image without any visible traces, leading to the fact that digital
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Poster Session Tuesday, 11th Oct., 11:00-12:30

images cannot be trusted any more. Digital image forensic include numerous
methods whose goal is to distinguish edited images from original images and dis-
cover any changes of image content. The talk will present role of the cellular
automata in digital image forensics. Cellular automata are discrete systems con-
taining a regular grid of cells whose states can be in only one finite-state set. The
use of cellular automata for image processing is interesting because of their prop-
erty that very simple rules can result in very complex behaviour; therefore they
can be used for texture description or to simulate pseudorandom distribution.
The focus will be on several digital forensics methods: (i) detection of duplicated
regions in digital images; (ii) image encryption; (iii) hiding of information in
digital image.

Machine Learning Tools for Color Management Applications

A. Poljičak, L. Mandić

University of Zagreb, Croatia

The talk will cover recent research projects at the Laboratory for at the Univer-
sity of Zagreb, Faculty of Graphic Arts. Particularly, use of machine learning
techniques for color management applications. An overview of two different ap-
plications will be presented: Color characterization of a mobile device and Gray
Component Replacement method for ink saving. Color characterization of mobile
displays based on Radial Basis Functions has proven to be superior to existing
color characterization approaches in terms of colorimetric performance. Simi-
larly, machine learning tools enable the development of the state of the art ink
saving method four color printing process.

T-phantom: A New Phantom Design for Neurosurgical Robotics

M. Švaco, B. Jerbić, I. Stiperski, J. Vidaković, B. Šekoranja, F. Šuligoj

University of Zagreb, Croatia

In this paper we propose a novel phantom design for measuring application accu-
racy of neurosurgical robotic systems and stereotactic frames. We develop a novel
phantom (T-Phantom) which enables simultaneous localization of translational
displacements in entry and target points. The phantom consists of multiple tra-
jectories positioned around a localizer feature simulating approach trajectories in
neurosurgical procedures on the intracranial space. Each trajectory consists of
two parallel and coaxial hollow cylinders printed in selective laser sintering tech-
nology. We apply a stereo vision measuring method for precise measurements
of translational displacements in target and entry positions. The paper further
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Tuesday, 11th Oct., 11:00-12:30 Poster Session

provides a systematic comparison of phantom designs originating from stereo-
tactic frames and neurosurgical robotic systems. To the authors knowledge the
developed T-Phantom is the first stereotactic phantom which enables simultane-
ous measurements both in deviation from target and entry positions and angular
deviation from the planned trajectory.

Detection and Localization of Spherical Markers in Photographs

J. Tomurad, M. Subašić

University of Zagreb, Croatia

This paper presents a solution for detection and localization of circles in images.
Two methods are proposed that enable precise detection and localization as a
part of project RONNA. The goal of this project is development of a robot for
assistance in neurosurgical applications. Two algorithms for Hough transform and
several edge detection algorithms are proposed and reviewed, and their results
compared and commented. Results have been obtained for both NIR and visible
spectrum images.

Automated Computer Vision-based Reading of Residential Meters

K. Koščević, M. Subašić

University of Zagreb, Croatia

We present a solution for automated reading of various residential meters from
photographs, using computer vision algorithm. The solution has several modules
that are executed sequentially: meter type recognition, geometric transform of
images, ROI extraction and OCR. Algorithm uses SURF and HOG features to
detect and describe feature points used for device recognition and OCR. The
final goal is to provide complete counter values and complete serial number of
the meter. The solution allows for a limited amounts of poor imaging conditions,
and usually fails in poor image conditions when even human observers would
have difficulties reading meters. The solution has been implemented in MATLAB
environment and its computer vision library. An initial image database has been
collected for testing purposes. Test results are reported in the paper.
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Poster Session Tuesday, 11th Oct., 11:00-12:30

Multi-Camera System Calibration for 3D Surround Camera
Distribution

J. Mijatov, V. Zlokolica, R. Ljubobratović, K. Vdovjak, I. Galić, R. Obradović,
V. Mastilović

University of Novi Sad, Serbia, Josip Juraj Strossmayer University of Osijek, Croatia
and 3Lateral d.o.o., Serbia

Multi-camera system with 3D surround camera configuration is currently most
common setup used for high precision 3D reconstruction and modeling in com-
puter graphics applications. Within this camera setup the most important fea-
tures are exact camera positioning and camera characteristics which must be
optimally tuned for 3D object, i.e., scene that is being reconstructed. One of the
most important steps in 3D reconstruction is multi-camera calibration, which
should be optimized for target application; 3D calibration object and methodol-
ogy is to be appropriately designed. In this paper we present new approach for
multi-camera system calibration for 3D surround camera configuration, aimed
at 3D reconstruction and 3D modeling. The proposed calibration approach es-
timates intrinsic parameters and lens distortions of each camera as well as ex-
trinsic parameters that define relative 3D positioning of the cameras within the
multi-camera system. The proposed 3D object used for calibration is specifically
designed 3D cube, which is first designed and tested in virtual environment to
meet all constraints set by target application; our application is 3D face recon-
struction and modeling. The 3D calibration cube is formed of different patterns
which can be viewed by more than one camera at a time allowing thus pro-
posed sequential stereo calibration approach. The proposed calibration approach
is evaluated by comparing estimated multi-camera system parameters with two
state of the art calibration approaches and based on quality of the dense 3D point
cloud generation.

