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ABSTRACT

This paper presents the outline of a system for scientific animation. In particular a set of fundamental
procedures based on fractals is given. It is known that the (Iterated Function System) IFS fractal remains
IFS under linear deformations. Moreover the parameters of the deformed fractals could be conducted
from the original parameters and the linear transforms causing these deformations. A short discussion of
“how to control the IFS fractals through their parameters is included. As a general rule in fractal-based
systems, objects pertain their natural looking under linear deformations because their fractal dimensions
do not change under these transformations. As a result, the resolution of the digital images does not
change with respect to changes in scale. The projections of 3-D IFS fractals on any plane could also be
described by IFS code saying that IFS fractals are isotropic images. The control of 3-D fractals is simply
an extension to what is said about 2-D ones. The procedures have been successfully implemented. A set
of examples is given at the end. The work concludes with a recommendation for the use of the procedures
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|. INTRODUCTION

As proposed in [4], traditional methods of motion
specification do not work very well with procedural
models in computer animation. It is usually not
possible to use key framing or scripting techniques
with the models that these techniques produce, because

| of the large number of primitives they require and the
| use of pseudo random numbers. One remedy to a
| classical object oriented approach for animation was

uwing a delegation technique and a system recently
reported in [8]. A common requirement for procedural
models in which images are represented by parameters

| and an algorithm acting on them is to do all

transformations through the model parameters rather
than doing them to image points. This allows the
control of the image while it is still represented by the
same model. The issue is to have a closed system of
representation in which all operators map from one
space of representation to the same space. This will
pertain the major characteristics of the images
generated by the underlying model. In the case of
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for scientific animation and an open question for future research.

Animation, Fractal, IFS, Linear Transforms, isotropic objects.

fractal images, this can greatly preserve the natural
look of the image.

In the following, we introduce an outline of a system
based on the above fact. Next we give an overview of
the mathematical details as found in [1, 2] and finally
we present some results of its successful
implementation and an open question for future work.

2. Object Oriented System for an IFS Animation

The IFS fractal representation provides easy ways to
handle motion necessary for animation. The fact that
the IFS fractal is transformed linearly to a known IFS
fractal makes it easy to represent the IFS fractal object
as a class in languages supporting Object Oriented
Programming techniques. The class contains -as a data
structure -the IFS parameters. All methods related to
its animation are applied to the fractal parameters-
changing them accordingly. The class contains a
method that displays the fractal object on digital
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screens. All changes happening to the fractal object
during its motion will update the fractal parameters
only. The result of changes is an object belonging to
the same class. Of course object oriented programming
helps greatly to resolve the complexity problems facing
geometric modeling systems. Thence, an IFS fractal
based system can be a part of a general system based
on object oriented programming for modeling and
display software [4]. This part has the advantage of
being a highly compressed code. Actually it is not
needed to store more than fractal parameters whether
a change to an object happens or not.

We have developed a 3-D fractal system based on the
above fact. Drawing is mainly performed using a draw
function. The draw function is based on the chaos
game algorithm of generating fractal objects from a
specified set of parameters. The points are immediately
projected perspectively on the screen with the eye
residing at the system origin. The eye position can be
changed by applying linear transformations to the
fractal parameters so as to see different views. The
parallel projection of a 3-D fractal on a given plane can
be represented as will be seen shortly by a 3-D fractal
with thickness approaching to zero along this plane and
hence can be described by IFS fractal parameters.

3. IFS FRACTALS UNDER LINEAR
TRANSFORMS

It was shown by [1] that the IFS fractal appearance
change continuously with change in parameters. This
fact can be exploited in animating fractal objects. A
derived relation showing the effect of linear transforms
on fractal parameters supports this fact. Moreover it
gives a deterministic way of fractal animation.

3.1. Mathematical details

In this part we start by briefly discussing the IFS
theory of fractal generation and the effect of continuous
change of parameters on the images as introduced by
[1]. Next we present the new approach given in [2]. In
this parameter change under linear transformations are
calculated. This is shown to allow for motion
specification of the fractal-based images contrary to
many other procedural models in which the generation
process usually involves random numbers preventing
the animator from directly specifying the motion[6].
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From the derived relations, the common 2-D
image transforms could be done in parameter §
including scaling, rotation, translation, sheariy
many other complicated but linear ones.
projection on any plane is shown to still be an IR
derived parameters. The basic definitions [4,5,6]
first be given followed by the main result.}
complete derivation, the reader is referred to (2}

3.2. Basic definitions
Definition 1 (IFS fractal)

An IFS fractal A defined by the parameters
transforms W;, i=1..N is the set of points xeAl

