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AESTRACT

The present program adopts languaze-in-
dependent principles of modelinzxgeggental
end progodic units of speech. Phonetic de-
scription of these units is based on expe=
rimentgl contrastive analyses of Russian,
Erglish,Prench and Germen phonetic chara-
cteristics and is carried out within &
single normalized renge of acoustic pare-
meters.

The linguistic progrem includes rules for
letter-to~-phoneme conversion, phrasing end
accent locgtion rules,es well as algo-
rithms f6r a prosodic contour choice and

modification under vs e
conditions.' &rying contextual

INTRODUCTICN

Rapid improvement o2 spe=
technology over tre lzat tns
resulted in tke apzesrerse
applicetiora, Tre gengral tr
%reater flexirility c2 zyzik

8 well geen trrcugn ire growir

in text-to-sge Tyrizesia enn iet
especially +trs
langueges /I/. ‘
Multi-lenguege zyziezs errerently derive
from progrema guitei 4¢ tre needs of one
particuler lasnguszzs, Lirgzuistically, this
is justified ty & urirverzal, language-in-
dependent nature of phoretic categoriza-
tion,which predetermires a largely univen-
gal character of speech gynthesis as an
analogue of natural spoken language., Thusg

any synthesis model will distinguish clag-

ses of phonemes and reflect coarti -
on processes that sounds undergo i;uiggi
ning speech; it is also bound to convey
the polyparametric nature of speech proso-
dy and take account of its linguistic uses
relating in all languages to the communi-
cative contents of an utterance,
Furthermore,articulatory and acoustic si-
milarity of sound units belonging to iden-
tical classes in different langusges - ag
& consequence of the phonological Bys~
tems' typological similarities - suggests
& possibility of applying & single des-
criptive apparatus for indentifying the
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Fhonetic features of the languages in cre-
ating the data bases for multi- angueg
synthesis. 1= )
Tke above gerneral Frerequisites find am-
p}g explication in the current program
wiich is based on a model, originally de-
Xised for the Russian speech synthesis.
This model's applicability for multi-lan~
guage purposes is due to the linguisticsl-
ly inveriant principles underlying the
design of its fundemental elements - por-
traiis of phonemes and prosodemes /2/.
Phonemes' ecoustic portraits,in particu~
lar,incorporate a sufficient amount of
raremeters to convey exhaustive informa-
tion about phonetically significant fea-
tures of vcwels end consonants of any lan-
guage. The acoustic parameters,specificel
1% are presented as complexes of inter-
acting targets end transitional functions
whose values are determined by the unit's
inherent properties, on the one hand,and
the influence of its environment, on the
other. Importantly,there are no const-
raints on a phoneme description either as
regards parameter value modifications or
the unit linear subsegmentation. It is
clear that the portraits in question ger-
Ve as a convenient tool for achieving al-
%ophonic output on the basis of phonemic
fputrin conformity with the main princi-
§pzegh.language units' actualization in
n the same way,portraits of prosodemes
ire built in accordance with ghe asgumed
tangt;gge—independent structure of an in-
u;gaflon-unit. They provide a sort of mo-
e or embodying qualitative and quanti-
atlve properties of the selected pat-
teggs. Realization of the patterns is
achleved by applying special rules for
ggosodic feature modifications depending
bleg number of Previously defined varie-
However, multi-languege orientation cau~
g:i inevitable alterations of the origi=
n tQOdel,which essentially consist in ad~
Sting the latter to the overall,broader
ggggiim of which it becomes only a part.
elaboret}inguistic component this implies
matrixa on of a single classification
e, which is optional in the sense
certein types or gradations may re-

mein unoccupied in a concrete language,
and at the level of acoustic analysis it
suggests using absolute-relative characte-
ristics,rather than purely relative,as
preferable for the purposes being discus-
sed, The main argument here is that an
absolute-relative scale provides greater
accuracy and precision in revealing inter-
languages phonetic differences,especially
in the case of typologically similar
units.
Evidently,this kind of scale can be achi=-
eved only by normalizing data relating to
different languages within a single range
of parameter features: formaent frequenci-
es,amplitudes,pitch levels, .
The idea of single acoustic space emerges
in association with the processes of arti-
culatory program shifting,commonly obser-
ved in the speech of bilinguals (multilin=
guals)., It would seem that the conformity
of the suggested approach to phenomena of
natural speech gives ground for conside-
ring it valid. ’

