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ABSTRACT

A syntax-directed approach is proposed to avoid the
inflexibility problem occurred in most of the existing facial
animation systems. Our system contains a region-based
face model and provides a developing environment for
users to describe the behaviors of action units and the
needed facial expressions via writing sentences. The syntax
and semantics of the language can be redefined
interactively and the kemel of the proposed system is
always the same. We demonstrate the feasibility of syntax-
directed facial animation system on a window-based
personal computer. With the function of texture mapping,
our system can generate very realistic facial expressions.
Experiment shows that our system is a very flexible and
effective tool for the presentation of human facial
animations.

1. INTRODUCTION

Developing a facial animation system is a very interesting
and important research topic. There are two major
problems needed to be considered during the process of
generating facial animations: the representation of the face
itself and the modeling of motion [21]. As an object to be
animated, the face is more complex than what has been
animated to date. It is composed of flexible and
consistently organized regions whose reactions to change
vary depending not only on the particular face being
animated, but also what actions the face has already
performed. This is an interdisciplinary project and a team is
often needed to work it out. So far, most of the facial
animation systems have been implemented on graphic-
accelerated workstations or mainframes.

Since 1978, the Facial Action Coding System (FACS) [8]
developed by psychologists P. Ekman and W. Friesen has
been irreplaceable in the research community of facial
animation. In FACS, facial expressions are represented in
terms of physically controllable actions, the action units
(AUs). Each action unit describes the actions about a group
of muscles underneath the skin. In facial animation systems,
using the concepts of FACS as a human-machine interface
is an important milestone.
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There are many research approaches in computer-generated
facial animations. Among them, the main techniques used
include parameterized model [7, 10, 20, 22, 24, 25, 26, 27],
region-based model [2, 28, 29], and physics-based model
[11, 31, 32, 33, 34, 35, 36, 37]. Some facial animation
systems include texture-mapping function [3, 12, 39, 40] to
enhance the fidelity of the generated facial animations.

Although these systems can generate good facial
animations, they all have the inflexibility problem. The
inflexibility problem occurs since the face model and the
description of each graphic entity are implemented via
almost fixed parameters and/or procedures, various actions
are generated simply by changing parameter values. When
the original definition of face model, parameter set, or
action unit is not proper, the problem occurs since there is
no easy way to modify or reuse these procedures and
parameters. Besides, most of the existing facial animation
systems provide fixed graphic entities for user to present
expressions. The behavior of each graphic entity is almost
fixed. These behaviors cannot be modified without
rewriting corresponding procedures and this is a time-
consuming task. Furthermore, when the designer decides to
use different presentation technique in the facial animation
system, it often needs to rewrite the whole animation
system if possible.

Based upon our previous research experiences [4, 5, 6, 13,
14, 15, 16, 17, 18, 19, 38], we find that to improve the
inflexibility problem requires the use of computer graphics
techniques and high-level structural description of graphic
entities. Therefore, we propose a syntax-directed facial
animation system, which contains a region-based face
model and provides an environment for users to describe
the behaviors of action units and the needed facial
expressions via writing sentences. The syntax and
semantics of the language can be redefined interactively if
the result is not satisfied and the kernel of the proposed
system is always the same.

This paper presents the design methodology of the syntax-
directed facial animation system. Section 2 describes the
design concepts of the syntax-directed facial animation
system. Section 3 shows the implementation results and
Section 4 draws some conclusions.



2. THE SYNTAX-DIRECTED FACIAL
ANIMATION SYSTEM

The system architecture of the syntax-directed facial
animation system is shown in Figure 1. The users of this
system can be divided into two categories: designer and
general user. The designer construct abstract face model
from one instance of three-dimensional face data via
windowing user interface. The designer first interactively
divides the three-dimensional face data into regions
according to anatomy structure of human face in as much
as the same way as the formalized specification of FACS
proposed by Platt [29].
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Figure 1. System architecture of the facial animation
system.

Once the abstract face model has been constructed, an
adapted physical face model can be obtained. The adapted
physical face model contains the physical three-
dimensional face image data as well as the position of each
shape control point. The designer interactively uses an
editor to specify exerting point and magnitudes of force
that can cause appearance changes in corresponding face
region and meet the requirements of AU.

Since FACS is for a human observer to analyze facial
expressions of a mattered subject, the observer must have
the background knowledge about the muscular basis of
facial movements. It is very difficult to express the
background knowledge via computer graphics techniques.
Therefore, we use syntax-directed approach to provide a
windowing user interface for the designer to define a
language to describe the behaviors of action units and the
texture mapping process.

The designer describes the behavior of each action unit via
sentences, which conform to the predefined syntax and
semantics rules. If the semantics cannot be expressed by
way of existed action routines, the designer can rewrite his
own action routines and specify them in the semantic
descriptions via filling proper entries in the semantic table
of the corresponding grammar rules.

Similarly, when the predefined grammar rules are not
proper for the needed face presentation, the designer only
needs to add some grammar rules or rewrite the whole
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grammar rtules and the corresponding semantics. The
language transducer generator will generate the new scan
table and parsing table which cooperate with the
corresponding drivers will become a new language
transducer. After this, designer can use new sentential
forms to describe the behavior of action units and texture

mapping.

The general user must learn the concept of FACS before
using our system. He/she can decompose the needed facial
expression into a combination of action units and their
respective intensities. Then, the general user can use
sentences to state the combination.

The kemnel of our facial animation system is a syntax-
directed presentation synthesizer as shown in Figure 2. The
syntax-directed presentation synthesizer consists of three
major processes: a language transducer generator, a
language transducer, and a windowing user interface. The
windowing user interface provides both designer and
general user a working place to state the necessary
information for the face presentation. The language
transducer generator can adapt to different vocabularies
and presentation techniques. The grammar that accepted by
the language transducer generator is a kind of L-attributed
attribute grammar [9].
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Figure 2. System architecture of the syntax-directed
- presentation synthesizer.