N
that A= U W;(A)

i=1

where W;(A) is the set coming from applying v
each xeA..
Definition 2. (contractivity of a transform)
A transformation £X-X on a metric space

called
contractive if there is a constant 0 < s < 1 suchl

d (fx), fy)) < sdxy)vx,yeX

Any such number s is called a contractivity fa
f

Definition 3. (contractivity of IFS)
A (hyperbolic) iterated function system IFS consis
a complete metric space (X,d) together with a finit)
of contraction mappings W : X —X with respe
contractivity factors
S, forn=12,N
The contractivity factor of the IFS is
s=max {S, n= 12, N}
Definition 4. (Hausdorff distance)

Let (X,d) be a complete metric space, then
Hausdorff distance between points AB eH(X)



cwompact subsets of X, is defined by:

h(A,B) = max (d(A,B), d (A,B))

d(A,B) = max (min(d(x,y))
xeA yeB

33. The Effect of Continuous Change in Parameters
on Fractal Images

Let (X,d) be a metric space. Let {X; W, i=12,..,N}
be a hyperbolic IFS (with condensation) of contractivity
s Forn =12, N let W, depend continuously on a
prameter p e P, where P is a compact metric space.
Then the attractor A(p)eH (X) depends continuously on

p €P with respect to the Hausdorff metric h(d).

This means - as Barnsley said - that we can smoothly
ierpolate  between  attractors provided they remain
Iyperbolic and this is useful for image animation [1].

34. Linear Transformations to IFS fractals

It was shown in [2] that the IFS fractal {A; W;
FL2,.,N} with linear transforms Wi(x) = A; x+b; is
- tnnsformed to another IFS fractal

{A;W,,i=1,2,...N} under the linear transform
T Ap(x)tby

Where:
V_Vi(x) =1—\i(x) +Ei
A= Ay A Ap' 1)
Bi= Arb;+ by~ ATAiA'I-‘le
Proof

Lt xeA. Under T, x will be transformed to xwhere

x=T(x) @

On the other hand, x is transformed to x;; i = 1..N
uder each of the transforms W; where
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x; = W;(x) and x;eA (from the fractal definition).

The points x; are also transformed to x;under T where
x; =T(x;) By noting that X, x; belong to the target image
Aand
X, =T(x;) =T(W;(x)) =Ap W;(x) +b
= Ap (A x+b) +bp
from (2):

x=A7 'X-A;'b

ii=AT(Ai‘£\'1:li 'AiA';le +b;) +br

where
A=ArAAr

b;=br+Agb;-ApA;Ag by
={-ApAjAr) by + A b,

Now if W, is contractive then W;is also a contractive
mapping. This is true since the transformation
A A, Ayl is the transform of the matrix A; when
changing the basis vectors through Ay and the proof is
complete.

Now, we can implement general procedures for scaling,
rotation, ..etc. to the fractal by substituting in the above
relation. For example when rotating a fractal about z
axis, we can use the transformation T such that

cos(d) sin(@) 0 0
Ar=| -sin(0) cos(@) 0| ,br=1|0
0 0 1 0

where 6is the angle of rotation.
The procedure of rotation accepts as a parameter the
angle of rotation to construct the above matrix then by
substituting in relations 1, the new parameters are
calculated.
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Fig i Sierpinski Iriangle

Transform Parameters °

0.sc 0.00 o.00| ps.oe! |c.S0 0.00 0.00 5.30 ,0-50 0.00 0.00 15.30;
0.00 0.50 C.00 | o.csI& 0.00 0.30 0.00} "’ o.oof‘ 0.00 0.50 0.00 a.30!
0.0C 0.0Q 0.30 g.00 0.00 ©.00 ©.30 g.30| |0.00 ©.00 0.30 0.30|
Fig ii
"After rotation about x,y.,z
i 0.sc-0.00 0.00! |15.06 0.50-0.00 0.0C 1s.40! | 0.50-G.00 0.00 15.46!
: 0D.00 C.3C O. ooi s o.61/&| 0.00 0.50 ©0.00| .| 0.03 &l 0.00 o.%0 0.00 o. 23‘
!.0.00 c.00 0.50! |-0.0& -0.00 0.00 0.5C 0.14| |-0.00 0.00 0.350 -0.08|
Fig 1ii (Aafter mcre rctaticns)
! .s0-c.0¢-0.0C: [:4.99] | 0.50-C.00-0.CO LS. :r> | 0.50-0.0C-C. '
2 = -0.00 1. LT
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0o 6.00 ©.scl {-0.co] |-0.cc C.ca 0.5¢| |-0. o:x !~c.Co C.cC 0.3Cj |—0.20;
Fig iv
(After mcre rotations)
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Figures 1. Sample. ohtEut.
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Fig v a Fractal pyramid
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-g.r?_!o.c 0.0 0.5, —0.2{0.C 0.C 0.5 io.1j0.0 0.0 Q
Figures 1. sample output (Continue).
ES <
3% 3,
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=

