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ABSTRACT

The approximated jntonation gontours allow. one
1o vizualize the most typical features of the melo-
dy and energy structure of the utterance in the
form, directly appliable in automatio recognition
and synthesis of speech prosodye

In a series of experiments disoussed in the pre-
sent paper typiocal jntonation contours of various
communicative types of phrases in Russian and Eng=
lish expressive conversation (as compared to the
monotonous onse) have been determined.

The most adequate methods of approximation of
intonation contours have been analysed. Analytioal
expression whioch offers opportunity for presenting
each intonation contour as & mathematical model has
been suggested.

INTRODUCTION

In studing the intonation gtructure of gpeech &
number of problems arise. Alongside with the prob-
lem of determining the physical nature of the phe=
nomeanon under study and defining typioal intonati=~
on contours it is extremely important to elaborate
the form of presentation of the intonation coun=
tours whioch should be precise and easy to applye

The purpose of this paper is %o compare the in-
tonation structure of phrases read with expression
%o those read monotonously and to make an attempt
to elaborate an analytical expression of typical
intonation contours of expressive speeche

INTONATION CONTOURS OF EXPRESSIVE SPEECH

In our studies, five adult male speakers of Bri-
tish English and five speakers of Russian recorded
a set of English and Russian written dialogues re-
ad with expression, lively and animatedly and then
a set of the same dialogues, read monotonously,wi=
thout expression. 20 statements, 20 questions
{yes, no) and 20 requesi were picked out of these
dialogues (a total of 600 atterances) and used for
this experiment. The aooustic characteristios(fun-
damental frequency, duration and intensity) were
measured for the two sets of the data. The problem
was not simple that of describing the aooustic cha-
racteristics, but it was just as important to de~
termine which of these characteristiocs are signi-
ficant in disoriminating expressive utterance and
those read monctonously.
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It has been commonly assumed that any speeoh re-
alization is a random process which is described in
terms of & funotional dependence of the variable in
time, whose parameter value can be presented with
4he help of the parametrio aquationt

ri)= f[A: B D: C:
H1=F[ ] -

where Ai - oonstunt parameters, unchangeable in
all realisations}

Bi- interfering factors, varying from one realisa-
tion to another by some unknown law of distributi-
on;

C¢ - occasional interference, varying in separate

elements of the utierance and desoribable by nor—

mal distributionj

Di~ the unknown parameters being sought, whioh de-
termine the realisation as belonging to a given
linguistic phenomenon.

In case ocoasional interferences are minimiszed,
they will slightly influence the characteristics
of the phenomenon under study, and the parametrio
model may de presented as & model with additive in-

terferences

X[1]=E[D: A 8i]* Ci (2)

where EL[Di AL Bi] - range of parameters, des-
oribing the realisation being formed with no in=

terferences present.

With various values of the parameters defined,
function E[Di Al 8i] egives a set of specifioc
realisations as an ensemble, presenting phenomenon
analysed.

The parametiric mod:1l is described in the pre=~
sent paper in terms of discrete values of the fun-
damental frequency and intensity. These are associ-
ated with a definite number of points within each
structural 2lement of the utierances )} measure=
ments within the jnitial unstressed syllables; 17
neasurements within the head of the utterance (the
firat stressed syllable and all the stressed and
unsireased syllables preceding the mcleus, 4 mea-
surements within the muoleus and 2 within the tail.
In total 16 measurements within each utterance. As
a result the so called dynamio or temporal series
was obtained.

