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Abstract

Illumination and thus rendering is a computationally complex problem since correct light-
ing requires the interaction of every surface point with the entire scene. Accurate global il-
lumination has become the standard in non-interactive applications, i.e. mainly in movies.
During the last few years it has become more and more important in interactive appli-
cations like simulations and games as well. The visual importance, especially of the first
indirect light bounce, is obvious for most scenes which would be widely unlit otherwise.
Today, many games use a mixture of pre-computed and real-time techniques to achieve
approximations of global illumination.

In this thesis, we present a new technique for completely dynamic real-time global illu-
mination that works without any pre-computation. We compute single indirect bounce
lighting using cascaded regular grids of light caches. Which caches need to be lit is deter-
mined at runtime. This allows fast processing and a very low memory footprint. Indirect
light is obtained from a reflective shadow map, and saved into a spherical harmonics rep-
resentation for each cache. It can then later be interpolated across several light caches.
To compute accurate indirect shadows we use voxel cone tracing within a pre-filtered
binary voxelization. Additionally, we propose hemispherical per-cache environment maps
for a radiance representation that provides enough accuracy to enable indirect specular
effects.

The work introduces the reader into the topic of global illumination and gives an overview
over many related and similar approaches. The extensive evaluation section of this thesis
shows that our technique has a very low memory footprint, works well with high screen
resolutions and achieves competitive results both in terms of performance and quality.
Improvements can be made especially in the area of performance of the indirect specular
lighting and shadowing under higher quality configurations.
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Index of Notation

The notations used in this paper are almost identical to those used in the book Physically
Based Rendering [PH10]. Photometric quantities and relations are explained in more
detail in Section 2.1.

Mathematical

x Point in 3D space
−→xy Normalized direction vector from x to y
v Direction vector in 3D space
px,vx x component of point / vector
v ·w Dot product of vectors v and w
(v ·w)+ Dot product of vectors v and w with negative values clamped to zero
v×w Cross product of vectors v and w
||v|| Euclidean length of vector v
v̂ Normalized vector v

Quantities & Functions

A Area
ω Solid Angle
φ Radiant Flux, light power
I Radiant Intensity, flux density per solid angle
E Irradiance, flux density per area
L Radiance, flux density per area per solid angle
ρ Reflectance, ratio between incoming and outgoing flux
fr BRDF, function on the relation between irradiance and outgoing radiance
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1 Introduction

Figure 1.1: [RDGK12] Photography of a scene with various global illumination effects:
Diffuse and specular bounces, caustics and scattering.

1.1 Introduction

Everything that human eyes can perceive is the result of light reaching the retina after
interacting with matter. The way light interacts with our environment is very complex
and always depends on a global context. There is a variety of natural phenomena like
indirect light, (indirect) shadowing, (glossy) reflections and scattering which are impossi-
ble to simulate by local lighting models. The photography in Figure 1.1 demonstrates a
few of them. Compared to the simulation of local light effects which only take an isolated
surface point into consideration, the simulation of realistic global illumination effects as
they occur in nature is extremely challenging both in terms of computational and algo-
rithmic complexity.
Images which lack these global effects look synthetic and are often missing important
cues which are needed to understand the interrelations of the depicted objects. Wherever
3D-scenes need to be displayed in an either believable or aesthetic manner, the simula-
tion of global illumination becomes important. Some of these applications are movies,
architectural visualizations, video games and professional training simulations. While the
specific demands of these applications vary greatly, the underlying principles are the same
as they are governed by the physical laws of light which are familiar to our visual system.
Generally, these applications can be divided in two categories: Interactive and non-
interactive. Where a non-interactive application like a movie or single images can af-
ford computation times of several days, interactive applications need to compute at least
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parts of the simulation just-in-time to provide the user with the expected feedback on
his actions. A simulation is usually called interactive if images are rendered in less than
50ms (20 frames per second). However, frame rates need to be much higher to be com-
fortable for the user. Fast paced games usually profit from much better rendering times
of more than 16ms (about 60 frames per second) [CCD06] and the vendors of the up-
coming virtual reality displays recommend even shorter rendering times of about 11-8ms
(90-120 frames per second) to reduce motion sickness [Pre14]. Naturally, real-time ren-
dering that is performed on personal computers usually makes use of a set of approaches
and algorithms, that differ from offline rendering which often runs on large computer
clusters.

1.2 Motivation

Figure 1.2: Screenshot from the 2008 video game Mirrors Edge, featuring pre-computed
indirect lighting.

In this work we want to introduce a new global illumination approach that is aimed for
real-time rendering and does not need any pre-computation. To be able to display the
aforementioned light effects in real-time, interactive applications often make use of vari-
ous pre-computation steps under the assumption that specific parts of the scene do not
change. In the extreme case this means that both scene and lighting conditions are as-
sumed to be completely static which allows to compute a large variety of effects up-front.
This has been common practice in many games for over a decade now, as can be seen for
example in Mirrors Edge in Figure 1.2 where only the characters and very few dynamic
objects are lit at runtime.
Obviously such techniques imply many restrictions on the design of virtual worlds and
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