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ABSTRACT

This paper describes a method of analyzing visual
articulation movements and determining coarticulation
effects with respect to syllables. A modified DTW process
(Dynamic Time Warping) has been used as a measure of
local similarity and applied on the visual correlates of
several frequent German syllables. These investiga-
tions lead to speaker dependent sets of coarticulation
data. They are suggested to be used for a model-based
computer-animation program showing an artificial
speaker on the screen.
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1 INTRODUCTION

The subject of modelling coarticulation effects has been
addressed by several authors during the last 60 years [1-
4]. On that point the articulatory movements to be
examined have been recorded by use of a large amount of
different experimental conditions, e.g.:

- sonagram and oscillogram to evaluate frequency
information and timing of the speech signal,

- x-ray detection of the articulatory organs,

- electropalatogram to measure tongue-palate contacts,

- laryngograph and photoelectric glottograph to
determine voicing.

Other investigations on the visual correlates of
articulatory movements were founded on base of diphones
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[5-6]. For this purpose videotapes of prototype speakers
were recorded and representative key pictures selected
through a classification process. Corresponding to the
appropriate phonemes these can be used as a framework
of a computer synthesis of artificial speakers. Assuming a
given text sequence the selection of key pictures and the
calculation of interim frames generate the film.
Underlying a diphone model in a given text sequence
leads to the consideration of next neighboring
coarticulation effects.

In order to qualify the naturalness of this model
with respect to human perception a computer model of a
visual synthetic speaker has been implemented and
evaluated in a school of hearing impaired children [7]. The
results of which show that the diphone model corresponds
with quasi-natural movements in many textual
environments whereas certain phonetical structures
produce artefacts. These cases are related to coarticulation
effects extending beyond the immediate next neighboring
sounds. In conclusion they point the way for using syllable
structures as articulatory units rather than diphones as
phonetical units.

2 FEATURE EXTRACTION

The text corpus of the videorecording is based on several
constructed single words, each consisting of three
syllables. The central syllables are of interest and they are
analyzed with respect to the preceding and following one.

After a phonetic segmentation of the speech signal
specific visible features my were extracted from the single
frames (e.g., see figure 1). This leads to a parametric
description of the investigated visible articulation
movements related to the phonetic sound sequence. In
order to model the face movements by examining
representative courses of features equal syllables in a
different phonetic context have been compared.
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Reference 2

Fig. 1: Feature extraction from the speakers face. References
.1,2 and the nose determine the head coordinate system.

The speakers face was marked with fluorescent paint and
illuminated with UV-light in order to improve an auto-
matic feature extraction. Three set points on the fore head
and the tip of the nose represent the head coordinate
system the single features are related to. Another set point
fixes the location of the chin, whereas the lips were
marked coherently as a stripe in order to determine an
inner and outer contour.

An example of the course of the four visual features width
w2 and height h, > of the outer and inner lip contour is
shown in figure 2 with w; > w, and h; > h,. The features
of each frame establish a multi-dimensional vector m.

3 DTW-SIMILARITY OF TIME DISCRETE SIGNALS

The main thesis of this work is that - in anology to the
speech signal - inside of several larger syllables there exist
highly context-independing core zones of the visual signal
as well, surrounded by context-depending coarticulation
zones. The core zones might depend on suprasegmental
parameters as stress. In order to determine the limits of
these cores DTW can be applied at first on two phenotypes
of the syllable of interest. The comparison of several
phenotypes leads to representative core zones.

Applying DTW to a time discrete reference curve
m(t) and a test curve m’(T) results in a nonlinear
projection together with a global distance measure of
similarity. The nonlinear stretching is necessary with
respect to a different speed of the articulatory movements,
different durations of certain sounds, and coarticulation.
The effects are shown in figure 3. In order to find the
optimum projection at first a matrix d of local distances
d(T,T;) between all m(T;) and m’(T;) has to be calculated.
For instance, applying the Hamming distance measure
du(71,) results in

The syllables of interest were detected in the visual (%8 = Lotk [mu(@) - ()| 1)
signalinteractively, i.e. two different experts in lipreading
pointed out the specific frame with a most distinct
articulation of the starting and end sound of the syllable. where my and m’y are the features (k) of m.
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Fig. 2: Courses of the four visual features width and height of
outer and inner lip contours for the German sentence
"Sie haben den FuBginger bestimmt anfahren wollen™.
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Fig. 3: Nonlinear projection of two 2D-signals m(t) and m’(7)
by DTW. The stretching coefficients of e-similar signal
zones are smaller than &.

