VMV 2020

Vision, Modeling, and Visualization

University of Tiibingen, Germany (Virtual Meeting)
September 28 — October 1, 2020

General Chair
Hendrik Lensch (University of Tiibingen)

Program Chairs
Jens Kriiger (University of Duisburg-Essen)
Matthias Niessner (TU Munich)
Jorg Stiickler (MPI-IS Tiibingen)

Proceedings Production Editor
Dieter Fellner (TU Darmstadt & Fraunhofer IGD, Germany)

In cooperation with the Eurographics Association

delivered by

-G EUROGRAPHICS
= DIGITAL LIBRARY

DOI: 10.2312/vmv.20202018 www.eg.org diglib.eg.org



https://doi.org/10.2312/vmv.20202018

This work is subject to copyright.

All rights reserved, whether the whole or part of the material is concerned, specifically those of translation,
reprinting, re-use of illustrations, broadcasting, reproduction by photocopying machines or similar means,
and storage in data banks.

Copyright ©2020 by the Eurographics Association
Postfach 2926, 38629 Goslar, Germany

Published by the Eurographics Association

—Postfach 2926, 38629 Goslar, Germany—

in cooperation with

Institute of Computer Graphics & Knowledge Visualization at Graz University of Technology
and

Fraunhofer IGD (Fraunhofer Institute for Computer Graphics Research), Darmstadt

ISBN 978-3-03868-123-6

The electronic version of the proceedings is available from the Eurographics Digital Library at
https://diglib.eg.org



Table of Contents

Table Of CONLENLS . .. ..ottt et et e e e ettt e et e e e e e iii
P ace . e v
Partners and SPONSOTS . . ... ...ttt ettt e e e e e vi
International Program COMIMILIEE . . . . ... ...ttt ettt e ettt et e e eaee e viii
AUthOr INdeX . . o ..o e ix
Keynotes and Invited Talks .. ... ... e e e e X

Rendering and Modeling

A Compact Patch-Based Representation for Technical Mesh Models .............. ... ..., 1
Lars Kammann, Stefan Menzel, and Mario Botsch

Multi-Layer Alpha TraCing . ... ...ttt e e e 9
Felix Briill and Thorsten Grosch

Portal-Based Path Perturbation for Metropolis Light Transport .............. .. 19
Hisanari Otsu, Johannes Hanika, and Carsten Dachsbacher

Segmentation and Matching

Segmenting Computer-Tomographic Scans of Ancient Clay Artefacts for Visual Analysis of Cuneiform
INSCIIPHIONS . . o e ettt ettt e e e et e e e e e e e e e e e e e e 29
Tim Rolff, Marc Rautenhaus, Stephan Olbrich, and Simone Frintrop

WLD: A Wavelet and Learning based Line Descriptor for Line Feature Matching ........................... 39
Manuel Lange, Claudio Raisch, and Andreas Schilling

Interactive Visualization

Visualization Aided Interface ReCONSIIUCHION . ... ...ttt e e e et e 47
Dominik Penk, Jonas Miiller, Peter Felfer, Roberto Grosso, and Marc Stamminger

Visualization Framework for Assisting Interface Optimization of Hybrid Component Design ................. 57
Vanessa Kretzschmar, Christina Gillmann, Fabian Giinther, Markus Stommel, and Gerik Scheuermann

Data Transformation

Visualizing Sets and Changes in Membership Using Layered Set Intersection Graphs ........................ 69
Shivam Agarwal, Gleb Tkachev, Michel Wermelinger, and Fabian Beck

Interactive Generation of 1D Embeddings from 2D Multi-dimensional Data Projections ..................... 79
Quynh Quang Ngo and Lars Linsen



Table of Contents

Data Reconstruction from Colored Slice-and-Dice Treemaps . .........ovuiiuieteenniiiiiiieeeennnnn

Markus Henkel, Volker Knauthe, Tatiana von Landesberger, and Stefan Guthe

Flow Visualization

Static Visualization of Unsteady Flows by Flow Steadification .................. ... . iiiiiiiiea..

