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ABSTRACT
The paper report the results of the

theoretical and eXperimental studies
aimed at designing a universal text-
to-speech synthesis model covering bo—
th the full range of intralanguage
phenomena and applicable for multi-
language synthesis. The overall algo-
rithm used in the text-to-speech syn-
thesizer "Phonenophone" is described.

INTRODUCTION

The problem of converting a text into
speech signal has been approached by
several authors through the applica-
tion of algorithmic synthesis or syn-
thesis by rules [1,2] . A long list of
rules and exceptions would be general-
ly used, their nunber sometimes going
up to thousand.
The main concern of the present study
is to reduce the nunber of rules to a
limited set of generalized categories
capable of covering all the significant
intmlanguage phenonena and applicable
at the same tine to various languages.
It is hoped that the lingual-acoustical
model of the present work meets the
above requirenents.
The problem of speech synthesis can be
split into two conparatively indepen-
dent subproblems related to ad quate
synthesis of phonemic and prosodic
structures of the text. At the acousti-
cal level these subproblens correspond
to the tasks of synthesizing the cur-
rent fornant paraneters, on the one
hand, and the current values of funda-
mental frequency, duration and intensi-
ty, on the other.
The press: noiel of speech synthesis
fro: text is based on two principles:
1. A linitEd set of acoustic invariant
stl‘ctures called portraits of phonenes
and prosodens is used. They help to de-
scribe all the linguistically signifi-
cant units of the ph nenic and prosodic
structures of the text.
2. A linited set of algorith-'o rules

The exact number and the types of phoneme
and prosodeme portraits are determined by
aVailable linguistic information about a
given language. For instance, English
phonemic units must be described by 20
vowel and 24 consonant portraits, in Rus-
sian 6 portraits of vowels and 56 por-
traits of consonants are required.
The exact number as well as the types of
transformation rules for the portraits of
phonemes and prosodemes rely on the up-
to—date data in the fields of experimen-
tal phonetics, speech production and
speech perception. Thus, for example,the
number of transformation rules for the
phoneme portraits must take account of
the well-known effects of soundscoarticu-
lation, reduction and assimilation.

. FCRLAKi PORTRAITS OF PHOKEKES

Phonene and formant are fundamental no-
tions of speech synthesis from text. A
phoneme is an elementary and meaningful
unit for any texts recording. The problem
of transferring a written text into a
phonemic one has already been algorithmi-
cally resolved for a number of languages
and now doesn't present any difficulty.
A formant, rather a formant parameter,is
a univerSally unit for acoustic synthesis
of any language sounds. A modern formant
synthesizer can ensure the quality of
sounds very near to natural.
Cur model of speech synthesis employs the
following set of operating formant para-
neters:
31,32,33,ff — frequencies of three voice
fornants and the generalized fre uency of
fricative for-rants (F-paranetersg; Av,An.
Aa,Af - amplitudes of voice, nasal,aspi-
rative and fricativc fornants (A—para-
noters). This set corresponds with the
parallel-consequentive design of the for-
nant synthesizer of speech signals.
The forzant portrait of a phoneme is
built on the 5 consequentive tine seg-
ments: 0 - introductory, 1 - basicvz‘5 "
additional and 4 - the final sag-rents In

is used to transforn the portraits of the phonenc portrait £0=Tu=0, T1 always
picnenes End prescienes into current exceed zero, whereas T2, T) can be equal
acoustic .eatures of ruzning speech. or different from zero. Certain fornant
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values of F— and A—parameters are given
for each time segment. F-parameters are
given for the 0-3 segments by three va—
lues of F,~C, ‘5' where F is inherent
formant frequency, d/- coarticulation
coefficient, if - formant transition du-
ration. At 4th segment parameters are
set at a value of TI only; A-parameters
arq set at segments 1-5 of values of A,
5&1 and at segment A - by a value of‘tA

Thus, each phoneme portrait is described
by 83 formant properties.
The portrait is graphically presented in
Fig. 1.
The values of formant properties are es—
tablished experimentally by analysing
the behaviour of phonemes in natural
speech. The minimal requirements to the
experimental material are the following:
- each consonant is to precede and follow
each vowel, as well as a pause;
~ all the material is to be recorded by
the same speaker.
Formant parameters and their properties
are obtained by examining the sonograms
of speech signal. The process of experi-
mental analysis includes the phoneme
fragments segmentation procedure, the nor—
malization of the measured formant para-
meters, the determination of the inherent
values of frequencies and coarticulation
coefficients, the measurement of the for-
mant transition duration.
As a result of the investigation phoneme
portraits for Russian, Byelorussian, Uk-
rainian, Bulgarian, English, German and
French were obtained and those later on
proved valid in building the polylangua-
as system of speech synthesis.

