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Abstract

We briefly describe here the methodology we haweldgped
at GIPSA for cloning speakers, i.e. capturing amatlefing
speaker-specific control, shape and appearance lsnodke
will mention here evaluation experiments that hdneen
conducted to assess the perceptual benefit of vigaghesis
used in three different applications: lipsync/text-
audiovisual synthesis, audiovisual conversion aadgte
reading.

Index Terms: facial animation, audiovisual speech synthesis,

HMM
1. Introduction

We all share a common anatomy that enables uscupe
sounds by shaping sound sources and the vocal shaqte.
We all have a jaw, a tongue, lips: this partialbgplain

regularities of languages. We almost develop spskitls the
same way: starting vocalizing, babbling, pointingnding up
mastering the subtle placing and shaping of oucidators of
our ambient language.

We are also all different: no other person as ytigwdate [u]

with lips in a round or a tucked [f] like you. Tleballenge of
facial animation is to cope with invariance of ftioo and
variability of realizations keeping coherence ohédor and
respecting personality.

Since the pioneer work by Benoit et al [8], we have

maintained a strong activity on articulatory mordgliand
control. Shape models for the lips, the face [X5phall as for
the tongue [1, 2], the velum [16] and the eyelitis][have

been developed using always basic principles: m@ssi

speaker-specific data collected on a few subjebtnks
various experimental settings and

analysis and modeling and evaluation. Note alsowmrk on
cued speech [12, 13] where gestures of the headeamal
articulation should be combined with hand movements

2. Data and articulatory models

The shape model that produces the facial geomeirg the
articulatory score is an crucial component. We ressiéy

combine three techniques for building shape modsls

speaker-specific organs:

* Fleshpoints marking and tracking: we basically glue

colored beads on the face (sdeéigure 1) or

ElectroMagnetic Articulograph (EMA) coils on the

tongue and velum

« Semi-automatic positioning/parameterization of giene

models of organs: generic lips, eyes, teeth, bk af
the head are fitted to silhouettes or surfacestBb
matching procedures are also used [9]

« Linear/nonlinear models linking position of flestpis
and surface geometry are then built (see Figure 3)

recording devices
(photogrammetry, EMA, MRI, etc.), knowledge driven
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Our shape models are then built from the collectafn
positions of fleshpoints using a so-called guidethd®al
Component Analysis (PCA) where a priori knowledge is
introduced during the linear decomposition. We altyu
compute and iteratively subtract predictors usirgefully
chosen data subsets [1]. For facial movements, this
methodology enables us to extract six componerrectty
related to jaw, proper lip movements and clear mmrs of
the throat linked with underlying movements of tleynx
and hyoid bone. The resulting articulatory modesoal
includes components for head movements (see FRjuamd
basic facial expressions [4, 5]. The average RMS etimogl
error is less than 0.5mm for all speakers cloneféduso

Figure 1. Colored beads have been glued on the stibjace
along Langer's lines so as to cue geometric defdiona
caused by main articulatory movements when speaking.

Figure 2: Some elementary articulations for theefand the
head that statistically emerge from the motion uapdata of
speaker CD using guided PCA.
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Figure 3: linking movement of a single EMA coil 3®
deformation of the velar region
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Figure 4:Left: the 3D tongue model developed froRIMata.
Right: controlling the tongue movements from EMA
kinematic data.

3. Controlling articulation

We have developed several control models able topate
articulatory scores either from a phonetic inputfam a
speech signal. One of the major challenges of matiial
synthesis is the intra-coordination between cametits of
each modality (formants, excitations for acousticticulators
for facial animation) and the inter-coordinationtvaeen
modalities.

From phonetic input. The trainable PHMM trajectory
formation system [6] complements a standard trajgct
HMM with a delay model. Both are trained with arrdtive
analysis-synthesis loop combining HMM training dodced
alignment. PHMM improves both the modeling accurany
subjective scores [7].

From motion capture. Since our virtual talking heads are
driven by parameters directly computed from movemeri
fleshpoints, such models can be driven from motapture.
We have tested ability of naive viewers to "readvements
of virtual tongue/face driven by motion capture addtf.
Figure 4) . Results show that tongue reading neexisirtg
and benefits at very low SNR [3]

From speech.We have also developed and tested GMM-
based techniques for audiovisual speech convef$ibnl7].
Performances show that our modeling approach captur
essential visual cues that can both be used foioeisdal
speech synthesis and recognition.

4. Models of appearance

Active appearance models [10] have popularized-datean
approaches for texturing shape models. Thanks to- su
millimeter modeling of the facial shape, numeroasigles of
shape-free images can be gathered that capturerdext
variation of fleshpoints: the typical blurring ofAM due to
semi-automatic positioning of feature points orew flozen
visemes does not occur. We have demonstrated [@] th
audiovisual recognition of reconstructed videos sdomt
statistically differ from the original.
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