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Abstract
MPEG-4 is the first international standard that stan-
dardizes true multimedia communication — including

natural and synthetic audio, natural and synthetic video,
as well as 3D graphics. Integrated into this standard is
the capability to define and animate virtual humans con-
sisting of synthetic heads and bodies. For the head, more
than 70 model-independent animation parameters defin-
ing low-level actions like move left mouth corner up to
high-level parameters like facial expressions and visemes
are standardized. In a communication application, the
encoder can define the face model using MPEG-4 Blnary
Format for Scenes (BIFS) and transmit it to the decoder.

Alternatively, the encoder can rely on a face model avail-

able at the decoder. The animation parameters are quan-
tized, predictively encoded using an arithmetic encoder or
a DCT. The decoder receives the model and the animation
parameters in order to animate the model. Snce MPEG-4
defines the minimum MPEG-4 terminal capabilities in
profiles and levels, the encoder knows the quality of the
animation at the decoder.

1. Introduction

The goa of MPEG-4 is to provide a new kind of stan-
dardization that responds to the evolution of technology,
when it does not always make sense to specify a rigid
standard addressing just one application. MPEG-4 will
allow the user to configure and build systems for many
applications by alowing flexibility in the system configu-
rations, by providing various levels of interactivity with
audio-visual content of a scene, and by integrating as
many as possible audio visua data types like natural and
synthetic audio, video and graphics [1][2]. MPEG-4 will
become an International Standard in spring 1999, just in
time for the new faster and more powerful media proces-
sors and in time for using the upcoming narrow- and
broadband wired and wireless networks for audio-visual
applications like database browsing, information retrieval
and interactive communications.

As far as synthetic multimedia contents are concerned,
MPEG-4 will provide synthetic audio like structured
audio and a text-to-speech interface (TTSI). For synthetic
visua contents, MPEG-4 alows to build 2D and 3D ob-
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jects composed of primitives like rectangles, spheres, in-
dexed face sets and arbitrarily shaped 2D objects, The
3D-object description is based on a subset of VRML
nodes [3] and extended to enable seamless integration of
2D and 3D objects. Objects can be composed into 2D and
3D scenes using the Blnary Format for Scenes (BIFS).
BIFS aso alows to animate objects and their properties.

Special 3D objects are human faces and bodies.
MPEG-4 alows using decoder resident proprietary mod-
els as well as to transmit 3D models to the decoder such
that the encoder can predict the quality of the presentation
a the decoder. This paper focuses on the tools MPEG-4
provides to describe and animate 3D face models.

In Sections 2, we explain how MPEG-4 defines the
specification of a face model and its animation using fa
cia animation parameters (FAP). Section 3 provides de-
tails on how to efficiently encode FAPs. The integration
of face animation into the overall architecture of an
MPEG-4 terminal with text-to-speech capabilities is
shown in Section 4. The capabilities of an MPEG-4 ter-
minal are defined in profiles specifying a predefined set
of tools and performance parameters for these tools as
discussed in Section 5.

2. Specification and Animation of Faces

MPEG4 specifies a set of face animation parameters
(FAPs), each corresponding to a particular facial action
deforming a face moded in its neutral state. The FAP
value for a particular FAP indicates the magnitude of the
corresponding action, e.g., a big versus a small smile. A
particular facia action sequence is generated by deform-
ing the face model in its neutral state according to the
specified FAP vaues for the corresponding time instant.
Then the model is rendered onto the screen.

The head in its neutra state is defined as follows
(Figure 1): Gaze isiin direction of Z axis; al face muscles
are relaxed; eyelids are tangent to the iris; the pupil is one
third of IRISDO; lips are in contact; the line of the lips is
horizontal and at the same height of lip comers; the mouth
is closed and the upper teeth touch the lower ones; the
tongue is flat, horizontal with the tip of tongue touching
the boundary between upper and lower teeth.



