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ABSTRACT

Processes of control, muscular contraction,
articulators deformations, and acoustical
oscillations take place incontinuous media.
Description of these processes can be done
by means of the same mathematical techni-
que. Some importent properties of the
speech production processes are described.

Speech production processes proceed in
different physical medie : articulation
control processes - on a set of oL and.J
motor neurons and muscle fibers, mechani-
cal oscillation processes of the vocal
folds, tongue and lips - in viscous - ela-
stic tissues, acoustical processes - in
air cavities of the vocal tract. There are
certain special features in each medium
which determine characteristics of the
processea, but there is also & very impor-
tant similarity that enables to use actu-
ally the same mathematical technique of
wave mechanics. This similarity comes from
the fact that on each level - acoustical,
mechanical and control, the system of
speech production is a system with distri-
buted parameters. ’

Motor units in the articulation cont-
rol system are discrete elements but their
number is great, and their parameters
overlap rather a wide range. Thus it is
possible to consider that processes of
muscle contraction control take place in
a certain continious medium. In that medi-
um, for instance, there is a possibility
to control dynamic characteristics of the
muscle by the working point shift of the
muscular receptors and also by displace-
ment of the area of the sarcomers contira-
ction along the muscular fibers from one
muscle end to another.

Amplitudes of eigenfunction of muscle
elastic deformations change due to these
displacements. Although distributed cont-
rol systems have been studied in enginee-
ring, special features of the articulation
control system are little known and deep
investigations in the area are of great
necessity. Some results concerning articu-
lation conErol system properties are des-
cribed in L61].

Geometrical parameters of the vocal

folds are rather small. Thus folds elastic
vibrations accompany waves in all three
dimensions. It can be well seen in high
speed motion pictures that elastic waves
propagate along the focal folds and also
in transverse and vertical directions.
Besides, surface waves are observed after
folds collapse [2]. Characteristics of the
waves are determined by mechanical proper-
ties of the vocal folds tissues. For exam-
ple, surface waves dissapear when cancer
tumour evolves.

Mathematical models of vocal folds
elastic vibrations were investigated in

{4,5,6,7,9,10]1 . Computer modeling shows,
that for the description of folds elastic
oscillations in a vertical direction only
one eigenfunction is sufficient, in a tra-
nsversal direction two eigenfunctions are
required, and oscillations along the vocal
folds require three eigenfunctions. Verti-
cal movements create a new, unknown before,
excitation source - a piston source, which
is active during close vocal slit interval
also. A speech synthsizer excited by the
described vocal source produces a speech
signal with high naturalness,

Geometrical sizes of the tongue and
lips are comparatively large. Thus elastic
waves do not propagate in the articulators
but their movements are "wave-like", as it
is seen in the cinemaradiographic motion
pictures, Elastic deformations of the ton-
gue and lips are described by the same
mathematical technique as elastic deforma-
tions of the vocal folds.

It is sufficient to have only one
eigenfunction for description of the shape
and movements of the lip. This eigenfunc-
tion for the lip is just half-wave of si-
ne. Five eigenfunctions must be used for
the tongue shape description. In the case
the approximation error in the uniform
metrics is about 6 - 7 %. Change of the
tongue shape is achieved by means_of modes
control of elastic oscillations. (6) . The
velum is an elastic body with distributed
parameters too, thus to calculate its de-
formations the same mathematical technique
as for the vocal folds, tongue and lips
must be used.
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For the frequencies above 200 - 300 Hz
the vocal tract is a system with distribu-
ted parameters where waves of acoustical
oscillations propagate. Fast change of
speech parameters and nonstationary proce-
sses domination are properties of acous-
tics in the vocal tract. There is & set of
pecularities of speech production acousti-
cal processes which play crucial role both
for speech synthesis and speech recogniti-
Onle

First of all one must reject an idea
that the vocal slit is a starting point of
the vocal tract. During production of voi-
celess fricatives and stops the area of
the vocal slit is comparable to the mini-
mal area of the vocal tract. Even during
phonation the resistance of the vocal slit
turns out to be not so high as it was sup-
posed just recently. As a result, proces-
ses in the lungs and the trachea have in-
fluence upon acoustical parameters of
speech signal and, therefore, the vocal
s8lit is located almost in the middle of
the vocal tract. During phonation formant
frequencies are subjected to noticeable
alterations, sometimes up to 20 - 30 %
and those alternations are synchronous
with vocal folds oscillations [6] . The
formant frequencies variations are pretty
fast, therefore both in speech synthesis
and speech analysis the vocal tract must
be considered as a parametric system with
fast alternation of parameters.

In addition to those variations the
formant frequencies sometimes undergo fast
alternations during articulators movementa.
For example, the rate of the first formant
freqiency variation can be 10 times as
much as the velocity of articulator move-
ments, if the minimal area of the vocal
tract cross-section is sufficiently small.
As a result an abrupt change of formant
frequencies is observed before and after
a closure.

Vocal tract walls yielding is a cause
of radial oscillations, which dominate du~
ring closure. The first formant frequency
in this interval is equal to the radial re-
sonance frequency ( 150 - 350 Hz ) instead
of zero as it were in an acoustical system
with absolutely rigid walls, There is ra-
diation of a speech signal through the
yielding vocal tract walls and, as it was
shown in [1] , the radiation occurs mainly
in two areas - around the lips and the pha-
rynx. Yielding of the vocal tract walls
leads to the "shut" effect, when in areas
with a small cross-section the propagation
of low-frequency oscillations stops due to
walls oscillations in the antiphase,

As a result of all above mentioned fa-
cts the only right method of description
of speech production acoustics is a method
nonsteady-state wave processes, Therefore
the formant method of speech synthesis is
unadequate in consequence of the hypothe-

sis on steady stateness of processes &nd
slow variations of the vocal tract parame-
ters. This is confirmed by the low quality
of formant speech synthesizers. More over,
there is a limit ( not very high ) for im-
provement of such synthesis naturalness
and intelligibility.

As a bagis for description of acousti-
cal processes during speech production a
method of travelling waves like Kelly =
Lochbaum scheme
1y Kelly - Lochbaum scheme has a set of
serios shortcomings. Particularly, it ge-
nerates specific noise during alternation
of the vocal tract area function. However
it is possible to solve the noise problem
by means of dynamic matching of boundary
conditions between cylindrical sections
which_approximate the vocal tract shape

[7,8] . Purther improvement of that
scheme should concern section and vocal
tract length alternation.

Characteristics of the turbulent sour-
ce of excitation are little dependent on
the place of articulation. Difference in
acoustical characteristics of fricatives
and bursts of stops are results of vario-
us positions of the turbulent source in
the vocal tract accompanied with change
in values of zeroes of the vocal tract
transfer function. This effect is elso a
consequence of the fact that the vocal
tract is a system with distributed parame-
ters,

Thus, physics of speech production
processes is much more complicated then
it was supposed some time ago, but cogni-
tion of those processes inspires a hope
of development of high quality synthesi-
2ers and reliable speech recognition sys-

ems,
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