Occasional interferences were reduced by the re-
quirements of the procedure being kept fairly equ—
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al through the whole experiment. T iabi]
hole « The realiabi
:ﬁr:h:ncharactenstu_zs gbtained in this exp:rilsx:it
speaker:ureg by statistioally reliable number of
Eiyers ::111 amount of the experimental data. In
- identif'y those utterances which were accurate~
were select:;df:i ?ﬁ:t)lx:: :?::1;95% oaatiy micteners
roacoustio an is.
B e o e Bttt
i as a i i
zed 1{1t9nation ocontour which r::‘;:;:o:h: :';‘:rilerall-
gul;}x;rtles of the phenomenon under study, e
the a:‘;::;xlts of th?s? experiments have shown that
vie, aooug 4] peoulamtles of expressive speech find
damen:::l lgctlon in the dynamic series of the fun
vanpontal requenqy, i.e. in the melody contour of
varie tha:m::mcatn.re types of phrases. It will be
notonous) det:mq‘;:i;t{h:ff:fa,;ue:h (eipressive be e
ncy leve
:;;':nzgé l1;he speed of the fundameital fie;\ie:g; :I:
o the ead and the nucleus, the location of the
beeh fo‘mdpeak'of the utterance. These cues have
oy typical of both English and Russian and
;@y be suggested that they are typological
nic :5;1;‘:5)1 and 2 represent melody contour (t'i.yna.-
Toooe g8) of utterant_)es in expressive and mono-
rone fu:g::;oh. The solid curve represerts the ave-
e o cm:n:?l q\t;::zt;iuenod.-e:hof statements, the
ons, e dotte
;{:;:?si Structural elements of the ust::zz:e‘){?;;-
b :a- :::;tressed syllables; h - head; n ~ nucle:
ue, 1) were plotted as absocissae, Aver
or::i::;: gung::ental frequency as ord.inatesage
undament "
lized with the help :; i’;:q:;;x:{i:ra;}ues Here norma-
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Fig. 1. Average normalized

values of t
me;tal frequency of utterance in expressi\l:: ?imda-
and monotonous (right) Russian speech. °ft)
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Fige 2. Average normalized B
values of the
mental frequenoy of utterances in express}i‘:eﬁ(l?g?‘:)

and monotonous (right) English speech.

The experiments suzzest that it is possible t§

establish the melody contours typical of expressive

speeoh.
43 to the values of intensity, th i
é f y the analys -
p:::i;v: relatively distinet difference be{w::nr:x-
pre ..b 1:ha.r.td mono:tonous speech, the level of inten-
s by oth in English and in Russian being oconsid
ral éi f;ghe:hin expressive speech, ) -
8 other hand, the form of the intensi
- f ensity ou-
te: a.::: :zoth) remarkably little variation t‘romyut-
Yor communiu :grance, from speaker to speaker,from
Mg cative type to another in expressive and
Frodaatiy dspeech? Commonly it has the shape of a
Gradually e::endmg curve (fig. 3). The fact that
group‘ . :rnass of speech: a s8yllable, a sence-
milar'envxe)lo e; eto, = are characterized by a si-
e o o pe of the intensity mekes it possible
nclude that the form of the intensity ourve is

of paramouth i i igi
ot w mportance ?.n organizing units of spe-
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Fig. )
of s tgtei;nfve!“age normalized values of intensity
8 1n expressive (solid curve) and mono-

tonous (dashed N
(right) spocon, °) Russisa (left) and English

Tho
racterlif:iz}sw average values of the acoustic cha=
intonation OO;:Veal'the main regularities of the
analyze only thour it would not be sufficient to
study the var:i.e:iwemge values, One should also
spezch realizatio::,Of aooustioc cues in definite

s shown i
utterance:no:‘ntgig. 4-6 & number of realizations of
ensemble withi e §ame‘communicative type make an
one to four ma;‘nwhm).; 1t is possible to seleot from
in frequency n;‘.""“"?: differing to some extent
some cases t}.xeco iguration of the curve, etc. In
changeable i :arlanta are equivalent and inter-
gree of ex n others they are dependent on the de-
louri pressiveness, on modal and emotional co~

ng and extraliaguistic factors.
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and questions (right) in Russian ex-
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pressive speech (speaker RM1).
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Fige 5. Ensembles of intonation contours of sta-

tements (left) and questions (right) in English ex—
pressive speech (speaker EM1).
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Fige 6. Ensembles of intonation contours of re-
quests in Russian (left) and English (right) exp-
ressive speech (speakers RM1 and EM1 correspondin~

gly).

Attention should be drawn to the fact that spe-~
6ific intonation contours represent only one of ma~
ny possibilities to make speech expressive. A quan=
titative study of the intonation structure of spe=~
ech has suggested that besides the above mentioned
acoustio cues of separate expressive utterances
acoustic characteristics of the whole text might
account for the difference between expressive and
monotonous speech. Valid data were obtained showing
that acoustic oharacteristics within the text pro=-
vide effeot of expressiveness of speech., Of parti-
cular interest in the present study, however, is
that the correlation of the fundamental frequenocy
and intensity values at the border of sense groups
and phrases constituing the text, the correlation
of acoustioc measurements of initial and final unse
tressed syllables of different phrases of the text,
etc, indicate whether the text is expressive or mo-
notonous, Besides the alternation of different equi-
valent variants of intonation contours of one and
the same communicative type of the phrase within a
speech sample as well as the alternation of
phrases with different level of intensity makes spe-
ech expressive.

