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ABSTRACT

We present a design environment which allows the
generation, modification, and visual speech anima-
tion of 3D cartoon-like faces – Tinky. Our underly-
ing face model is not based on a set of independent
parameters that control specific abstract muscle
emulations but is directed by a set of objects repre-
senting the elements of the face. In order to provide
an easy to use authoring system producing
standardized visemes, expressions and animations of
web oriented talking faces, we adopt an object
oriented approach for face design and combine it
with the authoring qualities of VRML and the
standardized set of facial animation parameters
defined by MPEG-4 SNHC.

1. INTRODUCTION

The introduction of agent technology requires new
styles of human-computer interaction, in which the
agent is seen as an active and more or less
personalized collaborator. For example, agents
might provide intelligent access to the wealth of
information on the Web, or they might perform
particular social behavior to communicate with the
user [1,2,3].

The most commonly used interface for the personi-
fication of an agent is the human body and here spe-
cifically the human face, e.g. in the form of a talking
head. However, the question of whether software
agents should be anthropomorphic is still under
discussion [4]. The main argument against human
realistic face modeling is that the presented interface
leads to over estimations by the user about the
system’s ability in respect to the emotional and
behavioral competence of an agent.

One way to avoid this problem is to introduce
cartoon-like faces as visual representations [5].
Cartoons perform expressions of speech and
emotion mirrored from human behavior. Yet, while
it is possible to create characters with an appropriate
visual representation and psychological engagement,
this is extremely difficult with existing tools.

Our work focuses on the definition of methods and
tools which allow the generation and control of vis-
ual speech animation of talking 3D faces to be used
in web environments. Our initial goal is to produce a
design environment which allows the generation,
modification, and animation of 3D cartoon-like
faces, where the face model is not based on a set of
independent parameters that control specific abstract
muscle emulations but is directed by a set of objects
representing the elements of the face.

To become an effective collaborator, an animated
agent needs audio-visual speech capabilities, i.e.
methods for generation and animation of mouth
shapes are crucial. However, when applying talking
heads in human-computer interaction, all face areas
are important because they can transmit non-verbal
information to the user. For example, it is possible
to control the discourse by giving and taking turns
with eye movements. Further, faces can express
emotions. Finally, the eyebrows are especially able
to convey prosodic information, e.g. raising the
eyebrows emphasizes the focus of the current
utterance [2]. To take into account this functional
importance of the eyeballs, eyebrows and the overall
face shape, our system models these parts with the
same accuracy as the mouth shapes.

In this paper, we first present our approach on facial
representation which adopts the MPEG-4 SNHC
Standard (Synthetic / Natural Hybrid Coding) and
outline the corresponding facial model. We then
describe the architecture of the Tinky System, which
leads to a description of how Tinky creates facial
expressions and animations. The paper concludes
with an outlook on future work.

2. OBJECT-ORIENTED APPROACH FOR
FACE DESIGN

Successful animation implies that the animated face
must communicate the intended message in a
believable visual way, this means that the verbal and
non-verbal behavior must be believable in the
provided environment. Various systems have been
suggested to integrate animation and behavior [2].



Most of the systems use layered architectures [6],
which manipulate, on the lowest level, the geometry
of atomic animated actions and, on a higher level,
the behavior that is responsible for higher-level
capabilities and decisions about which animations to
trigger. However, due to their anatomical approach
the research results are difficult to apply to the
design of cartoon-based animations.

Cartoons do not necessarily require a muscle-based
structure to be animated. A face can be built simply
by using a set of objects (e.g. nose, lips, eyes, etc.)
instead of having a uniquely whole mesh.

One approach in this direction of object-oriented
cartoon design was suggested by Perlin and
Goldberg [7]. Their system, Improv, is designed for
the creation of real-time behavior-based animated
actors. It is based on a parallel-layered architecture,
where one layer controls the animation of the actors
and the other their behavior. In order to provide an
easy to use authoring system producing standardized
expressions and visual speech animations for web-
oriented talking heads, we have adopted Perlin and
Goldberg’s object oriented approach and combined
it with authoring qualities of VRML [11] and the
standardized set of facial animation parameters
defined by MPEG-4 SNHC [12].

VRML and related authoring tools supply complex
3D shape generation and texture mapping which can
be mastered by the everyday user. Besides the abil-
ity to define 3D objects and organize them hierar-
chically, a set of functions allows one to control the
behavior and appearance of VRML objects
externally. In this way the geometric structure of a
face can be easily defined and accessed. However,
we still lack the ability to manipulate the objects in a
controlled manner, which is required to guarantee
the development of functions for generating
expressions, such as a smile or frown, or to provide
functions for lip synchronization.

