For Duplication Expression and Impression
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ecently, research in creating friendly human

interfaces has flourished. Such interfaces

provide smooth communication between a

computer and a human. One style is to have a
virtual human, or avatar [3], [4] appear on the computer
terminal. Such an entity should be able to understand and
express not only linguistic information but also nonverbal
information. This is similar to human-to-human commu-
nication with a face-to-face style [5].

Avery important factor in making an avatar look realis-
tic or alive depends on how precisely an avatar can dupli-
cate a real human facial expression and impression on a
face precisely. Especially in the case of communication ap-
plications using avatars, real-time processing with low de-
lay is essential.

Our final goal is to generate a virtual space close to the
real communication environment between network users
or between humans and machines. There should be an av-
atar in cyberspace that projects the features of each user
with a realistic texture-mapped face to generate facial ex-
pression and action controlled by a multimodal input sig-
nal. Users can also get a view in cyberspace through the
avatar’s eyes, so they can communicate with each other by
gaze crossing.
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In the first section, the face fitting tool from multiview
camera images is introduced to make a realistic three-di-
mensional (3-D) face model with texture and geometry
very close to the original. This fitting tool is a GUI-based
system using easy mouse operation to pick up each feature
point on a face contour and the face parts, which can en-
able easy construction of a 3-D personal face model.

When an avatar is speaking, the voice signal is essential
in determining the mouth shape feature. Therefore, a
real-time mouth shape control mechanism is proposed by
using a neural network to convert speech parameters to lip
shape parameters. This neural network can realize an in-
terpolation between specific mouth shapes given as learn-
ing data [1], [2]. The emotional factor can sometimes be
captured by speech parameters. This media conversion
mechanism is described in the second section.

For dynamic modeling of facial expression, a muscle
structure constraint is introduced for making a facial ex-
pression naturally with few parameters. We also tried to
obtain muscle parameters automatically from a local mo-
tion vector on the face calculated by the optical flow in a
video sequence. Accordingly, 3-D facial expression transi-
tion is duplicated from actual people by analysis of video
images captured by a two-dimensional (2-D) camera
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without markers on the face. These efforts are described
in the third section. Furthermore, we tried to control this
artificial muscle directly by EMG signal processing.

To get greater reality for the head, a modeling method
of hair is introduced, and the dynamics of hair in a wind
stream can be achieved at low calculation cost. This is ex-
plained in the last section. By using these various kinds of
multimodal signal sources, a very natural face image and
impression can be duplicated on an avatar’s face.

Face Modeling

To generate a realistic avatar’s face, a generic face model is
manually adjusted to the user’s face image. To produce a
personal 3-D face model, both the user’s frontal face im-
age and profile image are necessary at the least. The ge-
neric face model has all of the control rules for facial
expressions defined by the facial action coding system
(FACS) parameter as a 3-D movement of grid points to
modify geometry.

Figure 1 shows a personal model fitted to a front image
and profile image using our original GUI-based face fitting
tool. In this system, corresponding control points are man-
ually moved to a reasonable position by mouse operation.

The synthesized face emerges by mapping of the
blended texture generated by the user’s frontal image and
profile image onto the modified personal face model.
However, sometimes self-occlusion occurs and then we
cannot capture texture from only the front and profile
face images in the occluded part of the face model. To
construct a 3-D model more accurately, we also introduce
a multiview face image fitting tool.

Figure 2(b) shows the fitting result to the captured im-
age from the bottom angle to compensate for the texture
behind the jaw. The rotation angle of the face model can
be controlled in the GUI preview window to achieve the
best fitting to the face image captured from any arbitrary
angle. Figure 3 shows the full face texture projected onto
a cylindrical coordinate. This texture is projected onto a
3-D personal model adjusted to fit to multiview images to
synthesize a face image. Figure 4 shows examples of re-
constructed faces. Figure 4(a) uses nine view images and
(b) uses only frontal and profile views. Much better image
quality can be achieved by the multiview fitting process.

