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Abstract 
The problem described in this paper concerns 
transforming a given geometric shape into another 
in a continuous manner. Important examples of 
surface deformation have been intensively 
investigated in the past few years. Shape 
deformation of three-dimensional geometric 
objects is a time consuming operation, but at the 
same time for some applications, like computer 
games, an opportunity to produce plausible 
deformations for character animation fast is very 
important. For this application we have selected to 
use compactly supported radial basis functions, 
because as our benchmarks show they 
demonstrate their applicability for real time 
animation.  Another very important issue is ability 
for the artists to define very easily (intuitively) the 
deformations. In this paper we report on the 
progress of our software system (available for free 
to download from our web page), providing an 
editor that assists in the design of animated 
objects, using only a moderate number of easy to 
define control vectors (possibly irregularly 
positioned). 
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1. Introduction 
Most existing shape transformation techniques fall 
into one of the three following categories (for 
more references, see [1]):  

- mapping the space onto itself;  

- metamorphosis;  

- modification of defining functions. 

The survey [2] discusses common mathematical 
foundations of the space deformation techniques. 
In this paper we will review works related to 
radial basis functions (RBF).  

Vast literature is devoted to the subject of 
scattered data interpolation, which can be used for 
a space mapping, and if applied to some point set 
in the space, it changes this set to a different one. 
One of the approaches is to use methods of 
scattered data interpolation, based on the 
minimum-energy properties [3], [4], [5]. These 
methods are widely discussed in literature (see 
[6], [7]). As far as we know, the first publication 
on using discrete 2D landmark points is that of 
Bookstein [8], [9]. An approach (weighted least 
squares technique) to select destination points to 
adopt the configuration of minimum bending 
energy where the target landmarks or destination 
points are freed to slide along lines is discussed by 
Bookstein in [10]. The benefits of using RBFs 
have been recognized in many works and RBFs 
were adapted for 2D computer animation [11], 
medical application [12], [8], and reconstruction 
from 3D scattered data. Special methods to reduce 
the processing time were developed for thin plate 
splines and discussed in [13], [14], see also recent 
publications [15], [16].  

Actually, the methods exploiting the RBFs can be 
divided into three groups. First group is “naive” 
methods, which are restricted to small problems, 
but they work quite well in applications dealing 
with shape transformation (see, for example [17], 
[ 18 ]). Second group consists of fast methods, 
which allow large data sets to be modeled [16], 
[13]. The third and last group is the Compactly 



Supported Radial Basis Functions (CSRBF). 
Recently they were applied to reconstructing 
scattered data sets [19], [20]. 

We have selected CSRBF functions as a main tool 
for our animation system, because they provide 
smooth, plausible deformations in real-time, as 
described in the paper [21]. This optimization not 
only allows performing complex deformations in 
real-time, but also saves memory required for 
animation. For example, in the most popular 3D 
game engines (Quake, Unreal, Half-Life) for 
skeleton animation of character animation models 
all coordinates of all points of an object are stored 
for every frame of animation, what leads to huge 
amount of data stored for each model. When we 
use the described technique, only a small amount 
of additional information is needed. 

Our next goal was to provide a simple, easy to use 
system for defining and viewing the animations 
based on this technology. The ability to transform 
the shape of a surface is useful in animation, 
especially for face simulation. The problems in 
this research area still remain among the most 
difficult, but it should be possible to use our 
system even in this field. For CSRBF the ability to 
define the radius of support r not only controls the 
speed of the deformation, but also controls the 
locality of the deformation, which enables to 
combine several CSRBF transformations on the 
one animation object with different radii of 
support and also to combine CSRBF 
transformation and other deformation techniques 
(like skeleton or inverse kinematics) easily. So our 
system should also provide the ability to combine 
several deformations on one object. And the 
system should be portable (available on the most 
of the current computer platforms) and should be 
free. 

In the next chapter we are describing the 
developed software system (available to download 
for free from our web page [22]). 

 

2. Software System 
3D geometric modeling systems based on shape 
deformations have been pursued by many 
researchers and take mainly advantage of the 
simple idea that the user can define tangible 
geometry of deformations by defining starting and 
destination points (deformation vectors). 

A software system was designed in C++ using 
open source software library “The Visualization 
Toolkit” (VTK) [23].  VTK is an open source, 
freely available software system for 3D computer 
graphics and consists of a C++ class library, and 
several interpreted interface layers including 
Tcl/Tk, Java, and Python. This toolkit has been 
tested on almost every Unix and PC (Windows) 
platform. Our C++ class for shape transformation 
can be used in the pipeline execution method (lazy 
mode) of VTK, that actually means that it can be 
combined with other shape transformation classes, 
including the other instances of the same class (for 
example, several CSRBFs shape transformations 
can be applied with different radii of support on 
the same object). 