One way to control a 3D object is to attach a set of
control points to it. Moving these points results in
the deformation of the surrounding object mesh,
which does not exclude the performance of
transformations on the object such as translation or
rotation. However, to ensure that low level functions
for the manipulation of the control points can be
applied generically, the definitions of the control
points and their degrees of freedom must be
standardized. Such a set of definitions is provided
by the MPEG-4 SNHC standard, including:

• a set of feature points (our control points),
where for each facial component the related
feature points are defined (with names and
locations);

• a set of facial animation parameters (FAPs),
which manipulate the displacements and angles

of face features and govern the blending of
visemes and face expressions during speech.
Exaggerated values of parameters permit the
definition of actions that are normally not possi-
ble for humans but could be desirable for
cartoon-like characters.

In Zhong [8], MPEG-4 SNHC FAP streams are
applied to the animation of the mouth region of a
generic 3D wireframe face model, whereas our
approach uses FAPs for the whole face area and
applies this basic scheme to object-based cartoon-
like face models. Furthermore we use a different
morphing scheme and introduce a layered
development approach: using the MPEG-4 SNHC
standard we are able to provide a layer of low level
functions to control the behavior and appearance of
facial objects. Based on these functions we can
develop an additional layer, containing high level
functions realizing complex expressions as well as
animations. The functions of this second layer,
which are currently under development, can then be
used in more global plans, i.e. scripts.

In the following section we use the above analysis to
describe Tinky, our approach towards an authoring
system which provides creative experts with tools to
easily construct talking faces for the web.

3. SYSTEM ARCHITECTURE

Tinky and the GUI were developed in Java. How-
ever, we decided to use VRML instead of Java3D to
define the face. The reason is that VRML provides a
standardized functionality which is also aligned to
the MPEG 4 standard. Also different faces may be
used as long as their model structure remains the
same. The Cosmo Software’s External Authoring
Interface (EAI), a set of Java libraries, has been
employed to control externally the content of
VRML scenes, i.e., their appearance and behavior.
The EAI allows one or more VRML worlds to be
added to a Java applet or application. In particular it
extends the functionality of the VRML Viewer by
incorporating 3D dynamic content (see [11,15]).
The GUI was developed as a Java applet.

Figure 1 shows the architecture of the system which
consists of four major units (the dotted box in the
figure encompasses the actual elements of the Tinky
system):

• A Control System: a set of components, which
perform core functionality as follows:
a) Activate all the facial objects that are actually
defined within the current VRML face;
b) Calculate the Facial Animation Parameter
Units (FAPU) relative to the current VRML
face. All the parameters involving translational
movement are expressed in terms of FAPUs.
These units are defined in order to allow the



interpretation of FAPs on any facial model in a
consistent way;
c) Calculate the triangulation parameters for the
current VRML face (see Section 4);
d) Perform the definition of new instances of
faces by manipulating the current face. The
result is a set of parameters, which when placed
in the current face yield the “new” face (see
Section 4);
e) Perform the definition of new expressions by
operating on the current face (optional);
f) Perform the definition and/or the execution of
new animations (optional).

• A VRML Interface : the component that
accesses the VRML world via the browser. It
consists of a set of functions needed to manipu-
late, obtain, and set data (for example, mesh
coordinates) to the VRML face.

• An Application Programming Interface (API ): a
set of functions accessible by the GUI. The defi-
nition of the API makes it possible to con-
ceptually hide implementation details of the
system from any developer who wants to build
an application on top of it. The GUI is an
example of an application that uses the API.

• An I/O Manager: a component which has the
task of storing data to (e.g., newly created
expressions) and retrieving data from (e.g.,
different expressions to be used in an animation)
the local machine. The browser normally has
security restrictions which do not allow an
application (i.e., the GUI in the form of an
applet) running within the browser to access the
local hard disk. Depending on the browser,
different levels of security restrictions are
applied. The I/O Manager detects which

browser is used and uses security access
methods from the current browser in order to
overcome the restrictions.

Other components not strictly belonging to the core
system are:

• The GUI  (Figure 2.) represents the user
interface to the system for generating facial
expressions similar to the GUIs described in
Parke [9] and Cohen and Massaro [10]. We
provide a FAP and Animation Editor, by means
of which expressions and animations are created
or performed onto the current VRML face.
Moreover, the second important part of our GUI
is the Face Editor, by means of which new
instances of faces may be defined and stored.