Voice Driven Talking Avatar

The relation between speech and mouth shape is studied
widely [1],[6], [7], [9]. To realize lip synchronization, the
spoken voice is analyzed and converted into mouth shape
parameters by a neural network on a frame-by-frame basis.
Multiuser communication systems in cyberspace are
constructed based on a server-client system. In our sys-
tem, only a few parameters and the voice signal are trans-
mitted through the network. The avatar’s face is synthe-
sized by these parameters locally in the client system.
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1. Fitting front and profile model. (a) Front fitting, (b) profile fitting.
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2. Fitting front and profile model. (a) From bottom, (b) from di-
agonal.

3. Cylindrical face texture.

4. Reconsructed face. (a) Multiview, (b) two view.
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5. Network for parameter conversion.
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6. Control panel for mouth shape editor.

Parameter Conversion

In the server system, the voice from each client is phoneti-
cally analyzed and converted to mouth shape and expres-
sion parameters.

LPC Cepstrum parameters are converted into mouth
shape parameters by a neural network trained by vowel
teatures. Figure 5 shows the neural network structure
used for parameter conversion. Twenty dimensional
Cepstrum parameters are calculated every 32 ms with 32
ms frame length and given into input units of neural net-
work. The output layer has 17 units corresponding to the
mouth shape parameters.

In the client system, the on-line captured voice of each
user is digitized to 16 kHz and 16 bits and transmitted to
the server system frame-by-frame through a network in
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7. Typical mouth shapes. (a) Shape for /a/, (b) shape for /i/,
(¢) shape for /u/, (d) shape for /o/.

the communication system. Then the mouth shape of
cach avatar in cyberspace is synthesized by this mouth
shape parameter received at each client.

The training data for back-propagation are composed
of data pairs with voice and mouth shape for vowels,
nasals, and transient phoneme captured from video se-
quence.

Hidden Markov model-based mouth shape estima-
tion from voice is proposed [9]. However, their system
cannot realize no-delay real-time processing.

The emotion condition is also determined by LPC
Cepstrum, power, pitch frequency, and utterance speed
by using discriminant analysis into anger, happiness, or
sadness. Each basic emotion has a specific facial expres-

sion parameter described by FACS [8].

Mouth Shape Editor

Mouth shape can be easily edited by our mouth shape edi-
tor (see Fig. 6). We can change each mouth parameter to
set a specific mouth shape on the preview window. Typi-
cal vowel mouth shapes are shown in Fig. 7. Our special
mouth model has polygons for inside the mouth and the
teeth. A tongue model is now under construction. For pa-
rameter conversion from LPC Cepstrum to mouth shape,
only the mouth shapes for five vowels and nasals are de-
fined as the training set. We have defined all of the mouth
shapes for Japanese phonemes and English phonemes by
using this mouth shape editor. Figure 8 shows a synthe-
sized avatar face speaking phoneme /a/.

Multiple User Communication System

Each user can walk through and fly through cyberspace
by mouse control, and the current locations of all users are
always monitored by the server system. The avatar image
is generated in a local client machine by the location infor-
mation from the server system. The emotion condition
can always be determined by voice, but sometimes a user
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gives his or her avatar a specific emotion condition by
pushing a function key. This process works as first prior-
ity. For example, push anger and the angry face of your
avatar emerges.

The location information of each avatar, mouth shape
parameters, and emotion parameters are transmitted ev-
ery 1/30 seconds to the client systems. The distance be-
tween any two users is calculated by the avatar location
information, and the voice from every user except himself
or herself is mixed and amplified with gain according to
the distance. Therefore, the voice from the nearest avatar
is very loud and that from far away is silent.

Based on facial expression parameters and mouth
shape parameters, an avatar’s face is synthesized
frame-by-frame. Also, the avatar’s body is located in
cyberspace according to the location information. There
are two modes for display: the view from avatar’s own
eyes for eye contact and the view from the sky to search
tor other users in cyberspace. These views can be chosen
by a menu in the window. Figure 9 shows a communica-
tion system in cyberspace with an avatar.

