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Function Based 2D Flow Animation
Ergun Akleman, Sajan Skaria, Jeff S. Haberl

Abstract— This paper summarizes a function-based ap-
proach to create 2D flow animations. We use periodic func-
tions to create cyclical animations that represent 2D flow.
These periodic functions are constructed with an extremely
simple algorithm from a set of oriented lines. The speed
and orientation of the flow are described directly by the
orientation and the lengths of these oriented lines. The re-
sulting cyclical animations are simply obtained by sampling
the constructed periodic functions. Two example applica-
tions of 2D flow animations is provided where they are used
to improve the visualization of compressor operation.

Keywords: Visualization, Image Synthesis, Computer Ani-
mation, Flow Animation

I. Introduction

In this paper, our goal is to create user-controlled cycli-
cal and variable speed flow animations. Our research in im-
plicit surface modeling provided the theoretical framework
for introducing a new approach for animating 2D flows. It
is extremely simple to develop a system based on the new
approach. The interface to define the flow is also very user-
friendly. Based on this approach we have implemented a
system and created various 2D flows. We have also used
the flow animations to improve the quality of compressor
visualizations as part of a research project to investigate
how multimedia can improve engineering handbooks (see
acknowledgments).

A similar problem, the creation of a 2D flow animation
for a given vector field, has been popular in recent Com-
puter Graphics publications. The most common solution
to the problem is to use the line integral convolution (LIC)
technique proposed by Cabral and Leedom [4]. Forsell and
Cohen have also accomplished this task with improved pe-
riodic filters which are originally suggested by Freeman,
Adelson and Heeger [7]. They modulated the rate of the
function phase shift as a function of the vector magni-
tude to obtain the variable-speed flow animations [5], [6].
Stalling and Hege also improved this technique by elimi-
nating aliasing effects [13].

Max and Becker proposed a texture advancement tech-
nique to create cyclical flow images [10]. Van Gelder and
Wilhelms used color tables to animate 3D flow fields [8].
Jobard and Leber proposed the idea of motion maps to
speed up the computation of steady flow animations [9].

In our work, we do not use a given vector field to create
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flow animations. Users themselves design the flow by draw-
ing a set of oriented lines. The speed and orientation of the
flow are then described directly by the orientation and the
lengths of these oriented lines. Unlike previous research,
we use an implicit-based approach instead of a line integral
convolution (LIC) approach. Our solution also provides a
simple approach to develop an intuitive user interface to
design flow animations.

II. Methodology

Our approach is based on functions that are constructed
by the operations that are used in an implicit surface con-
struction. The flow is described by a set of oriented lines.
For each oriented line segment a periodic function is cre-
ated to describe a flow in the direction and position of the
line. Then, these periodic functions are combined using
an approximate union operation. The following subsection
describes how the periodic function is created for a given
line segment.

A. Flow Described by One Line Segment

Let an oriented line be given by two end points v1 and
v2. Our first goal is to construct a periodic function that
will give a flow in the direction of v2 − v1 with the speed
|v2 − v1|. This function can simply be written as

p(v, t;ω) = sin
(

t + ω
(v − v1) • (v2 − v1)

|v2 − v1|2
)

,

where ω is the frequency, t is the phase and • scalar mul-
tiplication operator. Figure 1 demonstrates how this func-
tion can be used to attach a color range to the scale from
−1 to 1. By changing t between 0 and 2π in equal intervals,
we obtain a cyclic animation that gives an illusion of a flow
in the direction of v2 − v1 with the speed |v2 − v1|.

Unfortunately, the periodic function p(v, t; ω) does not
indicate the position of the line (Any line with the same
direction and length create similar images). Therefore, in
order to visually emphasize the line that creates the motion
we use a function d(v) that gives minimum distance [3] to
the given line segment. The function d(v) is given by the
equality

d(v) =




|v − v1| if (v1 − v2) • (v − v1) ≥ 0,
|v − v2| if (v2 − v1) • (v − v2) ≥ 0,
z otherwise,

where

z = |v − v1 − (v − v1) • (v2 − v1)
|v2 − v1| |.
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Fig. 1. Periodic function for an oriented line segment. ω values are
2π, 4π and 6π.

Figure 2 shows loci curves which are specified as d(v) = c
where c is a positive real number that indicates the distance
from the line segment.

Based on the function d(v), we introduce a parameter

s = r
d(v)

|v2 − v1|
where r is a scale factor. The parameter s is 0 on the line
and is 1 at |v2− v1|/r. Using this parameter, we introduce
the amplitude function

a(v) =
{

(1− s)3 + 3s(1− s)2 if s ≤ 1,
0 otherwise.

The amplitude function a(v) is a C1 function. It takes value
1 on the line segment and 0 for every point whose distance
is larger than |v2 − v1|/r to the line segment. By multi-
plying this amplitude function a(v) with periodic function
p(v, t; ω), a flow function that represents orientation, posi-
tion and length of line segment is

f(v, t; ω) = a(v)p(v, t;ω).

Figure 3 shows the effect of the amplitude.

B. More Than One Line Segment

If there exists more than one line, the problem is to ap-
propriately combine the flow functions f(v, t; ω) associated
with each line. Let n be the number of lines. Then let
vi
2 and vi

1 denote the end points, fi(v, t;ω) denote the flow
function, hi(v, t) denote the distance function, and ri de-
note scaling factor of line i where i is an integer between
1 and n. The amplitude function in the previous section
describes a region of influence Ri for each line. This region
of influence can be given by the set

Ri =
{

v | di(v)− |vi
2 − vi

1|
ri

≤ 0
}

.