Steve Wolligandt, Thomas Wilde, Christian Rossl, and Holger Theisel

Partial Matching of Trajectories with Particle Orientation for Exploratory Trajectory Visualization .........

Franziska Kahlert and Stefan Gumhold

Practical Visualization

A Design and Application Space for Visualizing User Sessions of Virtual and Mixed Reality Environments ..

Shivam Agarwal, Jonas Auda, Stefan Schneegaf3, and Fabian Beck

Real-time High-resolution VisualiSation ... ..............uuuttieemniiit ettt enaiiens

Florian Frief3, Christoph Miiller, and Thomas Ertl

Visual Exploration of Cultural Heritage Collections with Linked Spatiotemporal, Shape and Metadata

Y/ T2~

Stefan Lengauer, Alexander Komar, Stephan Karl, Elisabeth Trinkl, Reinhold Preiner, and Tobias Schreck



Preface

These proceedings include the contributions to the international Symposium on Vision, Modeling, and
Visualization 2020. It is the 25th anniversary of this series. The contributions cover the following topics:

e Practical and Interactive Visualization
e Flow Visualization

e Segmentation and Matching

e Rendering and Modeling

The VMV 2020 symposium has been organized by the Computer Graphics Group at the University of
Tiibingen with the Gesellschaft fiir Informatik (GI), and the European Association for Computer Graphics
(Eurographics). Due to the COVID-19 situation the VM V2020 is carried out as a virtual meeting.
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Keynote

Man against Virus — New Needs for Visual Computing and Visual Communication

Hans-Christian Hege

Zuse Institute Berlin, Germany

Abstract

The fundamental lesson we have learned from the Covid 19 pandemic is that we need to take the threat
posed by viruses or, more generally, by infectious disease triggers more seriously than was commonly
believed. Science, politics, industry and society have responded to the threat of the SARS-CoV-2 virus in
a remarkable way. Many scientific disciplines have contributed their knowledge and methods to answer
the countless new questions and find suitable strategies for dealing with the virus.

Visualization, visual communication and visual computing played a very important role in this process:
both in analyzing data and communicating facts, and both with experts and the general public as end
users. This applies to topics like the course of the pandemic, infection control measures, therapeutic
improvements as well as the search for and evaluation of drugs and vaccines. Not to mention the network-
based multimedia technologies that made it possible to communicate and interact regardless of location,
thus making a significant contribution to problem solving. In the lecture I will present the manifold benefits
of visualization techniques and address specific new challenges that are now emerging with regard to the
prevention and management of epidemics.

Biographical Note

Hans-Christian Hege is head of the Visual Data Analysis Group at Zuse Institute Berlin (ZIB). After
studying physics and mathematics, he performed research in computational physics and quantum field
theory at Freie Universitidt Berlin (1984-1989). Then, he joined ZIB, initially as a scientific consultant for
high-performance computing, and then as head of the Department Scientific Visualization (now: Visual
and Data-Centric Computing), which he started to build up in 1991. His group performs research in
visual data analysis and develops visualization software such as Amira/Avizo. He is also the co-founder
of Mental Images (1986) — now NVIDIA Advanced Rendering Center —, Indeed-Visual Concepts (1999)
—now Visage Imaging —, and Lenné3D (2005). He has taught as guest professor at Universitat Pompeu
Fabra, Barcelona, and as honorary professor at the German Film School (University for Digital Media
Production) / Film School Babelsberg. His research interests include visual computing and applications
in life sciences, natural sciences and digital humanities. He is a member of ACM, IEEE, Eurographics
(elected fellow since 2016), GI, DPG and CURAC.



Keynote

Towards Photorealism

Viadlen Koltun
Intel, Santa Clara, USA

Biographical Note

Vladlen Koltun is the Chief Scientist for Intelligent Systems at Intel. He directs the Intelligent Systems
Lab, which conducts high-impact basic research in computer vision, machine learning, robotics, and re-
lated areas. He has mentored more than 50 PhD students, postdocs, research scientists, and PhD student
interns, many of whom are now successful research leaders.