User Adaptation
When a new user enters the system, his or her face model
and voice model have to be registered before operation.
In the case of voice, ideally new learning for the neural
network should be performed. However, it takes a very
long time to get convergence of back propagation. To
simplify the face model construction and voice learning, a
GUI tool for speaker adaptation has been prepared. To
register the face of'a new user, a generic 3-D face model is
modified to fit on the input face image. Expression con-
trol rules are defined in the generic model, so every user’s
face can be equally modified to generate basic expressions
using the FACS-based expression control mechanism.
For voice adaptation, 75 persons voice data including
tive vowels are precaptured, and a database for weights of
the neural network and voice parameters is constructed.
Accordingly, speaker adaptation is performed by choos-
ing the optimum weight from the database. Training of
the neural network for the data of each of the every 75
persons is already finished before operation. When a new
nonregistered speaker comes in, he or she has to speak
tive vowels into a microphone. LPC Cepstrum is calcu-
lated for each of the five vowels, and this is entered into
the neural network. Then the mouth shape is calculated
by the selected weight, and the error between the true
mouth shape and the generated mouth shape is evaluated.
This process is applied to the entire database one-by-one
and the optimum weight is selected when the minimum
error is detected.

System Features

A natural communication environment between multiple
users in cyberspace by transmission of natural voice and
real-time synthesis of an avatar’s facial expression is real-
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ized. The current system works with three users in an
intranetwork environment at the speed of 16 frames/s on
an SGI Max IMPACT. An emotion model [12] is intro-

8. Synthesized face speaking /a/.

Client No. 2

Client No. 1

9. Communication system in cyberspace.

10. Original video clip.
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A 11. Fitting result of face model.

A 12. Reconstructed face by another face.
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A 13. Layered tissue element.
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duced to improve the communication environment.
Gaze tracking and mouth closing point detection can also
be realized by a pan-tilt-zoom controlled camera.

Entertainment Application

When people watch movies, they sometimes overlap their
own figure with the actor’s image. An interactive movie
system we constructed is an image creating system in
which the user can control the facial expression and lip
motion of his or her face image inserted into a movie
scene. The user submits a voice sample by microphone
and pushes keys that determine expression and special ef-
tect. His or her own video program can be generated in
real time.

At first, once a frontal face image of a visitor is cap-
tured by camera, a 3-D generic wireframe model is fitted
onto the user’s face image to generate a personal 3-D sur-
face model. A facial expression is synthesized by control-
ling the grid point of the face model and texture mapping.
For speaker adaptation, the visitor has to speak five vow-
els to choose an optimum weight from the database.

In the interactive process, a famous movie scene is go-
ing on and the facial region of an actor or actress is replaced
with the visitor’s face. Facial expression and lip shape are
also controlled synchronously by the captured voice. An
active camera tracks the visitor’s face, and the facial expres-
sion is controlled by a CV-based face image analysis. Fig-
ure 10 shows the original video clip, and Fig. 11 shows the
result of fitting a face model into this scene. Figure 12
shows a user’s face inserted into actor’s face after color cor-
rection. Any expression can be appended, and any scenario
can be given by the user independent of the original story
in this interactive movie system.

Muscle Constraint Face Model

Muscle-based face image synthesis is one of the most real-
istic approaches to the realization of a lifelike agent in
computers. A facial muscle model is composed of facial
tissue elements and simulated muscles. In this model,
forces are calculated to effect a facial tissue element by
contraction of each muscle string, so the combination of
each muscle’s contracting force decides a specific facial ex-
pression. This muscle parameter is determined on a
trial-and-error basis by comparing a sample photograph
and a generated image using our muscle editor to gener-
ate a specific face image. In this section, we propose the
strategy of automatic estimation of facial muscle parame-
ters from 2-D optical flow by using a neural network.
This corresponds to the 3-D facial motion capturing from
2-D camera images under a physics-based condition

7,89 without markers.

Bone Nodes We introduce a multilayered back-propagation net-
work for the estimation of the muscle parameter. A neural
network is used to classify 3-D objects from a 2-D view
[15], recognize expressions [17], and model facial emo-
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tion condition [12], and a self-organizing mechanism is
well studied [16].

The facial expression is then resynthesized from the es-
timated muscle parameter to evaluate how well the im-
pression of an original expression can be recovered. We
also tried to generate animation by using the captured
data from an image sequence. As a result, we can obtain
and synthesize an image sequence that gives an impres-
sion very close to the original video.