For the renderer to interpret the FAP values using its
face model, the renderer has to have predefined model
specific animation rules to produce the facia action corre-
sponding to each FAP. Since the FAPs are required to
animate faces of different sizes and proportions, the FAP
values are defined in face animation parameter units
(FAPU). FAPU are defined as fractions of distances be-
tween key facial features (Figure 1). These features like
eye separation, eye-nose separation, mouth nose separa-
tion, and mouth width, are defined for the face in its neu-
tra state. They alow interpretation of the FAPs on any
facial model in a consistent way, producing reasonable
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' - % speech pronunciation.

MPEG-4 defines the animation
rule for each FAP by specifying
feature points and their direction of
movement. The renderer can either
use its own animation rules for his
proprietary model or download the
face model and the FaceDefTables
that define the animation rules for
the model.

Figure 1: FAPUs[2].

In the following sections, we describe first how
MPEG-4 defines the shape of a generic face modd in its
neutral state using feature points. Then we explain the
facial animation parameters for this generic model. Fi-
nally we show how to define an MPEG-4 compliant face
model that can be transmitted from the encoder to the
decoder for animation.

2.1. Face Feature Points

In order to define face animation parameters for arbi-
trary face models, MPEG-4 specifies 84 feature points
located in aface according to Figure 2 in order to provide a
reference for defining facial animation parameters. Some
feature points like the ones dong the hairline are not af-
fected by FAPs. They are required for defining the shape
of a proprietary face moddl using feature points (Section
5). Feature points are arranged in groups like cheeks, eyes,
and mouth (Table 1). The location of these feature points
has to be known for any MPEG-4 compliant face model.

2.2. Face Animation Parameters

The FAPs are based on the study of minimal percepti-
ble actions and are closely related to muscle action [4].
The 68 parameters are categorized into 10 groups related
to parts of the face (Table 1). FAPs represent a complete
set of basic facia actions including head motion, tongue,
eye, and mouth control. They alow the representation of
natural facial expressions. They can aso be used to define
facial action units [5]. Exaggerated values permit the
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definition of actions that are normaly not possible for
humans, but are desirable for cartoon-like characters.

The FAP set contains the two high-level parameters vise-
mes and expressions (FAP group 1). A viseme isavisual
correlate to a phoneme. Only 14 static visemes that are
clearly distinguished are included in the standard set
(Table 2). In order to allow for coarticulation of speech
and mouth movement [6], transitions from one viseme to
the next are defined by blending the two visemes with a
weighting factor. Similarly, the expression parameter de-
fines 6 high level facia expressions like joy and sadness
(Figure 3). In contrast to visemes, facia expressions are
animated with a value defining the excitation of the ex-
pression. Two facia expressions can be blended with a
weighting factor. Since expressions are high-level anima
tion parameters, they allow animating unknown models
with high subjective quality.

Table 1: FAP groups.

Group Number of
FAPs

1: visemes and expressions 2
2: jaw, chin, inner lowerlip, 16
cornerlips, midlip

3: eyeballs, pupils, eyelids 12
4: eyebrow 8
5: cheeks 4
6: tongue 5
7: head rotation 3
8: outer lip positions 10
9: nose 4
10: ears 4

2.3. Face Mode Specification

MPEG-4 alows the encoder to completely specify the
face model the decoder has to animate. This involves de-
fining the static geometry of the face model in its neutral
state using a scene graph and defining the animation rules
using FaceDefTables that specify how this model gets
deformed by the facial animation parameters [7].

231  Static Geometry using a Scene Graph

The static geometry of the head model is defined with
a scene graph specified using MPEG-4 BIFS [1]. For the
purpose of defining a head model, BIFS provides the
same nodes as VRML. VRML and BIFS describe geo-
metrical scenes with objects as a collection of nodes, ar-
ranged in a scene graph. Three types of nodes are of par-
ticular interest for the definition of a static head model. A
Group node is a container for collecting child objects: it
allows for building hierarchica models. For objects to
move together as a group, they need to be in the same
Transform group. The Transform node defines geometric
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* Feature points affected by FAPs
o Other feature points

Figure 2: Feature points may be used to de-
fine the shape of a proprietary face model.
FAPs are defined by motion of feature
points [2].

