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The classical acoustic theory of speech production remains unchanged in general since the times of its creation
by Helmholtz in 1870. However there is a reason to consider the whole complex of questions that yields doubts
at the present times.

Acoustic theory of speech production in its scientific layout was first formulated by Helmholtz
in 1870 [1]. The main idea of this work has remained unchanged till now, and is accepted implicitly or
explicitly by most of the speech scientists. It is a wide range of mathematical, methodological and
technological updating that should be certainly taken in to consideration: from the work by Chiba and
Kajiama [2] forgotten by natural reasons, to the classical works by Fant [3] and Ungeheur [4], and the
latest works [5,6].

It seems advisable to mention two main peculiarities of Helmholtz model.

1. Speech production process consists of two independent components. the sound
convolution as it is and forming of phonetic quality of the sound by convolution of
resonance frequencies of articulation channel (by Helmholtz) or filtration (in modern
consideration).

2. Phonetic quality of the sound is dimensioned by so called formants, or resonance
frequencies of articulation canal (or the pole of transferring function of articulation filter),
or maximums of the speech signal spectrum [7].

The above-mentioned peculiarities actually don't undergo any revision though it is obvious for
everyone that the thing doesn’'t correspond to the reality. It happens because it is not clear which
scientific consequences may such arevision lead to.

First of al, let's speak about the independence of sound source and articulation filter. It was
demonstrated in [8] that phonetic quality of vowels is considerably formed aready in larynx with no
influence of articulation filter. Moreover, it iswidely known from classical works that the voice source
has its poles and zeros, that obvioudly affects the quality of the speech signal being formed. All this
makes us to accept the following supposition: if there are the formants defining phonetic quality, these
formants are maximums in the spectrum, but not the poles of transfer function that needs
deconvolution operation, asit is assumed by classical theory.

The second question is whether the processes of speech production and speech perception are
symmetric as it is assumed by classical theory. There is no doubt that it is possible to achieve certain
results in phonetic quality of the sound with the help of such formants (speech of birds is a perfect
example). But do namely these spectrum maximums define this quality? The first doubts arose already
in the 30™ after a band vocoder was created [9]. In early 60™ a theory of speech legibility calculation
was formed on the grounds of a large experimental material. The theory assumed a band
representation of speech signal as a basis[10,11], and did not take formants into account (and it should
be mentioned that the term ‘formant legibility’ was used to refer to the main calculation parameter in
the Russian-language version of the theory). All these things had become a reason to introduce the
following hypothesis (L. Varshavsky and I. Litvak): phonetic quality of sounds is defined by a certain
level of power ratios in spectrum bands, and the formants (i.e. the spectrum maximums) are only an
available way to achieve necessary band ratios for speech production apparatus.

On the grounds of the above-mentioned twofold ideology of principles of formation of
acoustic appearance of speech signals at phonetic level, it is natural to suppose that there are several
parallel functioning systems of sound-distinctive signs. It is due to existence of several different type
systems of signs that provide for stableness of communication system in relation to the influence of
wide diapason interference, of noises and formants organized in a certain way, regardless al above-
mentioned possibilities of distortion.
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The next question is: how many formants exist? Arrangement of the formants for the Russian
vowels pronounced in isolated position or in syllables is known. In genera, there are no notable
deviations from the results obtained in Fant’s classical work [3]. However it is known that the
‘formant’ figure is rather different in a real speech signal. One can see presence of extra maximums,
splitting of maximums in the point of the formant’s ideal location, and absence of classical formant
maximums. The said outstanding deviations may appear as a result of influence of the 3 factors at
least:

- gpeaker individual peculiarities;

- context;

- dituationa peculiarities (speaker psycho-physiologic condition, pronunciation manner in

certain auditory, etc.)
If we accept the hypothesis on articulation canal having limited acoustic, resonance and filtering
characterigtics, but at the same time a human producing speech sounds tries to reach a certain structure
of digtinctive signs, one of which is a system of formants organized in a certain way, regardless of al
above-mentioned possibilities of distortion of ‘correct’ formant structure, the zones of the said
‘correct’ formant structures will be seen on the histograms of distribution probability of spectrum
maximums.

