
VISIGRAPP 2020
15th International Joint Conference on Computer Vision,
 Imaging and Computer Graphics Theory and Applications

PROCEEDINGS

Volume 3: IVAPP

Valletta, Malta

27-29 February, 2020

EDITOR

Andreas Kerren
Christophe Hurter 
Jose Braz

http://www.visigrapp.org

DigitAl LIBRARY

PAPERS AVAILABLE ATSPONSORED BY



VISIGRAPP 2020
Proceedings of the

15th International Joint Conference on
Computer Vision, Imaging and Computer Graphics

Theory and Applications

Volume 3: IVAPP

Valletta - Malta

February 27 - 29, 2020

Sponsored by
INSTICC - Institute for Systems and Technologies of Information, Control and Communication

In Cooperation with
AFIG - French Association for Computer Graphics

EUROGRAPHICS - European Association for Computer Graphics



Copyright © 2020 by SCITEPRESS – Science and Technology Publications, Lda.
All rights reserved

Edited by Andreas Kerren, Christophe Hurter and Jose Braz

Printed in Portugal

ISSN: 2184-4321

ISBN: 978-989-758-402-2

Depósito Legal: 463498/19

http://www.ivapp.visigrapp.org

ivapp.secretariat@insticc.org



BRIEF CONTENTS
INVITED SPEAKERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IV

ORGANIZING COMMITTEES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . V

PROGRAM COMMITTEE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VI

AUXILIARY REVIEWERS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VII

SELECTED PAPERS BOOK . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . VII

FOREWORD . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . IX

CONTENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . XI

III



INVITED SPEAKERS
Matthias Niessner

Technical University of Munich
Germany

Anthony Steed
University College London

United Kingdom

Alan Chalmers
University of Warwick

United Kingdom

Helen Purchase
University of Glasgow

United Kingdom

IV



ORGANIZING COMMITTEES

CONFERENCE CHAIR

Jose Braz, Escola Superior de Tecnologia de Setúbal, Portugal

PROGRAM CO-CHAIRS

Andreas Kerren, Linnaeus University, Sweden
Christophe Hurter, French Civil Aviation University (ENAC), France

AREA CO-CHAIRS

Jan-Henrik Haunert, University of Bonn, Germany
Stefan Jänicke, University of Southern Denmark, Odense, Denmark

Romain Vuillemot, LIRIS, France

LOCAL CHAIRS

Sandro Spina, University of Malta, Malta
Keith Bugeja, University of Malta, Malta

SECRETARIAT

Beatriz Seves, INSTICC, Portugal

GRAPHICS PRODUCTION AND WEBDESIGNER

André Poeira, INSTICC, Portugal

WEBMASTER

Carolina Ribeiro, INSTICC, Portugal
João Francisco, INSTICC, Portugal

V



PROGRAM COMMITTEE
Alfie Abdul-Rahman, King’s College London,
United Kingdom

George Baciu, The Hong Kong Polytechnic
University, Hong Kong

Juhee Bae, University of Skovde, Sweden

Maria Beatriz Carmo, Universidade de Lisboa,
Portugal

Ayan Biswas, Los Alamos National Laboratory,
United States
David Borland, University of North Carolina at
Chapel Hill, United States

Romain Bourqui, University of Bordeaux, France

Massimo Brescia, Istituto Nazionale di
AstroFisica, Italy

Chris Bryan, Arizona State University,
United States
Michael Burch, Eindhoven University of
Technology, Netherlands

Guoning Chen, University of Houston,
United States
Yongwan Chun, University of Texas at Dallas,
United States
António Coelho, Faculdade de Engenharia da
Universidade do Porto, Portugal

Danilo B. Coimbra, Federal University of Bahia,
Brazil
Christoph Dalitz, Niederrhein University of
Applied Sciences, Germany

Robertas Damasevicius, Kaunas University of
Technology, Lithuania

Mihaela Dinsoreanu, Technical University of
Cluj-Napoca, Romania

Georgios Dounias, University of the Aegean,
Greece
Soumya Dutta, Los Alamos National Laboratory,
United States
Achim Ebert, University of Kaiserslautern,
Germany