• The VRML face contains a description of a
face. Each face is a set of facial components
linked in a hierarchical fashion. Each facial
object is implemented as a VRML transform
node, which describes shapes, their position,
orientation, and other properties. For each of
these nodes a name is defined such that the
nodes can be accessed by the VRML interface.

• The Browser, used to visualize the GUI as well
as the VRML face, is embedded in a VRML
viewer plugged into the browser.

Having introduced Tinky’s major components and
the environment they perform in, we can now
discuss the functionality of the core system in more
detail.

Figure 1: Architecture of the System
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4. MODELING A FACE

Modeling a face means to create a set of geometric
parameters, which when placed in the current face
yield a different “new” face. Therefore, a set of
functions has been developed, which are embedded
in methods included in the API. The methods act on
single feature points, causing them to move in a
desired direction specified as a parameter. The
feature point displacements will then cause mesh
deformations resulting in generating new instances
of faces.

Essentially the modeling of new faces starts with a
canonical face, which is described in the VRML
source file. Even if new faces are created, the
structure of all of them, that is, the hierarchy and
topology of the VRML nodes, remains the same.
What changes is the actual position in the space of
the vertices of meshes representing the various
facial objects as well as the positions of feature
points. Our geometrical model allows two ways of
changing the shape of a mesh. Either we perform
operations on feature points, or a generic
transformation is applied (i.e., translation, rotation,
and scaling of the whole mesh). However, if we
want to deform a mesh without applying generic
transformations, we must solve the problem of
propagating the generated displacement onto feature
points over the rest of the mesh.

A total of 84 feature points are selected on the face
to control facial features. The displacement of these
points is propagated onto the other points of the
mesh while creating a new face. The same
displacement mechanism applies to a subset of

feature points (that is 46, which are affected by
FAPs) to generate expressions.

4.1 Propagation functions

Propagation is defined as the action of propagating
the movement performed on one feature point, in a
reasonable way, on other vertices of the mesh.
Several approaches may be used to perform the
propagation.

A simple approach is the employment of propaga-
tion functions: given a displacement vector ds of a
feature point FP, the same displacement is applied
on all the points P of the mesh, multiplied by a
factor ∆, which assumes values in the range (0,1),
depending on the distance d between P and FP. The
dependence is expressed in terms of a function f(d),
so that ∆=f(P). Therefore we have

dsP  = ∆dsFP = f(d)dsFP

It is assumed that f is strictly monotone and
decreasing.

However, the described approach did not allow us to
achieve a unique reconstruction of the expression of
the face. A different solution, which is a refinement
of the previous one, is introduced in the next section
and uses the interpolation with triangles.

4.2 Interpolation with Triangles

The approach discussed here uses the technique
described by Kurihara and Arai as explained in
Parke and Waters [16].

In this technique, the surface of facial meshes is
subdivided in triangles, whose vertices are the fea-
ture points. The propagation of the deformation gen-
erated by the displacement of the feature points is
produced by recalculating each intermediate point of
the mesh. Its displacement is based on the weighted
sum of the displacement of the three closest feature
points. The displacement vector of a given point P is
based on interpolating the vectors of its three sur-
rounding feature points, as shown in Figure 3.

In particular, given the displacement vectors vA, vB,
vC, respectively, of the feature points A, B, and C
the resulting displacement vector of the generic
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Figure 3:  Result displacement vector of P depending on A, B,
and C

Figure 2: Tinky´s GUI with face "Felix"



point P situated in the triangle of vertices A, B, and
C, is the following:

vP = vA∆A + vB∆B + vC∆C

The factors ∆A, ∆B, and ∆C are weights whose value
lie in the interval (0, 1) and depend on the distance
between the point P and the vertices of the triangle.

In order to use the technique explained, triangles
must be defined. The problem of finding triangles,
(triangulation) may be performed using several algo-
rithms. In our case we decided to use predefined
triangles since the number and (roughly) the posi-
tion of the feature points are fixed.

Having now explained our technique for face crea-
tion, we are now in the position to describe the
creation of expressions.

5. MODELLING EXPRESSIONS,
VISEMES, AND ANIMATIONS

Expressions are modeled by exploiting a subset of
functions defined for modeling a face. Essentially,
we need to move feature points in order to create
expressions (though for some facial objects this is
not the case; e.g., the eyeballs are moved by
rotation). Since expressions are referred in terms of
FAPs, a further set of methods has been defined and
included into the API, which provides the ability to
set FAPs by acting on single feature points.