The basical idea of DTW is to find the path from the
starting point to the end point on which the accumulated
local distances become a minimum. An easy approach to
this problem is shown in [8]. Having two chronological
sample sequences of the signals leads to a recursive
formula

D(t;,T)) = d(t;,T}) + min [D(T;.1,%1), D@1, 7)), D(Ti51)]

€3]

where D(7;,5) is the sum of the local distance d(t;,1) and
the minimum of the accumulated distances D(Ti.1,7;.1),
D(%.1,T) and D(%,7;.1). Solving Eq. (2) requires a column
oriented calculation as shown in figure 4. The value
D(1,%) is interpreted as a measure of global similarity.
The projection of m*(t) onm(7) is related to the minimum
path calculated from the end point to the starting point of
the matrix of accumulated distances D.
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Fig. 4: Column oriented calculation of the accumulated
distance D(t;,T).

In order to reduce the calculation time usually a
desired area of interest is taken into account around the

EUROSPEECH 93, Berlin, Germany, September 1993

secondary diagonal of D. Since the analyzed syllables
consist of not more than 15 samples ( = 15x20 ms) this
limitation was not necessary in our case.

The nonlinear stretching coefficients dog(T;,) of
the optimum path represent the local similarities of the
projection of m’(1) on m(t). Restricting these coefficients
to relatively small e-values by

dop(T;,Tj) <€ 3)

can be interpreted as fixing the zones of local similarity.
The determination of € gives answer to the question of
existence and limitation of a core zone in the analyzed
syllables. :

4 EXEMPLARY RESULTS

The test corpus was established in order to investigate the
influence of phonetic context on central syllables. By this
reason, these were systematically combined with different
frequently used German affixes.

In analogy to the phonemes as speaker independent
smallest units of a language several authors proposed a set
of visemes as smallest units of visual articulation
movements [9-10]. These are related to groups of
phonemes (e.g.,/ f, v /).

We used CVC-syllables with the fricatives / f, v /
and / | / going together with the open vowel / a/ and the
closed vowel /i /:

-Ivaf /-,
-/faf /-

-Ivil /-,
-1 -,

The enclosing consonants lead to characteristic shapes of
the lips. The preceding prefixes were chosen as

/fee /-, lent/ -,

/ba/-, /tsee/ -
and the suffixes as

-/an/, -lig/,

-/ba:l/, -/e/.

The resulting single words were spoken with stress on the
central syllable.

Allinvestigated combinations show the existance of
core zones and coarticulation zones. As an example,
figure 5 outlines the courses of the visual feature
my = inner height of the combinations /feevifig,
/entvifbay/, fbavifbar and twice fiseevif v/,
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Fig. 5: Determination of core zones and coarticulation zones of
the syliable / vif /.

The two very similar curves in figure 5 of the last
word demonstrate that after nonlinear DTW-projection
visual signals of the same speaker are highly reconstruc-
table. The length of an €-core-zone depends very much on
the surrounding context.

5 PERSPECTIVES

Besides that, further investigations with a more
complex test corpus point out that unstressed syilables
show distinctly different courses of features. A possible
interpretation could be that a gradual stress factor tunes
the length of the core zones as well as the actual courses
of features.

The text input of the later computer-animation will
be based on an open vocabulary so that any phonetic
sequence can generate corresponding visual articulation
movements on the screen. The movie will be created by
concatenating the representative syllable-fragments of the
core zones and - in coarticulation areas and areas of
missing syllables - additionally using the diphone-based
interpolation algorithm.

The described method leads to a hybrid diphone-
syllable motion model of visual articulation movements.

6 CONCLUSION

We have proposed a new approach to the modeling of
visual coarticulation effects in syllable structures. After
recording curves of certain visual features in the speakers
face several syllables of interest have been compared in
different text environment. Applying a modified DTW-
method, several syllables can be split into a core zone
with a stable course of features and surrounding
coarticulation zones. Schematic video sequences of the
core zones are meant to be faded into synthetic computer
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movies of a speaking face based on a diphone structure.
By calculating the missing frames of the coarticulation
zones this method allows to establish a hybrid motion
model of visual articulation movements.
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