obl INSTITUTE SCl 3
TECHNICAL REPORT

Display of Vector Fields Using a Reaction-Diffusion
Model

Allen R. Sanderson and Chris R. Johnson

UUSCI-2003-002

Scientific Computing and Imaging Institute
University of Utah
Salt Lake City, UT 84112 USA

June 2003

Abstract:

Effective visualization of vector fields often rely on the size and density of the underlying mapping
used to represent the field. In this paper, we introduce the use of a reaction-diffusion model to
control the size, density, and placement of the vector field representation. The reaction-diffusion
model is well known for its ability to form irregular spatiotemporal patterns, most notably spot
patterns. We show that it is possible to create a mapping between the vector field and the param-
eters governing two different reaction-diffusion models to form a pattern at the correct orientation,
size, and density to create an effective visualization. In addition, we show that it is possible to use
the reaction-diffusion model to effectively visualize the uncertainty in the orientation of the vector
field.
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Figure 8: Turing model visualization of multiple flow types.

be use for visualizing scalar data. Figure (13) is the same vector
field except normalized. Finally, in Figure (14), the vector field is
shown with both magnitude and orientation.

Figures (15) and (16) show visualizations of the plasma velocity
for the same simulation set using the Turing and the Gray-Scott
models, respectively. In these cases, the flow is much more erratic,
though it is still can be discerned. Comparing these two images
demonstrates the effectiveness of producing a pattern at the proper
density. Itismuch easier to follow the flow in the Gray-Scott model
which has a denser pattern than the Turing model. However, thisis
not always the case, as was demonstrated in Figures (8) and (9).

4.1 Comparison with Other Flow Visualization
Techniques

The reaction diffusion images provide avery good vector visuaiza-
tion technique. But isit better than some of the current techniques?
For instance, this technique alone does not show the flow direction.
Thisis often a very import cue in analyzing vector data. We have
addressed this issue by overlaying a small arrow on top of each
spot to show the flow direction, as shown in Figure (17). The arrow
direction is determined using the average value of the vectors sur-
rounding the centroid of the spot. The centroid is determined using
standard image processing techniques of thresholding and thinning
[20].

We now compare the reaction-diffusion images with three dif-
ferent common visualization techniques. Figure (18) shows vector
glyphs at regular intervals [23], Figure (19) shows a line integral
convolution [3], and Figure (20) shows optimized streamlines [26].

Placing glyphs at regular intervals is much simpler and quicker
than using a reaction-diffusion model, but as previously discussed
occlusion is a problem, as such, the vectors are normalized. Using
aresction-diffusion model overcomes the occlusion problem since
the spots have a packing that is based upon the vector magnitude.
Another problem with regular intervalsisthat they may mislead the
eye due to the formation of a pattern that may not be part of actual
vector flow. Conversely, the reaction-diffusion model form spotsin

-

o LA

IR A T
A L

1aPa 8. s saa™

A

\]
J
\
L
|
\
1
1\
1
1
]

e

Figure 9: Gray-Scott model visualization of multiple flow types.
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Figure 10: Effect of a single value on the spot size with an oversam-
pling of 0, 1, 2, 4, 8, 16, 32, and 64 times. The image is 128x128.

a pattern that follows the natural structure of the flow.

When compared to LIC, both techniques visualize the flow in a
manner that is natural and easy to observe by producing a dense
image representation of the flow field. With reaction-diffusion im-
ages, different models will produce spots at different densities. The
less dense the spots, the greater the chance that areas of interest
may be missed. However, images with a high density of spots may
be difficult to view because of the Moray patternsthat can form. As
such, the density of the spots is a critical component for an effec-
tive reaction-diffusion flow visualization. Currently, the only way
to control the density is by using different reaction-diffusion mod-
ds.

Unlike LIC images, which do not contain magnitude informa-
tion, the reaction-diffusion model is able to naturally incorporate
maghitude information into the visuaization. Including the mag-
nitude greatly enhances the visuaization. LIC images, and other
noise based techniques, can be extended to show the magnitude but
these techniques do so at a loss in flow detail because of blurring
used to emphasize the magnitude [5, 14].

Next, we compare the reaction-diffusion image to a visuaiza-
tion using the image guided streamline technique developed by



Figure 11: Effect of a single value on the spot orientation with an
oversampling of 0, 1, 2, 4, 8, 16, 32, and 64 times. The image is
128x128.
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Figure 12: Gray-Scott reaction-diffusion visualization of a MHD
Magnetic vector field. Magnitude only.

Turk [26]. Both techniques are similar in that they both are able to
show direction, magnitude, and orientation. However, the reaction-
diffusion technique is better able to represent the magnitude than
the image guided technique. That is, the image guided technique
suffers from the same occlusion problem as the vector glyphs. Al-
though Turk alows the arrows to be scaled, the dynamic range is
compressed so much that it is difficult to see any differencein mag-
nitudes.