Weakly-Supervised Semantic Segmentation by Redistributing
Region Scores Back to the Pixels

J. Krapac, S. Šegvić

University of Zagreb, Croatia

We address the problem of semantic segmentation of objects in weakly super-
vised setting, when only image-wide labels are available. We describe an image
with a set of pre-trained convolutional features and embed this set into a Fisher
vector. We apply the learned image classifier on the set of all image regions and
propagate the region scores back to the pixels. Compared to the alternatives
the proposed method is simple, fast in inference, and especially in training. The
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method displays very good performance of on two standard semantic segmenta-
tion benchmarks

Convolutional Scale Invariance for Semantic Segmentation

I. Krešo, D. Čaušević, J. Krapac, S. Šegvić

University of Zagreb, Croatia

We propose an effective technique to address large scale variation in images taken
from a moving car by cross-breeding deep learning with stereo reconstruction.
Our main contribution is a novel scale selection layer which extracts convolutional
features at the scale which matches the corresponding reconstructed depth. The
recovered scale invariant representation disentangles appearance from scale and
frees the pixel-level classifier from the need to learn the laws of the perspective.
This results in improved segmentation results due to more efficient exploitation
of representation capacity and training data. We perform experiments on two
challenging stereoscopic datasets (KITTI and Cityscapes) and report competitive
class-level IoU performance.

Simulation for Robotic Stereotactic Neurosurgery

J. Vidaković, B. Jerbić, F. Šuligoj, M. Švaco, B. Šekoranja

University of Zagreb, Croatia

Through the development of different research and commercial systems, robotic
neurosurgery slowly becomes more standard in the medical field. Beyond other
advantages, the possibility of frameless neurosurgery is an important reason for
their consideration. However, the use of robots in these applications brings prob-
lems regarding robot-patient positioning and possible influence of kinematic re-
strictions during the execution of a surgical plan. To cope with these, a simu-
lation concept for the control of critical positioning and kinematic parameters
is presented in this paper. An optical tracking system, simulation software and
stereotactic planning mechanism are integrated into one functional unit. It is
simulation tool which is intended to be used shortly after the operation scene
is set in the operating room to ensure seamless operation flow. The system is
successfully implemented and evaluated in real clinical use.
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Local and Non-local Operators in Digital Image Processing

A. Štajduhar, S. Lončarić

University of Zagreb, Croatia

Mathematical models have an increasingly important role in digital image pro-
cessing, especially those based on partial differential equations. Here we present
and shortly discuss on some of the known techniques for various tasks in this
field. A short description of classical methods is given, such as energy minimiza-
tion and diffusion models, along with some properties and description of usage
in some specific applications. We conclude with the recent achievements using
fractional calculus.

Compressive Sensing for Reconstruction of 3D Scans

I. Stančić

University of Split, Croatia

Introduction of simple structured-light scanners in robotics improved robot’s pos-
sibilities for detection and evasion of obstacles. Nevertheless, some obstacles may
still be difficult to detect and recognize, primarily due to limitations of scanner’s
hardware. In real-life scenarios, the projected patterns are not completely de-
tected by the camera, and thus the maximum number of surface points cannot
be achieved. In order to provide a better reconstruction of the scanned surface,
the complex 3D reconstruction problem is partly reduced to a 2D problem, and
with the use of the compressed sensing algorithms, missing data are filled, obtain-
ing the almost maximum theoretical number of points. Same principle may also
be also utilized for creating smart and adaptive 3d scanner, which can increase
operating speed by reducing number of projected points, without sacrificing res-
olution.