Danilo Eler, São Paulo State University, Brazil

Kathrin Feige, Deutscher Wetterdienst, Germany

Maria Cristina Ferreira de Oliveira, University of
São Paulo, ICMC, Brazil

Enrico Gobbetti, CRS4, Italy

Randy Goebel, University of Alberta, Canada

Martin Graham, University of Edinburgh,
United Kingdom

Robert Haining, Cambridge University,
United Kingdom

Jan-Henrik Haunert, University of Bonn,
Germany

Christian Heine, Universität Leipzig, Germany

Torsten Hopp, Karlsruhe Institute of Technology,
Germany

Jie Hua, University of Technology Sydney,
Australia
Jusufi Ilir, Linnaeus University, Sweden

Takayuki Itoh, Ochanomizu University, Japan

Stefan Jänicke, University of Southern Denmark,
Odense, Denmark
Bernhard Jenny, Monash University, Australia

Mark Jones, Swansea University, United Kingdom

Daniel Jönsson, Linköping University, Sweden

Bijaya Karki, Louisiana State University,
United States
Sehwan Kim, WorldViz LLC, United States

Steffen Koch, Universität Stuttgart, Germany

Martin Kraus, Aalborg University, Denmark

Michael Krone, University of Tübingen, Germany

Denis Lalanne, University of Fribourg, Switzerland

Haim Levkowitz, University of Massachusetts,
Lowell, United States
Giuseppe Liotta, University of Perugia, Italy

Rafael Martins, Linnaeus University, Sweden

Krešimir Matkovic, VRVis Research Center,
Austria
Eva Mayr, Danube University Krems, Austria

Wouter Meulemans, TU Eindhoven, Netherlands

Kazuo Misue, University of Tsukuba, Japan

Martin Nöllenburg, TU Wien, Austria

VI



Luis Nonato, Universidade de Sao Paulo, Brazil

Ingela Nystrom, Uppsala University, Sweden

Steffen Oeltze-Jafra,
Otto-von-Guericke-Universität Magdeburg,
Germany

Benoît Otjacques, Luxembourg Institute of
Science and Technology (LIST), Luxembourg

Jinah Park, KAIST, Korea, Republic of

Fernando Paulovich, Dalhousie University,
Canada
Torsten Reiners, Curtin University, Australia

Philip Rhodes, University of Mississippi,
United States
Patrick Riehmann, Bauhaus-Universitaet Weimar,
Germany

Maria Riveiro, University of Skövde, Sweden

Adrian Rusu, Fairfield University, United States

Filip Sadlo, Heidelberg University, Germany

Beatriz Santos, University of Aveiro, Portugal

Giuseppe Santucci, University of Roma, Italy

Angel Sappa, ESPOL Polytechnic University
(Ecuador) and Computer Vision Center (Spain),
Spain

Falk Schreiber, University of Konstanz, Germany
and Monash University Melbourne, Germany

Marcos Serrano, Toulouse University, France

Celmar Silva, University of Campinas, Brazil

Juergen Symanzik, Utah State University,
United States
Roberto Theron, Universidad de Salamanca, Spain

Christian Tominski, University of Rostock,
Germany

Thomas van Dijk, University of Würzburg,
Germany

Romain Vuillemot, LIRIS, France

Yunhai Wang, Shandong University, China

Gunther Weber, Lawrence Berkeley National
Laboratrory/UC Davis, United States

Zeng Wei, Shenzhen Institutes of Advanced
Technology, Chinese Academy of Sciences, China

Jinrong Xie, eBay Inc, United States

Hsu-Chun Yen, National Taiwan University,
Taiwan, Republic of China

Lina Yu, Intel Corporation, United States

Jianping Zeng, Microsoft, United States

Yue Zhang, Oregon State University, United States

AUXILIARY REVIEWERS
Subhajit Chakrabarty, University of
Massachusetts Lowell, United States

Paulo Dias, Universidade de Aveiro, Portugal

SELECTED PAPERS BOOK

A number of selected papers presented at IVAPP 2020 will be published by Springer in a CCIS Series book.
This selection will be done by the Conference Chair and Program Co-chairs, among the papers actually
presented at the conference, based on a rigorous review by the IVAPP 2020 Program Committee members.

