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Summary. The research results on revealing of
multi-fractal structures for vowel phonemes are given in
this paper. The possibility to “construct” vowel
phonemes from “atomic” phoneme structures by means
of affixes transformations is shown. Multi-fractal
conditions which allow designing voice individual
characteristics are considered in this paper.
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INTRODUCTION

The researches in the field of automatic
recognition of radio announcer’s voice during
the last ten years resulted in the creation of
rather efficient recognition systems. The
improvement and evolution of these systems
are going on [15, 17]. There are different
approaches to the practical realization of
recognition systems of an announcer’s voice.
However, till nowadays there is no precise
enough physical model influencing the voice
individual characteristics which are the main
acoustic parameters of speech formation.

Since Helmholtz times, the father of
speech formation acoustic theory, despite a
great number of researches the evolution of
speech formation physical concepts hasn’t
been essential.

The appearance of modern computer
systems for speech formation researches
allowed performing the practical task to
recognize speech and identify the voice.
However, there is no generally — recognized
physical concept of voice individual
characteristic formation.

One of the reasons of the concept lack is
a great variety of different parameters and
factors which are necessary to be considered
while researching the voice characteristics [1,
2, 3]. Setting a further developed task, on the
one hand allows creating the structural model
of speech fragments which gives a full rational
description of all main speech formation tasks.
On the other hand, this model enables to
increase sufficiently the research process of
different factors influencing the individual
characteristics of announcer’s voice.

Any systems and models in the field of
speech recognition [8, 18] must use a certain
“modes” in generalized sense to recognize
“atomic” speech components. Stored modes of
words, sentences, phonemes and so forth in the
form of sound fragments can be speech
components. Just the parameters of
mathematical models taking into consideration
the pre-history of the process of sound wave
alteration into audio file which are compared
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with some analogue mode-parameters can be
speech components too. It is senselessly even
to set a task of speech recognition without
“modes” in generalized sense solving the task
of recognition including modeling on the basis
of neuron nets.

The question is arising. Is it possible to
design modes which are the result of physical

objects describing the definite “atomic”
structure  with quite definite invariant
parameters?

The models of multi-fractal structure of
speech sounds and the description of voice
characteristics on the basis of these structures
have been developed. The results of this
development are presented in the paper.

SETTING A TASK FOR THE RESEARCH

Let’s consider the task of an announcer’s
voice recognition within the framework of the
context-independent speech with unlimited
language vocabulary and voluntary voice
characteristics. Designing the main physical
concept we shall consider the task at the level
of phonemic components of the Russian
language speech or the structures equivalent to
phonemic components. This research deals not
only with vowels of the Russian language —
[a], [1], [o], [u], and [je]. Vowel phonemes are
considered according to the provisions of
Moscow phonological school. As it will be
seen further this limitation is not important for
the analysis of basic voice individual
characteristics [5, 7, 14].

Let’s consider the speech fragment in the
form of sound wave chart — Figure 1 (here and
further programmed complex “Fraktal” is used
for charts and drawings design [10]).

il Amplitude sound wave - A(T)
S| o4
Wi
o3
b
< g
: o
2 0
é—
<—D1
a2
03l
1 T 11 A5 12 1% 13 1% 14 14
alwme| [p/wm| | jme-Tsec. g aa .

Fig. 1. Speech fragment

The chart view depends on individual
characteristics of voice, speech rate, and a
number of other factors. The conformity
between vowel phoneme of speech fragment
and temporary intervals of a sound wave by
means of listening to the fragments is set.

The criteria of developed model
conformity with objectively existing voice
characteristics are the basis of further research
and the results of the development. The
following research methodic is the basis of
methodical solution of this problem.

During the listening the fragments of
sound wave equivalent to vowels of the
Russian language sounds are purposefully
modified according to the developed physical
model (in time and frequency fields). After
modification these fragments are listened to by
a group of tested people with the aim to reveal
identity both phonemic sound of the first
fragment and modified one, and the voice
individual characteristics. The identification of
phoneme sounding and voice characteristics
before and after modification is determined in
the case of 95% of recognition by the group of
tested people. This methodic has definite
limitations and a certain share of subjectivism.
But nowadays man’s organs of hearing is
practically the only “standard device” which
can be used.

The researches have been done both with
separate pronounced vowel sounds and with
sounds within the framework of different texts
and voices characteristics.

