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ABSTRACT
We present a method to generate mouth animations coupled
with moderate movements of the head. Our method uses a
coarse 2D textured mesh representation of images. With
hardware texture mapping, we obtain 30 frames/sec
animations on modest PC platforms. The synthesized
animation sequence is realistic and lively. Radial basis
functions are used in the underlying animation engine. At
each phoneme transition, the positions of the mesh nodes
are determined by RBF coefficients associated with a set of
sparse feature points. Blending textures from key frame
images on the displaced mesh produces animation
sequences of talking faces.

1. INTRODUCTION
Talking head animation research attracts attentions for its
application potential. It can be applied to synthesize an
intelligent desktop agent, a virtual friend, and an avatar
either in a chat room, or in a low bit rate teleconferencing
setting. The application of facial animation research to
such systems requires easy creation of individual models,
visually pleasing facial animation quality, and modest
computing requirements. In achieving the above goals,
facial animation synthesis often takes two approaches: 3D
mesh based geometry deformations and 2D image
manipulations.
In a typical 3D mesh approach, a person-specific model is
prepared by deforming a generic mesh in a preprocessing
step [8][15][18][24]. The generic mesh contains all the
animation parameters necessary for the subsequent person
specific animations. The model is animated by mesh node
displacements based on motion rules specified by
deformation engine such as vector muscles [25][26], spring
muscles [15][19], free form deformations [13], volume
morphing [10], or simple interpolation [18]. Texture
mapping [10][15][18] is employed to improve realism with
characteristics such as skin wrinkles that are hard to
achieve by geometric deformations alone. Such 3D
approaches hold promise for realistic interactions between
users in future immersive teleconferencing systems.
In the constrained case of animating only the frontal face
with small head rotations and translations, the 3D approach
and the creation of the person specific model may be
avoided. A 2D image-based approach bypasses the need
for 3D face and head modeling. 2D based approaches are

also attractive for mouth animation. The 3D mouth shapes
created during speech are difficult to model and generalize.
Tongue modeling and behavior also demand an elaborate
mechanism [5][22]. In contrast, image-based approaches
simplify these issues because the appearance and animation
model can be readily captured in the form of images.
Ezzat et al. present a text to audiovisual speech synthesizer
using dense pixel-based image warping and morphing
between two key-frame viseme images [9]. Despite the
fact that co-articulation effects are ignored, the synthesized
talking animation appears very natural. Other approaches
morph the images based on 2D meshes and associated
feature points rather than relying on dense pixel warps. For
instance, Gao et al. synthesize new mouth shapes by linear
combinations of several base images [11]. Texture from
the base images are blended together with weights
determined by the tracked location of feature points on a
triangular patch. Similarly, Koufakis et al. use three basis
images captured from different views and synthesize
slightly rotated views of the face by linear combination of
these basis images [14].
In lieu of creating completely new images, existing images
are combined to synthesize talking faces. Bregler et al.
extract tri-phone images from video footages and constructs
the database [3]. New utterances are synthesized by
concatenations of the tri-phone segments that reproduce coarticulation effects. Cosatto et al. collect various image
samples of a segmented face and parameterize them to
synthesize a talking face [6]. By modeling different parts
of the face from different sample segments, synthesized
talking faces also exhibit emotions from eye and eyebrow
movements and forehead wrinkles.
Our approach pursues the goal of creating talking faces
with moderate head movements. Specifically, we opt to
morph images using a coarse regular grid mesh placed on
images. There are several rationales motivating this
approach. Methods that exploit a collection of existing
sample images [3][6] must search their database for the
most appropriate segments to produce a needed animation.
The success of the synthesized sequence heavily relies on
the pre-constructed database. The lack of any ability to
generate new images degrades the synthesized animation
quality when newly encountered expressions or phrases are
not already in the database.

Pixel image morphing operations [9] can consume large
computing power. For example, the 60,000 pixels in a
small 300 x 200 image region is a huge amount of data to
process per frame. Consequently, animation is often
restricted to only the mouth region. Incorporating wrinkles
and expressions over the whole face forces the image size
to be smaller to maintain real time performance.
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Mesh based texture mapping techniques [11][14][17] are
advantageous in that warping is computed for relatively
few control points. Applying textures to 2D image meshes
exploits the hardware texture mapping common in most
graphics cards today. However, in many prior methods,
mesh preparation for each individual is a tedious process.
There are automated ways to determine optimal
triangulations [12][21], but as pointed out in [14],
automated triangulations do not capture the facial anatomy
so manually prepared meshes are often preferred.
As mentioned earlier, we use a coarse regular mesh for both
head movements and mouth animations. The mesh is
constant for each individual. Realistic mouth animation is
made possible by using radial basis functions (RBF) [20] in
the underlying deformation engine. RBF allow sparsely
scattered control points to control the denser grid point
positions. Unlike other methods in which mesh resolutions
are determined by the number and position of control
points, neither of these issues constrains the shape or
resolution of the textured mesh. With the RBF we gain the
flexibility of locating the controlling feature points where
we wish while keeping a simple regular textured mesh.
In fact, there have been attempts to apply RBF to create
facial expressions [1]. Most approaches warped a single
image to deform the face. However, the quality obtained
from a single image deformation drops as more and more
distortions are required.
Also, single images lack
information exposed during animation, e.g., mouth
opening. Approaches without RBF [17] using only single
images have similar pitfalls. We capture multiple images
and use two as key frames to produce realistic animations.
The remainder of the paper proceeds as follows: We
discuss the radial basis functions briefly in section 2.
Section 3 describes implementation specifics for creating
mouth animations using RBF. We discuss limitations to
our approach and future works in section 4.

