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FLUID SIMULATION

Looking at vector fields...
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FIELD VISUALIZATION

Stalling et al.

Cabral et al.

Stalling et al.
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METHODS

Physical analogies
= particle advection

= static or dynamic
= ink advection

Issues:
® missing important detail
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TEXTURE METHODS

Advection

m advect texture coordinates with
velocity; display regular grid with
original texture

m next time step: use previous texture

= blend with exponential decay
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LINE INTEGRAL CONVLTN.

Continuous version

= integral curves of the flow
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INTEGRATE ALONG FLOW

Integrate noise
= output pixel:

1) = [ ks~ s0)T(0(5))ds

0—L \
noise texture

nigh correlation along flow

ow correlation orthogonal to flow
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MAKING IT FAST

Pixels along path are correlated

= curve tracing for each output pixel
far to expensive

= step along curve!
s1—L+As s1+L+As

I(xy) =1 (x1) — / L, Te)dst [T Te(s)ds

= accumulate results in pixels crossed
= renormalize at end
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DETAILS

Streamline integration
= high order integrator recommended

= may make LARGE steps
= need to interpolate along path

= aliasing...
m step size 1/2 of texture cell
= path length: 1/10 image size
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ANIMATION

Slide integration along streamline

= blend multiple images with different
nhases

= contrast and brightness (renormalize)
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IMAGE BASED FLOW Viz

Treat images as basic primitive

m LIC as
m setu

olending of advected images

0 mesh with advected texture

coordinates
= render and blend; repeat
F(p;k) = (1 —o)F(pr_1:k — 1) + aG(py; k)
= what image?
= random noise (gives standard LIC)
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WHAT IMAGE?

Issues to consider
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= pink, not white noise

= contrast, boundaries
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NICE EXAMPLE

van Wijk’s ibfv program
m testbed for visualization
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DIRECT VISUALIZATION

Integral curves as shaded lines
= “hair” like analogy

= how to shade lines?
= usually objects co-D 1

New shading model
m objects of co-D 2

= think cylinders of infinitesimal size
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SHADED LINES

What normal? . [
m standard model |

I =kq+ky(L-N)+ks(V-R)" [t
L-N =Ly = \/1- (L)’
V-R = V.(LT_LN) S T

= \/1 —(L-T)z\/l—(V-T)z—(L'T)(V'T)
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IMPLEMENTATION

Shading is function of L, T, V
m texture lookup

m inner products via texture xform

Ly Vi 00

1 Ly V, 00
M=3 Ly V3 0 0 ;

0 2

1 1
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DETAILS

Implementation
= shading too bright: for diffuse
Iy =kq(L-N)P
m add transparency: “wispy” tails

= how to seed stream lines?
m user driven
= Monte Carlo; Voronoi
= divergence... (reseed)
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PAPERS

Image Based Flow Visualization

Jarke J. van Wijk®
ische Universiteit Eindhoven
Dept. of Mathematics and Computer Science
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Interactive Visualization Of 3D-Vector Fields

Using llluminated Stream Lines
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Abstract

A new technique for inteactive veetor field visualization us-
ing lange numbers of properly illuminsted stream lines is
presented. Taking into account ambient, diffuse. and spec-
ular reficton teais 8 well s transparency, we employ a

m of the rcammg .m,cs While many papmm

b0 means fir an accurae shading oflne

rovided. However, we show that proper illu
mination of ines can be implemented by exploiting the tex-
wre mapping sapabilities of modern graphics hardware, In
his way high rendering performance with interactive frame
rates can be achieved. We apply the technique o render
larse numbers of integral curves in o vector field. The im-
pression of the resulting images can be farther improved by
making the curves partialy transparent. We also deseribe
methods for controlling the distribution ef stream lines.
space. These methods enable us 1o use illuminated ssream
lines within an interactive visuali zati

1 Introduction

The visual representation of vector fields is subject of on-
g rescarch in scientific visualization. A number of so-
pisicaed methods s besn propused 1 ekl i prot
on particle teacing 7, 15, 11] aver icon based
methods [8. Ill[\vlnlurv based approaches [3, 2, 4, 14, 9],
A straightforward, popular and sill very powerful method is
the soncept of depicting siream lines, However, when using
stream lines for visualization the user is confronted with a
number of problems, Firsi, on a common graphics worksta-
Homstream s ther e 0 b splay g s ded
line segmens, impairing the spatial impression of the imag
oty have 10 b reprecnicd by poly ol s, srongly
limiting the number of stream fines that can be displayed in
a scene. Second, it is usually not quite obwious how to dis-
tribuic stream fines in space in order o0 get cxpressive pic-
Is of the field,
an help 10 oversome
ieve a fast and accurate illu

95 Berlin, Gemmany
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ev Stalling. Hans-Christian Hege

Of line segments we exploit the texture mapping capal
ties of modern graphics hardware. We apply this new shad-
ing technique to render large numbers of stream lines dis-
wribated throughout a vector feld, Taking into account light
reflcction on strcam lines s of great significance for scien-
tific visualization because it very much increases the spa-
tial impression of the resulting images. Image qual

be further improved by making parts of 4 siream line semi-
transparent. This allows us 1o get a better understanding of
the inner structure of a field. It also makes it possible (o
inzuish hetween forward and backward direction. To fa-
cilate the placement of a large number of stream lines we

that

loosely describes the degree of inferest in the vector field
at some location, stream lines are placed automatically such
that the relative degree of interest is matched qualitatively.

it s & well-known fact that quality and realism of com-
puter generated images depend o a High degree on the ac-
curate m { intezacting with the objects in 4
seene. Shading effects are perhaps the most important cue
for spatial perception. Consequently much rescarch has
been performed 1o develop realistic illumination and reflec-
tion models in computer graphics. A widely used compro-
mise between computational complexity imd resulting real-
s is Phong's reflection model [12] which assumes point
light sources and approximates the most important reflec-
tion terms by simple expressions. Trod tionally the model
is applicd to surface clements. Today many graphics

Fal scenes in a photo-realistic way, but to generate images

which provide maximal insight into numerical or experimen-
tal data. Nevertheless, shading effects are at least as impor-
fiis

with & minimum af realism in & world of cutting planes,
isosurfaces, and symbols. Unfortunately there are a num-
ber of visualization techniques Mucll aren’t based on sur-
itives, and which therefore can't make use of the
hardware shading capabilities of current graphics worksta-
tions. As an example consider the various volume rendering
techniques. Wi eractive frame rates can be acl
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