VII





FOREWORD

This book contains the proceedings of the 15th International Joint Conference on Computer Vision, Imaging
and Computer Graphics Theory and Applications (VISIGRAPP 2020) which was organized and sponsored
by the Institute for Systems and Technologies of Information, Control and Communication (INSTICC), in
cooperation with the ACM Special Interest Group on Computer Human Interaction (SIGCHI), the French
Association for Computer Graphics (AFIG), the EUROGRAPHICS Portuguese Chapter, the European As-
sociation for Computer Graphics (EUROGRAPHICS) and the Society for Imaging Science and Technology
(IS&T).

The proceedings here published demonstrate new and innovative solutions and highlight technical problems
in each field that are challenging and worthy of being disseminated to the interested research audiences.

VISIGRAPP 2020 was organized to promote a discussion forum about the conference’s research topics be-
tween researchers, developers, manufacturers and end-users, and to establish guidelines in the development
of more advanced solutions.

We received a high number of paper submissions for this edition of VISIGRAPP, 455 in total, with con-
tributions from 58 countries. This attests to the success and global dimension of VISIGRAPP. To evaluate
each submission, we used a hierarchical process of double-blind evaluation where each paper was reviewed
by two to six experts from the International Program Committee (IPC).

The IPC selected for oral presentation and for publication as full papers 16 papers from GRAPP, 8 from
HUCAPP, 9 papers from IVAPP, and 46 papers from VISAPP, which led to a result for the full-paper accep-
tance ratio of 17% and a high-quality program. Apart from the above full papers, the conference program
also features 118 short papers and 109 poster presentations. We hope that these conference proceedings,
which are submitted for indexation by Thomson Reuters Conference Proceedings Citation Index, SCOPUS,
DBLP, Semantic Scholar, Google Scholar, EI and Microsoft Academic, will help the Computer Vision,
Imaging, Visualization, Computer Graphics and Human-Computer Interaction communities to find interest-
ing research work. Moreover, we are proud to inform that the program also includes four plenary keynote
lectures, given by internationally distinguished researchers, namely Matthias Niessner (Technical Univer-
sity of Munich, Germany), Anthony Steed (University College London, United Kingdom), Alan Chalmers
(University of Warwick, United Kingdom) and Helen Purchase (University of Glasgow, United Kingdom),
thus contributing to increase the overall quality of the conference and to provide a deeper understanding of
the conference’s interest fields.

Furthermore, a short list of the presented papers will be selected to be extended into a forthcoming book of
VISIGRAPP Selected Papers to be published by Springer during 2020 in the CCIS series. Moreover, a short
list of presented papers will be selected for publication of extended and revised versions in a special issue
of the open access Information Journal (IVAPP), a special issue of the Pattern Recognition and Artificial
Intelligence Journal (VISAPP) and a special issue of The Visual Computer journal (GRAPP and HUCAPP).
All papers presented at this conference will be available at the SCITEPRESS Digital Library. Three awards
are delivered at the closing session, to recognize the best conference paper, the best student paper and the
best poster for each of the four conferences. There is also an award for best industrial paper to be delivered
at the closing session for HUCAPP and VISAPP.

We would like to express our thanks, first of all, to the authors of the technical papers, whose work and
dedication made it possible to put together a program that we believe to be very exciting and of high technical
quality. Next, we would like to thank the Area Chairs, all the members of the program committee and
auxiliary reviewers, who helped us with their expertise and time. We would also like to thank the invited
speakers for their invaluable contribution and for sharing their vision in their talks. Special thanks should
be addressed to the INSTICC Steering Committee whose invaluable work made this event possible.