2. RADIAL BASIS FUNCTIONS
We compute the coefficients of the RBF that represent the
best mapping between source and target feature points.
The rest of the nodes in the facial mesh are transformed
using these coefficients. The RBF approximation is of the
form

(2)

where s is called a stiffness constant that regulates the local
and global effects of the feature points, r is the Euclidean
distance between a feature point and an input point, N is the
number of feature points, and 1 = j =N. The dimension of x
is 2 (i.e., the dimension of the feature point positions).
Stiffness coefficient s is determined as suggested by Eck
[7] for softer deformation where feature points are widely
scattered and stronger where closely located.
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Substituting N feature points into equation (2) results in a
linear system whose solution is of the form
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The solutions of equation (4) assume no spurious data,
however, feature points may be noisy. We use the method
suggested in [23] to replace the matrix H by ( H + λI ) in
equation (4)

v
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(5)
where λ is a “small” parameter (we set to 0.01),

proportional to the noise. The system is easily solved by
matrix inversion to obtain the coefficient set and the motion
vectors of the nodes on the mesh are retrieved.

Figure 1. Selected features are shown on closed mouth (a)
and AA (b) visemes. 8 points on the lips, 8 points on the
boundary of the face, and 1 point on the nose control the
RBF deformations.

3. APPLICATION
To demonstrate the capability of the radial basis functions
for easy but powerful image synthesis, we illustrate some
mouth animations with moderate head movements.
Snapshots of the 26 viseme images are taken. The number
of viseme images may differ depending on how the
phonemes are classified into viseme groups. We divide the
39 phonemes into 26 visemes, similar to [3]: (1) CH, JH,
SH, ZH (2) K, G, N, L (3) T, D, S, Z (4) P, B, M (5) F, V
(6) TH, DH (7) W, R (8) HH (9) Y (10) NG (11) EH (12)

EY (13) ER (14) UH (15) AA (16) AO (17) AW (18) AY
(19) UW (20) OW (21) OY (22) IY (23) IH (24) AE (25)
AH and (26) CM for closed mouth.
We manually label feature points on each image, 8 on the
boundary of the face, 1 on the nose, and 8 on the lips
(figure 1).
To ensure the convexity of the RBF
interpolation, the four corners of the mesh are also used as
feature points. If viseme images are extracted from the
video sequences, feature points selections can be automated
using feature tracking systems [16][27]. A 3 x 4 mesh grid
for the face movements and a 14 x 13 mesh grid for the
mouth movements are defined implicitly on the image
(figure 2). One face mesh grid consists of 60 x 60 pixels
and one mouth mesh grid consists of 6 x 6 pixels.

4. DISCUSSIONS AND FUTURE WORKS
We do not consider co-articulation effects in the sample
animations. If this technique were applied to performance
driven animation for low bit rate teleconferencing [10][14],
however, feature tracking may provide clues to the natural
evolution of mouth shapes on the subject. Alternatively,
compact parameterization can also be used for coarticulation effects [6].
Integration of a text to speech module is beyond the current
scope of our system. Consequently, the absence of the
timing information for each phoneme transition is apparent
in the sample animations. Nevertheless, subjective tests we
performed on 10 people revealed that all could read the lip
animations generated by simple text input.
We plan to synthesize wrinkles in the future research. It
seems straightforward to apply the technique for mouth
animation to generating wrinkles. A systematic method for
generating small head motions is plausible. Ultimately, it
appears feasible to synthesize natural facial animations
based on a small set of feature points and base images [2].

Figure 2. A coarse mesh grid is placed on the face (a)
and a finer mesh is placed on the mouth region (b).

To produce an animation, a user types in arbitrary text that
is decomposed into phonemes by the CMU dictionary [4]
and, in turn, mapped to corresponding viseme images. At
transitions from one phoneme to the other, the associated
two visemes are used as key frames and RBF coefficients
are computed for each direction. RBF coefficients enable
us to construct a displacement map for the mesh nodes.
Interpolating the displacement map and blending the key
frame textures synthesize the in-between frames.
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I is the synthesized image, I , I are the two key
frames, and c is the interpolation coefficient. This
approach is similar to [9], but we use a coarse mesh grid,
take advantage of hardware texture mapping, need no precomputation, and achieve 30 frames/sec on a modest PC.
Mouth animation on a stationary face is unnatural. We
allow the movements of the face when we capture the
snapshots of the visemes and use face images without
normalizing the frontal position. This approach may have
the drawback of coupling a specific viseme with a specific
head position, but moderate movements of the head during
speech are common. A synthesized talking person looks
much more alive this way than in a stationary frontal pose.
Clearly, stabilized pose could also have head motions
added manually. Some examples are shown in figure 3 and
4. MPEG movies can be found at http://scf.usc.edu/~noh.

Figure 3. Sequence of the synthesized images is shown.
Closed mouth and AA visemes shown in figure 1are used
as key-frames.

5. CONCLUSION
We describe a simple method for generating mouth
animations using snapshots of key viseme images. The
synthesis of frames is based on RBF deformation and
texture blending. These methods produce animations in
real time. Low bit rate teleconferencing may be possible
utilizing this approach.
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Figure 4. Synthesized transitions from closed mouth to F and to OW when pronouncing ‘phone’

