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ABSTRACT

The proposed model defines the arti-
culatory gesture as the result of a com-
petition between coactivated, invariant
articulatory  targets. The consonant
gesture is defined as a deformation of a
vowel gestural continuum. The model is
governed by a gestural score which gene-
rates the involved target activation func-
tions. Currently, targets are associated to
isolated phonemes. The identification of
structural parameters is carried out using
an efficient acoustic-articulatory inversion
technique.

THE GESTURAL MODEL

The proposed model defines the
articulatory gesture as the result of a
competition between coactivated, pseudo
invariant articulatory targets (see figures 1
and 2). The activation levels of these
targets change in time. The consonant
gesture is defined as a deformation of a
vowel gestural continuum.

The model is governed by a gestural
score which generates the involved target
activation  functions. The temporal
evolution of the articulatory profile (the
area  function or some simple
transformation of it) is generated by a
competition law between coactivated
targets. The target attraction level is
locally weighted by acoustic sensitivities
of articulatory parameters characterising
the target. Currently, the targets are
typical (extremal) articulatory profiles
associated  with isolated phonemes
(phonetic targets).

The model presents two main
functional levels (analogous to those of
the Task Dynamics model [1]). At the

top level, activation functions are
generated from a gestural score [2]. The
temporal evolution of the articulatory
profile is generated at the bottom level.
The articulatory  configuration s
expressed in terms of the area of vocal
tract sections (the area function); then it
can be further expressed in terms of
parameters of a given articulatory model.
We have adopted here the Distinctive
Region Model (DRM) [3] to describe the
area function because: i) the DRM
exhibits a large monotonicity in the
acoustic-articulatory link around the
neutral configuration, it) the DRM is able
to generate a large acoustic space (in
terms of the three first formant
frequencies). We plan to use other
articulatory models --especially Maeda’s
model which exhibits also a large
monotonicity in the acoustic-articulatory
link-- for studies more closely connected
with the articulatory level.

The gestural score level

Activation functions (one for each
target) are generated at the gestural score
level. They are either generated by means
of autonomous (non linear) dynamic
regimes, or defined by means of given
time functions (in analytical or tabulated
form). Currently, activation functions are
simple time functions (sigmoid-like
functions), or extracted from speech
signal segments by acoustic-articulatory
inversion (see fig.1).

The articulatory level
a) The vocalic VI-V2 transition rule

In the framework of the DRM model,

. * .
atticulatory target T, of a vowel v is
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defined by means of®

T:: {A;,V} (for: k=1,...8), andL:,,

where A;’v is the area (or some simple
transform of it like a square root) of
region k of target v (see figure 2.c), and
L:, is the tract length of target v. For a
vocalic transition V1-V2, we use three

targets: T;l, T:Z and the « neutral »

(schwa like) target Tp which is
associated  with  the  tract rest
configuration. The V1-V2 competition
rule is given by:

A, (vIv2; )=
*
pX av(t)pk,vAk,v
ve{vl,v2,0} )

X Ay (t )pk,v
ve{vl,v2,0}

with: 0<o,(f)<1 VvandV1.

4(VvIV 1) is the area (or a transform of
it) of region k at time ¢ for the transition
v1v2, o (?) is the activation function of
the v target, and p; , is a target region

specific weight, which is a function of the
acoustic sensitivity [4] of region k of
target v; we have chosen:

3 2
, }
Prv = q . >
nzzl "[BAk,v

where {f,} (n=1,2,3) are the first three
formant frequencies, and g, are some
convenient weights.

b) The V1-C-V?2 transition rule

Let be {C} the set of tract regions (con-
sonant constriction regions) affected by

Session 30.8

Vol 2 Page 447

consonant gesture c. Let {A; c} le{C}

be the consonant constric-tion target, and
a.(r) the consonant gesture activation

function. The V1-C-V2 transition law is
given by:

A Moz =4 (v 1) if ke{C}

A (VioZ )= 4, (Vv 1)+ )
ac(t)(A,:p ~4 (I 1)) if ke{(}

with: (0<ac()<1) .

The consonant gesture is thus defined
as a deformation of a vocalic continuum.

MODEL PARAMETERS IDENTIFICATION

The identification of the model
structure parameters (including the
activation functions) proceeds from
formant trajectory data and from some a
priori  knowledge of the acoustic-
articulatory link, rather than from
articulatory data which are difficult to
obtain. For this purpose, an efficient
acoustic-articulatory inversion technique
has been developed which is capable of
gaining a priori knowledge from a limited
but well designed set of acoustic-
articulatory links [4]. This technique
consists uses a neural controller [S] and a
variational method to compute fastly the
acoustic-articulatory link [6]. The
identification process is carried out by
steps. Firstly, articulatory targets are
identified, and normal modes and
acoustic sensitivities of the chosen target
configurations are computed. Then, _the
temporal evolution of the activation
functions for typical V1-V2 and V1-C-
V2 transitions is extracted using
acoustic-articulatory inversion of formant
trajectories. This occurs in  the
framework of the adopted gestural
competition model. As a last step, not
currently implemented, a sigmoidal
model (which can be expressed as a non-
linear autonomous dynamic model) is
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adjusted to the resulting activation other parameters of the gestural model. Representation in acoustical space (fwﬂ]nms in Hertz)
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CONCLUSION.

We propose a simple gestural
production model in terms of competi-
tions between « extremal » articulatory
(phonetic) targets. We have described a
procedure to identify the structural
parameters of this model by means of an
acoustic-articulatory inversion technique
applied to selected V1-V2 and V1-C-V2
acoustic logatomes. By this way, we are
able to built the model firmly on an
acoustic  basis. Moreover,  this
identification procedure enables us to use
our model not only for articulatory
movement synthesis, but also for analysis
of formant trajectories in terms of
activation functions, gestural scores, or
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a) Formants generated (—-) (after acoustic-articulatory inversion of formant data (—) ).

€) Area functions at the begining and end of the transition (articulatory targets).

i . d) Articulatory parameters (tube region areas of the Distinctive Region Model).
Figure 1. The gestural model embedded in the acoustic-articulatory inversion system. Y P T3 (tube regi