The designer determines the vocabulary specification for
the description of FACS concepts and texture mapping.
Then he/she defines grammar rules that will be used for
syntax-directed translation of FACS concepts and texture
mapping. In each grammar rule, the designer must
determine the semantic routines to control the data flow.
The designer can select needed action routines from action
routine library or write action routines by himself/herself.
The general user uses sentences to describe the needed
facial expression in a manner like FACS.

The language transducer generator consists of a scanner
generator and a LL(1) parser generator. The designer tells
the scanner generator what tokens he/she wants recognized,;
producing a scanner that meets his/her specification is the
generator’s responsibility. Our scanner generator does not
produce an entire scanner; rather, it produces tables that
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can be used with a standard driver program. The
combination of generated tables and standard driver yields
the desired custom scanner.

The language transducer consists of a scanner driver, a
parser driver, and a semantic handler. No matter the
designer defines different languages the presentation
synthesizer is always the same. When the designer select
new languages, only vocabulary specifications, grammar
rules, and semantic routines are changed. The presentation
synthesizer can generate new scan table, parsing table, and
semantic table. These tables combine with the fixed
scanner driver, parser driver, and semantic handler yield a
new language transducer.

3. EXPERIMENTAL RESULTS

We implement the syntax-directed facial animation system
on a personal computer equipped with Microsoft™
Windows 95 operating system. We use Microsoft™ Visual
C++ and Borland™ C++ Builder as the programming
environments. The rendering process and texture mapping
are implemented by calling proper OpenGL graphic library
routines [1, 23). The kernel of the syntax-directed face
presentation is implemented via C++ programming
language [30). To obtain real-time animation, a personal
computer with Pentium 233 MMX CPU and 64MB
SDRAM is used.

The generic face model in the proposed system contains 38
regions, 260 shape control points, 3712 polygons, and 1986
vertices. The surface of the generic face consists of thirty
regions. The eyes are divided into six regions and the tecth
are split into upper teeth region and lower teeth region.

The specification of grammar rules, which are used to
parse the facial expression sentences, is listed as follows:

#Terminal

end

ClearAllFrame

KeepAllFrame

BeginKeyFrame

Animate

IntLit

RealLit

StringLit

ID

(

) .

#Production :

<START> = <CLEAR> <ACTIONS> end
<ACTIONS> = <ACTION> <ACTIONS>
<ACTIONS> =

<ACTION> = <KEY> <AULIST>
<ACTION> :»= Animate <STEPS> <SHADING>
<AULIST> = <AUHEAD> <AULIST>
<AULIST> u=

<AUHEAD> :=<AUID> <STRENGTH>
<AUID> = IntLit

<STRENGTH> ::= RealLit

<STEPS> = IntLit

<CLEAR> == ClearAllFrame

<CLEAR> ::= KeepAllFrame

<KEY> .= BeginKeyFrame
<SHADING> := StringLit

#End

The sentences to achieve the effect of AU 1 (Inner Brow
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Raiser) are written as follows:

AU 1

Above_Brow 6 0.00 10.00 0.00
Above_Brow 7 000 10.00 0.00
Brow 3  0.00 10.00 0.00
Brow 4 0.00 10.00 0.00
Brow 5 000 2000 0.00
Brow 6 0.00 20.00 0.00
Brow 7 0.00 10.00 0.00
Brow 8§ 0.00 10.00 0.00
Below Lower_ Lid 0 000 5.00 0.00
Below_Lower Lid 3  2.00 8.00 0.00
Below_Lower Lid 5 1.00 7.00 0.00
Below_Lower_Lid 10 -1.00 7.00 0.00
Below_Lower Lid 12 -2.00 8.00 0.00
Below_Lower Lid 15 0.00 5.00 0.00

true

Animate 4 "SmoothShading"

Animate 4 "Texture"

end
Figure 3 shows the (a) initial frame, (b) final frame, (c)
initial frame with texture, and (d) final frame with texture
of AU 1.

The user can write sentences to describe the needed facial
expression in a manner like FACS. The vocabulary used is
based upon the description of action units defined by
designer. By combining AU 2, 4, 5, 7, 15, 17, 20, 23, 26,
and 42 with properly chosen intensities, we can obtain the
facial expression anger. Figure 5 shows the animation
sequence of expression anger and Figure 4 shows the same
expression with texture. The sentences used are as follows:
ClearAllFrame

BeginKeyFrame

BeginKeyFrame
2 10
4 20
5 12
7 1.0
15 12
17 12
20 038
23 03
26 04
42 1.

Animate 2 "SmoothShading"

Animate 2 "Texture"

end
Figure 6 to Figure 10 show the animation sequences with
texture of expression disgust, fear, happiness, sadness, and
surprise, respectively.

4. CONCLUSION

In this paper, we propose a syntax-directed facial animation
system that contains two major components: an object-
oriented system model and a presentation synthesizer, both
based on the Facial Action Coding System (FACS). Some
examples have been given to illustrate the design concepts
of the proposed system.

Experiment shows that the syntax-directed facial animation
system is a very flexible and effective tool for the design of
human facial animations. With the syntax-directed kernel,
we can improve the inflexibility problem occurred in most
of the existing facial animation systems. The designer can
express the behaviors of each action unit by defining
proper grammar rules, action routines, and/or writing



sentences. The general user can express the needed facial
expression by specifying a combination of action units and
their corresponding intensities. During these description
processes, the kernel of our system is always the same.
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Figure 3. The animation frames of AU 1.

Figure 4. Animation sequence of expression Anger (without texture).
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Figure 5. Animation sequence of expression Anger {with texture}.
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