Fig vii a natural scene

7 -0.42! i16.12
| 0.39-0.01-0.27 Le.e2| | 0.46 0.09 o
L0.27 0.33 -0.1| » | 7.99(&-0.43 0.39-0.04 ’*f?"éi
~0.04-0.29 G.22 1.09| | 0.05-0.42 0.34; |~i.
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Tes,

Fig uiii Rotation cf vii

{0.15-0.25-0.C7| (25.59 0.18-G.31-0.17 24,51
“c.21 0.35 0.19} .| 6.02(&-0.23 0.42 0.36|,] 7.02[
|o.15-0.14 0.50{ |-4.41| | 0.26-0.30 0.59 {-8.19

Figures 1. sample output (Continue).
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3.5. Projection of IFS Fractal

If we apply a scaling transform in a given direction say
z making the scaling factor very small then the result is
a planner fractal-with derived parameters- in the x-y
plane. This shows that the IFS fractal objects are
isotropic recalling that an object is isotropic if it has the
same fractal dimension in any direction. Many natural
objects have this property.

Mathematically:

Let the parameters of the fractal be:

a; bi < J
Ai= dl ei fl ’bi= k
g h; § 1
If we apply a transform:
100 0
AT= 0 1 0 ’bT= 0
00 ¢ 0

where eis a very small number, to the fractal image the
result is a fractal of thickness approaching to zero which
coincides with the paraliel projection of the original
fractal on the x-y plane. This projection can be described
by a fractal with the following parameters:

b; ¢;le

a; J
Ki = di ei fi/e . Bi =lk
€g; €h; i el

3.6. General Procedures

The system outline for animation starts by giving it the
fractal of the object (or in general the procedure for
calculating the fractal) as well as the required linear
transformation both input is processed through matrix
operations and the resultant fractal is produced which is
passed to the drawing function based on the Chaos Game
?nd finally the output image may be displayed in pixel
orm.

The fractal object class definition contains the space
dimension variable, the number of fractal parameters, the
fractal parameters themselves ( a matrix and a vector per
parameter) and the animation methods. The methods
include a drawing function based on the chaos game
algorithm, general transform methods that accept
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transform parameters for special transforms like rof
scaling, translation and projection.
The general form: of the procedures is then as fol

Step 1. Calculate the appropriate transformation m

Step 2. Calculate the new parameters using equ
(D).

Step 3. Use the draw function with the appry
parameters.

Obviously, the procedures are quite simple and ye
powerful and their implementation show proms
forms. The advantage of using such a system comes
the fact that all the motion frames could be cod
fractal parameters and hence the system requirs
memory space than traditional animation systen
addition, the time required to animate an object &
of the time of matrix multiplications and add

on the algorithm of drawing used as a measure
system speed.

4. RESULTS AND CONCLUSION

system are given in Figures (1). Different versionsd
same image are displayed but under linear transfo
is worth noting that all transforms including scali
any direction appear to be natural. Some of the i
are 2-D fractals while others are 3-D ones. |
samples recommend their use for scientific anm
The question that still remain is whether the infersi
of two fractals could also be represented as a frai
which case one would not need to return to imagey
at all.
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3.5. Projection of IFS Fractal

If we apply a scaling transform in a given direction say
z making the scaling factor very small then the result is
a planner fractal-with derived parameters- in the x-y
plane. This shows that the IFS fractal objects are
isotropic recalling that an object is isotropic if it has the
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3 b ¢ j
Aj=|d; & £ b= 1k
g h; i 1
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Ggi Ehi ii 61

3.6. General Procedures
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transform parameters for special transforms liker
scaling, translation and projection. h
The general form of the procedures is then asff

Step 1. Calculate the appropriate transformation
Step 2. Calculate the new parameters using e
(1).
Step 3. Use the draw function with the apps
parameters.

Obviously, the procedures are quite simple andy
powerful and their implementation show p
forms. The advantage of using such a system com
the fact that all the motion frames could be ui
fractal parameters and hence the system requn
memory space than traditional animation syst
addition, the time required to animate an objectd
of the time of matrix multiplications and af
required for the relations of the IFS fractal
transform and the time of drawing the IFSf
Obviously, the later time component will merely
on the algorithm of drawing used as a measure |
system speed.

4. RESULTS AND CONCLUSION

A set of images showing a sample of outputd
system are given in Figures (1). Different versions|
same image are displayed but under linear transs
is worth noting that all transforms including sl
any direction appear to be natural. Some of the
are 2-D fractals while others are 3-D ones.
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The question that still remain is whether the inter
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