Eurospeech.1993-118

orr

D

10.214

ISCA Archive

http://www.isca-speech.org/archive

3'd European Conference on
Speech Communication and Technology
EUROSPEECH’93
Berlin, Germany, September 19-23, 1993

Synthesis and Analysis of Vocal Source
with Vibration of Larynx

Nobuhiro Miki, Naohisa Kamiyama, and Nobuo Nagai
Research Institute for Electronic Science
Hokkaido University
N-12 W-6, Kita-ku, Sapporo 060 Japan
Email : miki@elsip.hokudai.ac.jp

Abstract

In this paper we show a speech production model of
the vocal tract analogue, which can simulate the prop-
agating mechanical vibrational wave on the tract wall,
synthesize vocal sounds with the vibrational wave, and
analyze the spectral properties for the synthesized waves.
We propose a new lattice filter model for the effect of wall
vibration in the larynx, and show that the sound prop-
agation is influenced with the vibration in the result of
simulation.

1 Introduction

The vocal tract analog have been used for the simu-
lation of speech synthesis in long time, in which the lung,
trachea, vocal cords, vocal and nasal tract, and radiation
at lips also are modeled as equivalent circuits. In the re-
cent speech synthesizer, LPC analysis approach is widely
used, but the source model is separated from the model
of vocal tract or the other parts, and the source is deter-
mined by the experimental data from LPC analysis. In
this method it is difficult to realize the speech synthesis
reflecting the personal feature in the dynamics of articu-
lation.

On the other hand the vocal tract analog have the abil-
ity for modeling of the source - tract interaction, the dy-
namics of articulation, and with the physical parameters
of human body. Only the problem is computational cost
of simulation in the vocal tract analog model, but from a
technological point of view, it should be noted that recent
progress of IC technologies must bring the realization of a
synthesizer based on these models in the near future.

In this paper we show a speech production model of the
vocal tract analogue, which can simulate the propagating
mechanical vibrational wave on the tract wall, synthesize
vocal sounds with the vibrational wave, and analyze the
spectral properties for the synthesized waves. Since the
vibrational wave is caused by the mechanical vibration of
the vocal cords, this is computed with the two-mass model
of vocal cords, and in this simulation some propagation pa-
rameters of the wall are based on physical constants. In
the wall tissue, the propagational speed and the attenua-
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tion constant are influenced with the physical constants.

We propose a new lattice filter model for the effect of
wall vibration in the larynx, and show that the sound
propagation is influenced with the vibration in the result
of simulation.

2 A Model of Wall Vibration (MWYV)

Since speech signal processing has been treated as a
linear processing of the system, it would seem that the lin-
ear circuit modeling is enough for the acoustic propagation
in the vocal tract. However, it is difficult to assume that
the wall of near the larynx is rigid, since the wall should
be assumed as a soft tissue, we should consider a nonlinear
influence of the mechanical vibration of the wall caused by
vibrating vocal cords. In Fig. 1 we show a schematic rep-
resentation for a model of mechanical vibration of larynx.
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Fig. 1 Model of mechanical vibration of larynx

Vocal cord

By the movement of the vocal cord the vibration is
propagated in the larynx wall as the elastic wave, and
this wave decays gradually in the distance from the vocal
cord. Consequently, the cross section of the larynx and
the vocal tract is varied with the mechanical vibration,
and this vibration influences the air volume in the tract
and the acoustic propagation also. In this interaction of
the mechanical vibration and the acoustic propagation,
since the effect has a nonlinear property, it is difficult to
built in the linear-separable transfer model of speech pro-
duction.