The research results with a following set
task are given. This set task includes: to reveal
stable structures with definite parameters
which completely characterize the definite
phoneme, voice individual characteristics and
they are context independent.

MULTI-FRACTALS, VOWEL PHONEMS
AND INDIVIDUAL CHARACTERISTICS

Speech fragments in audio-data as a
discrete time row of sound wave amplitude are
considered in the researches. It is necessary to
reveal the self-similar structures in speech
fragment of time row on the basis of which it
is possible to form phonemes and voice
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characteristics. Self-similarity is considered as
self-similarity of multi-fractal structures in
accordance with Mandelbrot’s concept [9, 11,
12]. It is an approximate geometrical analogue,
visually watched sound wave fragments. The
fragment of sound wave of equivalent
phoneme [i] (a part of phoneme fragment) is
presented in Fig. 2.
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Fig. 2. Fragment of acoustic wave (phoneme [i])

At the bottom of Fig. 2 there is Furrier’s
spectrum of excreted phoneme fragment. The
spectrums of separately excreted definite
vowels have some geometrical similarity
between them. This approximate similarity is
watched while seeing visually; it doesn’t
depend on the voice characteristics and the
nature of phoneme pronunciation. A great
number of works dealing with the finding of
conformity between a spectrum and particular
vowel phoneme indicate at a definite degree of
interconnection. However an exact enough
scientific grounded model to reveal conformity
between vowel phonemes and spectrums
doesn’t exist.

Let’s examine the similarity of amplitude
fragments of sound wave phoneme [i] during
small time intervals (approximately 5-20 ms)
Fig.3.

Periodically  repeating  self-similar
structures are watched in the time field of
sound wave. (Fig.3). Fragment Furrier’s
spectrum during small time intervals is a little
bit different from the spectrum on fig. 2 due to
the position of local extremes in a frequency
field as well as due to the extremes amplitude.

The phoneme fragment in the field of
T=0.015-0.02 s. — fig. 4 singled out.
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Fig. 3. Fragment of acoustic wave (phoneme [i])
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Fig. 4. Phoneme fragment [i]

The spectrum of given small fragment is
essentially different from the spectrums with
large time intervals for the phoneme [i]. It also
differs in frequency resolution due to the
shortage of time intervals. The task of
phoneme [i] “designing” from a small
“atomic” phoneme fragment by means of affix
transformations of widening and shortening is
considered. From fragment given on fig.4 the
acoustic fragment consisting of several tens
completely similar fragments different from
each other in an amplitude strain-grasp is
designed. Fig. 5
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Listening to a modified fragment the
tested people have to identify clearly the
phoneme [i]. The voice characteristics and
time periods of “atomic” structure (from 5 till
15ms) varied during the experiment. The
length of designed phoneme sounding has
been changing in a wide range. Artificially
designed phoneme [i] is quite clearly identified
after transformations during the listening. Thus
individual characteristics of initial voice are
either absent or expressed very weakly.

Received results indirectly appear in
many researches. However these results are
only initial preconditions to design models of a
multi-fractal structure of speech sounds and
voice individual characteristics in this work.

Thus, fragments given above as research
results show that vowel [i] can be presented
(“designed”) on the basis of definite “atomic”
fragments of the same phoneme by means of a
number of affix strain-grasp transformations
by the “atomic” fragment amplitude.

Completely the same experiments for “a”
phoneme also show the possibility to design
this phoneme from “atomic” fragment with the
phoneme size from 5 till 15 ms. Vowel
phoneme of the Russian language — [o], [u],
[je], as researches show have also a multi-
fractal structure. These phonemes can be
designed from “atomic” fragments of every
phoneme.

At the same time it is necessary to note
that in a number of cases not only one atomic
structure is required to “design” the phoneme.
The results of such researches are not the
subject of this paper. They will be presented in
other publications.

THE DESIGNING OF VOWEL PHONEMES
WITH VOICE INDIVIDUAL
CHARACTERISTICS ON THE BASIS OF
MULTI-FRACTAL STRUCTURES

Properly from the second section the
Russian language vowel phoneme
characteristics can be studied and determined
by characteristics of “atomic” multi-fractal
components. However individual
characteristics of initial voice are disappeared
in the majority of voluntary variations of the

phoneme designing. The task to “design”
vowel phoneme from multi-fractal components

saving voice individual characteristics is
examined.
Voice individual -characteristics for

vowel phoneme studying the modification of
sound wave fragments both in a time field and
in a frequency one are investigated. Firstly,
today it is connected with famous neuro-
physical regularities of sound information
processing by a man [4, 6, 13].