Sadness Surprise

Fear

Anger Disgust

Figure 3: Primary facial expressions.

affine 3D transformations like scaling, rotation and trans-
lation that are performed on its children. When Transform
nodes contain other Transforms, their transformation set-
tings have a cumulative effect. Nested Transform nodes
can be used to build a transformation hierarchy. An In-
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dexedFaceSet node defines the geometry (3D mesh) and
surface attributes (color, texture) of a polygona object.
Texture maps are coded with the wavelet coder of the
MPEG texture coder. Since the face mode is specified
with a scene graph, this face model can be easily extended
to a head and shoulder model.

Table 2: Visemes and related phonemes.

# | phonemes | example # phonemes | example

I [p,b,m put, bed, n, | lot, not
mill

2 | fv far, voice | 9 r red

3 | TD think, that | 10 | A: car

4 |td tip, doll 1 fe bed

5 kg call, gas 12 |1 tip

6 | tS,dZ,S chairjoin, | 13 | Q top
she

7 |s,z sir, zeal 14 | U book

2.3.2.  Animation Rules using FaceDefT ables

A FaceDefTable defines how a model is deformed as a
function of the amplitude of the FAP. It specifies, for a
FAP, which Transform nodes and which vertices of an
IndexedFaceSet node are animated by it and how.
FaceDefTables are considered to be part of the face
model.

Animation Definition for a Transform Node: If a
FAP causes solely a transformation like rotation, tranda
tion or scale, a Transform node can describe this anima-
tion. By means of a FaceDefTransform node, the
FaceDefTable specifies the type of transformation and a
neutral factor for the chosen transformation. During ani-
mation, the received value for the FAP and the neutral
factor determine the actual value.

Animation Definition for an IndexedFaceSet Node:
If a FAP like smile causes flexible deformations of the
face model, the animation results in updating vertex posi-
tions of the affected IndexedFaceSet nodes. The affected
vertices move aong piece-wise linear trgjectories that
approximate flexible deformations of a face. A vertex
moves aong its trgectory as the amplitude of the FAP
varies. By means of a FaceDefMesh node, the FaceDef-
Table defines for each affected vertex its own piece-wise
linear trgjectory by specifying intervals of the FAP am-
plitude and 3D displacements for each interval (Table 3).

If P, is the position of the m™ vertex in the Indexed-
FaceSet in neutral state (FAP = 0), P’, the position of the
same vertex after animation with the given FAP and D, .
the 3D displacement in the k" Interval, following algo-
rithm must be applied to determine the new position P’,:

1. Determine, in which of the intervals listed in the table
the received FAP is lying.




2. If the recdived FAP islying in the j™ interval (L, 5]
and 0=1, <T;, the new vertex position P’, of the m™
vertex of the IndexedFaceSet is given by:

P’y = FAPU * ((I+1-0) « Dk + (lke2-lk+1) * Dim, #e+1
+ . (IJ - Ij.1) * Dm,j.1 + (FAP-IJ) * Dm,j) + Pm.

3. If FAP > |, then P, is calculated by using the
equation given in 2 and setting the index j = max- 1.

4. If the received FAP islying in the j* interval [, ;]
and I;;; < I,=0, the new vertex position P’ is given
by:

P’m-—' FAPU * (( Ij+1 - FAP) * Dm,j + (Ij+2- lj+1) *
Do jrrt ... (k1= 12) » D, k2 + (0 - lkt) « Doy ieq)
m-

5. If FAP<I,, then P, is calculated by using the equa-
tion 4 in step 4 and setting the index j = 1.

6. If for agiven FAP and ‘IndexedFaceSet’ the table
contains only one interval, the motion is strictly lin-
ear:

P’ = FAPU * FAP * Dy + Pp,.
Table 3: Simplified example of two
FaceDefTables.