These methods are employed for the following
purposes:

1. To create new expressions and thus new sets of
FAPs by operating on existing faces;

2. To retrieve a set of already defined FAPs and
apply them on the current face.

The methods also have names resembling FAP
names. For example, we have the method openJaw()
which sets the open_jaw FAP parameter. The
methods then convert the given FAPs into facial
point movements, i.e., feature point displacements,
which cause mesh deformations resulting in the
generation of new instances of expressions.

An expression is stored as a set of FAPs in ASCII
format. It is a line of 68 ASCII integer FAP values
with spaces delimiting the parameters. A zero value
for any FAP indicates a neutral face.

Once a set of expressions has been defined, anima-
tions may be defined and performed. In our
approach, an animation is a sequence of expressions
together with a set of time steps occurring between
them. We exploit the animation technique embedded
and executed by the VRML browser called
keyframe animation, where a position or rotation is
specified for only a few key fractional times. In
fractional time, an animation is imagined as starting
at fractional time 0.0 and running to fractional time
1.0. Visual speech is generated in the same manner
by defining a sequence of viseme expressions
together with a set of time steps, which may be
controlled  by the duration model of the used speech
synthesizer.

In order to show the applicability of our structures
and functionality, we now present an example
session showing how Tinky actually works.

6. EXAMPLE SESSION

In this section an example session is introduced, in
which an expression will be defined and an anima-
tion will be performed.

FAP# FAP name FAP value
6 stretch_l_cornerlip 268
7 stretch_r_cornerlip 268
12 raise_l_cornerlip 396
13 raise_r_cornerlip 396
19 close_t_l_eyelid -140
20 close_t_r_eyelid -140
33 raise_l_m_eyebrow 210
34 raise_r_m_eyebrow 220
53 stretch_l_cornerlip_o 253
54 stretch_r_cornerlip_o 253
59 raise_l_cornerlip_o 546
60 raise_r_cornerlip_o 546

Figure 4:  Creating an expression

Table 1: Extracted FAPs from “smiling” expressionFigure 5:  The "smiling" expression



A Java applet is called from within a Netscape
Browser incorporated with the Cosmo Player plug-
in. The applet connects to the VRML browser plug-
in and accesses the nodes of the scene graph of the
VRML browser. Events will be sent directly to
VRML nodes from the applet.

The FAP Editor shows a set of buttons (Figure 2)
which correspond solely to the facial objects that
have been actually retrieved from the VRML face.
By clicking any of these buttons a set of sliders will
appear, that are needed to set the FAPs relative to
that object. By operating on the sliders, values will
be given to the relative FAPs, and the effect will be
visualized onto the face. In Figure 4, the FAPs of the
nose and the right eyebrow have been changed, and
their feature points have been displaced, causing a
deformation of the mesh according to the trian-
gulation and the propagation algorithm defined. An
expression may be stored and retrieved. In Figure 5
the expression “smiling” has been loaded, whose
FAP values are shown in Table 1. Also animations
may be defined and executed. The animation frame
rate depends essentially on the machine used.
Acceptable results are given on a 166 MHz Pentium
PC.

7. CONCLUSION

We have presented an architecture that allows de-
signers of various abilities to easily create animated
talking faces for web-based applications. At present,
we are engaged in research on the following aspects:

• Higher level functions: The current version of
our system assists only at a low-level function-
ality. However, at the moment we use the sys-
tem in a series of experiments to develop a set
of emotionally meaningful facial expressions.
These experiments shall provide us with the
bases for the development of a layer of high-
level functions realizing complex expressions as
well as animations.

• Synchronization: The visual speech animation
has to be synchronized with the acoustic speech
signal. Currently VRML does not support audio
streaming, thus we have to consider the use of
double buffering techniques or to introduce non
VRML-based audio sources.

• Expression overlay: To overlay viseme expres-
sions with emotional expressions, it is possible
to produce every combination of emotion and
viseme and store them in an expression library.
To allow more flexibility, we will try to find an
algorithmic solution. Our goal is to introduce
and test an overlaying algorithm which com-
bines pre-stored emotional expressions with
viseme expressions for the mouth.

• Scripting language: For user-friendly applica-
tion development a scripting language may be
helpful. Although good approaches already exist
[6,16], we must prove their functionality for our
system requirements. It is probably necessary to
define a new scripting language merging the
features of these existing concepts with the
functionality of our system.
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