Layered Dynamic Tissue Model

The human skull is covered by a deformable tissue that
has five distinct layers. In accordance with the structure of
real skin, we employ a synthetic tissue model constructed
from the elements illustrated in Fig. 13, consisting of
nodes interconnected by deformable springs (the lines in
the figure). The facial tissue model is implemented as a
collection of node and spring data structures. The node
data structure includes variables to represent the nodal
mass, position, velocity, acceleration, and net force. New-
ton’s laws of motion govern the response of the tissue
model to force [13].

Facial Muscle Model

Figure 14 shows our simulated muscles. The black line in-
dicates the location of each facial muscle in a layered tissue
face model. Normally, muscles are located between a
bone node and a fascia node. But the orbicularis oculi has
an irregular style, whereby it is attached between fascia
nodes in a ring configuration; it has eight linear muscles
that approximate a ring muscle. Contraction of the ring
muscle makes the eyes thin. The muscles around the
mouth are very important for the production of speaking
scenes. Most Japanese speaking scenes are composed of
vowels, so we mainly focused on the production of vowel
mouth shapes as a first step and relocated the muscles
around the mouth [ 14]. As a result, the final facial muscle
model has 14 muscle springs in the forehead area and 27
muscle springs in the mouth area.

15. Motion feature vector on face. (a) Optical flow, (b) feature

window.

Motion Capture on Face

Face tracking [10] and face expression rec-
ognition [11] based on optical flow have al-
ready been proposed. Their purpose is to

tind a similar cartoon face by some match-
ing processes; however optical flow is very
sensitive to noise. Our goal is to estimate
precisely the muscle parameters and

resynthesize a texture-mapped face expres- | /| )
sion using muscle model with the original
impression. A personal face model is con-
structed by fitting the generic control model

to personal range data. An optical flow vec-

tor is calculated in a video sequence, and we 2-D Optical Flow

accumulate the motion in the sequence from

Four Layers

3-D Animation

neutral to each expression. Then motion 16. Conversion from motion to animation.
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(b)

A 17. Face expression regeneration. (a) Original, (b) regenerated.

A 20. GUI tool for hair designing.
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vectors are averaged in each window as shown in Fig.
15(b). This window location is determined automatically
in each video frame. Our system is not limited to recog-
nize only six basic expressions [17], [18].

A layered neural network finds a mapping from the
motion vector to the muscle parameter. A four-layer
structure is chosen to model effectively the nonlinear per-
tormance. The first layer is the input layer, which corre-
sponds to a 2-D motion vector. The second and third
layers are hidden layers. Units of the second layer have a
linear function, and those of the third layer have a sig-
moid function. The fourth layer is the output layer, corre-
sponding to the muscle parameter, and it has linear units.
Linear functions in the input and output layers are intro-
duced to maintain the range of input and output values.

A simpler neural network structure can help to speed
up the convergence process in learning and reduce the cal-
culation cost in parameter mapping, so the face area is di-
vided into three sub-areas as shown in Fig. 16. They are
the mouth area, left-eye area, and right-eye area, each giv-
ing independent skin motion. Three independent neural
networks are prepared for these three areas.

Learning patterns are composed of basic expressions
and the combination of their muscle contraction forces.

A motion vector is given to a neural network from each
video frame, and then a facial animation is generated from
the output muscle parameter sequence. This is a test of
the effect of interpolation on our parameter conversion
method based on the generalization of the neural net-
work.

Figure 17 shows the result of expression regeneration
for surprise from an original video sequence.

Muscle Control by EMG

EMG data is the voltage wave captured by a needle inserted
directly into each muscle so that the feature of wave ex-
presses the contraction situation of a muscle. In particular,
seven di-ball wires were inserted into the muscles around
the mouth to make a model of mouth shape control.

The conversion from EMG data to muscle parameters
is as follows. First, the average power of an EMG wave is
calculated every 1/30 seconds. Sampling frequency of
EMG is 2.5 kHz. The maximum power is equal to the
maximum muscle contraction strength by normalization.
Then the converted contraction strength of each muscle is
given every 1/30 seconds and the facial animation scene is
generated. However, the jaw is controlled directly by the
marker position located on the subject’s jaw independent
of EMG data.

