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ABSTRACT

This paper concerns the behavior
of the formant frequencies for a dy-
namically varying vocal tract to inves-
tigate the sensitivity of the formant fre-
quencies to different parts of the vo-
cal tract. The sensitivity functions for
diphthongs were obtained by simulat-
ing the varying vocal tract using mea-
sured vocal tract area functions for five
steady-state vowels.

l. INTRODUCTION

A better understanding of the re-
lationships between vocal tract config-
urations and their acoustic character-
istics has always been important not
only in the area of speech production,
but also more recently in the inverse
problem of estimating the vocal tract
shape from acoustic data. Insight into
the dynamics of the vocal tract is ex-
pected to especially contribute to bet-
ter speech synthesis based on articu-
latory models and also is expected to
clarify some of the physiological con-
straints to be imposed on a method for
estimating either vocal tract shapes or
the rrtidsagittal view of the vocal tract
based only on the resonance frequen-
cies of the vocal tract. In some of the
recent studies on static vowels, atten-
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tion has been directed to the clarifica-
tion of the detailed sound production
processes. For instance, some vocal
tract spatial parameters derived from
the distribution of kinetic and poten-
tial energies inside the vocal tract at a
particular resonance mode have been
studied by Pam and others[2] to clarify
the affiliation of formant frequencies
with the particular part of the vocal
tract and also to clarify the sensitiv-
ity of the formant frequencies to local
perturbations in the cross-sectional ar-
eas of the vocal tract. Along this line
of drinking, this paper concerns the be-
havior of the formant frequencies for a
dynamically varying vocal tract. Par-
ticularly, the contribution of different
parts of the vocal tract to increments
in a given formant frequency were in-
vestigated together with the sensitivi-
ties of the formant frequencies to given
parts of the vocal tract.

2. EXPERIMENT

As a preliminary step, the vocal
tract area functions for five Russian
vowels measured by Fant[l] were used
to simulate the five diphthongs which
typically appear in American English.
Each area function was represented
by the concatenation of 34 acoustic
tube sections. In order to compute
the formant frequencies for a dynam-

ically varying vocal tract, the differ-

ence in the areas between two vowels
was linearly interpolated into ten inter-
vals. Between each two time succes-
sive intervals, the formant frequencies
were computed by varying two sec-
tions at a time, from glottis to the lips,
thus resulting in a total of 170 steps
to represent the movement of the vo-
cal tract from one vowel to the other.
In computing the formant frequencies,
a transmission line analog of the vo-
cal tract was simulated on a digital
computer, taking all the energy losses
within the vocal tract and the lip ra-
diation into account[3]. The glottis

was assumed to be closed in this study.
The transfer function of the vocal tract
was computed by sweeping the fre-
quency in two Hertz steps, so that the
first three formant frequencies could
be obtained by peak-picking, with an
accuracy of one Hertz.

As a result of this analysis, a set

of formant frequency increments, F‚-‚- ‚

can be obtained. In this case, AF},-

represents the increment of the i-th
formant frequency affiliated with the
j-th section of the area function. Thus,

the total formant frequency increment
is represented by the sum of all the
AE,’s as given by

N
AF.- = 2 AR,- (1)

i=1
The sensitivity of the formant fre-
quency increment is then defined in
this study as a ratio of the forrnant_

frequency increment to the area incre;
ment of the j-th section given by

5.. _ 1 933
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where Si!” is normalized by the total
sum of the ratios of the formant fre-

(2)

quency increment to the area incre-
ment as given by

N

Ira-=2
J=1

AR,-TA, | (a)
This normalization is made so that the
sensitivity of a section of the vocal
tract will be bounded by zero and one.

3. RESULTS AND DISCUSSION

Fig. l shows the results for the
vowel movements from /a/ to [i] and
from /a/ to In]. The top figures show
the distribution of the area increment
along the vocal tract from the lips to
the glottis. The successive three fig-
ures for each vowel movement are
the sensitivity functions for the first
three formant frequencies. In these
two cases, the sensitivity for the vowel
movement from [a] to /i/ is rather dis-
persed along the vocal tract, whereas
a relatively high localized sensitivity
is observed in the lip and the pharynx
regions for the vowel movement from
/a/ to /u/. The most noticeable fea-
ture of the sensitivity functions among
five vowel movements is that there is a
place in the vocal tract where the area
increment is relatively small and also
the sensitivity experiences a local min-
imum. This is indicated by the small
arrows in the figure. This location cor-
responds roughly to either the 8-th or
9-th section from the lips.

In the midsagittal view of the vocal
tract, this location corresponds roughly
to the boundary between the oral and
pharyngeal cavities. This seeM be
a rather strong physiological constraint
in moving the vocal tract configuration
from one vowel to another. Particu-
larly, when the vocal tract configura-
tion moves from a front vowel to a
back vowel or vice versa, the area in—
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Fig. l Area increments and sensitivity functions forvarying vocal tracts from /a/ to /i/ and from /a/ to /u/.

crement distribution becomes antisym-
metric around this region, to maintain
an approximate constant volume of the
vocal tract.

Fig. 2 shows the vowel movement
from /o/ to [1/ and from /o/ to /u/.
The local minima of the sensitivity
functions are again indicated by the
arrows in the Figure. In the movement
from /o/ to Ii], the lip area is highly
sensitive, whereas in the movement
from /o/ to [u] the pharynx area as well
as the lip area is sensitive.

Fig. 3 shows the vowel move-
ment from [c] to [1]. A similar ten-
dency is also observed in this case, al-
though the local minima of the sen-
sitivity functions are somewhat ob-
scured, due to the absence of an area
increment over a rather broad region
around the boundary between the oral
and pharyngeal cavities. The sensitiv-
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ity is high in the front cavity for this
case.

4. CONCLUSION

The data obtained in this study will
help clarify the relationships between
dynamic vocal tract configurations and
their acoustic correlates. The data will
also be useful first in designing some
speech synthesis rules on the basis of
an articulatory model, second in gain-
ing some insight into compensatory ar-
ticulation, and third in finding some
physiological constraints in the esti-
mation of vocal tract dynamics from
acoustic data.
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Fig. 2 Area increments and sensitivity functions for
varying vocal tracts from /o/ to [1/ and from /o/ to /u/.
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Fig. 3 Area increments and sen-
sitivity functions for a varying vocal
tract from /e/ to /i/.
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