#FaceDefT able
FAP 6 (stretch left corner lip)
IndexedFaceSet: Face
interval borders: -1000, 0,500, 1000
displacements:
vertex 50100,0900,1504
vertex 510.800,0.700,200
#FaceDefTable
FAP 23 (yaw left eye ball)
Transform: LeftEyeX
rotation neutral value: 0 -1 0 (axis) 1 (factor)

Example for a FaceDefTable: In Table 3, two FAPs
are defined by FaceDefT ables: FAP 6, which stretches the
left comer lip, and FAP 23, which manipulates the hori-
zontal orientation of the left eyeball.

FAP 6 deforms the IndexedFaceSet Face. For the
piecewise-linear motion function three intervals are de-
fined: [-1000, 01,0, 500] and [500,1000]. Displacements
are given for the vertices with indices 50 and 5 1. The dis-
placements for vertex 50 are: (1 00), (0.900) and (1.50
4), the displacements for vertex 51 are (0.8 0 0), (0.7 0 0)
and (2 0 0). Given a FAP Vaue of 600, the resulting dis-
placement for vertex 50 would be:

P’sy = Ps+500%(0.900)+ 100 * (1.5 0 4)"

= P5;+(600 0 400)".

FAP 23 updates the rotation field of the Transform
node LeftEyeX. The rotation axis is (0, -1, 0), and the
multiplication factor for the angle is 1. The FAP vaue
determines the rotation angle.

Figure 4 shows 2 phases of an left eye blink (plus the
neutral phase) which have been generated using a simple
animation architecture [7].
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Figure 4: Neutral state of the left eye (left)
and two deformed animation phases for the
eye blink (FAP 19). The FAP definition de-
fines the motion of the eyelid in negative y-
direction; the FaceDefTable defines the mo-
tion of the vertices of the eyelid in x, y and z
direction. For FAP 19, positive FAP values
move the vertices downwards.

3. Coding of Face Animation Parameters

For coding of facia animation parameters, MPEG-4
provides two tools. Coding of quantized and temporally
predicted FAPs using an arithmetic coder alows for cod-
ing of FAPs introducing smal delay only. Using a dis-
crete cosine transform (DCT) for coding a sequence of
FAPs introduces significant delay but achieves higher
coding efficiency.

3.1. Arithmetic Coding of FAPs

Figure 5 shows the block diagram for encoding FAPs.
The first set of FAP values FAP(i), a time instant O is
coded in intra mode. The value of an FAP at time instant
k FAP(i), is predicted using the previously decoded value
FAP(i),.;. The prediction error e is quantized using a
quantization stepsize that is specified for each FAP multi-
plied by a quantization parameter FAP QUANT with
0<FAP QUANT<9. FAP_QUANT is identical for all
FAP values of one time instant k. Using the FAP depend-
ent quantization stepsize and FAP QUANT assures that
quantization errors are subjectively evenly distributed
between different FAPs. The quantized prediction error e’
is arithmetically encoded using a separate adaptive prob-
ability model for each FAP. Since the encoding of the
current FAP value depends only on one previously coded
FAP value, this coding scheme allows for low-delay
communications. At the decoder, the received data is ar-
ithmetically decoded, dequantized and added to the previ-
ousdly decoded value in order to recover the encoded FAP
value.

In order to avoid transmitting all FAPs for every
frame, the encoder can transmit a mask indicating for
which groups (Table 1) FAP values are transmitted. The
encoder can aso specify for which FAPs within a group
values will be transmitted. This alows the encoder to
send incomplete sets of FAPs to the decoder.
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Figure 5: Block diagram of the encoder for
FAPs.

