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Overview

« 3D LIC
« 3D texture advection

* |Injection mechanisms
(dye, noise)

* Perception issues

Data set courtesy
of R. Crawfis

VI’SUOLI Interactive.Text_ure.-Based Flow Visualization: Daniel Weiskopf @ 2
/ & qustin, texos 3D Flow Visualization



3D Flow Visualization

« Goals
— Show 3D flow structures, not just 2D slices
— Interactivity
— Steady and unsteady flow fields
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Ingredients

Advection

(Transport mechanism)

H—| VIS

Properties

(What is transported?
Mapping to gfx primitives)
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3D LIC
* Line integral convolution

S+/

T(x)= j k(t —s)N(x(t))dt

* Independent of dimension: x € R?or x € RS
— straightforward extension to 3D
— 3D noise field N(x)
— 3D property field T(x)
— Computation of streamlines in 3D
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3D LIC

* |ssues
— Computation time
— Unsteady flow

— Perception:
Occlusion etc.

Image courtesy of
[Rezk-Salama et al. 99]
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Texture Advecftion

« Basic idea:
— Advection of particle field

— Blending of particle injection texture
(at each time step)

— Based on Image-Based Flow Visualization (IBFV)

[Van Wijk 02]
__.| advected injection
texture texture
blending

advection step
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2D Texture Advection

» Particle tracing %zv(r,t)

* Euler integration
« Uniform grid — texture
« Semi-Lagrangian approach:

r=r—At-v(rt)

Bilinear interpolation
A ' .‘ dl A
I

y y Property
texture
> >
Time: t - At X X Time: t
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3D Texture Advection

« Extension of 2D dye advection / IBFV
[Weiskopf & Ertl 04]

« Advection process is similar

« Straightforward changes:
— From two-component to three-component vector field
— From 2-vector to 3-vector for (texture) coordinates
— From 2D domain to 3D domain:
from 2D texture to 3D texture
« Structural differences:
— Update 3D property texture slice by slice
— Volume rendering for property field
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3D Texture Advection

« Slice-by-slice update

— Orientation along z axis
Time: t - At

Time: t

r=r—At-v(rt)

« Update of a single slice
— Standard: glCopyTexSubImage3D

— ARB_superbuffer extension
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Fragment Program for 3D Advection

1 1ARBfpl.0

PARAM stepSize program.local[0];
ATTRIB iTexCoord fragment.texcoord[0];
OUTPUT oColor = result.color;

TEMP velocity;
TEMP oldPos;

# Fetch flow field
TXP velocity, iTexCoord, texturel[0], 3D;

# Compute previous position (Euler integration)
MAD oldPos, velocity, stepSize, iTexCoord;

# Dependent texture lookup:
# Property value from previous time step
TEX oColor, oldPos, texturell], 3D;

END

3D Flow Visualization
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Performance
« 3D advection speed in FPS:

Domain 643 1283 2563
Steady Flow 106.3 40.9 10.2
Unsteady Flow 950.3 9.8 1.7

 Measured on an ATl Radeon 9800 Pro (256 MB)
« Same sizes of property and flow fields
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Z axis

3D IBFV

« 3D Image-Based Flow Visualization
[Telea & Van Wijk 03]

 Difference to 3D texture advection
— Stack of 2D textures along z axis

— Standard OpenGL texturing and blending
— Gathering data from two neighboring slices

Looku
1 vectorp -------- ._ _ _. Possible
1 slice — //7.
/ Missin_g _ é __________
. data _
Time: { Time: t - At
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Comparison

3D IBFV
+ Standard OpenGL
+ Fast due to bilinear interpolation
- No large z velocity component
- Problems with volume rendering for arbitrary viewing
directions
« 3D texture advection
+ Velocity is not restricted
+ Constructs 3D texture for correct volume rendering
- Needs fragment shaders

- Slower: trilinear interpolation, update of 3D texture
slices
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Material Injection

__.| advected
texture

Injection
texture

compositing

advection step
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Material Injection

Tt =W, o1, 4

__.| advected
texture

Injection
texture

compositing

advection step
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Material Injection