Keynote

Generative Models for Image Synthesis

Jan Kautz
NVIDIA, Boston, USA

Abstract

Recent progress in generative models and particularly generative adversarial networks (GANs) has been
remarkable. They have been shown to excel at image synthesis as well as image-to-image translation
problems. I will present a number of our recent methods in this space, which, for instance, can translate
images from one domain (e.g., day time) to another domain (e.g., night time) in an unsupervised fashion,
synthesize completely new images, and even learn to turn label masks into realistic images.

Biographical Note

Jan leads the Learning & Perception Research team at NVIDIA, working predominantly on computer
vision and machine learning problems — from low-level vision (denoising, super-resolution, computa-
tional photography), geometric vision (structure from motion, SLAM, optical flow) to high-level vision
(detection, recognition, classification), as well as fundamental machine learning algorithms. Before join-
ing NVIDIA in 2013, Jan was a tenured faculty member at University College London. He holds a BSc
in Computer Science from University of Erlangen-Niirnberg (1999), an MMath from the University of
Waterloo (1999), received his PhD from the Max-Planck-Institut fiir Informatik (2003), and worked as a
post-doc at the Massachusetts Institute of Technology (2003-2006).



Invited Talk

Visualizing Motion: From Points to Fields

Tobias Giinther

Abstract

Descriptions of motion are found everywhere in graphics, whether it is in computer animation, physics
simulation, for optical flow, or in scientific visualization. The common denominator in all of the above is
the mathematical language used to describe motion, namely differential equations. In this talk, we discuss
how visualization can help us to analyze motion. We begin with a brief introduction into the mathematical
modeling of trajectories and their visualization through phase portraits. We then see how optimizations
can be used to lower the dimensionality of phase spaces. Afterwards, we move from dynamical systems
containing point objects to the visualization of continuous fields in motion, such as fluids.

Biographical Note

Tobias Giinther is a professor for Visual Computing at the Friederich-Alexander-University Erlangen-
Niirnberg, Germany. His research concentrates on the development of novel algorithms and techniques
for large-scale exploration of scientific data, optimization-based feature extraction, applications of ma-
chine learning, and rendering both in real-time and offline. He collaborates with domain scientists from
various disciplines, including meteorology, climate science, biology, cosmology, architecture, sports, and
engineering. He received his PhD from University of Magdeburg and was a postdoc at ETH Zurich.



Invited Talk

In Defense of One-shot Fine-tuning for Video Object Segmentation

Laura Leal-Taixe

Abstract

Video Object Segmentation (VOS) is the task of segmenting a set of objects in all the frames of a video.
In the semi-supervised setting, the first frame mask of each object of interest is provided at test time.
Many VOS approaches follow the one-shot principle and separately fine-tune a segmentation model to
each object’s given mask. However, recent VOS methods refrain from such a test time optimization as it
is considered to suffer from several shortcomings including a high test runtime.

In this talk, I will present the efficient One-Shot Video Object Segmentation (e-OSVOS) framework. In
contrast to most VOS approaches, e-OSVOS decouples the object detection task and only predicts local
segmentation masks by applying a modified version of Mask R-CNN. The one-shot test runtime and
performance are optimized without a laborious and handcrafted hyperparameter search. To this end, we
meta learn the model initialization and learning rates for the test time optimization. We address the issue of
degrading performance over the course of the sequence by continuously fine-tuning the model on previous
mask predictions supported by a bounding box propagation. The state-of-the-art results of e-OSVOS will
hopefully convince you to give one-shot finetuning methods another look.

Biographical Note

Prof. Dr. Laura Leal-Taixé€ is a tenure-track professor at the Technical University of Munich, leading the
Dynamic Vision and Learning group. Before that, she spent two years as a postdoctoral researcher at
ETH Zurich, Switzerland, and a year as a senior postdoctoral researcher in the Computer Vision Group
at the Technical University in Munich. She obtained her PhD from the Leibniz University of Hannover
in Germany, spending a year as a visiting scholar at the University of Michigan, Ann Arbor, USA. She
pursued B.Sc. and M.Sc. in Telecommunications Engineering at the Technical University of Catalonia
(UPC) in her native city of Barcelona. She went to Boston, USA to do her Masters Thesis at Northeastern
University with a fellowship from the Vodafone foundation. She is a recipient of the Sofja Kovalevskaja
Award of 1.65 million euros as well as a Google Faculty Award.