One of the drawbacks to using a reaction-diffusion model com-
pared to the other techniques is the computational expense. The
patterns take many iterations to form and become stable, whereas
it is possible to produce LIC images at interactive rates [2]. Some
of this expense can be reduced since the computation can be paral-
lelized and other, faster integration methods can be employed.

One of the greatest benefits to using a reaction-diffusion model
is the ability to seamlessly integrate the uncertainty measurements
in with the model. None of the other techniques, with the exception
of vector glyphs, are able to show uncertainty as part of their repre-
sentation [16]. Although vector glyphs can show uncertainty, they
till have difficulties with occlusion.

One problem that can occur during pattern formation isthat spots
can form and fail to separate, as shown in Figure (13). Where this
happens is random and appears to be dependent on the initial con-
ditions. We have observed that it tends to happen more frequently
with smaller spots, especially those which are either horizontally or
vertically oriented and when mapping just a single component.
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Figure 13: Gray-Scott reaction-diffusion visualization of a MHD
Magnetic vector field. Orientation only.
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Figure 14: Gray-Scott reaction-diffusion visualization of a MHD
Magnetic vector field. Magnitude and orientation.

5 Conclusions and Future Work

We have introduced the use of a reaction-diffusion model that can
produce patterns with different shapes, sizes, and orientations for
visualizing vector fields. We are able to control the pattern forma-
tion by mapping two of the vector field components, orientation
and magnitude, to the diffusion kinetics. In addition, we also can
map an orientation uncertainty to the diffusion kinetics. This map-
ping produces a spot pattern that is highly representative of the vec-
tor field. Further we are able to control the density of the pattern
through the use of two different models. While we are not able to
directly map the direction of the field, we can augment the reaction-
diffusion visualization with directional information.

The principle advantage of the reaction-diffusion model over ex-
isting flow field visualization techniques is that the pattern size and
density that naturally arises from the reaction-diffusion model ac-
curately represents the underlying vector field. Further, the shape of
the pattern (e.g. the spots) contains not only orientation and magni-
tude information but also can contain uncertainty information.

Future work includes extension of the reaction-diffusion algo-
rithm to three dimensions. The reaction kinetics remain the same
only the diffusion kinetics must be extended. The output is athree
dimensional texture that can be volume rendered using various tech-
niques or applied to two dimensional surfaces. Theimage generated
would have similar characteristics to those generated by Kindlmann
[11] and Chambers [4] and unfortunately suffer from the same vi-
sualization problems.

The post image formation addition of the direction vector is re-
ally a combination of two independent techniques, patterns and
glyphs. It may be possible to combine our reaction-diffusion model
with other techniques to achieve abetter visualization. For instance,
Shen’s dye advection would be suited for interactively showing the
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Figure 15: Turing reaction-diffusion visualization of a MHD
plasma velocity vector field.

'L

Vaattary, l":'t"l,, )
il sras s ¥aq0®, - e
e s T R T 4T My

Ve 025,00 00,0000 0,

- ® e ®a “""'
- - I“t‘.‘“‘ :e.“‘ 1
ORI DA MATM

IR AT ESR -

*
': : * ..'ll

LT LN
Wt

"

"

v

v

luull||:nlﬂﬂﬂnl
(L}

ll.|.|.ll‘
(1]
s
b
(%]
L)
ve
-
-
-
-

Figure 16: Gray-Scott reaction-diffusion visualization of a MHD
plasma velocity vector field.

flow direction over the spots [22]. Rather than have the dye move
through the wholeimage only spotswould change their color. Com-
binations of other techniques are certainly feasible. However, it
may be possible to use of other reaction-diffusion patterns that have
both orientation and direction. This would eliminate the need for
combining it with another technique.

Finally, there are a number of perceptual issues that require fur-
ther investigation, including a formal user study to determine the
effectiveness of the reaction-diffusion visualization technique in
comparison to other flow field visualization techniques. One area
of particular interest is quantifying the effectiveness of the natural
patterns that form from using a reaction-diffusion model.
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7 Appendix

One of the difficulties in using a reaction-diffusion modd is the
inherent instability of the system. Below are the parameters used to
obtain stable patterns in the Turing and Gray-Scott models shown
in Figure (1).
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Figure 17: . Overlayed direction arrows on Figure (13).

Figure 18: Uniform sampled vector glyph image of the same vector
field used in Figure (14).

7.1 Turing Model Parameters:

a=40

b=4.0
D,=10/40
D,=1.0/16.0
B=16.0+1%
s=1.0/64.0

7.2 Gray-Scott Model Parameters:

a=0.50+1% for the central 12 x 12 area, 1.0 else where.
b=0.254+1% for the central 12 x 12 area, 0.0 else where.

D, =2.0e5

Dy =1.0e-5

F =0.0300

k =0.0625

For the Gray-Scott model it is necessary to normalize the diffusion
values. For this we assume acell area of 0.001.
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Figure 20: Optimized streamlines generated by Turk’s algorithm of
the same vector field from (14).
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