Master Thesis

Czech

Technical
University
in Prague

F 3 Faculty of Electrical Engineering
Department of Computer Graphics and Interaction

Ray Tracing 3D Gaussians

Matéj Gargula

Supervisor: doc. Ing. Jifi Bittner, Ph.D.
February 2025












Acknowledgements  Declaration

All of the declarations are mentioned on
the following page titled Declaration.

Prague, February 7, 2025



Abstract

Rendering techniques have made signif
icant advances in recent decades, tran-
sitioning from traditional rasterization
to sophisticated volumetric representa-
tions. Among these, 3D Gaussian Splat-
ting (3DGS) has emerged as a promising
method, enabling real-time rendering of
high- delity radiance elds by represent-
ing scenes as collections of anisotropi
Gaussian primitives or particles. This
technique could also be expanded upon
with the use of modern Raytracing ap-
proaches for even greater results.
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Abstrakt

Techniky vykreslovani zaznamenaly v po-
slednich desetiletich vyznamny pokrok,
p°echazi od tradifni rastrizace k so stiko-
vanym objemovym reprezentacim. Mezi
nimi se vyno‘ila slibona metoda 3D Gaus-
sian Splatting (3DGS), kterd umo°-uje
vykreslovani vysoce kvalitnich radian£nich
poli reprezentaci scén jako kolekci anizot-
ropnich Gaussianskych primitiv nebo £4s-
tic a to v realném £ase. Tuto techniku je
mao°né i roz2i°it pomoci modernich technik
sledovani paprsk- pro je2t¥ lep2i vysledky.

Klifova slova: vykreslovani zalo®ené na
bodech, 3D Gauss, Volumetrické
vykreslovani, vykreslovani v redlném £ase,
rekonstrukce scény, Rasterizace,
Sledovani paprsk:, Sférické harmonické
funkce, Optimalizace parametr:, Novel
View Synthesis
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Chapter 1

Introduction

Over the years, many di erent rendering techniques have been discovered,
each best suited for a di erent task. In scene reconstruction, we have many
options to achieve the most realistic scene possible.

To reconstruct a scene, we rst need an appropriate representation. The
most common representation is the polygonal mesh, which can e ectively
represent individual objects within the scene and is also easy to render via
rasterization or raytracing. Point-based approaches have also been used in the
past, but have often su ered a lot of problems. The biggest problem is that,
in a point-based representation, we are often missing a lot of information,
which creates holes in the reconstructed scenes. Later, these approaches
were expanded with splatting methods that were able to remove the hole
problems[7].

Rendering techniques have made signi cant advances in recent decades,
transitioning from traditional rasterization to sophisticated volumetric rep-
resentations. Among these, 3D Gaussian Splatting (3DGS) has emerged as
a promising method, enabling real-time rendering of high- delity radiance
elds by representing scenes as collections of anisotropic Gaussian primitives
or particles. This approach o ers substantial bene ts, including its ability to
optimize computational e ciency while maintaining high visual quality, even
for complex, unstructured 3D scenes [7].

One of the key innovations of Gaussian Splatting is its adaptability to
diverse rendering scenarios, from real-time applications to photorealistic vi-
sualizations, as shown in the example rendered scene in gure 1.1. Unlike
traditional methods that rely on grid-based voxel structures, Gaussian splat-
ting employs a di erentiable representation optimized for scene accuracy and
e ciency. Recent advances, such as the integration of ray tracing with the
use of acceleration structures (mainly the bounding volume hierarchies or
BVH), have further improved its e ectivity, enabling advanced visual e ects
such as re ections, shadows, and depth of eld [7] [2] [5].

The aim of this project is to explore the methodology of the Gaussian
Splatting methods and their combination with the raytracing algorithm, with
the main focus on the real-time rendering aspect.
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