The decoder can extrapolate values of unspecified
FAPs, in order to create a more complete set of FAPs.
The standard is vague in specifying how the decoder is
supposed to extrapolate FAP values. Examples are that if
only FAPs for the left half of a face are transmitted, the
corresponding FAPs of the right side have to be set such
that the face moves symmetricaly. If the encoder only
specifies motion of the inner lip (FAP group 2), the mo-
tion of the outer lip (FAP group 8) has to be extrapolated.
Letting the decoder extrapolate FAP values may create
unexpected results unless FAP interpolation functions are
defined (Section 3.3).

Arithmetic
Coder

FAP-1 Frame

Delay

3.2. DCT Coding of FAPs

The second coding tool that is provided for coding
FAPs is the discrete cosine transform applied to 16 con-
secutive FAP vaues (Figure 6). This introduces a signifi-
cant delay into the coding and decoding process. Hence,
this coding method is mainly useful for application where
animation parameter streams are retrieved from a date-
base. This coder replaces the coder shown in Figure 5.
After computing the DCT of 16 consecutive vaues of one
FAP, DC and AC coefficients are coded differently.
Whereas the DC value is coded predictively using the
previous DC coefficient as prediction, the AC coefficient
is directly coded. The AC coefficient and the prediction
error of the DC coefficient are linearly quantized.
Whereas the quantizer stepsize can be controlled, the ratio
between the quantizer stepsize of the DC coefficients and
the AC coefficients is set to %. The quantized AC coeffi-
cients are encoded with one variable length code word
(VLC) defining the number of zero-coefficients prior to
the next non-zero coefficient and one VLC for the ampli-
tude of this non-zero coefficient. The handling of the de-
coded FAPs is not changed (see Section 3.1).

3.3. FAP Interpolation Tables

As mentioned in Section 3.1, the encoder may alow
the decoder to extrapolate the values of some FAPs from
the transmitted FAPs. Alternatively, the decoder can
specify the interpolation rules using FAP interpolation
tables (FIT). A FIT alows a smaler set of FAPs to be
sent during a facia animation. This small set can then be
used to determine the values of other FAPs, using a ra-
tional polynomia mapping between parameters. For ex-
ample, the top inner lip FAPs can be sent and then used to
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determine the top outer lip FAPs. The inner lip FAPs
would be mapped to the outer lip FAPs using: a rational
polynomia function that isspecified in the FIT.

VLC Coder >

FAR
—»  OCT

+ g
DC e a . e
AC
+ +

jaleg

Delay

Runlength/

Quantizer VLC Coder

Figure 6: Block diagram of the FAP encoder
using DCT. DC coefficients are predictively
coded. AC coefficients are directly coded.

To make the scheme generd, sets of FAPs are speci-
fied, dong with a FAP Interpolation Graph (FIG) between
the sets that specifies which sets are used to determine
which other sets (Figure 7). The FIG is a graph with di-
rected links. Each node contains a set of FAPs. Each link
from a parent node to a child node indicates that the FAPs
in child node can be interpolated from parent node.

top_inner_lip FAP:

r_lipFAPs ™
3) T

bottom_inner_lipFAPs ),
(6) ™
1

1 2

raise_b_midlip .
3

2
bottom_outer_lip FAPs }
7 w

Figure 7. A FIG example for interpolating
unspecified FAP values of the lip. If only the
expression is defined, the FAPs get inter-
polated from the expression. If all inner lip
FAPs are specified, they are used to inter-
polate the outer lip FAPs.

In FIG, a FAP may appear in several nodes, and a node
may have multiple parents. For a node that has multiple
parent nodes, the parent nodes are ordered as 1¥ parent
node, 2™ parent node, etc. During the interpolation proc-
ess, if this child node needs to be interpolated, it is first
interpolated from 1% parent node if al FAPs in that parent
node are available. Otherwise, it is interpolated from 2
parent node, and so on. An example of FIG is shown in
Figure 7. Each node has an ID. The numerical label on
each incoming link indicates the order of these links.

