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Abstract

This dissertation presents a robust and noise-free rendering framework capable of
generating caustics and global illumination in real time. It realizes path integral
formulation of light transport with Microsoft’s DirectX Raytracing (DXR) application
programming interfaces (APIs) and NVIDIA GeForce RTX 20-series GPUs. The
NVIDIA RTX technology, by building ray-tracing cores in the GPU hardware,
optimizes and accelerates the testing of intersections between rays and geometries
such as triangle patches. It, in turn, greatly improves the speed of techniques like
path-tracing, bidirectional path-tracing and photon mapping, which were mostly
used in offline rendering and needed hours or even days to render photo-realistic
images. However, in order to keep rendering within the real-time budget, the
total number of rays spawn is still limited. Due to such limitation in sampling,
the resultant image will contain an observable amount of noise, which can be
visually unsatisfying. It then requires denoising techniques to remove the noise and
reconstruct the image. We can see the application of path-tracing and A-SVGF in
games such as Quake II RTX, where good image quality and real-time performance
can be achieved. However, since the denoising quality is highly dependent on the
noise level of the source image, we see opportunities where low-variance rendering
techniques such as bidirectional path-tracing can be adopted to further reduce the
noise in the source image. We conduct several experiments to compare image quality
and rendering speed of various scenes, and perform algorithmic analysis on the
rendering techniques.

Keywords: Computer graphics, Caustics, Global illumination, Path tracing, Photon
mapping, Denoising, DirectX Raytracing (DXR), RTX GPUs.

Implementation Software and Hardware: Microsoft Visual C++ 2017 (v141),
Windows SDK Version 10.0.17763.0, Intel Core i7-9700K CPU @ 3.60GHz, ZOTAC
Gaming GeForce RTX 2070 Super 8GB RAM.
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CHAPTER 1. INTRODUCTION

Chapter 1

Introduction

The goal of this dissertation is to build a rendering framework for generating

caustics and global illumination in real time and noise-free. To meet our goal, we

concentrate on the newly introduced hardware ray-tracing acceleration technology

in GPU, empowered by NVIDIA GeForce RTX 20-series, as well as a robust Monte

Carlo method for light transport simulation developed by Dr. Eric Veach [27]. By

a real-time rendering framework, we mean one that produces images within 30

milliseconds, which correspond to more than 30 frames per second. We also aim

to reduce the noise level in the output to yield images that are physically plausible

and visually pleasing.

The NVIDIA RTX technology has created opportunities for real-time rendering

of caustics and global illumination in games and �lms. By building ray-tracing

cores in the GPU hardware, it optimizes and accelerates the testing of intersections

between rays and geometries such as triangle patches. It, in turn, greatly improves

the speed of techniques like path-tracing, bidirectional path-tracing and photon

mapping, which were mostly used in o�ine rendering and needed hours or even

days to render photo-realistic images. However, in order to keep rendering within

the real-time budget (above 30 frames per second), the total number of rays spawn

is still limited. One good indicator would be the number of rays generated per

pixel, and the other would be the total number of rays per frame. Due to such

limitation in sampling, the resultant image will contain an observable amount of

noise, which can be visually unsatisfying. It then requires denoising techniques to

remove the noise and reconstruct the image. Current denoising techniques include

adaptive spatiotemporal variance-guided �ltering (A-SVGF) [6], NVIDIA OptiX

1



CHAPTER 1. INTRODUCTION

AI-Accelerated Denoiser [5] and Blockwise Multi-Order Feature Regression [17]. We

can see the application of path-tracing and A-SVGF in games such as Quake II RTX,

where good image quality and real-time performance can be achieved. However,

since the denoising quality is highly dependent on the noise level of the source image,

we see opportunities where low-variance rendering techniques such as bidirectional

path-tracing can be adopted to further reduce the noise in the source image.

In our research, we seek to develop a rendering framework that realizes path

integral formulation of light transport [27] with Microsoft's DirectX Raytracing

(DXR) application programming interfaces (APIs) and NVIDIA GeForce RTX

20-series GPUs. We conduct several experiments to compare image quality and

rendering speed of various scenes, and perform algorithmic analysis on the rendering

techniques adopted. In the following sections, we start with an overview of the

rendering problem in the current production work and why it is important. We

also present the high-level structure of our rendering framework. After this brief

introduction, we summarize the original contributions of this dissertation, and

outline its organization.

1.1 The problems in current production work

Currently, most games adopt rasterization and conventional ray-tracing rendering

techniques, which are fast given the advancement of GPUs nowadays. However,

these methods are unable to produce global lighting e�ects such as caustics and

color bleeding. Approximation of such e�ects is often done in the post processing of

rendered images, and is not physically plausible. In addition, post-processing often

requires multiple rendering passes where only one e�ect is handled in each pass. It

adds complexity to the rendering pipeline.

To achieve global illumination in one go, the most popular algorithm used for

production work is path-tracing, which traces rays from the camera into the scene,

and bounces the rays based on the hit points' material models. The algorithm

has low complexity in both implementation and rendering, but the main problem

is that it produces highly noisy images at low sample counts, and it converges to

true colors very slowly. As shown in Figure 1.1, the Sponza scene [18] is rendered

by the path-tracing algorithm with 1 sample per pixel. It is di�cult to recognize

2
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