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ABSTRACT 

Our goal is to create a natural Italian talking face 
with, in particular, lip-readable movements. Based 
on real data extracted from an Italian speaker with 
the ELITE system, we have approximated the data 
using radial basis functions. In this paper we present 
our 3D facial model based on MPEG-4 standard1 
and our computational model of lip movements for 
Italian. Our experiment is based on some phonetic-
phonological considerations on the parameters 
defining labial orifice, and on identification tests of 
visual articulatory movements.  

1. 

                                                          

INTRODUCTION  
As computers are becoming more and more part of 
our world we feel the urgent need of proper user 
interface to interact with. The metaphor of face-to-
face communication applied to human-computer 
interaction is receiving a lot of attention [1]. 
Humans are used since they are born to 
communicate with others. Seeing faces, interpreting 
their expression, and understanding speech are all 
part of our development and growth. But face-to-
face conversation is a very complex phenomenon as 
it involves a huge number of factors. We speak with 
our voice, but also with our hands, eyes, face and 
body. In this paper, we present our work on natural 
talking faces. Our purpose is to build a 3D facial 
model that would have lip-readable movements, that 
is, a face whose lips would be detailed enough to 
allow one to read from her lips. We first present our 
3D facial model. Then we concentrate on the 
computation of lip movements. 

2. LITERATURE 
The first facial model created by Parke [2] has been 
extended to consider other parameters specific to lip 
shape during speech (such as lip rounding and lip 
closure) [3, 4, 5]. 3D lip and jaw models have also 
been proposed [4] that are controlled by few labial 
parameters. EMG measurements of muscle 
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Figure 1: Region subdivisions of the eyebrow 

 

Figure 2: Feature points and their area of influence around the 
eyebrow 

The model has been divided into regions defined 
around each feature point (see figure 1) and that 
correspond to muscle contraction major zone of 
influence [16]. Points within a single region may be 
modified by several FAPS, but they can react 
differently depending on the considered FAP (for 
example, given a region r and two FAPS FAPi and 
FAPj that both act on R, FAPi may have a greater 
influence on each point of the region R  than FAPj). 
Furthermore, the deformation due to a FAP is 
performed in a zone of influence that has an 
ellipsoid shape whose centroid is the feature point 
(see figure 2). The displacement of points within 
this area of influence obeys a deformation function 
that is a function of the distance between the points 
and the feature point (see figures 3 and 4). The 
displacement of a point depends also on which 
region it belongs to and how this region is affected 
by a given FAP. Let W be the deformation function, 
W’ be the function defining the effect of a FAP on a 
region, and FAPi the value of the FAPj. The 
displacement ∆Pj of a point Pj, that belongs to the 
area of influence of the FAPi   and a region rk is 
given by: 
(1)  ∆Pj = Fi * Wj * Wki 
Where Fi is the intensity of FAPi,.  Wj is the value of 
the deformation function at the point Pj. This value 
depends on the distance between Pj and the feature 
point of the area of influence. Of course this value is 
equal to zero for all points outside this area of 
influence. This allows us to modify only the points 
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Figure 6: Displacement function for bulge computation 

This displacement ∆Pj of a points Pj in the area of B 
of the bulges is computed as:  
(2) ∆yj = ∆Pj * Ki * W1j * W2j 
W1j is the displacement function as defined in 
equation 1 and depends on the distance between the 
point Pj and the feature point of the area of 
influence; while W2j is function of the distance 
between the point Pj and the boundary between the 
area A and the area B (as defined in figure 5). Ki is a 
constant that characterizes the bulge height. The 
course of the function W2 is given in figure 6 and an 
example of bulge creation is given in figure 7. 

 

 

Figure 7: Bulge creation 

 

Figure 8: Simulation of the nasolabial furrow 

4. LIP MOVEMENTS 
At the Istituto di Fonetica e Dialettologia-C.N.R. of 
Padova, the spatiotemporal characteristics of the 3D 
articulatory movements of the upper lip (UL), lower 
lip (LL) and jaw (J), together with the co-produced 
acoustic signal, were recorded by means of ELITE, 
an optoelectronic system that applies passive 
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For the moment we have decided to concentrate on 
4 parameters: LH, LW, UP and LP. These 
parameters have been found to be independent, as 
well as to be phonetically and phonologically 
relevant. Our first step is to approximate the 
displacement curves of the 4 articulatory parameters 
over time. 
 

 

Figure 9: Spatial configuration of the labial orifice for the 7 
Italian stressed vowels, 5 unstressed vowels and 3 isolated 
cardinal vowels, based on LH, LW and UP values (mm). The 
parameters values are normalized (see text for explanation) 

 

Figure 10: Spatial configurations of the labial orifice for the 21 
Italian consonants in the context /'aCa/ based on LH, LW, and 
UP values (mm). The parameters values are normalized (see 
text for explanation). 

Our approach is to approximate each curve by a 
mathematically-described function. The original 
curves are read and stored in an array called 
Curvei(t). Each curve has 3 peak values (maxima or 
minima points) corresponding to the production of 
V, C and V. For each of these targets within each 
curve, we look for the time of these peaks (see 
figures 10, 11, 12 and 13). We gather these temporal 
values in an array called 'time'. We can notice that 
we may encounter asynchronies of the labial target 
over the acoustic signal, according to the parameter 
and/or the phoneme. Further, the different ranges of 
extension for different parameters have to be 
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Figure 11: Lip height approximation of the sequence /'apa/; 
vertical lines defined the acoustic segmentation. The values of 
LH parameter are non-normalized. 

 
Figure 12: Lip width approximation of the sequence /'apa/. The 

values of LW parameter are non-normalized. 

 
Figura 13: Upper lip protrusion approximation of the sequence 
/'apa/. The values of UP parameter are non-normalized. 

 
Figura 14: Lower lip protrusion approximation of the 
sequence /'apa/. The values of LP parameter are non-
normalized. 

Having found the parameters that best described the 
curves 'VCV for V, C, and V, we are able to proceed 
to the first step toward animating the 3D facial 
model. The original curves are sampled every 1/10 
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Figure 15: Lip shap
 

 
Figure 16: Lip shap
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r these 4 parameters (lip height, lip 
 lower lip protrusion). Finally we 
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TURE DEVELOPMENTS 
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labiodental /f, v/ only LL behaves like an active 
articulator, while UL movement is due to a 
coarticulatory effect. Finally, for all the consonant 
targets, particular attention will be given to changes 
of LW (related to rounded/unrounded feature), and 
LP or UP (related to protruded/retracted feature), 
due to vocalic contexts. Synthesized Italian speech 
[21], produced by Festival [22], will be 
synchronized with articulatory movements. We are 
also planning to pursue perceptual studies to 
evaluate the intelligibility of our lip model. 
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