Now we propose a model of driving wall with the me-
chanical vibration in Fig. 2(a). As it is shown in this
figure, the small variation of the air volume dv is yield
with the driving force from the vocal tract wall, and is
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represented as
dv = n(67% + 2rér)l (1)

where, 6r is the displacement of the radius in the mechan-
ical vibration. Since the radius is varied, we see that the
characteristic impedance of the small section is also varied
in the acoustic model, and this should be reflected in the
reflection coefficients of our lattice model. Our model is
shown in Fig. 2(b) for the model of wall vibration (MWV).
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Fig. 2 Model of driving wall (a),
and lattice model of driving source (b)

3 Simulation of MWV

In our simulation, we employ our digital simulator for
speech production [2] , and combine this simulator and the
additional model mentioned above such as eq. ( 1) and
Fig. 2(b). In the trachea and lung model, the lossy trans-
mission model of 20 sections is used.

The vocal cord vibration is simulated with the 2-mass
model [4] , and in the propagation of the mechanical vi-
bration the modeling is based on the some physical con-
stants of human skin. The propagation speed and the
decay constant have been measured for the arm skin (5]
; the propagation speed v = 296[cm/s] , and the decay
constant & = 0.576 . Supposing the pitch T = 7[msec] for
the vocal cord vibration, we get the wave length propa-
gating in the wall, A = vT &~ 2.07[cm] . If the total length
of the vocal tract L[em] , the number of section n, and
the length of the one section l[cm] are given, the sampling
interval T, is determined for our simulation as follows,

T, =1/c where cis the propagation speed of sound.

In the one section of the vocal tract, the traveling time

of the elastic wave is given as,

"Tw=1/v
The amplitude of the wall vibration in the i-th section
is represented as y; , which is approximately given by the
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glottal side of the section, and the time delay between i-th
and i+1 th section is obtained as follows,

Tw 35600

——c~
T v 256

L @

From the above relation, we can obtain the v; from the
¥i-1 of the 120 step before,

= 120.27

yi(n) = e y;_1(n ~ 120), o =0.576 3)

where 7 is the time index, and yo(n) is the amplitude of
displacement at the glottis caused by the vocal cord vi-
bration. As shown in Fig. 3, we see that the amplitude of
wall vibration is decayed enough at 5 [cm] distance from
glottis, thus we can ignore the reflection of the elastic wave
from the lips or the lung.
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Fig. 3 Attenuation of propagation wave in wall

We show the cross-sectional function of the vocal
tract in Japanese vowels in Fig. 4, which is computed
form the cross- sectional figure measured using MRI-CT

for an adult man [3]
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Fig. 4 Cross-sectional functions of vowels

4 Experimental Results

The displacement of the vocal cord is simulated as in
Fig. 5, which is computed with the 2-mass model. For
the experimental results of Japanese 5 vowels, we show in
here the synthesized vowels for /i/, /u/ and fo/, and the
spectral analysis results using LPC analysis in the figures,
Fig. 6 - 9.

In these results, it is compared with the two kind of
models; (a) / (b) shows the result without / with the me-
chanical wall vibration. In these figure, we see the repeti-
tion of the spectra along the time axis , where the spectra
with broad band formants are the influence of the sub-
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glottic system in the glottal open phase. The difference in
the two models is appeared in the transitional time of the
subglottal pressure. We see the spectral differences in the
figures with the mark.

The results mean that if the subglottal pressure is varied
continuously such as the continuous speech of real utter-
ance, then the influence on the spectra is greater than the
synthesizer without the MVW. -
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Fig. 5 Displacement of vocal cord
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(b) /i with MVW
Fig. 6 Synthesis and analysis for /i/
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(b) o/ with MVW
Fig. 8 Synthesis and analysis for /o/
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Fig. 9 Synthesis and analysis for fiu/
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Conclusion

We showed a speech production model of the vocal

tract analogue, which can simulate the propagating me-
chanical vibrational wave on the tract wall, synthesize vo-
cal sounds with the vibrational wave, and analyzed the
spectral properties for the synthesized waves. From the
LPC analysis of the synthesized vowels, we see that the
spectral differences are appeared in the transitional time
of the subglottal pressure. We can see importance to sim-
ulate the larynx vibration in the speech synthesis.
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