Each directed link in a FIG is a set of interpolation
functions. Suppose Fy,Fa,...,F, are the FAPs in a parent



set and f},f5, ..., f, are the FAPs in a child set. Then,
there are m interpolation functions denoted as. f; = I,(F,,
F2, [ Fn), f2 = Iz(F], Fz, ey Fn), fm = Im(Fb Fz, ey Fn)
Each interpolation function I, () is in a rational polyno-
mial form

K-l i P-1 n
I(F\,Fy,...F,)= b (c anj’u) z ®, Hlem,,) (1)
I= Jj= i= j=

where K and P are the numbers of polynonﬂial products,
¢; and b; are the coefficient of the ith product. /; and m,

are the power of F; in the /" product The encoder should
send an interpolation function table which contains all
K,P,c.,b; I, m; to the decoder for each link in the

i
FIG.

4. Integration of Face Animation into an
MPEG-4 Terminal

MPEG-4 defines a user terminal that alows decoding,
composing and presenting multiple audio-visual objects.
These A/V objects can be music, speech, synthesized
speech from a text-to-speech (TTS) synthesizer, synthetic
audio, video sequences, arbitrarily shaped moving video
objects, images, 3D computer animated models or syn-
thetic face models. MPEG-4 arranges and renders these
objects into an audio-visua scene according to a scene
description. This scene description alows defining vari-
able dependencies of objects. As an example, it is not
only possible to map an image as a texture onto a 3D
model but also map video onto this object and align the
position of the visua object and the position of the related
sound source. Synchronization between the different me-
dia is achieved using the timing information of the indi-
vidua media. The scene description alows aso for inter-
activity inside the MPEG-4 player as well as for feedback
to the encoder using a return channdl.

Of particular interest to face animation is the MPEG-4
capability to map images as texture maps onto a face
model, the synchronization of facial animation using
FAPs and related audio, and the integration with a text-to-
speech synthesizer. Synchronization with audio and
speech streams with the FAP stream is achieved by evalu-
ating the timing information that these streams have. Syn-
chronization of an FAP stream with TTS synthesizers is
currently only possible, if the encoder sends prosody and
timing information. This is due to the fact that a conven-
tiona TTS system driven by text only behaves as an
asynchronous source where the encoder does not know
the exact timing behavior. The following section dis-
cusses the current integration of face animation and TTS
and the ongoing work in this area.

4.1. Text-to-Speech Interface(TTSI)

MPEG-4 foresees that talking heads will serve an im-
portant role in future customer service applications.
Therefore, MPEG-4 provides interfaces to proprietary
text-to-speech (TTS) synthesizer that allows driving a
talking head from text (Figure 8) [8]). A TTS stream con-
tains text or prosody in binary form. The decoder decodes
the text and prosody information according to the inter-
face defined for the TTS synthesizer. The synthesizer
creates speech samples that are handed to the compositor.
The compositor presents audio and if required video to
the user. The second output interface of the synthesizer
sends the phonemes of the synthesized speech as well as
gtart time and duration information for each phoneme to
the Phoneme/Bookmark-to-FAP-Converter. The converter
trandates the phonemes and timing information into face
animation parameters that the face renderer uses in order
to animate the face model. The precise method of how the
converter derives visemes from phonemes is not specified
by MPEG and l€ft to the implementation of the decoder

In the current MPEG4 standard, the encoder is ex-
pected to send a FAP stream containing FAP number and
value for every frame, to enable the receiver to produce
desired facia actions. Since the TTS synthesizer can be-
have like an asynchronous source, synchronization of
speech parameters with facia expressions of the FAP
stream is usually not exact — unless the encoder transmits
timing information for the synthesizer. An on-going
working item in MPEG-4 is to provide a more efficient
means for overlaying facial expression, by inserting
bookmarks in the TTS stream. In addition to the pho-
nemes, the synthesizer identifies bookmarks in the text
that convey non-speech related facial expressions to the
face renderer. The timing information of the bookmarks is
derived from their position in the synthesized speech. The
precise method of how the converter derives a continuous
stream of FAPs from bookmarks is not specified by
MPEG and left to the implementation of the decoder.

