High-Quality Volume
Graphics on Consumer PC
Hardware

1 Abstract

Interactive volume visualization in science and engineering is no longer restricted
to expensive workstations and dedicated hardware. The fast evolution of con-
sumer graphics driven by entertainment markets has enabled interactive high-
quality volume rendering on inexpensive PC platforms. The tutorial targets
the growing number of developers who work on specialized implementations
of volume rendering algorithms on commodity PC hardware. Participants will
learn how to leverage the new features of modern graphics hardware to build
high-quality volume rendering applications using OpenGL. The tutorial begins
with an detailed introduction to hardware rendering and to the theoretical back-
grounds of volume visualization. Several implementations for different graphics
boards are explained with examples from working source code. The algorithms
are improved and expanded incrementally, covering pre- and post-classification
and local illumination techniques. Advanced topics such as multi-dimensional
classification, transfer function design, hardware accelerated filtering and vol-
umetric deformation are presented. In the sequel, current state-of-the-art al-
gorithms including pre-calculated ray integration and accelerated ray casting.
Practical applications of volume rendering are exemplified by means of several
case studies.

2 Level

Beginner — Intermediate

3 Target Audience

The course is aimed at scientific researchers and developers of visualization
tools. Course participants should have basic programming skills and should be
familiar with OpenGL. Basic knowledge of graphics hardware is helpful but not
required.

4 Description

We will present and demonstrate the advantages and disadvantages of the lat-
est approaches for hardware accelerated volume rendering. Participants will



learn how to leverage the new features of modern commodity graphics hard-
ware to build interactive high-quality volume rendering applications. The tuto-
rial starts with an introduction to the principles of volume visualization. The
concepts of modern commodity graphics hardware are explained, also cover-
ing the relevant OpenGL extensions. Beginning with the most basic 2D and 3D
texture-based implementations, the algorithms are improved and expanded step
by step, covering local illumination, non-polygonal shaded isosurfaces, pre- and
post-classification, transfer function design, interaction, and hardware acceler-
ated filtering. Participants are provided with working OpenGL code samples
covering details usually omitted in scientific publications. Our intention is to
motivate audience participation with issues such as the tradeoff between inter-
activity and image quality. We intend to answer questions on the fly since the
content of the advanced part of the course can be quite challenging. We feel that
it is important to demonstrate these ideas since the reality of implementation
can be quite different from the theory presented in the scientific literature.



5 Schedule

8:30 — 9.45

10:15 — 11:30

11:45 — 12:15

1:45 — 2:45
3:00 — 4:15
4.30 —

Introduction

Introduction to volume rendering
Introduction to graphics hardware
Texture-based approaches

Break

Illumination and Classification
[Nlumination Techniques
Classification

Break

Usability
Transfer Function Design

Lunch Break

Supplements
Volume Deformation
Hardware-Accelerated Filtering

Break

Advanced Rendering Techniques
Pre-integration
Accelerated Ray-Casting

Break

Applications
Case Studies
Q& A

[ 20 min |
[ 25 min |
[ 30 min |

[ 45 min |
[ 30 min |

[ 30 min |

[ 30 min |
[ 30 min ]

[ 30 min |
[ 30 min ]

[ 30 min |
[ 30 min |
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Westermann persued his Doctoral thesis on multiresolution techniques in vol-
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of Dortmund in Germany.



7 Contact Information

Joe Michael Kniss

Scientific Computing and Imaging,
School of Computing

University of Utah

50 S. Central Campus Dr. #3490
Salt Lake City, UT 84112

Email: jmk@cs.utah.edu

Phone: 801-581-7977

Cell: 801-898-7977