EMG data is captured from a subject speaking five
vowels. Seven kinds of waves can be captured and seven
contractions of muscles are determined. Then the face
model is modified and the mouth shape for each vowel is
synthesized. The result is shown in Fig. 18. In Fig. 18, the
camera captured image and synthesized image can be
compared, and the impression is very close to each other.
Next, EMG time sequence is converted into muscle pa-
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rameters every 1/30 seconds, and facial animation is gen-
erated. Each sample is composed of a three-second
sentence. Good animation quality for speaking the sen-
tence is achieved by picking up impulses from the EMG
signal and activating each appropriate muscle. This data
offer the precise transition feature of each muscle con-
traction.

Dynamic Hair Modeling

The naturalness of hair is a very important factor in a vi-
sual impression, but it is treated with a very simple model
or as a texture. Because real hair has huge pieces and com-
plex features, it’s one of the hardest targets to model by
computer graphics [19], [20]. In this section, a new hair
modeling system is presented [21]. This system helps the
designer to create any arbitrary hair style by computer
graphics with easy operation by using an editor of tufts.
Each piece of hair has an independent model, and dy-
namic motion can be simulated easily by solving a motion
equation. However, each piece has only a few segments
and the feature is modeled by a 3-D B-spline curve, so the
calculation cost is not so huge.

Modeling Hair

It is necessary to create a model of each piece of hair to
generate a natural dynamic motion when wind is flowing.
However, the hair feature is very complex, and a real head
has more than 100,000 pieces. Therefore, a polygon
model for hair needs a huge amount of memory for the
entire head to be stored. In this article, each piece has only
a few segments to control and is expressed with a 3-D
B-spline curve.

Tuft Model

In our designing system, a head is composed of about
3,400 polygons, and a 3-D B-spline curve comes out
from each polygon to create hair style. The hair genera-
tion area is composed of about 1,300 polygons, and one
specific hair feature is generated and copied for each poly-
gon. To manipulate hair to get a specific hairstyle, some
of the hair features are simultaneously treated as one tuft.
Each tuft is composed of more than seven squares in
which hair segments pass through. This square is the
gathering control point of the hair segments, so manipu-
lation of this square can realize any hairstyle by rotation,
shift, and modification. This tuft model is illustrated in
Fig. 19.

Hair Style Designing System

There are three processes to generate hair style by GUI,
and each process is easily operated by mouse control. The
first process is to decide the initial region on the head
trom which the tuft comes out. The second process is to
manipulate a hair tuft by moditying the squares by rota-
tion, shift, and expansion. The third process is matching a
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21. Example of hair style.

Y

22. Copying real hair style.

tuft onto the surface of the head. After these processes,
each polygon gets one hair feature, and in total 1,300 fea-
tures are available. Finally, 20,000 to 30,000 pieces of
hair for static images, or 100,000 to 200,000 pieces for
animation, are generated by copying the feature in each
polygon. The GUI tool for hair designing is shown in
Fig. 20.

Rendering

Each hairpiece is modeled with a 3-D B-Spline curve and
also modeled as a very thin circular pipe. Therefore, the
surface normal can be determined in each pixel to intro-
duce the Lambert model and Phong model. The typical
hairstyle Dole Bob is shown in Fig. 21. Figure 22 shows
an example modeling of a real hairstyle. The impression
of the generated hair is very natural.

This hair piece is modeled by stick segment and can be
controlled dynamically by solving motion equation. Col-
lision detection between hair and head is also considered
to generate natural dynamic hair animation.

Conclusion

To generate a realistic avatar’s face for face-to-face com-
munication, a multimodal signal is introduced to dupli-
cate original facial expressions. Voice is used to realize lip
synchronization and expression control. Video captured
images are used to regenerate an original facial expression
under a facial muscle constraint. EMG data is used to con-
trol directly an artificial muscle. Finally, a hair modeling
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method is proposed to make an avatar appear more natu-
ral and believable.
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