We wish you all an exciting conference and an unforgettable stay in Valletta, Malta. We hope to meet you
again for the next edition of VISIGRAPP, details of which are available at http://www. visigrapp.org.
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Semantic 3D Scene Understanding in RGB-D Scans

Matthias Niessner
Technical University of Munich, Germany

Abstract: In this talk, I will cover our latest research on 3D reconstruction and semantic scene understanding. To this
end, we use modern machine learning techniques, in particular deep learning algorithms, in combination with
traditional computer vision approaches. Specifically, I will talk about real-time 3D reconstruction using RGB-
D sensors, which enable us to capture high-fidelity geometric representations of the real world. In a new line
of research, we use these representations as input to 3D Neural Networks that infer semantic class labels and
object classes directly from the volumetric input. In order to train these data-driven learning methods, we
introduce several annotated datasets, such as ScanNet and Matterport3D, that are directly annotated in 3D and
allow tailored volumetric CNNs to achieve remarkable accuracy. In addition to these discriminative tasks, we
put a strong emphasis on generative models. For instance, we aim to predict missing geometry in occluded
regions, and obtain completed 3D reconstructions with the goal of eventual use in production applications.
We believe that this research has significant potential for application in content creation scenarios (e.g., for
Virtual and Augmented Reality) as well as in the field of Robotics where autonomous entities need to obtain
an understanding of the surrounding environment.

BRIEF BIOGRAPHY

Dr. Matthias Nießner is a Professor at the Techni-
cal University of Munich where he leads the Visual
Computing Lab. Before, he was a Visiting Assis-
tant Professor at Stanford University. Prof. Nießner’s
research lies at the intersection of computer vision,
graphics, and machine learning, where he is particu-
larly interested in cutting-edge techniques for 3D re-
construction, semantic 3D scene understanding, video
editing, and AI-driven video synthesis. In total,
he has published over 70 academic publications, in-
cluding 22 papers at the prestigious ACM Transac-
tions on Graphics (SIGGRAPH / SIGGRAPH Asia)
journal and 18 works at the leading vision confer-
ences (CVPR, ECCV, ICCV); several of these works
won best paper awards, including at SIGCHI’14,
HPG’15, SPG’18, and the SIGGRAPH’16 Emerg-
ing Technologies Award for the best Live Demo.
Prof. Nießner’s work enjoys wide media coverage,
with many articles featured in main-stream media
including the New York Times, Wall Street Jour-
nal, Spiegel, MIT Technological Review, and many
more, and his was work led to several TV appear-
ances such as on Jimmy Kimmel Live, where Prof.
Nießner demonstrated the popular Face2Face tech-
nique; Prof. Nießner’s academic Youtube channel
currently has over 5 million views. For his work, Prof.
Nießner received several awards: he is a TUM-IAS

Rudolph Moessbauer Fellow (2017 – ongoing), he
won the Google Faculty Award for Machine Percep-
tion (2017), the Nvidia Professor Partnership Award
(2018), as well as the prestigious ERC Starting Grant
2018 which comes with 1.500.000 Euro in research
funding; in 2019, he received the Eurographics Young
Researcher Award honoring the best upcoming graph-
ics researcher in Europe. In addition to his academic
impact, Prof. Nießner is a co-founder and director of
Synthesia Inc., a brand-new startup backed by Marc
Cuban, whose aim is to empower storytellers with
cutting-edge AI-driven video synthesis.

Niessner, M.
Semantic 3D Scene Understanding in RGB-D Scans.
In Proceedings of the 15th International Joint Conference on Computer Vision, Imaging and Computer Graphics Theory and Applications (VISIGRAPP 2020) - Volume 3: IVAPP, page 5
ISBN: 978-989-758-402-2
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The Computing Challenges of Mixed-Reality

Anthony Steed
University College London, United Kingdom

Abstract: The broad area of mixed-reality (MR) systems, which include augmented reality, virtual reality and related
real-time systems, poses new challenges to computing. In this talk, I will highlight some of the computing
trends that have enabled current consumer systems, and highlight where requirements for future systems will
take us. I will use our own work on ultra-low latency rendering hardware and low-latency networking to
illustrate how the quality of the experience is affected by highly real-time machine performance. We will then
take these results and extrapolate to describe potential systems that we do not yet know how to build and that
will require new hardware and algorithms.

