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ABSTRACT

In order to identify the Italian consonantal visemes, to
verify the results of perceptive tests and elaborate rules
for bimodal synthesis and recognition, the 3D (lip
height, lip width, lower lip protrusion) lip target shapes
for all the 21 Italian consonants were determined.
Moreover, the spatio-temporal characteristics of the
closure/opening movements for the realisation of  these
consonantal targets were studied relative to the lip
height (LH) parameter together with the temporal
relationships between the characteristics of this
articulatory movement and the co-produced acoustic
signal.

1.  INTRODUCTION

In order to develop theories on audio/visual production
and perception of speech (Summerfield 1987, Massaro
1987,1996) and also to support various technological
applications in telecommunications (Stork and
Hennecke 1996), in man machine interaction or in
language teaching and rehabilitation, such as bimodal
audio/visual speech synthesis (Benoit et al. 1992,
Cohen & Massaro 1990) and recognition systems
(Petajan 1984, Stork et al. 1992, Silsbee & Allen 1993,
Adjoudani & Benoit 1995), it is essential to:
- identify the minimal units conveying visual linguistic
information (visemes), i.e. on the basis of articulatory
parameters,  specifying which are the consonants
belonging to each of them;
- determine the relationships between the visible
articulatory movements and the corresponding co-
produced acoustic signal, i.e. determine the iso- or
aniso-morphism between articulatory movements and
their correspondent acoustic product.
This kind of information is partially language specific
because, even though significant and expected cross-
linguistic parallelisms are present due to the high
versus low visibility of anterior versus posterior
articulation loci, language specific characteristics arise
due to the different size and structure of the
phonological inventories (Walden et al. 1977, Cohen et
al. 1996, for English visemes, and Benoit et al. 1992,
1996, for French visemes).

2.  METHOD

In order to collect all these data, the ELITE system
(Magno Caldognetto et al. 1989, 1995), a fully
automatic real-time movement analyser for 3D
kinematics data acquisition (Ferrigno and Pedotti
1985) was utilised. In particular we focused on the
movements of markers attached to the upper lip (UL),
lower lip (LL) and jaw (J). All the 21 Italian
consonants /p, b, m, f, v, t, d, n, s, z, ts, dz, S, tS, dZ, l,
L, J, k, g, r/ (SAMPA coding, see Fourcin et al. 1988)
were pronounced in a vocalic symmetric context
/’aCa/, and repeated 5 times by 4 subjects, 2 female and
2 male university students, talkers of northern Italian.
On the basis of the analytical data referring to UL, LL
and J, the following parameters were computed owing
to their relevance in the definition of the area of the
labial orifice (Benoit et al. 1992) and thus for their
connections with the corresponding acoustic product:
- 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;
- lip width (LW), corresponding to the distance
between the markers placed at the corners of the lips, a
parameter which correlates with the feature
rounded/unrounded;
- anterior/posterior movement (protrusion) of the upper
lip (UP) and lower lip (LP), calculated as the distance
between the marker placed on the central points of
either the upper and lower lip and the frontal plane
containing the line crossing the markers placed on the
lobes of the ears. This parameter correlates with the
feature protruded/retracted.
Data related to the Jaw parameter (JL), even though
they represent an important and stable index for both
the degree of the oral cavity opening/closing and the
syllabic cycle vowel-to-vowel, will not be presented in
this paper but they will be discussed in next studies.
For the three parameters LH, LW and LP, the values
corresponding to the consonantal targets were
identified (see point '2' in Figure 1). It is worth
noticing that, for each parameter, these target values
were normalised by subtracting the values related to the
position of the lips at rest. This assured the



comparability of the results independent of the 4
subject variability in the shape and size of the
articulators. The so obtained data correspond to the
real extension of the lip movements which are
correlated to the data relating to the internal borders of
the lips (Benoit et al. 1992). Moreover for LH
parameter, the spatial and temporal characteristics, as
illustrated in Figure 1, were analysed for all the 21
Italian consonants in terms of:
- displacement, i.e. the extension of the closing (initial
stressed vowel-to-consonant)/opening (consonant-to-
final unstressed vowel)  movement  (DSc/DSo);
- duration of the possible steady state (plateau), which
was defined when the velocity curve crossed the zero-
axis more than once within a single gesture;
- duration of the closing/opening movement, measured
as the time interval between the onset/offset of the
movement and the peak closing position (TMc/TMo);
- duration of the whole closing/opening cycle;
- consonantal acoustic duration;
- temporal relationships between the articulatory
movements and the corresponding acoustic product,
measured as the time interval between the
closing/opening acoustic segmentation landmark and
the peak closing position (IAAc/IAAo);
- temporal relationships between the articulatory
movements and the corresponding peak closing/
opening velocity, measured as the time interval
between onset of closing/opening movement and
closing/opening velocity peak (ITVc/ITVo).

Figure 1. Target points and spatio/temporal definitions for analyzing LH
parameter.