Here we give a short description on generation of 
a complete animated scene.  In our software 
system the complete scene is represented as a 
collection of animation objects. Following three 
groups represent all supported movements of the 
object: 

1. translation of the local coordinate system of 
an object along some trajectory 
(movement), 

2. change of orientation local coordinate 
system of the object (rotation), 

3. transformation of the object according to 
it’s local coordinate system 
(transformation). 

It is assumed that while applying transformation 
(3) the center of gravity of the object is not 
moving. The animation object can be constructed 
from several parts: 

1. different independent transformations for 
various parts of an object could be 
applied, 

2. different colors and textures for various 
parts of the object  could be applied. 

A prototype software system consists of two 
applications. 

• “Picker” provides creation and translation 
of transformations.  This program enables 
the user to interactively input control 
points and vectors for CSRBF spline 
calculation. The screenshot of the 
“Picker” level interface is shown on 
Figure 1 (a). 



• “Animation composer”. This interface 
enables the user with a possibility to 
interactively define trajectory and provide 
orientation and timing marks (i.e., the 
schedule of the movement of an object 
along it’s trajectory). Kochanek-Bartels 
interpolating spline [ 24 ] is used for 
animating of the movement and 
quaternion calculus [ 25 ] is used for 
animating rotation. The screenshot of this 
interface is shown on Figure 1 (b). 

The “Animation composer” program also supports 
an “Animation” mode. In this mode the program 
displays animated objects in accordance to their 
defined trajectories, rotations and transformations. 
This program also enables the user to save 
animation results as a movie in a personal 
computer movie file formats (avi).  

Our interface level software was designed and 
tested for use on a PC under Windows (9x, ME, 
NT, 2000, XP). Command line interface version 
of the “Animation” program was also developed 
and it was tested on both Windows and Linux 
platforms. 

 

3. Tests and Benchmarks 
To test our animation system we used a model of 
a woman’s head to test it as a model for a simple 
facial animation. Figure 2 shows five frames from 
generated set of animated frames for the simple 
deformation “smile” (see Figure 3), defined only 
by 32 control vectors. In order to localize this 
deformation we have selected a small radius of 
support r=0.2.  

As Figure 3 shows even to define quite good-
looking deformations only a moderate number of 
control vectors is needed. Ability to provide the 
locality allows us to define them very easily. In 
Figure 3 the resulting states of various simple 
deformations are shown in the first row (“smile”, 
“upset”, “kiss”, first image in the first row is the 
initial shape). The vectors defining corresponding 
deformation are shown in the second row. 

Real time deformations are important not only for 
character and facial animations. For example, in 
Figure 4 two different deformations of a 
polygonal box are shown. Vectors from the center 
of the box using C2 -continuous Wendland’s 
function create these deformations. You can see 
that the resulting deformation is very large (vector 

lengths are about half of the box size) that shows 
an applicability of our method even for large 
transformations. For example, such real-time 
deformations can be used to model elastic 
environment (i.e. walls, ceiling) in computer 
games. 

In our software system we have performed the 
speed benchmarks for this animations on our test 
computer: Athlon 1Ghz, 650MB RAM, ATI 
Radeon 250Mhz 8500LE 64MB video board VIA 
KT133 Chipset, Windows 2000 SP2. These 
results are shown in Table 1. 

 

  
(a)                                   (b) 

Figure 1. User level interfaces: (a) “Picker” 
interface, (b) “Animation Composer” interface. 
Name Number 

of 
polygons 
defining 
the 
model 

Number of 
vectors 
defining the 
deformation 

Selected 
by the 
user 
“Radius 
of 
support” 
parameter 

Resulting 
speed 
benchmark 
(in frames 
per second 
– fps) 

Facial 
animation 

“smile” 

7024 32 0.2 107 

“Elastic 
box” 

758 6 0.6 72 

Table 1. Performance benchmarks. 

 

4. Conclusions 
We have described our software system that can 
be used to generate simple shape transformations, 
like “smile”, “kiss”, etc., and save them as a 
compiled transformation files. Those 
transformations files can be later used in 
conjunction with each other, to provide more 
complex facial gestures. 



     
Figure 2.  Several frames from the “smile” deformation movie.  

 
Figure 3. An example of a simple facial 
animations - "kiss", "smile" and "upset" 
transformations. Top row - original model, second 
row - defining vectors (selected by the user), third 
row - resulting deformation. 

 
Figure 4. An example of the elastic environment 
deformation: an “Elastic box”. 
There are several directions for future research. 
Firstly, we continue to design the end-user 
interface to create expressive 3D animations; 
currently we are planning to add other types of 
transformations (at least to use standard 
approaches of key frame and inverse kinematics 
for animating a character) to create an effective 
and complete animation system. 

Secondly, we are also working on extending the 
interface system to create an artificial model with 
a full system of expressions, which can be easily 
modified and combined to create more complex 
facial gestures, like talking or expressing feelings 
in some defined situations. 
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