I, Description of Phonetic Features

.1, Material and Procedure
A normelized range of paremeters has been
obtained as a result of special contrasii-
ve studies in which Russiaen phonetic unidis
were consistently compared to English,Ger-
man end French ones.
Following the above assumptions we decided
to have our test materials recorded by bi-
lingusl speakers in addition to having
provided native speakers recordings.
The use of bilinguals,as an experimental
method in a study of this kind,has got ob-
vious advantages in that much of irrele-
vent acoustic variation is avoided,and se-
arch for interlanguage differences is thus
facilitated. However,these strong points
can hold only if the bilingual speaker's
command of the second language pronuncia=-
tion norms is really good,near to native,
in fact,since phonetic interference other-
wise pertinent may seriously invalidate
the resulis,
With these requirements in mind test re-
cordings were carried out by 3 bilingual
speakers whose performance was assessed as
normative (highly acceptable) by English,
French and German native listeners,respe-
ctively,

The materials themselves were also const-
ructed with a view of reducing,as much as
possible,uncontrolled phonetic variability.
The first set of uttersnces,for instence,
were built in each peir of languasges eXc-
lusively of the so-called interlanguage
homophones, e.g. Klin(R.)- Clean(E.).

The words have been selected with a view
of covering all permissible combinations
of CV type in the languages being compa-
red (as well as VC).

These words were grouped in three to pro-
duce nongense utterances which were pro~
hounced as declarative sentences of the
type "John loved Mary".

I.2. Formant Characteristics
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Table 1. CV coarticulation (F II).

\%4 u a i

C\|Eng|Ger.|Fr |Eng|Ger|Fr. |BngjGer|Fr.

T [150]1,80 [150 [i30 | 1,26 120 GB3 | 085 092

P {102[1,09 [102 [997 | 494|997 [g83 | 86| Q92

1 |1391160 129 hia4 | 1,36[136 |o74 | 988|093

Through comparison of the distances betiwe-
en phonologically similar units in Russi-
sn and each of the other three languages
frequency values of the first three for-
mants were found for the vowels and sono-
rants,and the commonly recognized inter-
language differences in the degree of CV,
VC and CC coarticulation were evaluated.
Some results of this study are shown in
Fig.I and Table I above.

The present model 1s based on the concept
of prosodlc contour as a major operatio-
nal unit of non-segmental organization of
speech, In view of the complex parametiric
structure of the contour a componental ap-
proach has been offered here,as in mos¥
current work,both to its anglysis and syn~
thesis, Obviously enough,the components
into which the overall model is split are
the fundamental frequency,intensity and
duration contours. These cen be taken as
representing the pitch,accent and timing
perceptible patterns of speech only if
due notice is given to their close inter-
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ectioxn in producing (end consequently,mo-
deling) thg intonational effects ultimate~
ly aimed at. Therefore,interaction of the
components must become one of the under-
1lying principles of the model.
Realization of this principle includes se~
veral aspects. For one,connection between
the contours is ensured by their compati~
bility due to co-extensiveness with one
and the same segmental base and jdentical
internal structure: contour of any type
4is constituted by one or more (typically
2-3) accent-groups with the nuclear group
as an obligatory element.

¥While the nuclear accent-group plays a
special part in the- characterization of
all contours,its predominant role stands
out mogt clearly in the FO contour. The
status of the latter in the overall proso-
dic model,in general,differs from that of

the other two components and this functio-.

pal inequality is another form of the con~
tours' interaction.