3.  RESULTS

3.1. 3D spatial representation of consonantal targets

Figure 2 represents a 3D configuration of the lip orifice
for all the 21 Italian consonants, based on the mean
values of LH, LW, LP targets for all the speakers and
productions. Between the two protrusion parameters,
LP was preferred, as previous research studies (Magno
Caldognetto et al. 1995, Cosi and Magno Caldognetto
1996) stated the high degree of correlation between
them. Moreover, LP was always characterised by
higher values with respect to UP. It is worth noticing
that, for all the three parameters, both positive and
negative values were found. It is evident that negative
values indicate a reduction with respect to the values
characterising the rest position. Italian consonants
seem to be better distinguished by the values of the LH
parameter. In fact, 5 classes were identified:

a) /p, b, m/: LH < 0mm;
b) /f, v/: 0mm < LH <3mm;
c) /t, d, s, z, ts, dz/: 6mm < LH < 8mm;
d) /N, L, S, tS, dZ/: 9mm < LH < 12mm;
e) /k, g, n, r, l/: 12mm < LH < 17mm.

These 5 groups of consonants should probably
correspond to the 5 visemes of Italian, but a more
robust statistical analysis will be executed in the future
in order to justify this conclusion. As for LW, the most
spread consonant was /f/ (LW=2.2mm greater than rest
position), while, on the contrary, the most rounded was
/l/ with a negative value of LW (-0.2). The other
consonants could be divided into 2 separate groups: a
more spread one, /v, t, d, ts, dz, N, L/, identified by
1.2mm < LW < 1.9mm, while the second put together
all the other consonants located by 0mm < LW < 1mm.

Figure 2. 3D spatial targets for 21 Italian consonants.

As for LP, almost all the consonants seem to be
characterised by a reduction of the protrusion (LP < 0),
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in particular /n,l, r/ resulted as the most retracted. Only
medio-palatal affricates present positive values thus
indicating labialisation. Along the 3 considered
dimension the consonantal clusters are indeed
different. Appropriate statistical analysis should be
executed in order to quantify the relevance of these
groupings and identify their relationships, thus
defining 3D Italian visemes.

3.2.  Spatio/temporal  characteristics

Figure 3, shows the percentage of occurrence of the 4
identified articulatory strategies in the realisation of the
consonantal targets. In 10 consonants the
closing/opening (C+O) movement was the only chosen
strategy. In 8 consonants C+O strategy is predominant;
in 2 consonants (/S, ts/) the Plateau (C+P+O) strategy
was observed in the majority of  cases, while only in /r/
the Glide (G) movement
strategy was prevalent.

Figure 3. Percentage of occurrence of articulatory strategies.

The data presented in Figure 4 refer only to the
predominant strategy for each consonant and
correspond to the values of the displacement
(DSc/DSo) and duration (TMc/TMo) of the
closure/opening movement of the LH parameter.

Figure 4. Displacement (DSc/DSo) and duration (TNc/TMo) of the
closure/opening movement of the LH parameter

For all the consonants, which presented a closure-
opening (C+O) movement (with the exception of /S/,
/ts/, and /r/ characterised by different strategies)
Figure 4 shows that the displacements of the closing
movements are always greater than the opening ones,
as the former start from the initial stressed vowel,

which is the most open, while the latter end with the
final unstressed vowel, which present a reduced degree
of opening. As for the closure displacement (DSc), 5
major classes could be identified:
a) /p, b, m/: DSc>24mm;
b) /f, v/: 20mm<DSc<24mm;
c) /t, d, s, z, ts, dz, tS, dZ, N, L/: 14mm<DSc<20mm;
d)  /n, r, S, k, g/: 6mm<DSc<14mm;
e) /l/: DSc<6mm.
As for the duration (TMc/TMo), the closure movement
of all the consonants was always longer than the
opening movement. As for the total duration of  the
articulatory movement of the consonant, bilabials /p, b,
m/, and apicodentals /l, r/ showed the fastest
movement,  while /t, d, s, z, ts, dz/, were the longest
ones.These groupings based on duration do not
coincide with those based on displacement or target
values. Appropriate statistical analysis shall have to
demonstrate their different role in the construction of
visemes.
As for the relationship between the articulatory
movements and the corresponding acoustic production,
Figure 5a, illustrates the duration of all the consonants
together with that of the flanking vowels. For the
affricates the duration of both the occlusive and
fricative phase is highlighted. The acoustic duration of
the consonants was always shorter than the
corresponding global articulatory gesture duration,
showing an anisomorphic behaviour between acoustic
and articulatory data.

Figure 5. a) duration of all the consonants together with that of the
flanking vowels; b) % of the total acoustic duration of the second/third
segment taken by the time interval between the acoustic onset of the
segment and the peak closing/opening position (IAAc/IAAo); % of the
closing/opening movement taken by the time interval from onset of
closing/opening movement to corresponding velocity peak (ITVc/ITVo).

Figure 5b shows the percentage value, related to the
total acoustic duration of the consonant/second vowel,
of the time interval between the acoustic onset of the
segment and the peak closing/opening position
(IAAc/IAAo). These data indicate that for almost all
the consonants the values of these intervals range from
20% to 45% (except for /g/ and /dz/). Figure 5c
illustrates the percentage of closing/opening movement
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taken by the time interval between onset of
closing/opening movement and closing/opening
velocity peak (ITVc/ITVo).
The values for these parameters range between 40%
and 60%. The parameters considered in Figure 5b-c
will be quite useful in specifying rules for bimodal
synthesis because they define the location of the
consonantal target with respect to the correspondent
acoustic landmarks (IAAc/IAAo) and the  shape of the
articulatory gesture (ITVc/ITVo).

4. CONCLUSIONS

All the data presented here demonstrate that in order to
identify the consonantal visemes on the bases of
articulatory data, the spatio-temporal characteristics of
articulatory movements and their relationships with the
co-produced acoustic signal should be taken into
consideration, alongside the spatial target.
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