TTS Stream | Proprietary Audio
———# Decoder Speech [ —»
. Synthesiz

&

Phoneme/Bookmark §

to FAP Converter %
FAP Stream Face Video

Renderer

Figure 8: Block diagram showing the i ite-
gration of a proprietary Text-to-Speech Syn-
thesizer into an MPEG-4 face animation
system.



5. Profiles

MPEG-4 foresees that applications for face animation
fall in three scenarios and defines tools for these scenarios
in three corresponding profiles.

Smple Profile: The decoder has its own proprietary
model that is animated by a coded FAP stream (Sections
3.1land3.2)

Calibration Profile: This profile includes the simple
profile. The encoder transmits to the decoder calibration
data for some or al of the predefined feature points
(Figure 2). The decoder adapts its proprietary face model
such that it aligns with the position of these feature points.
This alows for customization of the modd athough the
result is not predictable since the standard does not define
a minimum quality for a decoder face modd and the ad-
aptation process of an arbitrary face model to these fea
ture points is not specified. The decoder is required to
understand FITs (Section 3.3). Hence this profile allows
for a higher coding efficiency than the simple profile.

Predictable Profile: This profile includes the cdibra-
tion profilee. MPEG-4 aso provides a mechanism for
downloading a modd to the decoder according to Section
2.3 and animating this model. This gives the encoder
control over the presentation at the receiver and allows for
sensitive applications like web-based customer service.

In order to provide guaranteed levels of performance at
the decoder, MPEG-4 defines for each profile leves that
specify minimum requirements in terms of FAP decoding
speed and render speed. Only terminals that pass confor-
mance tests for defined profiles and levels are MPEG-4
compliant.

6. Conclusions

MPEG-4 integrates animation of synthetic talking
faces into audio-visual multimedia communications. A
face modd is a representation of the human face that is
structured for portraying the visual manifestations of
speech and facial expressions adequate to achieve visua
speech intelligibility and the recognition of the mood of
the speaker. A face modd is defined as a static 3D model
and related animation rules that define how the model
deformsif it is animated with FAPs, The model is defined
using a scene graph. Therefore, a customized model with
head and shoulders can be defined for games or web-
based customer service applications. MPEG-4 defines a
complete set of animation parameters tailored towards
animation of the human face. However, face animation
parameters are defined independent of the proportions of
the animated face moddl. Therefore, a face animation pa-
rameter stream can be used to animate different models.
Successful animations of humans, animals and cartoon
characters have been demonstrated.
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In order to enable animation of a face model over low
bitrate communication channels, for point to point as well
as multi-point connections, MPEG-4 encodes the FAPs
using temporal prediction, quantization and coding of the
prediction error. For low-delay applications, the predic-
tion error is coded using an adaptive arithmetic coder, for
other applications a discrete cosine transform is applied to
a sequence of each facial animation parameter. In order to
avoid coding of the entire set of more than 70 animation
parameters for each frame, undefined animation parame-
ters can be interpolated from the coded parameters. The
encoder can specify these interpolation rules using ra
tional polynomials. Face models can be animated with a
datarate of 300 — 2000 bits/s

For talking head applications, MPEG-4 defines appli-
cation program interfaces for TTS synthesizer. Using
these interfaces, the synthesizer provides phonemes and
related timing information to the face modd enabling
simple talking head applications.

In order to use facia animation for entertainment and
business applications, the performance of the MPEG-4
player has to be known to the content creator. Therefore,
MPEG defined 3 profiles and conformance points for
facia animation that alow different levels of configura-
tion of the decoder. This will make MPEG-4 face anima-
tion an attractive platform for many applications.
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