Invited Talk

Enhancing User Models Through Visual Scanpath Analysis

Enkelejda Kasneci

Abstract

Our sense of sight allows us to take in the vast information of the world around us. We perceive visual input
based on a mixture of salient and contextual features. Our eyes move to process the way these features
draw our attention. This pattern of fixations and saccades is known as the scanpath and is reflective of
tasks, expertise, and even emotion. Since scanpaths convey a multitude of cognitive aspects, scanpath
comparison and machine learning approaches that use scanpaths provides models for many applications.
Our research furthers work in robust scanpath analysis using machine learning methods and recently
integrating deep learning for semantic understanding of a scene. This talk will first discuss the potential of
efficient scanpath analysis for user modeling and provide an overview of state-of-the-art methodology for
gaze behavior analysis coupled with scene semantics. Results and visualizations are based on challenging
examples of user modeling from real-world tasks.

Biographical Note

Enkelejda Kasneci is a Professor of Computer Science at the University of Tiibingen, Germany, where
she leads the Human-Computer Interaction Lab. As a BOSCH scholar, she received her M.Sc. degree
in Computer Science from the University of Stuttgart in 2007. In 2013, she received her PhD in Com-
puter Science from the University of Tiibingen. For her PhD research, she was awarded the research
prize of the Federation Stidwestmetall in 2014. From 2013 to 2015, she was a postdoctoral researcher
and a Margarete-von-Wrangell Fellow at the University of Tiibingen. Her research evolves around the
application of machine learning for intelligent and perceptual human-computer interaction. She served
as academic editor for PlosOne and as a TPC member and reviewer for several major conferences and
journals.



Invited Talk

Machine Learning meets Visualization

Michael Sedlmaier

Abstract

Based on our experience conducting projects at the intersection of machine learning (ML) and interactive
visualization (Vis), my talk will reflect on and discuss the current relation between these two areas. For
that purpose, the talk’s structure will follow two main streams. First, I will talk about Vis for ML, that is,
the idea that visualization can help machine learning researchers and practitioners gain interesting insights
into their models. In the second part, I will then turn the relationship around and discuss how ML for Vis
can guide visualization designers and analysts towards interesting visual patterns in the data. The talk will
conclude with research challenges that lie ahead of us and that will pave the way for future interfaces
between humans and data.

Biographical Note

Michael Sedlmair is a junior professor at the University of Stuttgart, where he works at the intersection
of human-computer interaction, visualization, and data analysis. Previously, Michael has worked at Ja-
cobs University Bremen, University of Vienna, University of British Columbia, University of Munich
(where he got his PhD), and the BMW Group Research and Technology. He also holds visiting positions
at theVienna University of Technology, and the Shandong University. His interests focus on information
visualization, interactive machinelearning, virtual and augmented reality, as well as the research andeval-
uation methodologies underlying them.



Invited Talk

An Introduction to Physically Based Differentiable Rendering

Wenzel Jakob

Abstract

Progress on differentiable rendering over the last two years has been remarkable, making these methods a
serious contender for solving truly hard inverse problems in computer graphics and beyond. In this talk, I
will give an overview of physically based differentiable rendering and its fascinating applications, as well
as future challenges in this rapidly evolving field.

Biographical Note

Wenzel Jakob is an assistant professor at EPFL’s School of Computer and Communication Sciences, and
is leading the Realistic Graphics Lab (https://rgl.epfl.ch/). His research interests revolve around inverse
graphics, material appearance modeling and physically based rendering algorithms. Wenzel is the recip-
ient of the ACM SIGGRAPH Significant Researcher award the Eurographics Young Researcher Award,
and an ERC Starting Grant. He is also the lead developer of the Mitsuba renderer, a research-oriented ren-
dering system, and one of the authors of the third edition of “Physically Based Rendering: From Theory
To Implementation”. (http://pbrt.org/)