Fig. 2. Equidistant curves described by a distance function for an
oriented line segment.

r=1 r=2

r=4 r=8

Fig. 3. The effect of amplitude function (ω = 4π).

The combined region of influence

R =
n⋃

i=1

Ri.

of all the lines is given by the union of each region of in-
fluence Ri. In implicit surface theory, it is well known that
the exact or approximate union operations can be obtained
by functional operations such as Rvachev [11] or Ricci op-
erations [12]. Akleman and Chen have recently discovered
an effective approximate union operation which is similar
to the Ricci operation [1]. Let gi(v) denote the region of
influence function di(v) − |vi

2−vi
1|

ri
. Then, in terms of the

new operation, the combined region of influence can be ap-
proximated as

R ≈
{

v | −1
µ

log
n∑

i=1

e−µ g(v) ≤ 0

}
,

where µ is a real number that control smoothness of the
combined regions and when µ → ∞, the relation becomes
an equality. The gradient of this operation gives another
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useful operation over gradients of functions, ∇di(v):

∇
(
−1
µ

log
n∑

i=1

e−µ g(v)

)
=

n∑

i=1

βi(v)∇di(v)

where

βi(v) =
e−µ gi(v)

n∑

i=1

e−µ gi(v)

.

Since
n∑

i=1

βi(v) = 1,

this operation is simply a weighted average of gradient vec-
tors ∇di(v). The weights depend only on v. If v ∈ Rj but
v 6∈ Ri ∀i 6= j then the result is almost exactly equal to
∇di(v). If v is in the intersection of several regions of influ-
ence, the resulting gradient is the weighted average of the
gradient vectors associated with these regions of influence.
This operation can also be used for combining flow func-
tions. By replacing gradient functions ∇di(v) with flow
functions fi(v, t) we obtain the combined flow function

F (v, t;ω) =
n∑

i=1

βi(v)fi(v, t; ω).

The animations can be then computed by appropriately
sampling this function. In order to avoid spatial and tem-
poral aliasing, random sampling is needed. We have de-
veloped a user interface to create 2D flow animations. By
using this interface we have created various 2D flow ani-
mations. Figure 4 and 5 show oriented control lines and
related frames of cyclic animations. The bottom four im-
ages in Figure 4 and 5 are cyclic animation frames for the
given set of oriented line segments that are shown on the
top row.

Because of the associative and commutative properties of
approximate union and gradient interpolation operations,
the resulting flow functions F (v, t) can be recomputed in
constant time (i.e. it is constant time updateable) after
deleting, changing or adding a constant number of line seg-
ments [1].

III. Application of Flow Animations to
Compressor Visualization

We used the 2D flow animations to improve the quality
of compressor visualizations. The compressors are typi-
cal of the type found in household refrigerators and air-
conditioning systems. There are various types of compres-
sors such as centrifugal, scroll, rolling piston and twin-
screw [2]. For heating, refrigerating and air conditioning
engineers it is essential to understand and visualize how
each type of compressor works. Therefore, the goal of com-
pressor visualization is to illustrate the compression prin-
ciples for different types of compressors. Unfortunately, it
is almost impossible to understand the working principles
of compressors just by looking static illustrations. It is

Fig. 4. Oriented lines and related frames of cyclic animation.

Fig. 5. Another example of cyclic animation.
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therefore essential to create animations that show how the
individual parts of compressors and the associated fluid
move during compression cycles. However, if the anima-
tions of the flow were not included, then the viewer is left
to imagine how the gases are compressed.

For some compressors, such as scroll, rolling piston and
rotary wane, the best staging of the compressor motion is
given by parallel projection. For the visualization of such
compressors 2D flow animations can be a useful tool. We
used 2D flow animations to improve the quality of visu-
alization of rolling piston and rotary wane compressors.
Rolling piston compressor uses a roller mounted on the
eccentric of a shaft with a single vane or blade suitably
positioned in the nonrotating cylindrical housing, gener-
ally called the cylinder block. The blade reciprocates in
a slot machined in the cylinder block. This reciprocating
motion is caused by the eccentrically moving roller. In or-
der to create rolling piston animation, we have developed
a simple texture mapped 3D model for the compressor and
animated the cylinder blocks by using a commercial mod-
eling and animation package. We have then rendered this
animation by using parallel projection. Flow animations
are created in our system separately. These two anima-
tions are later combined by using a compositing program.
Some frames of resulting animation are shown in Figure 6.

As an example of rotary wane compressors we used an
eight-bladed compressor. The eight discrete volumes are
referred to as cells. In this compressor, a single shaft rota-
tion produces eight distinct compression strokes. Similar
to rolling piston case, rotary wane compresser is modeled,
animated and rendered in 3D by using a commercial model-
ing and animation package. Flow animations are created in
our system separately. Then the two animations are com-
bined by using a commercial compositing package. Some
frames of resulting animation are shown in Figure 7.

IV. Conclusion

In this paper, we have developed a function based ap-
proach for user controlled 2D flow animation. Our ap-
proach provides a simple algorithm for creating variable-
speed flow animations. Since the algorithm is based on
constant time updateable operations, recomputation of the
flow animation is extremely efficient.
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