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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-
ritha used in the text-to-speech syn-
thesizer "Phonexophone™ is described,

IXTRODUCTION

The problem of converting a text into
speech signal has been approached by
several suthors through the applica-
tion of algorithmic syrthesis or syn-
thesis by rules [1,2] . A long list of
rules and exceptiors would be general-
ly used, their nucber sometizes goirng
up to thousarnd.

The main concern of the present study
is to recduce the ruzdber cof rules tc a
limited set of generzlized categories
capable of covering all the significant
intralanguege phernozéna snd &pplicsable
at the same time to various languages.
It is hoped that the lingusl=-acoustical
mocel of the present work meets the
above reguirezernts,

The prodblem of speech synthesis can bs
split into two cooparatively indepen-
dent subprobleus related to adejuate
synthesis of phonezic and proscodic
structures cf the text., At the scousti-
cal level these subprctlexs cerrespond
to the tasks of synthesizing the cur—
rext formant parazmeters, on thes crne
hand, amd the current values cf funda-
montal freguengy, curation and intensi-
t¥, cn the cther.

The present -olel cf speech sy-thesi
fro= text is based o twe prirciples
1. 4 1izited set of zcoustic izvaria
structures c=1led portraits of phoncces
aml proscée=s is used, They help to de-
scridte 211 the lirguisticslly sigmifi-
cazt units cf the phoxzexic axnd prescdic
structures of the text.

+
-

is used to trzosform the portraits of
piacnexzes ard presolexes into currert
seoustic fegtures of runming speech,

The exact number and the types of phoneme
and prosodeme portraits are determined by
available linguistic information about a
given language., for instance, English
phoremic units must be described by 20
voxel and 24 consonant portraits, in Rus-
sian 6 portraits of vowels and 35 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 cata in the fields of experimen~
tal phonetics, speech production and
speech perception. Thus, for example,the
nurber of transformation rules for the
phoncme portraits must take account of
the well-known effects of soundscoarticu-
lation, recduction and assimilation,

1., FCREANT PCRTRAITS CF PHOIZLES

Phoreme znd formant are fundamental no-
tions of speech synthezis from text., 4
proneme is an elementary and mearingful
unit for any texts recording. The problem
of trarsferrirg & written text into a
prorexic one has already been algorithmi-
cally resolved for a nuzber of laiguages
and row doesa't present any difficulty.
A foruant, rather a formant paramster,is
a universally unit for acoustic synthesis
of any lanzuage sounds. 4 rodern formant
syrnthesizer can ensure the quality of
scunds very rear to natural.
Cur model of speech synthesis employs the
following set of operating formant para-
neters:
F1,72,73,ff - frequencies of three voice
forzants and the generalized frequency of
fricative formants (F—parametersg; Av,An,
Aa,Af - zzplitudes of voice, rasal,aspi-
rative ard fricative formants (A-para-
zcters). This set corresponds witn the
carailel-cornseguentive design of the for-
t synthesizer of speech signzls.
forzzrnt portrait of a phoneme is
i1t cn the 5 consequentive time sez—
szts: C - introductory, 1 - basic,2-3 -
diiticnal azd 4 - the final segzents In
he phorem: portrait T0=T4=0, T1 always
exceed zero, whereas 72, T3 can be egual
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values of '~ and A-~parameters are given
for each time segment. F-parameters are
given for the 0= segments by three va-
lues of F,«, T where F is inherent
formant frequency, of = coarticulation
coefficient, T ~ formant transition du-
ration. At 4th segment parameters are
set at a value of T’/ only; A-parameters
arg set at segments 1-3 of values of 4,
é%lyand at segment 4 - by a value of TA

Thus, e€ach phoneme portrait is described
by 8% 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 followings
- each consonant is to precede and follew
each vowel, as well as a pause;

~ all the material is to be recorded by
the same spesaker,

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-
ge 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 speecn 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. [3] 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 fVY by the equations

d [

PV eve (4-<)F (1)
where 0< o€“< 4 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 (continuo-~.
us lines) for the consonant gp/ and /t/
%ﬁgh&gt%g&ligﬁgg §5Xic§%é gﬁe{r continua-
tion along the pause of the consonant with
the point of intersection at the "focus"
(point "a"). From the similarity of the
triangles gbc and cde it follows that

cv Al v Al
Fro=gra (1 - g1 )Y @)

From equation (2) with (1) follows that
the Yw=FC and Af1/(44+42) =€,
Let's consider a more general case of a
syllable containing more than one conso-
nant, i.e. of the type &2 C1 VO, C3 C2 C1
VO and the like. Spectrographic examina-
tion reveals in this case the dependence
of the consonant formant frequency C2 not
only on the vowel frequency VO but on the
consonant frequency C1. By analogy conso-
nant formant frequency C3 is dependent on
the frequencies C2, ¢4, VO and so on.

