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Flow Trace Animation

Introduction

It isdifficult, if not impossible, to model some phenomena with spheres, polygons, or other objects and to
render them using standard rendering techniques. Fire, water, smoke, and gases stand among these
phenomenathat are difficult to model. However, in recent years, research has been performed so these
“fluid-type’ phenomena can be effectively visualized. 1n 1983, William T. Reeves presented a method of
modeling this class of fluid objects. Reeves referred to these objects as “fuzzy” objects—fuzzy objects do
not have “smooth, well-defined, and shiny surfaces; instead their surfaces areirregular, complex, and ill-
defined” (Reeves, 1983).

Reeves presented a particle-based method of animating fuzzy objects that differed from traditional
rendering and animation in three ways. First, clouds of particles represented objects in Reeve’ s method.
These particles were used instead of using polygons or curved surfacesto define the object’s location.
Second, each particle had a lifetime during which it grew in intensity while moving along its path. Some
particles were born at each frame of the animation while others died. Finally, random processes were used
to determine the shape and appearance of an object in Reeves method of fuzzy object animation.

Five steps are involved at each animation frame in Reeves method. First, new particles are randomly
generated into the system. Second, each new particle is assigned individual attributes such as a position,
velocity, size, color, transparency, shape, and alifetime. Each of the particle attributes can be held constant
or can be varied throughout the lifetime of a particle. Third, any particles that have existed past their
prescribed lifetime are “killed off”. Fourth, any particles not killed off are transformed according to their
individual static or dynamic attributes. Finally, an image of all the existing particlesisrendered in aframe
buffer.

Around 1990, Reeves approach was extended to fluid flow visualization by van Wijk (see van Wijk,
1990). Van Wijk presented a ssimple particle-based method of animating two-dimensional flow. Then, in
1993, Jones and Saito improved upon van Wijk’s method of two-dimensional flow visualization.

This paper will focus on Jones and Saito’ s two-dimensional flow vector field animation algorithm (Jones
and Saito, 1993). Jones and Saito call this flow animation flow trace animation.



Flow Trace Animation

The purpose of flow trace animation is to visualize flow velocity fields given a two-dimensional mesh or
grid of nodes with x and y velocity values at each node. In flow trace animation, a set of x-y pointsin the
model is randomly chosen. Each of these x-y pointsis then tracked through a given number of animation
frames. The particles are moved based on the velocity field. In regions of high velocity, long flow traces
are generated, while shorter flow traces are generated in regions of low velocity. Jones and Saito liken the
flow traces generated using their algorithm to a meteor shower. An image resulting from aflow trace
animation is shown in Figure 1.

Figure 1: A flow trace animation of ariver entering into a bay. From the Surfacewater M odeling
System (SM S) home page, 1995.

Application of Particle Systems to Flow Trace Animation

Flow trace animation combines ideas from William T. Reeves' original paper on particle systems, J.J. van
Wijk’swork in flow visualization using particle systems, and Korein and Badler’s (1983) work in motion
blur techniques in animation. In addition, the flow paths of each particle are drawn as Bezier curvesto
make the make the flow paths appear more natural.

Aswas mentioned in the introduction, five steps are involved in modeling and rendering particle systems.
For each frame, new particlesarefirst randomly generated into the system. The number of new particlesin
aframeis determined according to Equation 1(Reeves, 1983):

NParts, = MeanParts,; + Rand " VarParts,

Equation 1: Deter mining the number of particlesin a frame of the flow trace animation.

Where MeanParts is the average number of particlesin aframe, Rand is a function that returns a number
between —1.0 and 1.0, and VarParts is the variance of the average number of particles.

Second, each new particle is assigned a position, velocity (both magnitude and direction), intensity, and a
lifetime. In flow trace animation, the velocity of a particle isinterpolated from the nodal velocity values.
Third, any particlesthat have existed past their prescribed lifetime are“killed off”. The prescribed lifetime
isanumber of frames determined from the velocity of the particle at itsinitial location and decremented
with each passing frame.