It was shown in the work [12] that for al the vowels in a low-frequency spectrum part on
probability distribution of spectrum maximums appearance there are three clearly seen maximums
corresponding to three mgjor formants. In spare intervals and in high-frequency area probability
distribution of maximum appearance has almost uniform motion characteristics and it's impossible to
mark any formant area. At the same time the mentioned formant zones correspond to the commonly
accepted in scientific practice concept of three magjor formants of the Russian vowels. The only thing
that should be pointed out is that in continues speech for male voices there is an additional spectrum
maximum that usually appears between the 2™ and the 3 formants. What happens for female voices
is that the 2™ formant usually disappears. (This phenomenon is even more typica for children’s
VOICes).

Because of the problem of the significance of the formants for perception one more problem
that is not actually discussed should be pointed out. It is known that for real speech it is the merge
intervals between sounds that play the main role for the formation of linguistic conception of what was
said. Stationary intervals may be even exchanged one by another with no damage for sense. It's
unclear how can it correspond to the explicit value of stationary intervals, with their formant structure
in isolated vowel or syllable perception.

Now let’s discuss possibilities of band representation of speech signal. It is obvious that a man
is unable to control a large number of spectrum congtituents in the process of speech production
because of purely physical limitations. It is consequent to physical limitations of possibilities of voice
channel [13]. If a a certain moment we measured even a large number of spectrum constituents, they
may change in time only correlatively. Independent spectrum constituents may be discovered by the
analysis of correlation matrices of time envelopes of spectrum constituents. It is natural to suppose that
the independent constituents abtained in such a way are namely those substantial variables that define
quality of the signal. It the work [12] by means of factor analysis of correlation matrices of spectrum
congtituents of speech material the following approximately independent spectra bands were
obtained: 80-400, 400-750, 750-1350, 1350-1750, 1750-2200, 2200-2900, 2900-5000Hz. The elicited
constituents correspond well to the bounds of formant bands (it is interesting that the band of 1350-
1750Hz correspond to no formant of Russian vowels but it gives often the pseudo-formant for male
voices (see the previous section).

Let's return back to the traditional scheme. The main assumption is that information sound
wave is formed in speech tract by means of excitation of natural oscillations of sound waveguide
which speech tract is assumed to be. From the open end of the waveguide the waves propagate in
elastic medium and finaly excite the natural oscillation of waveguide that represents speech tract.
These natural frequencies are analyzed in the brain and are perceived by human as speech. From the
theoretical point of view such scheme surely can exist and it has more than few successes. Y et there
are moments that from our point of view poorly conform to reality. Firstly the spectra of the same
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signals from different sources often differ greatly, that violates drastically the traditional scheme.
Moreover it is not at all clear what happens in the case of speech with considerable change of
articulatory tract (e.g. with a cigarette in a mouth). Moreover while a speech signa is transmitted
through a phone channel its spectrum is distorted significantly without distortion of its meaning. This
fact alone would be sufficient to throw doubt upon the adequacy of the traditional model of speech
generation. There are still other doubts that can be considered emotional however. What for does the
nature need such complex system? Indeed, in order to form a certain time dependence on the end of
waveguide not only certain modes of waveguide must be excited but they must be excited with certain
phase and amplitude ratios. And the role of large spatial deformations of speech tract in the process of
speech production is absolutely unclear.
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At least these questions are solved in another model that we call the modulation model of
speech production (MM SP). Here conventionally two stages can be distinguished. At the first stage a
sound wave appears that contains no information and plays the role of a carrier. At the second stage
the carrier is modulated and this modulation contains all speech information. In this model the role of
speech tract is reduced to the role of modulator, and thus the considerable spatial speech tract
deformations becomes natural. The problem of strict phase-amplitude ratios between natural
frequencies is solved because the carrier may be (and it is, from our point of view) of random nature.
This, by the way, alows to account for the spectrum discrepancy of the same speech signals and
therefore the peculiarities of transmission through phone channels. One of the possible modulation
schemes is proposed in another paper [14].
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