BRIEF BIOGRAPHY

Anthony Steed is Head of the Virtual Environments
and Computer Graphics group at University College
London. He has over 25 years’ experience in devel-
oping virtual reality and other forms of novel user in-
terface system. He has long been interested in creat-
ing effective immersive experiences. While originally
most of his work considered the engineering of dis-
plays and software, more recently it has focussed on
user engagement in virtual reality, embodied cogni-
tion and the general problem of how to create more
effective experiences through careful design of the
immersive interface. He received the IEEE VGTC’s
2016 Virtual Reality Technical Achievement Award.
Prof. Steed is the main author of the recent book
”Networked Graphics: Building Networked Graphics
and Networked Games”. He is currently very inter-
ested in tele-collaboration using mixed-reality. Prof.
Steed has been involved in a variety of knowledge
transfer activities, including four start-up companies.
The most recent is Chirp (chirp.io), which focuses on
a problem of co-located interaction in noisy spaces by
using sound as data transport.

Steed, A.
The Computing Challenges of Mixed-Reality.
In Proceedings of the 15th International Joint Conference on Computer Vision, Imaging and Computer Graphics Theory and Applications (VISIGRAPP 2020) - Volume 3: IVAPP, page 7
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High Dynamic Range: Where to next?

Alan Chalmers
WMG, University of Warwick, United Kingdom

Abstract: High Dynamic Range (HDR) technology has come a long way in the last 20 years. From the first prototype
HDR display in 2004, many consumer televisions now boast that they are HDR, while others claim to be “HDR
ready”. A significant challenge to the widespread uptake of HDR technology and HDR video in particular,
has been the lack of content. While HDR image capture has been available on mobile phones for a number of
years, commercial HDR video cameras capable of capturing at 30fps the full range of light a human can see
in a scene, and more, still remain elusive. Despite this, whereas HDR was the “hot topic” at major broadcast
shows, such as NAB and IBC, in the last year, HDR was hardly mentioned at all. Furthermore, worryingly,
HDR is now considered a “solved problem”. This makes it very difficult for researchers to acquire the funding
that they need to continue their work. If you simply, arbitrarily state that HDR technology is that which
has a peak brightness of 1,000cd/m2, as many have done, then you can indeed conclude that HDR has been
achieved. However, “true HDR”, has long been defined to mean the difference between the lightest and the
darkest region in a scene is at least 216:1, approximately what the eye can see in a scene with no adaptation.
This talk will consider how the term “HDR” has been misused to further commercial interests, and highlight
many of the challenges that still remain if “true HDR” is to ever be achieved.

BRIEF BIOGRAPHY

Alan Chalmers is a Professor of Visualisation at
WMG, University of Warwick, UK and a former
Royal Society Industrial Fellow. He has an MSc with
distinction from Rhodes University, 1985 and a PhD
from University of Bristol, 1991. He is Honorary
President of Afrigraph and a former Vice President
of ACM SIGGRAPH. Chalmers has published over
250 papers in journals and international conferences
on HDR, high-fidelity virtual environments, multi-
sensory perception, parallel processing and virtual ar-
chaeology and successfully supervised 48 PhD stu-
dents. In addition, Chalmers is a UK representative
on IST/37 considering standards within MPEG and a
Town Councillor for Kenilworth where he lives.

Chalmers, A.
High Dynamic Range: Where to next?.
In Proceedings of the 15th International Joint Conference on Computer Vision, Imaging and Computer Graphics Theory and Applications (VISIGRAPP 2020) - Volume 3: IVAPP, page 9
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Experimental Pitfalls

Helen Purchase
University of Glasgow, United Kingdom

Abstract: We all run experiments to prove the value of what we do and to try to persuade others that our visualisations are
not just pretty but have a useful function outside the research team. But designing and conducting experiments
is full of pitfalls: equipment failure, limited participant pool, confounding factors, incomplete data etc. And
results are often uncertain and always limited. In my 20 years of running experiments, I have made numerous
mistakes - I estimate that I have thrown away about as much data as I have published. In this talk, I discuss
some of my failures, highlighting the things that went wrong. As part of this, I discuss the value of conducting
follow-on experiments, and some tricky statistical analysis issues to consider.

BRIEF BIOGRAPHY

Helen C. Purchase is Senior Lecturer in the School
of Computing Science at the University of Glasgow.
While her main interest is the evaluation of the visual
presentation of graphs, she also takes part in several
empirical research projects investigating a variety of
different visual stimuli. She has published several pa-
pers in the area of computer science education and
educational technology.
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