Any particles not killed off are trandated along a Bezier curve according to their individual static or
dynamic attributes. The motion of all the existing particlesis then anti-aliased and rendered in aframe
buffer.



An Algorithm for Computing a Flow Trace Animation

Jones and Saito use basic ideas from particle system theory to compute a flow trace animation that displays
the results of atransient surface water model. In their computations, each trace starts out dimmed, becomes
brighter until it reaches its maximum intensity, then becomes dimmer before being killed. This makesthe
animation resemble a meteor shower (Jones and Saito, 1993).

Step 1: Rasterize the Animation Area

Firdt, rasterize the area of interest and perform the computations on a pixel-by-pixel basis. Interpolate and
storethe x and y flow velocities at each pixel.

Step 2: Determine Initial Locations of Flow Traces

Use arandom number generator to compute a set of locations on the mesh where new flow traces can be
initiated. The number of new flow tracesis determined according to Equation 1. Determine the frame
lifetime of each flow trace from the vel ocity magnitude at the initial location of the flow trace.

Step 3: Anti-Alias and Render the Pixels through Which Each Particle
Moves

For each frame, use the pixd velocities to compute the direction of the increment added to the path by the
flow trace. Use the magnitude of the velocity to determine the length of the increment. A motion blur
technique is used to create a “blurred” animation effect (Korein and Badler 1983). Usevan Wijk’s method
to determine the intensity of each pixel (1990). In his method, van Wijk determines the intensity of each
pixel according to the following equations:

u=(t-t,)modT

Equation 2: Determination of u, the current time of a particle with respect to T, the time between two
frames. tisthe current time of the particle in the animation, whilety istheinitial time of the particle
in the animation.
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Equation 3: Deter mination of I(t), the pixel intensity at timet. Imax isthe maximum pixel intensity,
and u and T are defined above.

Determine the path of each flow trace using a Bezier curve. A Bezier curve produces a continuous curve
along the direction of the flow trace. Anti-alias the pixels along the Bezier curve according to techniques
described in Foley et al. (1990).

Step 4: Kill or Extend Existing Flow Traces and Initiate New Flow Traces

For the next frame, extend or kill off existing flow traces and initiate new flow traces using the random
number generator. If aflow trace' slifetimeis zero, the flow traceiskilled off. Each flow trace' slifetime
is decremented by one frame. According to step 2, new flow traces are then generated and their lifetimeis
set. All the current flow traces are then rendered according to step 3. This process is continued until a
user-specified time is reached.

Conclusions and Further Research

Flow trace animation is a highly effective method of visualizing two-dimensional surface water flow. The
results of aflow trace animation resembl e traces | eft by meteorsin a meteor shower. Areas of high velocity
leave long flow traces that gain intensity until a maximum intensity is reach, after which the intensity dies
out. And areas of low velocity leave short flow traces.



In flow trace animation, Reeves particle-based rendering methods are used in combination with Bezier
curves, anti-aliasing techniques, and stochastic mation-blur and particle spacing methods to produce good
animations of fluid flow.

Future research could include extending the two-dimensional flow trace algorithm to three dimensions. In
addition, flow trace animation could be used to model other types of fuzzy objects, including fire, smoke,
gases, and other fluids. Equations could be generated that could effectively be used in flow trace animation
to model several types of phenomena.

For example, if the velocity of afluid is not known at locationsin amodel but other parameters are known,
perhaps the velocity could be computed at each location in the pixelized model. One equation for
computing velocity along a stream channel is Manning' s equation:

V = 1.49
n

R.S.?

Equation 4: Manning's equation—an equation that can be used to compute the velocity at each
location in the pixelized model. Visthevelocity, R, isthe hydraulic radiusat the point, S;isthe dope
of the channel at the point, and n is Manning's n-coefficient.

After the velocity at each pixe in the model is computed, these vel ocities could be used to compute a flow
trace animation.
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