2. TRANSFORMATION RULES FOR PHONEME
PORTRAITS

The rules transforming the phoneme por—
traits into current values of formant
frequencies are based on modelling allo-
Phonic variation in natural speech.

.The major reasons of phonemes acoustic
variation in connected speech are those
of articulatory effects caused by coarti-
culation, reduction and assimilation.
Let's consider one of the most essential
components of phonemes modification -
that of coarticulation. [5] describes the
model of coarticulation at the acoustic
level. It has been shown in CV-syllable
-the formant frequency of the consonant
F‘V can be expressed by inherent fre-

quencies of the consonant F‘ and of the
vowel FV by the equation:

CV

P :9“. (1-4%?“ (1)
where 05 atcé i is the consonant coarti-
culation coefficient. It is easy to show
that the inherent consonant frequency
and the coarticulation coefficient
have the geometrical essense of conso-
nant "focus" coordinates.

Fig. 2 illustrates the trajectories of
formant frequency variation F2 (continuor_
us lines) for the consonant /p/ and It/

Thghdgtizdliihgg {£Xicgté ghgir continua-
tion along the pause of the consonant with
the point of intersection at the "focus"
(poin "a"). From the similarity of the
triangles abc and cde it follows that

PCY A, -.V A1 (2)

‘41+Az IF + (4 ‘ Alma)?
From equation (2) with (1) follows that
the 47c and A‘I/(A1+A2):o(.c.
Let's consider a more general case of a
syllable containing more than one conso-
nant, i.e. of the type C2 C1 V0, 03 c2 01
V0 and the like. Spectrographic examina-
tion reveals in this case the dependence
of the consonant formant frequency C2 not
only on the vowel frequency V0 but on the
consonant frequency 01. By analogy conso-
nant formant frequency 03 is dependent on
the frequencies C2, 01, V0 and so on.
To take this phenomenon into account the
following recurrent equation was applied:

' mcv meow «no me
P = - + " -ac F (i 4. ) F

'
2

F(2)cv:acmc€uv{‘_u_£u)¢)'Ft)c (3)

(h)£ (n)c¢V ' - V‘Plh) =°C(h“:¢F(n 4X: + (1.“. )‘F'

In the formula (5) the top indexes (n) de-
note the number of a consonant that comes
in succession in a syllable beginning
with a vowel marked (0).
Some coarticulation effects are also ob-
served in vowel formant frequencies. For
instance, in a particular environment F2
of vowels is considerably increased in
the position before dental consonants and
is reduced in bilabial environment. Modi-
fications of vowel formant frequencies
are calculated from the formula:

with. F“'+hF°Z)+(4—e')FV , m
where Fv,aLv are the inherent frequency
and the coartioulatioq coefficient of a
vowel phoneme; F°',F° - intrinsic fre-
quencies of the adjacent consonants (both
left and right); X2, X2 - weight factor.
Algorithmic modification rules for the
portraits of consonants and vowels affect-
ed by coarticulation are based on formu-
las (3), (4). The properties of Fc ac°,
Fv, covare taken from the tables 0 pho-
neme portraits. The phoneme portraits al-
so carry the information required to si-
mulate the effects of sound reduction and
assimilation. ‘

3. PROSODIC PORTRAITS

Speech prosodic features are intended as
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sis of transformation algorythm text—to-
‘Speech in the Phonemophon system. The
block-scheme of the algorythm is present—
ed in Fig. 5.
At the first stage a written text is cha—
nged by certain rules, including a mor-
phological vocabulary into a phonemic
one which is provided with prosodic nota-
tion.
At the second stage prosodic parameters
as based on the prosodic portraits and
the rules of transforming frequency, du-
ration and intensity are being generat-
ed. At the third stage formant parameters
formed on the basis of phoneme portraits
and the rules of transforming them into
F-and A-parameters are being generated.
From thus obtained sets of parameters ma-
ny voices formant synthesis of Speech
signal is being performed.
The peculiarities of building phoneme and
prosodeme portraits for multi-language
Speech synthesis and the rules of their
transformation are described in]: 1+] .

SUMMARY

The above presented strategy of speech
synthesis from text formed a basis for
compyling a series of Phonemophon devic-
es. It has covered the distance from Pho-
nemophon 1 to Phonemophon 5 since 1972 to
1987. On their basis since 1982 a mass

‘production of speech synthesizers from
text has been launched. The latest ver-
sion of Phonemophon 5 is a single-card'
device built mydigitalmicroprocessors.
It ensures a bylingual speech synthesis
from text (Russian and English for in-
stance).it is supplemented with controll-
ed voice characteristics (3 male and 2
female) and with the controlled Speech
tempo. It is also well provided with the
interface with a computer and telephone.
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