To take this phenomenon into account the
following recurrent equation was applied:

Co(ev (e oV (1)¢ (1)
p Y w- "

. 2 ()
(a)CV:oC().Ji'-P((l\;(i _.gc(&)c)'F (3)

F

v : -V th)c (nXx
F('\) 39('(»)2};_,(" F(-L )F

In the formula (3) 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., lodi-
fications of vowel formant frequencies
are calculated from the formulas

P g P )l Y,

\'2
where TFv, «{ are the inherent frequency
and the coarticulation coefficient of a
vowel phoneme; -~ intrinsic fre-
quencies of the adjacent consonants (both
left and right); ¥+, ¥2 - 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 Fe¢, ¢,
Fv, *Yare taken from the tables of pho~-
neme portraits, The phoneme portraits al=-
so carry the information required to si-
mulate the effects of sound reduction and
assimilation, )

3, PROSOILIC PORTRAITS
Speech prosodic features are intended as

Se 6.1.2 121




I S avans ste f-parameterd
. o Y
‘ WIS TIS are o ‘ ” . ‘ .
! Tatonatian inogurziculan. Taa ! A Ipa;tzmefetda A A A F Zru'fLae AG j{n_aé’AG
Sl Zodel e;:‘;:‘ci‘._;;:s;:ii; prPae < | T, T, T, @ 1
| TaSElly armaLEaL I3 S 3 { : L,
; JiQe s,‘,-';,?a.:;c, WCIXL, o= :;“ ‘ As ”— 5 74 P
SINTUST,  SoaTuSE X io ze ) ,
‘ “..; u_c‘-‘.:.\,“\,\;,.; N ..:47-..,:\‘.-.7—.3 IrmTa 1s - cf_’ . \ P’ 41 l ‘3’,(5 /3
ey N e aaS s :Mu\?d‘unr». . =y -T\v S i - - o ’ \ ’\ ‘-\ ,/_- o
S @miolawT IndorUndont SICTStAIS WILTT . a2 < !
T N \:‘\_; iy T it e L v o - i \\ A / \ pre /n auc&aa/ooxt/np?e//z e beie /o‘s}"t‘/n tv
- e A S e S A L tanh W R eeam— A -
S < 1 \ /
by oy Aslr M
s Faka | /LN "ol

\--‘b-~“;‘_ 3 =3 - M T o - \ g - j -
. IDEETEE ThamR Rkl | Tr T, Ts Tf ,
~ : il = S H - = - ! %%
ZRIng JosmanicuTive ioTe e Z3 2T the ZIeoullaus, (W=l C2. TS // ~

. . ';,:.-“ : . To =0 T, >0 T, >0 Ts >0 Tq:O 46 <«
55 ' (t-1)-t4 i -'th phoneme (L+7)-44 o M~ X
s-2/38 | ok d wttons = tadr N

iren Lan = i Fig, 1. Graphic presentation of a Fig, 4, Example of pitch portrait

phonenme porté*ait transformation
It
| L 1Tl

ezt Sneeg ST e e < -

SRR T = - te;tf

LTI ImiTIzl I InTonm TE &TS us = | ,f, CD

TUarE.

Al &S =4 Z g £ 4R

SSYSIRL FUSDS L3 37 ~=T } Al A2 t Rusiicen tter/f'u'

L STT 3 i‘..l;\.: ;;”:SL—-‘- \;._‘»_.9—4 P, = MmN lafy,{ /b—

Tio oo Irmamiol UOTTRT WusE TS ITR c c wea&«&? ten *phonemes and

sTmmas, IDNwnm oo TUSDET oD EIOSDTUa. | Fig., 2. Geometrical sence of F~ and {P soic tigha

ISoass Ll oTos oEEs N ool \_..‘“"_.E - : : ) i y /

TIox TR 3ol ImomoEnTual IToun Is ' : - -2 Sogls tosodic

flsmTzoal TUoX oroomeToo oSSl ZUT iT oA : : : SEe | Recssidn eneration

IEITROL ISUUT SA JoImEnET S z ~e ! F N portractd

- roms T e =In s . i v - ——— . . A

= TS, s L s . = | e Kot iteh
‘ 1

cu(mtt'on s
int‘m«'fg

(,‘)o_w&z maticn ‘
2) tien s :
—(: Gt /,m{;::; fermant
o en_eza'tft‘n

* p-parametos

T {A -para meterd

1
|
|
: 2/5 / i )
| / —())en/utnu,‘&ztwa pACnemld
S = === I = 3 it b 1 (=) contrasl
—= . N - . N . T e - :M - 5 v 1‘ 1/5 / Vel 2
wam=r T/ s : ot oI et ou ‘ : Toiee £
e Tsstooios I3 : - 1 \\JL_(,,)Paun't/fzk’i 'pmtw«u fﬁﬂ’:
- %——3—(“) statement ¥
c -
| i1 s 1ty

IOV TaTT=IZEIE | Fig, 3., Pitch component of the final %

e T ! accentual group prosodic portraits :

. - mtamiez six intonational types (Russian) Fig. 5. Transformation text—to-speech
Iaseitsd sles ol IEIoiiaSiEE

= algorhythm
ToToETT 2Tl ITRSUELY neTTmuiTy i W

wvocces

- - - N -

— = e = -~ - —— N - - s S

=T TS TauIT 2L “SEIITROSS A Jae-se ,
— e s e Y ey - - ~ -~ —_— ""a— i
Tt wa cmemdo s SATUIRTITS I e

Se3n2 Se 6.1.4 123




sis of transformation algorythm text-to-
‘'speech in the Phonemophon system. The
block=~scheme of the algorythm is present-
ed in PFig. 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 na-
ny voices formant synthesis of speech
signal is being performed,

The peculiarities of building phoneme ard
prosodeme portraits for multi~language
speech synthesis and the rules of their
transformation are described in[4] .

SUMMARY

The above presented strategy of speech
synthesis from text formed g basis for
compyling a series of Phonemophon device
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 by digital microprocessors,
It ensures a bylingual speech synthesis
from text (Russian and English for in-
stanc=) sit is supplemented with controlle-
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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