Specifically,the total set of prosodic
contours used in the program is determined
by the number of tonal patterns that have
been shown to be significantly contras-
ted, It needn't be argued that such & re-
lationship is well in line with the wide-
1y accepted theories of utterance prosody.
The implications involved here are that
the role of intensity and duration modifi-
cations is confined to that of accompany-
ing features contributing to the tonal
pattern ample realization. However, these
modifications are only partially control-
led by FO patterning. It is widely known
that increases and decreases in intensity
and duration of sounds are utilized by
langusge in various other ways, Imporian-
tly,variations along these two parameters
are rather more closely,by contrast with
FO chenges,associated with the intrinsic
properties of segmental units and such as-
pects of prosodic organization of speech
as rhythm and siress,whose functions are
distinctly different from those performed
by FO modulations.

The present program takes account of the
observed peculiarities of prosodic parame-
ters. It has been assumed that relevant

informaetion pertaining to the duration eand

intensity contours cen be cerried by seg-

mental units,if their current temporal and

dynemic characteristics are determined by
special algorithms in which both segmen=-

tal and prosodic variables are dealt with,
The FO model in its turn is-not completely

independent upon the characteristics of

the segmentel base upon which a contour is

*guperimposed",although intrinsic FO inf-
Juence is outside the scope of the repor=-
ted work, On the other hand,vowel length
type and,to some extent,consonant manner
cless have been congsidered as capable of

—group has also been taken into consi-
g:?:tggn.pThis limitation is but an exce-
ption from the general model which is in-
dependent of the given factor. Yet it can-
not be ignored,e.g. in case of the Russgi-
an rising nuclear tone of the rising-fal-
ling configuration (/\ ): its falling ele-
ment is accomplished on the pest-nuclear
syllables and in their absence the given
configuration will take the shape of a
steep wide rise.

The role of the above factors has been
confirmed in e number of listening tests
in which some synthetic realizations of K0
contours displayed a markedly lower per-
centage of correct identification both of
the communicative meaning of the speech
unit (in terms of such dichotomles as coar
plete vs.incomplete,interrogative vs.dec-
larative,neutral,calm vs.categoric, expres-
sive,etc.) and the phonetic type of the
tonal pattern (in terms of pitch-changs
directional types and pitch-level gradati-
ons). Perceptual "deficiency" of these
contours clearly stemmed from insufficient
duration of their segmental bases = &an ef
fect noted in numerous earlier writings.
This difficulty is overcome by supplying
multiple acoustic correlates to & singlg
functional type of contour.

There is also positional and combinatory
variation of tonal patterns. The formeris
achieved by assigning lower values to oneé
or more FO peaks of the contour,the pat-
tern as such remaining unaltered due fo &
zonal nature of perceptible pitch catego-
ries,

The object of combinatory veriation is to
avoid monotony when two or more functi

1y identical contour types are demended
by the context. In this case the rules mo-
dulate the shape of the contour elements
so that the resulting contour is slightly
different both phonetically and semanti=
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cally from the basic one and can be defi-
ned &8 its close synonym.

The above rules are preceded in the prog-
ram by phonetic description of the basic
patterns,established as a result of expe=-
rimental investigation /3/. Some peculia-
rities of pitch contours in the languages
under study are shown in Fig.2.

A separate algorithm for a contour choice
is designed on the basis of distributional
tendencies and semantic properties of the
contours,such as,e.g. preferable use (in
English) of a falling-rising pattern in an
initiel parenthetical phrase,or a tenden=
¢y toward using directionally similar con-
tours in adjecent non-final syntegms,etc.
The temporal and dyhamic algorithms start
with establishing inventories of duratio-
nal end intensity allophones,respectively,
in accordance with the adopted principles
of their clesgification., More detailed ac-
count will be given in this paper of the
duration rules,