As a result of these researches which are
given in section 2 it is necessary to note that
sounding  characteristics of  “designed”
phoneme depend on the sizes of “atomic”
structures as well as on the structural phoneme
geometry during visual examination in a time
field. This fact is obvious. But individual
characteristics of initial voice at such modeling
are completely absent. It is only possible to
identify man and woman’s voices.

Let’s examine the task of more complex
affix transformations of ‘“atomic” structures
which take into consideration a number of
important speech fragments.

Examine the phoneme fragment [i] on a
small time scales — Fig. 6
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Fig. 6. [i] Phoneme fragment

It is possible to design the phoneme [i]
from any chosen “atomic” phoneme fragment
within the interval of 5-15 ms on the basis of
multi-fractal model given in section 2.
However individual characteristics of initial
voice are disappearing. We shall “design”
atomic structure at time interval equivalent to
the frequency of primary tone for the
phoneme, Fig. 6. Here we shall examine two
basic “atomic” structures for a given phoneme.
One structure is with 0.019-0.024 wms time
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interval. Another one is with 0.031-0.036 wms
interval.

Phoneme [i] is designed from two
consecutive components on the basis of affix
strain-grasp  transformations.  The  first
phoneme part is on the basis of the first atomic
structure, the second part is on the basis of the
second atomic structure. The share of each
atomic structure in a designed phoneme is
proportionally to corresponding time intervals,

Fig.6. Received multi-fractal design is
presented in Fig. 7.
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Fig. 7. Phoneme [i] fragment designed of atomic
structures

Listening to “designed” phonemes tested
people must identify the characteristics of non-
modified voice. While perceiving there are
still some differences of voice characteristics
after modification.

Greater voice characteristics identity can
be achieved while listening. It is possible to
divide the phoneme into three or four basic
“atomic” structures. However in this case it is
more difficult to use the developed model in
practice.

Thus, given research results show that it
is possible to present vowel phonemes of the
Russian language in the form of multi-fractal
structures. Here the construction of vowel
phoneme on the basis of multi-fractal approach
permits to  design  voice individual
characteristics.

CONCLUSIONS

1. Experimental researches dealing with
frequency — time modification of vowel
phoneme of the Russian language have shown

obviously  vividly-expressed  multi-fractal
structure of vowel phonemes.

2. The multi-fractal structure of vowel
phonemes is revealed that it is possible to
“design” vowel phonemes from “atomic”
phoneme fragments by means of affix
transformations.

3. All these elements of voice model
make possible to design voice individual
characteristics on the basis of a multi-fractal
structure of the Russian language phonemes.
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MVYJIbTU®PAKTAJIBHBIN TTOJIXO/ B 3AJJAUAX
PACIIO3HABAHHA I'OJIOCA IMKTOPA

Buxmop Conosves, Ana benoseposa

AHHOoTanusi. B craree mnpuBemeHBI pe3yJBLTATHI
WCCIIEJIOBAaHUN TI0 BBISBICHHIO MYJIBTH(QPAKTATBHBIX
CTPYKTYp IUIsl TTIacHBIX (poHeM. [TokazaHa BO3MOKHOCTb
"KOHCTPYHpPOBaHUA" TIACHBIX (OHEM W3 "aTOMapHBIX"
CTPYKTYp ¢GoHeM myTeM ad(UHHBIX MPeoOpa3OBaHHU.
PaccmoTtpeHs! yCIIOBHS MYJIbTH(QPAKTAIEHOCTH,
KOTOpPbIE MO3BOJIAIOT MOJEIUPOBATH MHANBHIYaIbHBIC
XapaKTePUCTUKH T0JI0Ca.

KnroueBrie cnoBa: caMONOAOOHBIE CTPYKTYpHI,
(hparMeHTHI peun, pacro3HaBaHue roJioca,
“aromMapHble” coCTaBisiolIMe (QparMeHToB  (oHeMm,

(hoHEMBI, My TbTH(pAKTAIEL.