To=w, g viel
advected Injection
texture texture

compositing

advection step
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Material Injection

Tt:WtO iat T Vs O@

__.| advected Injection
texture texture

compositing

advection step
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Material Injection

I, :@O t—At

advected Injection
texture texture
compositing

advection step
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Space-variant
weights

Component-wise
multiplication

Different materials
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Dye and Noise Injection

Data set courtesy
of R. Crawfis
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Volume Rendering

Final display of property fields

Image plane

A

vf]éuﬂq Interactive Texture-Based Flow Visualization:
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Data set

Daniel Weiskopf @ 21



Texture-Based Volume Rendering

 Slices through 3D texture
— Proxy geometry

Texturing Compositing
(trilinear interpolation) (alpha blending)
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Complete Visualization Process

Input data
" Load vector field l
A 4 —
Vis dat
o 3 Texture lookup 'S data
- [
7))
; "
e c | | Dye / noise injection Mapping
= ()
o o |
S L .
2 Update slice Renderable
% - representation
L A 4
VOIume Rendering
rendering
| A4

Display

. '|g; ﬂll Interactive Texture-Based Flow Visualization: Daniel Weiskopf @ 23
D) wustin,texas

3D Flow Visualization




Dense 3D Representations: Issues

» Perceptual issues
— Clutter
— Occlusion
— Depth perception
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Clipping and Semi-Transparency

Images courtesy of
[Rezk-Salama et al. 99]
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Clipping and Semi-Transparency

« Semi-transparency
— Choose transfer function carefully
« Clipping
— Clip planes (directly supported by OpenGL)

— Object-space approach for complex clip geometries
— Alternative image-space approach
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Clipping with Clip Plane

With clip plane

Original

Data set courtesy
of R. Crawfis
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Image-Space Clipping

Image plane

</
Pixel
z value
Depth i | | | X
structure I I I I
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Image-Space Clipping
« 3D texture slicing

* Fragment shader: [weiskopf et al. 03]
Compares current depth
with depth structure of the
clip geometry

* Depth structure in n textures

Fragment

Comparisor/ \
|

Pixel | I I I
N/ s/
Store depth values in 2D textures

Vllsuﬂq Interactive Texture-Based Flow Visualization: Daniel Weiskopf @ 29
/ ¥ oustin, texos

3D Flow Visualization



Object-Space Clipping

« Additional clipping texture [weiskopf et al. 03]
— Voxelized representation of clip geometry
— Binary or distance volume

* Fragment shader removes invisible fragments

Clipping
texture _
Combined
e rendering
Data set
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Smooth Selection of Flow Regions

« Extension of clipping
« Smooth transition between opaque and invisible

« Based on “feature” or regions of interest

Original Velocity magnitude

2 \
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Smooth Selection of Flow Regions
* Implemented via enriched transfer functions
« Additional feature field

 Examples
— Velocity magnitude
— Vortex criteria (e.g. lambda,)
— User-defined features
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Change Density of Representation

Modify noise injection texture

Dense Sparse
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Improved Rendering

* Improve spatial perception [interrante & Grosch 97]
— Illumination
— Halos
— Depth cues

Image courtesy of
Victoria Interrante
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Improved Rendering

e |llumination

— Specular
highlights
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Improved Rendering

 |[n combination
with region of
Interest

— Focus and
context
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Chameleon: Advanced Rendering

Chameleon system [Li et al. 03]

|dea:
— Precompute 3D streamlines
— Store streamlines in 3D texture

— Change rendering style
(appearance) on-the-fly

Images courtesy
of Li et al.
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Chameleon: Program Structure

* Preprocessing
— Evenly space streamlines with controlled density
— Voxelized streamlines in trace volume

— Scan conversion by sequence of slices with a pair of
moving clip planes

— Each texel: ID for streamline & parameterization
* During rendering:

— Dependent lookup in appearance texture

— Additional lighting and depth cueing
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Chameleon: Example Images

With lighting Color tubes

20 Images courtesy of Li et al.
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Summary

« GPU needed for on-the-fly computation of dense
3D representations

 Efficiency still a problem

* Perception issues are even more crucial
— Starting point for future work

3D Flow Visualization
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