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ABSTRACT
This research focuses on the study of
the multidimensionality of the visible ar-
ticulatory movements in the production of
the Italian stressed and unstressed vowels.
Lip and jaw movements were recorded and
analysed with a fully automatic real-time
system for 3D kinematics data acquisition.
The data obtained show that jaw opening
and lower lip protrusion were the most
relevant articulatory parameters in distin-

guishing among the vowels.

INTRODUCTION

Integration of articulatory data with
acoustic and perceptual data is fundamen-
talin developing a phonetic theory of vow-
els and can find important applications in
linguistic description{1,2] (cross-language
comparison, articulatory features system),
psycholinguistic research 3] (lip reading,
bimodal perception) or technological ap-
plications [4] (audio-visual speech synthe-
sis and recognition systems).

The Italian vowel system is considered
to be very simple [1] since it may be
described in terms of the features high |
low and front / back. The feature rounded
cooccurs with the feature back and protru-
sion always cooccurs with rounding.

The aim of this research is to define the
visible articulatory parameters in the pro-
duction of the Italian stressed and un-
stressed vowels, to individuate the
cooccurrence of various parameters and
finally to evaluate the relation of these
parameters to the phonetic linguistic fea-
tures.

METHOD

Lip and jaw movements were recorded
and analysed with ELITE [5), a fully auto-
matic, real-time system for 3D kinematics
data acquisition. It uses small, non obtry-
sive, passive markers of 2mm of diameter,
realised by reflective paper, attached onto

the speaking subject’s face. In this study
the markers were placed on the central
points of the vermilion border of the upper
lipand of the lower lip, at the corners of the
lips, and at the centre of the chin. The
markers placed on the tip of the nose and
on the lobes of the ears served as reference
points to eliminate the effects of the head
movement. The following articulatory pa-
rameters corresponding to phonologically
significant features were analysed:

- lip height (LH), calculated as the
distance between the markers placed on
the central points of the upper and lower
lips; this parameter may be correlated with
the feature high/low.

- lipwidth (LW), corresponding to the
distance between the markers placed at the
corners of the lips, a parameter which
correlates with the feature rounded /
unrounded.

- jaw opening (JO), corresponding to
the distance between the markers placed at
the centre of the chin and the tip of the
nose. This distance is primarily due to the
Jjaw opening but it is also influenced by the
movement of the skin of the chin. This
parameter is correlated with the feature
high ! low.

- anterior - posterior movement of the
upper lip (UP) and lower lip (LP), calcu-
lated as the distance between the markers
placed on the central points of either the
upper or lower lip and the line passing
from the markers placed on the lobes of the
ears. This parameter correlates with the
feature protruded / retracted.

The visible articulatory movements of
6 subjects (4 females and 2 males), speak-
ers of northern Italian, were recorded and
analysed. All the subjects were university
students, aged between 19 and 22 and were
paid volunteers. They repeated five times,
in random order, each of the 7 stressed

1al, fel, [el, fil, I3/, fol, fuf and the §
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unstressed, /a/, /e/, /i/, /o/, fu/, Tralian
vowels. The vowels were in the first sylla-
ble of disyllabic ( /’tasti/, /’tesi/, [*tesi/,
[tisi/, /’tosko/, /'tosko/, /’gusto/ ) or
trisyllabic (/ta’stare/, /te’stare/, /ti’sane/,
Jto’skane/, /gu’stare/) words, and were
preceded by a /t/ and followed by /s/ (with
oneexception, i.e./gu’stare/). They occured
within the carrier phrase “dico
chiaramente” (I say clearly).

A synchronous recording of the acous-
tic signal was also obtained.

Portions of the articulatory signal cor-
responding to the vowel to be analysed
were segmented on the basis of the acous-
tic speech signal. Since the dynamic as-
pects of the articulatory parameters were
not taken into consideration in this study, a
single point characterising the vowel was
individuated for each articulatory param-
eter. The data were normalised subtracting
the values related to the position of the lips
and jaw at rest, from each parameter ob-
tained, for each vowel and each subject.
This assured the comparability of the
results independently of the subjects vari-
ability in the shape and size of the
articulators. The so obtained data corre-
spond to the real extension of the lip and
jaw movements and may also be con-
nected to data relating to the internal bor-
ders of the lips [4].

RESULTS

The analysis of the normalised data
showed the mutual relations between all
the parameters examined: a clear correla-
tion between the upper and the lower lip
protrusion for both stressed and unstressed
vowels, (r=.82 and r=.83 respectively),
andanegative correlation between lipwidth
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and upper lip protrusion ( r=-.81 and r=-
.83), as well as between lip width and
lower lip protrusion (r=-.73 and r=-.80).
Stressed vowels showed also a correlation
betweenlip height and jaw opening (r=.85).
For both stressed and unstressed vowels
there was no significant correlation be-
tween lip height and lip width and between
lip height and upper or lower lip protru-
sion. The presence or absence of correla-
tion observed in this study is congruous
with previous results reported for English
[6,7] and French [8] independently of the
instrumentation or reperee points used in
defining the parameters.