In the suggested classification all allo-
phones (of vowels and consonants,alike)are
cheracterised by a single set of parame-
tersyeach having several discrete gradati~
ons, As & result,allophones differ in a
combination of parameter features,the nun-
ber of distinctions ranging from 1 to 6.
The maximal figure corresponds to thenum=-
ber of factors regarded es potentially re-
levant: type of jumcture on the syllable's
lef{ and right;immediate segmental envircn
ment of the given sound;the pitch pattern
(tone) of the accent-unit;degree of promi-
nence of the given syllable. Only some of
the possible feature combinations are se=-
lected,the larger part having been exclu-
ded apriori as insignificant. Each allo-
phone in each phoneme class is assigned a
coefficient which is a ratio to the phone-
me intrinsic duration, The latter was
identified with the duration of a sound in
en initial stressed syllable of a word.In
determining phonemic duration it was im-
portant to bring out quantitative peculi-

. arities of phonemes within a class, on the

one hand,and to display interclass and in-
terlanguege differences,on the other.
Analysis of the "minimal pairs" of allo-
Phones (those differing in one parametric
feature) yielded quantitative evaluation
of the effect produced by each of the fac~
tors considered in the study. One of the
findings here was that the ratio values
changed within a fairly wide range, €.g.
from 15% to 35%,0r from 50% to 75%, depen=
ding on the concomitant factors. Thus,the
shortening effect of a voiceless stop upon
& stpessed vowel was twice as high in a
Phrage final position as compared to an
initial accent-group; the lengtihening ef-
fect of prepausal position upon & siressed
vowel in a monosyllable is the greatest

duration under,  the influence of separate
factors is invalid unless all the co~ocCcur—
ring segmental and prosodic conditions are
taken into account. The content of an al-
lophone in the suggested classification is
just such a complex of co~occurring condi-
tions, thought to be relevant for determi-
ning segment duration. It would seem that
this approach captures the non-independent
character of the factors gignificant fer
modifying segment duration /4/.

Prior to the choice and reelizetion of con-
tours is determination of an intonation-
group boundary‘locaetion and placement of
accents inside this unit.

An attempt has been made to express the
gyntactical-gemantic segmentation markers
of utterance {previously singled out and
classified for each of the languages) in
terms of morphological features of consti-
tuent words,their position,environment

and potential semantic weight.

CONCLUSIONS

The suggested languege-independent classi-
fications of paremetric allophones and to-
nal contours as well as the absolute-rels-
tive methodology of phonetic description
have proved applicable to multi-language
synthesis. The present research has wide-
1y employed contrastive analysis of phane-
tic units as an indispensable stage to-
wards speech synthesis. It must be stres-
sed that analysis for synthesis is always
enalysis through synthesis as well, and
this agpect is undoubtedly most interes-
ting from the point of view of verifying
the perceptual importance of the phonetic
peculiarities revealed as a result of the
analysis.

Further efforts are required to achieve
greater formalization in the linguistic
component of the program.

REFERENCES

/1/ Hertz S. "Multi-language Speech Syn=-
thesis -~ A Search for Synthesis Univer-
sals",J.Acoust.Soc.Am, 67, Suppl.1,1984,
Pes. 39

/2/ Lobanov B. The Phonemophone Text-to-
Speech System. In this volume.

/3/ Karnevskaya E.B., Lobanov B.M. Modeli
sinteza melodicheskogo kontura russkih i
angliyskih frez. In: ARSO-82.- Kiev,1982,
Karnevskaya E.B. Tonelny kontur kak edini-
tsa prosodicheskoi organisatsii svyaznogo
teksta. In: Sistemnye characteristiki ust-
nol i pismennoi rechi. - Minsk, 1985

/4/ Klatt D. "Linguistic Uses of Segmen~
tal Duration in English: Acoustic and Fer-
ceptual Evidence", J.Acoust.Soc.Am, 59
(5), 1976, pp. 1208 - 1221,

altering the shape of FO configurations,in PS. str. PEPS T SiF PSPS. sir. ¥

English and Germen,in particular. Presence 1 it I nucleus

or absence of marginal syllables in an ac- Fig.2, Phonetic realization of a declé
: rative pitch contour.

for & falling-rising nuclear tone,and so
o°n, The conclusion to be made is that po-
8iting coefficients of increase of sound
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