Development of Humanoid Robot Marko – Assistant in Therapeutic
Treatments of Children with Cerebral Palsy

M. Raković

University of Novi Sad, Serbia

The focus of research in robotics has moved toward real life scenario applications
in which robots are intended to assist people. As a result, we are witnessing sig-
nificant advances in the development of robot companions and robotic assistants.
At Faculty of Technical Sciences, University of Novi Sad, the robot MARKO is
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under development, which is intended to be an assistant in therapeutic treat-
ments of children with cerebral palsy (CP). Traditional CP physical therapies
are usually repetitive, lengthy and tedious which results in patient’s lack of inter-
est and disengagement with the therapy. On the other hand, treatment progress
and the improvement of the neural functionality are directly proportional to the
amount of time spent exercising.
The idea behind MARKO is to use the robot to assist doctors in habilita-
tion/rehabilitation of children, with a basic therapeutical role to motivate the
children to practice therapy harder and longer. To achieve this, the robot must
fulfill several requirements: it must have hardware design which provides suffi-
cient capabilities for demonstration of gross and fine motor skills exercises, it must
have appropriate character design to be able to establish affective attachment of
the child, and it must be able to communicate with children verbally (speech
recognition and synthesis) and non-verbally (facial expressions, gestures).
The robot MARKO is conceived as a child’s playmate, able to manage three-party
natural language conversation with a child and a therapist involved. In this talk
will be described the functional development of MARKO, with capabilities to
participate actively and intelligently, in a verbal dialogue of natural-sounding
language with a patient and therapist. The design of the robot MARKO will
be described together with its context aware cognitive system which connects
modules for the sensorimotor system, speech recognition, speech synthesis and
robot vision.

Industry Session

Autoliv Vision Systems – The Road to Self-Driving Cars

R. Hägg

Autoliv Inc., Sweden

Autoliv (https://www.autoliv.com/)is the world’s largest automotive safety sup-
plier with sales to all the leading car manufacturers in the world. The car industry
is currently in a race towards self-driving cars and Autoliv is one of the leading
suppliers in support for autonomous driving. We will talk about what Autoliv
is doing within the vision system area, highlight some of the functions in our
current vision systems and show some real life examples on how our system is
working in daily traffic conditions.
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Towards Automated Tracking of Football Players

D. Čvek

Once sport d.o.o., Croatia

ONCE Football (http://www.once.de/) was established in 2011 by sport and IT
experts in order to specialize in detailed match analysis and mobile/web app
development. Our solutions are based on a unique, sophisticated software appli-
cation for statistical and video analysis of football matches. In presentation will
be shown current solution for analysis and future plan of analysis – Once tracking
solution – which is in development with the Faculty of Electrical Engineering and
Computing, University of Zagreb. ONCE TRACKING is unique and innovative
concept for global market that integrates two different systems—optical tracking
of players and system for game analysis.

3Lateral – Digital Humans and Statistical Deformation Modeling

V. Mastilović

3Lateral d.o.o., Serbia

3Lateral (http://www.3lateral.com/) is a multidisciplinary company focused on
creation of scientific and artistic methods for representing humans, animals and
fictional character and creatures in computer graphics. Significant part of iden-
tity of 3Lateral is sampling of real world through various hardware and software
solutions. Machine vision and mathematical modeling are key disciplines for
achieving these goals. This presentation will be an overview of research and
development activities at 3Lateral for modeling digital humans for real time ap-
plications ranging from entertainment to medical, psychology and security.
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Research Initiatievs and Laboratories

Center of Research Excellence for Data Science and Advanced
Cooperative Systems

S. Lončarić

University of Zagreb, Croatia

Data science is an interdisciplinary field aimed at extraction of knowledge and
insights from data, including very large data sets often referred to as Big Data.
Recent technology advances made it possible to collect increasingly large data
sets with a high rate of acquisition, opening a host of new challenges and oppor-
tunities in diverse application areas. A new initative has been started in Croatia
by forming a Center of Research Excellence for Data Science and Advanced Co-
operative Systems, which consists of two research units: 1) Data Science, and 2)
Advanced Cooperative Systems. The Centre will bring together the best research
groups in Croatia involved in research on foundations and applications of Data
Science to advance the state of the art in theory, technology, and systems. The
research unit for data science covers areas such as computer vision, multime-
dia data processing, machine learning, data mining, complex networks and social
networks, bioinformatics, natural language processing, text mining, business ana-
lytics, high-performance computing infrastructure, and financial applications. It
is expected that the complementary nature of the research team and the focus on
common challenges of interest will generate exchange of knowledge, experience,
and ideas between researchers from various research fields, resulting in synergistic
effects that reach far beyond individual groups’ achievements and capacities. The
Center will build partnerships with academic, government, and business partners
in the areas of expertise covered by the research team.