Stressed and unstressed vowels were
analysed with two-way ANOVAs (7 or 5
vowels respectively and 6 subjects as a
between factor) to assess their effect on
each of the articulatory parameters exam-
ined. Post hoc Tukey multiple compari-
sons were carried out when the vowel
effects were significant. Only the data sig-
nificant at p<.01 will be discussed. The
normalised mean values, pooled over the 6
subjects and the 5 repetitions for eagh
parameter and each vowel are reported in
Table 1. The values may be either positive
or negative depending on the parameter
taken into consideration. Forexample, LW
values are negative when the distance be-
tween the corners of the lips decreases wuh
respect to their distance at rest, as is evi-
dent for both stressed and unstressed /w/,
while positive LW values correspond to
an increased distance with respect to the
valuesatrest, asisthe case of the unrounded
vowel /i/ in both stressed and unstressed
position. UP and LP may also show both
positive and negative normalised mean

Table 1. Normalised mean values (mm) pooled over subjects and r epetitions for each

articulatory parameter and each vowel.

il e/ e

LH  stressed 8.6 9.6 13.6
unstressed 7.6 8.7

JO stressed 6.6 78 12.6
unstressed 53 6.7

LW  stressed 0.1 05 11
unstressed 12 08

UP  stressed -11 03 20
unstressed -12 -1.0

LP  stressed 14 .12 233
unstressed 0.6 -11

I/ I lo/ 1y
15.0 151 8.7 7.7

10.6 8.1 71
14.1 11.2 33 18
9.0 26 20
09 51 51 61
12 33 -53
2.1 2.6 39 4.4
15 32 39
=29 09 28 36
.19 22 34
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Figure 1. Hierarchical clustering of the stressed and unstressed vowels with respect to

the five articulatory parameters.
values, while LH and JO are always posi-
tive.

The results of the ANOV A showed that
Jjaw opening is the articulatory parameter
that better distinguishes both stressed and
unstressed vowels since it defines 4 de-
grees of jaw opening. In fact, Fig. 1 shows
that stressed vowels are clustered in 4
groups, /u,0/, fi.e/, /e,5/, and /a/. As for the
unstressed vowels, in Fig. 1, JO distin-
guishes /a/, /e/, fif and /u,0/.

LH, which is traditionally considered
to be parallel to jaw opening, does not
identify all the degrees of opening defined
byJO(see Fig. 1). Moreover, the extension
of its movement always shows greater
values than JO, cf. Table 1. It is clear that
lips not only move in synergy with the jaw,
but also in an independent specific man-

ner.

LW divides both stressed and unstressed
vowels in two groups: rounded vowels and
unrounded vowels, see Fig. 1.

As for the two protrusions, LP is the
parameter that best distinguishes both
stressed and unstressed vowels. As shown

in Fig. 1, stressed and unstressed vowels
are divided into 4 groups, i.e. two degrees
of protrusion and two degrees of retrac-
tion. In particular, for stressed vowels, a
higher degree of protrusion characterises
/u/ and /o/ with respect to /5/, while /a/ and
/el are more retracted than /i/ and /e/, see
Table 1.

Using the parameters resulting most
significant for distinguishing the vowels
(jaw opening, lower lip protrusion and lip
width), a three dimensional representation
of the stressed and unstressed vowel space
was plotted in Figs 2a and 2b respectively.
As can be observed there is a tendency to
reduce the values of the parameters from
the stressed to the unstressed condition,
even though the trend is not systematic.

DISCUSSION

Our data confirm the cooccurrence of
rounding and protrusion for the Italian
language. In fact, all the vowels with posi-
tive values of lip width, i.e. fi,e,e,3/, also
have negative values for both upper, and
lower lip protrusion. That is, unrounded
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Figure 2. 3D representation of the stressed and unsiressed vowel space.

vowels are always also non protruded.
Similarly, vowels with negative lip width
values, i.e. the rounded vowels />,0,u/, are
characterised by positive values of upper
and lower lip protrusion, that is, they are
also protruded. )

Jaw opening and lower lip protrusion
are the parameters that better distinguish
the vowels. It should be noted though, that
differences in jaw opening with respect to
lip height may be due to the marker placed
on the chin: the position of this marker was
influenced not only by the jaw opening but
also by the movement of the skin espe-
cially during the lip protrusion.

Based on the values of the parameters
analysed, the reduction of the unstressed
with respect to the stressed vowels was
confirmed. Moreover, the unstressed mid
vowels are more similar to the stress.ed
mid-high /e/ and /o/ rather than to the mid-
low stressed /e/ and /5/.
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