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ABSTRACT

Today synthetic speech is often based on
concatenation of natural speech, i.e. units such as
diphones or polyphones are taken from natural
speech and are then put together to form any word
or sentence [5]. So far there have mainly been two
ways of adding a visual modality to such a
synthesis: Morphing between single images or
concatenating video sequences. In this study,
however, a new method is presented where recorded
natural movements of points on the face are used to
control an animated face.

1. METHODOLOGY

1.1. Which units

In order to produce synthetic speech it is not
sufficient to concatenate static phonemes, and this is
of course also true for concatenation of static
visemes. Such a synthesis will not reflect the
coarticulatory process in which surrounding
segments have influence on the sound of a
phoneme/viseme and the dynamic transition from
that phoneme/viseme to another. The coarticulation
effect is not only associated with adjacent units, but
also to more remote ones. In a sequence of #CCCV
where the first consonant is always an [s] in
Swedish , as for example in “språk” meaning
“language”, a rounded vowel will affect the lip
movements and the sound of the [s]. It will of
course also affect both [p] and [r].

In the system presented here, demisyllabels are used
as units both for the acoustic and the visual
polyphones and it seems that these units will, at
least for Swedish, satisfactorily reflect the
coarticulation process in natural speech.

1.2. Concept

During the recording of polyphones to be used for
synthesis, the movements of a set of markers placed
on the face of the speaker are simultaneously
registered in three dimensions. The markers are not
only placed close to the mouth, but also in the
whole lower part of the face, in order to capture the
movement propagation (see figure 3). A pair of
spectacle frames is used as fixation points to control
for unwanted global head movements. Each

acoustic polyphone will be connected to a perfectly
synchronised dynamic speech movement
represented by the marker movements. These
recorded movements are then concatenated in the
same manner as the acoustic polyphones, and are
used to control the movements of an animated face.
For some examples see [0045_01.mov]
[0045_02.mov].

1.3. What is new

The technique of recording natural movements to
use for animation is not new. It has been used in
recent years for a number of different purposes.
Perhaps mostly for animating body movements,
which is hard to achieve, but also for animating
facial movements [6] [8]. What is new in this
approach is the concatenation of smaller units to
form the speech movements correlated to the
pronounciation of any word or sentence.
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Figure 1. Example of concatenative speech synthesis. The
target units are stored in a database from which they are
retrieved when needed.

2. SYSTEM COMPONENTS

To cover the Swedish language and have the scope
to pronounce foreign names in an acceptable way, a
set of 13000 polyphones is needed.

A simple illustration of the system is shown in
figure 2. The concatenation of the visual units and
the concatenation of the acoustical units are
concurrently performed in two separate modules
The two modules take the same specification of
polyphones as input. The output from the modules
are then synchronized and displayed.
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Figure 2. Simple overview of the Text-to-Visual-Speech
system.

2.1. Markers

A maximum of 40 markers at one time can be
tracked by the McReflex motion tracking system
[ref]. Currently, 29 markers are used, of which five
are placed on the spectacle frames according to
figure 3. The markers are hemispherical and
covered with an auto-reflective material. They have
a radius of 4 mm, and are attached to the skin with
sticky tape. Since it takes more than one day to
record the polyphone collection, the markers have
to be removed and put on several times. It is
important that the markers are placed in an identical
way at every recording session. If that is not the
case the animation becomes shaky due to the
differences between adjacent units.

2.2. Data processing

In concatenative speech synthesis it is possible to
change the duration of all segments and control the
fundamental frequency of the synthesized utterance.
This is done to control sentence accent and signal
attitude and gender. When the duration of an
acoustic segment is changed the visual segment also
has to be changed. What is achieved with advanced
signal processing methods in the acoustical case is
in the visual case currently done with a simple
linear expansion. To simplify the processing in the
acoustical case, all units are recorded in carrier
phrases in order to get a uniform fundamental
frequency (see figure 1).

There are small differences in marker positions
between units due to differences in facial expression
and coarticulation during the recording. These
differences are taken care of by a simple
interpolation with a quite satisfactory result.

Figure 3. Marker positions during recording of polyvisemes.

2.3. Polygon model

The recorded marker movements are concatenated,
filtered and interpolated. Then they are used to
control a model of a head. The model is built of
polygons whose corners are affected by the markers
within a certain range according to a certain
algorithm.

Figure 4. The polygon model.

2.4. Texture

The polygon model is textured to look more natural.
For the time being only one of three predefined face
alternatives, of which one can be seen in figure
5, can be chosen as texture, though the aim is to be
able to take an arbitrary photo of a face and do a 3D
texturing in real time. The present texture consists
of parts taken from 12 photos of the same head



taken from different angles and with similar
illumination. It would also be desirable to in real
time be able to scan in a persons face and reshape
the polygon model according to the result.

Figure 5. Polygon model textured with parts of 12 photos.

4. CONCLUDING REMARKS

4.1. Peoples Reactions

People react very differently to the prospect of
interacting with a humanoid. Some seem scared and
react with anger and disgust at the creation that
might take over their jobs, while others express they
cannot wait until this is a natural part of interacting
with computers. An important aspect is that the
concept of a talking, animated agent should never
be forced on anyone that does not want it. A simple
text-based interface or even text/speech interface
must exist as an alternative.

4.2. Tongue

It may be argued that a speaker´s tongue is an
important source of intelligibility for certain
phonems. There is no tongue included in the visual
speech synthesis described in this paper. The tongue
movements are not recorded since a marker placed
on the tongue would both disturb the recording by
appearing in short intervals much like a distortion
and, more importantly, impair the speakers
pronounciation. A rule-controlled tongue could be
added if wanted.

4.3. Applications

The visual speech synthesis will eventually be
connected to a service application prototype. An
interesting service could be to connect it to a
translation system and in that way make anyone
able to speak “any” language. Imagine
communicating with someone in France knowing

that he/she can see your face on the screen, or as a
hologram, speaking French with the right lip
movements (see figure 6). An alternative could be
an animated interpreter as a complement to video
conferences. Of course, there is still a long way to
go before automatic translation may be trusted in
such a service. Closer to hand might be an
information retrieval service of some sort. In the
field there is a lot of ideas of what a “talking head”
can be used for, e.g. soccer commentary [1]
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Figure 6. A future service application?
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