Research activities of the Advanced Shape Reconstruction and
Registration Laboratory

T. Pribanić, T. Petković, M. Ðonlić

University of Zagreb, Croatia

The Advanced Shape Reconstruction and Registration Laboratory (SHARK Lab)
at the University of Zagreb Faculty of Electrical Engineering and Computing is
involved in various research activities in the field of non-destructive 3D sur-
face reconstruction. This presentation provides a brief overview of the cur-
rent results on the HrZZ project “A low-cost automated system to measure the
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three-dimensional shape of trunk surface (3DHumanTorso)” and on the Croatian-
French Cogito-Hubert Curien Partnership project “Three-dimensional reconstruc-
tion using smartphone”. Besides the overview of the research activities we present
in more details the paper “3D Structured Light Scanner on the Smartphone” by
T. Pribanić, T. Petković, M. Ðonlić, V. Angladon, and S. Gasparini from the 13th
International Conference on Image Analysis and Recognition (ICIAR 2016). The
paper summary is as follows: In the recent years turning smartphones into 3D
reconstruction devices has been greatly investigated. Different 3D reconstruc-
tion concepts have been proposed, and one of the most popular is based on IR
projection of a pseudorandom dots (speckle) pattern. We demonstrate our idea
how a pseudorandom dots pattern can be used and we also present an active
approach applying a structured light (SL) scanning on the smartphone. SL has
a number of advantages compared to other 3D reconstruction concepts and like-
wise our smartphone implementation inherits the same advantages compared to
other smartphone based solutions. The shown qualitative and quantitative re-
sults demonstrate the comparable outcome with the standard type SL scanner.

Computer Vision Research at FERIT Osijek

R. Cupec, I. Galić, Ž. Hocenski

Josip Juraj Strossmayer University of Osijek, Croatia

The recent research in the field of computer vision conducted at Faculty of Electri-
cal Engineering, Computer Science and Information Technologies Osijek (FERIT
Osijek) will be presented. The research group of the Chair of Automation and
Robotics develops computer vision solutions for autonomous and intelligent sys-
tems. Recently, the activities of this research group are extended to applications
of computer vision in agriculture and medicine. In the framework of project
Advanced 3D Perception for Mobile Robot Manipulators (ARP3D), funded by
Croatian Science Foundation, the problem of segmentation of point clouds ac-
quired by a 3D perception sensor into physical objects is being investigated. A
new database of manually segmented scenes has been created, which will be used
to teach a robot to perceive a scene in form of separate physical objects. Another
research direction of ARP3D project is object recognition for vision based robot
manipulation. A novel feature based on planar surface segments is developed,
suited for recognition of objects dominated by low-curvature surfaces. Further-
more, low-cost vision based robot manipulation solutions are investigated, which
should contribute to the development of afordable robots for wide use in edu-
cation, households, health care institutions, agriculture etc. Visual Computing
Group at FERIT Osijek is involved in various research activities from image
analysis and processing, PDE-based lossy image compression to 3D computer
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graphics, visualisation and computer games. Activities in the area of Medical
Image Processing and Analysis focus primarily on processing and analysis of CT
and MRI images, such as noise reduction, subjective image quality enhancement,
segmentation, 3D registration and geometric measurements of organs in human
cardiovascular system. Currently in computer graphics we focus on 3D model
reconstruction using multiple images based on Multi-View Stereo approach to
accurately capture the shape and appearance of real objects, recover depth and
reconstruction of 3D models from a given set of images. Part of our research is
focused on image and video processing techniques for staircase and pedestrian
crosswalk detection with application in camera-based assistance systems for the
blind and visually impaired. State of the art 2D and 3D image processing with
applied artificial intelligence is used as a synergy for computer game develop-
ment. The Chair of Computer Engineering is developing systems for image and
signal processing, parallel programming with application in industry. The Labo-
ratory for visual inspection is equiped with a model of production line of ceramic
tiles and diagnostic equipment for a visual diagnosis. There are also prototypes
of lighting systems and photo equipment with cameras. The laboratory is also
equiped with a server for Croatian system for tracking meteorites with an exter-
nal camera that continuously records the night sky. One of important projects at
this chair lead by prof.dr.sc. Zeljko Hocenski is the technology transfer project of
CVS-computer vision station prototype for biscuit tiles quality control in 2016 as
a part of the EU FP-7 project TETRACOM that gathers 32 scientific institution
under RWTH University of Aachen as coordinator and Keramika Modus Ltd.
from Orahovica as an industrial partner. The research at the Chair of Computer
Engineering covers also: Modeling of lighting system of robotic vision, parallel
image processing using FPGA, the person identification by iris image and the
SONAR image processing using parallel algorithms and CUDA technology with
University of applied sciences Bremen.

Current Research in Image Processing and Computer Vision at
FESB

D. Gotovac, S. Kružić

University of Split, Croatia

Research groups on Computational and Information Systems and Computer In-
telligence in Recognition and Support of Human Activities are currently working
on several topics relating to image processing and computer vision. Overview
of the research results as well as future challenges in aerial surveillance and de-
tection for Search and Rescue operation will be presented. More detailed, fast
mapping of images for production of updated GIS maps and its benefits to SAR
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application will be explained. Also, development of novel document classification
system for Financial Agency (FINA) and its basic hypothesis and used methods
will be included in this overview.
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