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Abstract

Computer graphics have become an integral part of our daily lives, enabling im-
mersive experiences in movies, video games, virtual reality, and augmented reality.
However, the various stages of the computer graphics pipeline, from content genera-
tion to rendering and display, present their own challenges that can reduce visual
quality and thus degrade the overall experience. Perceptual metrics are crucial for
evaluating visual quality. However, many existing methods have limitations in repro-
ducing human perception accurately, as they must account for the complexities of
the human visual system. This dissertation aims to tackle these issues by proposing
innovative advancements across different pipeline stages. Firstly, it introduces a novel
neural-based visibility metric to improve the assessment of near-threshold image
distortions. Secondly, it addresses shortcomings of the mesh quality metrics, vital
for enhancing the integrity of three-dimensional models. Thirdly, the dissertation
focuses on optimizing the visual quality of animated content while considering dis-
play characteristics and a limited rendering budget. Finally, the work delves into the
challenges specific to stereo vision in a virtual reality setting. The ultimate objective is
to enable the creation of more efficient and automated designs for virtual experiences,
benefiting fields like entertainment and education. Through these contributions,
this research seeks to elevate the standard of visual quality in computer graphics,
enriching the way we interact with virtual worlds.
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Zusammenfassung

Computergrafik ist zu einem integralen Bestandteil unseres täglichen Lebens gewor-
den und ermöglicht immersive Erlebnisse in Filmen, Videospielen, virtueller und
erweiterter Realität. Allerdings stellen die verschiedenen Phasen der Computergrafik-
Pipeline, angefangen vom Erstellen von Inhalten bis hin zu deren Rendering und
Anzeige, ihre eigenen Herausforderungen dar, die die visuelle Qualität beeinträchti-
gen und somit das Gesamterlebnis negative beeinträchtigen können. Perzeptions-
metriken sind entscheidend für die Bewertung der visuellen Qualität. Viele beste-
hende Methoden haben jedoch ihre Grenzen bei der genauen Wiedergabe der men-
schlichen Wahrnehmung, da sie die Komplexität des menschlichen visuellen Systems
berücksichtigen müssen. Diese Dissertation zielt darauf ab, diese Probleme zu lösen,
indem sie innovative Fortschritte in verschiedenen Phasen der Pipeline vorschlägt.
Zunächst wird eine neuartige, neuronale Sichtbarkeitsmetrik vorgestellt, um die
Beurteilung von Bildverzerrungen nahe der Wahrnehmungsschwelle zu verbessern.
Zweitens werden Schwächen von Mesh-Qualitätsmetriken behoben, die für verz-
errungsfreie dreidimensionale Modelle von entscheidender Bedeutung sind. Drit-
tens konzentriert sich die Dissertation darauf, die visuelle Qualität von animierten
Inhalten zu optimieren und gleichzeitig Bildschirmeigenschaften und ein begren-
ztes Rendering-Budget zu berücksichtigen. Schließlich widmet sich die Arbeit den
spezifischen Herausforderungen der Stereo-Vision in der virtuellen Realität. Das
ultimative Ziel ist es, die Schaffung effizienterer und automatisierter Designs für
virtuelle Erfahrungen zu ermöglichen, was Bereiche wie Unterhaltung und Bildung
zugutekommt. Durch diese Beiträge strebt diese Forschung an, den Standard der
visuellen Qualität in der Computergrafik zu erhöhen und unsere Interaktionen mit
virtuellen Welten zu bereichern.
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Chapter 1

Introduction

1.1 Motivation

FIGURE 1.1: Distortions that could potentially degrade the overall quality of the �nal output can
arise at various stages of the computer graphics pipeline. During the asset creation phase, inadequate
optimization of mesh topology can result in mesh artifacts (left). Subsequently, the rendered image
may undergo a visually-excessive compression for storage or streaming purposes (middle). Finally,
when displaying moving content, numerous motion artifacts, such as hold-type blur, can arise (right).

Computer graphics have become an integral part of our daily lives, enriching the
domain of cinematography and fostering a plethora of diverse experiences, ranging
from video games to applications of Virtual Reality (VR) and Augmented Reality (AR).
Among these, real-time computer graphics have had a particularly profound impact,
enabling users to engage with virtual environments. As a result, these applications
have opened up new horizons in �elds like education, healthcare, and entertainment,
delivering immersive and captivating experiences.

The traditional computer graphics pipeline comprises multiple stages that trans-
form abstract artistic concepts into compelling visual stimuli. It all starts with content
generation, where talented artists create digital assets like 3D models, textures, and
animations. Once these assets are prepared, the rendering stage begins, employing in-
tricate algorithms to simulate physics-based light transport, ultimately transforming
analytical scene descriptions into �nal two-dimensional images or animations, which
are then stored in buffers or as digital �les. In the �nal stage, the rendered content
is displayed to end users, utilizing a range of devices such as computer monitors,
television sets, virtual reality headsets, and mobile devices.

Despite the great strides, each of these pipeline stages carries the risk of introduc-
ing artifacts that can adversely affect the visual quality (Figure 1.1). For example, on
the geometry level, the quality can be in�uenced by the used data sources, where
3D scans and meshes generated through photogrammetry or automated methods
may contain noise or errors. Moreover, contamination may arise from processes
such as mesh compression. While this method is commonly employed to reduce
data size and improve rendering performance, it can result in information loss and,
consequently, artifacts on the mesh surface. Additionally, commonly used geometry
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