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ABSTRACT

Some problems of the formant structure

modelling of vocalic soundtype systems

(VSTS) by methods of multidimensional ana—

lytic and descriptive geometries as well

as theories of convexes and inequalities

are treated.

GENERAL CONCEPT

A concept of the acoustic structure mo-

delling of VSTS was presented inannostge-

neral form formerly. By modelling we unr

derstand in this case a multistage process

involving diverse aspects of the formant

structure transfer of VSTS through mathe—

matical structures and their graphic re-

presentation. Philosophy of modelling has

exhaustively been considered elsewhere.

Here, some basic problems, pertaining to

principal modelling stages, are examined.

MODELLING AS A PROCESS

Sampling

The most effective acquisition of for-

mant frequencies is to accomplish in a

computer's memory coupled with an automa-

tized formant frequency extraction yield-

ing high precision readings. This stage

deals also with statistical estimates of

the formant data derived and with an eva—

luation of representing centroids (centers

0f gravity) of soundtypes as well. Measu—

ring formant frequencies in spectrograms

causes errors, is quite laborious.and

should preferably be avoided. However,

PrOhlems of linguistic selection and pho—

netic realization of samples have undoubt—

edly to prevail at this stage. '

Option and Construction of Models

, There are three special kinds of model—

llng the F—structures of VSTS, producing

Cgrrespondingly three types of models. Op-

tion of a particular model type depends on

its purpose. Thus, the typology of the mo-

dels in question covers the followingtypes:

(I) models of single soundtypes and of

their systems through single models formed

with approximating polinomials of 1st and

2nd degree; (ll)_models of VSTS fonmedvdth

vector—to—point soundtype representation;

(III) models of VSTS formed through axonOF

metric constructions.
'

The modelling consists in formation of

closed convex images in a multidimensional

modelling space under employment of geo-

metrical methods. In principle, a topolo—

gical approach is also possible. However,

geometrical constructions are important

means of activating and stimulating the

intuitive euristic imageebearing thinking.

Let us introduce a formant space of n

dimensions with the Euclidean metrics

therein. Then, the distance between two

soundtypes X and Y with the formant fre—

uency values X('F1, 'FZ, ...'Fn) and Y

%"F1, "F2, ..."Fn) is expressed as

L:(( 'F1—"F1)2+( 'F2-"F2)2+ . . .

...+('Fn—"Fn)2)?/2 (1)

The modelling F-space is necessarily iso—

metrical if the coordinate axes therein

are linearly scaled. With this goal in

_ mind, both the natural frequency values

as well as their logarithms linearly

scaled are applicable. Since the image

clarity and the complicacy of models are

conflicting claims, subspaces of less than

n dimensions are to be introduced. Thus,

introducing, for instance, subspaces of 2

dimensions in the F-space of n dimensions,

we have P subspaces which are actually mo-

delling F—hyperplanes:
:n— '

P: 2:( n- q)- (2)

q=1
Single Soundtype Models

These models as well as such of VSTS

through single models reflect the distri—

bution of formant frequencies in the mo-

delling F-space under condition of plural

realization of soundtypes. Construction

of models consists in an adequate linear

or/and unlinear approximation of soundtfles
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within the limits of its characteristics
of significance which permit to state a
structural analogy. Thus,verifioation and
identification both are counterpart pro-
cessesand qualify the relationships be-
tween soundtypes and their models as fol-
lows: (i) b:a=a:b, b:a£a:b (verification,
antisimnetry/simmetry); (ii) b:c=c:b,
b:c£c:b (identification, antisimmetry/
simmetry; (iii) if b:a=a:b and b:c=c:b,
then a=c (transitivity/antisimmetry)

In this way, 1) if the model A is separa-
tely adequate to soundtypes X and‘Y, then
X=Y ( transitivity, antisinmetry);-2) if
the model A is not adequate to at least
one of soundtypes X and Y, then X£Y (ab-
sence of transitivity, simmetry); 3) if
the model A is adequate to a soundtype X
while the model'B is adequate to a sound-
type Y, and A=B, then X=Y (reflexivity,
transitivity, antisimmetry): 4) if in the
preceding item A£B, then X£Y (absence of
transitivity, simmetry).

Summing up, we may state that the above-
—mentioned relationships as well as the de-
formations of models are subject to inves-
tigation by means of:A) characteristic pa-
rameters (s. Tables 1 and 2); B)geometri-
cal affine transfonnations of the models
/including 1) parallel tarnsfer of the
F-structure in the F-space, 2) rotation of
the F—structure in the F-space; 3)contrac-tion or expansion of the structure along
the coordinate axes in the F-space/.

SUMMARY

A brief account of means and ways of
the mathematical modelling of the acousticstructures of vocalic soundtype systems by
methods of multidimensional analitical anddescriptive geometries, theories of con-
vexes and inequalities has been presented.
The modelling stages may well involve the_
use of computers and graph plotting devi—
ces as working tools. In general, the geo-
metric'al approach traced prove to be an
effective means of the mathematical model-
ling of vocalic soundtype systems in re-
search work, demonstration and illusration
processes. ‘
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