These questions, however, are beyond the scope
of the present paper.

APPROXIMATED INTONATION CONTOURS

Our final experiment aimed at the problem of ap—
proximation of the intonation contour of the utte~
rance. There is a strong evidence to suggest that
the main features of the intonation contour appear
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to be associated in the mind of the speaker with
the communicative type of the utterance, its moda=
lity and emotional colouring, the degree of expres-—
siveness and other linguistic and extralinguistic
factors. It seems that initial and final values of
the fundamental frequency and intencity, as well as-
the configuration of the curve are direct cues in

#planning” the intonation contour of the utterance.

Taking it into oonsideration the values of the
physical characteristios at the beginning and at the
the end of the utterance, as well as the configura—-
tion of the ourve were taken as a basis for appro—
ximating the intonation coantours of expressive spe-
ech.
Variants of the trazjectory of fundamental frequ-—
ency and intensity measurements, obtained in the
present study, could be readily approximated as olo-
se to the original as possible by analytical ex-
pressions, desoribing the intonation contour with
the help of the method of least squares.

The method of analytical approximation includes:
(1) establishing the character of the dependence
and selection of correaponding equationss (2) mini-
mizing tgajectory’deviations of the analytiocal ex-
pression from natural speech contours: (3) evalua~
ting the constant coefficients that determine the
trajeotory of the changes in the parameters under
study.

The analytical expression describing the trajec-
tory of the fundamental frequency ohanges have been
developed experimentally and calculated by the for-

mulas
_ i& _K'
yri)= Fmem <t 7, @

where ?CnJ ;_.;in - values of the parameter at the

beginning and the end of the speech sample:

+ -~ successive number of time - segment values:
oL, B, K = constant coefficients, selected for
each realization in terms of the intonation con-

tour.
For the analytical expression desoribing the

trzjectory of the intensity changes it is possible
to express that function as follows:
_t2+42
Yitl=Ain € (5)
where: Ain - value of the parameter at the begin-
ning of the speech sample.

In case of complicated curves (those having more
that two turning points) the approximation is cal-
oulated by formula (4), with the beginning and the
end of each structural element taken for the values

of F's.
Coefficients 4, B, K~ determine the profile

of the ourve and account for the occational inter-
ferences and the parameters of the model sought for.
Coefficient ={ varies in the range: .01 + .3; 2~

a5 K o-2:4.

Particuler values of the coefficients used in
approximating each intonation contour are given in

Table 1.

249




3
i
!
i
i

Table 1. Analytical expression of intonation con-

tours approximat

ion

CommunicatisLangu~t Analytical expression of appro-=
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The results of ocalculations are plotted in Fig,
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Fig. 8, Melody contours of questions in Russian
(1eft) and English (right) expressive speech (solig -
curve) and their approximated variants (dashed cur- -

ve).
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Fige 9+ Melody contours of requests in Russian
(left) and English (right) expressive speech (so-
lid curve and their approximated variants (dashed
curve),
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) Fig. 10. Intensity contour of statements in Rus~
sian (left) and English (right) expressive speech

(solid curve) and their approximated variants (da-
shed curve),

CONCLUSION

. It appears from the foregoing analysis of the
intonation structure of Russian and English utte~
rances that differences in perception of degree of
expressiveness are always associated with respecti-
ve differences in the characteristics of the into-
nation contour of the phrase and those of larger
spesch units,

The analytical expression suggested enables %0
approximate the intonation contour of various types
of expressive utterances close to the original in-
tona?ion contours, preserving all their main pro-
perties. As compared to approximation by polynomi=
&8l, the present method is mope simple and effectusl.

The presentation of the intonation contour as 2
mathematioal model makes it possible to use it di-
reotly in the synthesis of speech prosody.

REFRENCES

/ 1/ Bengrande X.D, Text Discourse and Process. =
Londons Longman, 1980, - 231 p.

/2/ Va.zen M. Statisticheskaja approksimatsia. = Me
tMir, 1972, - 295 s,

/3/ Kovalev VeP. Virazitelnije sredstva hudozest=
venoj rechi. - Kiev: Rad. Sohkola, 1985.-136 8

/ 4/ Torsueva I.G. Sovremennaja problematica into~
natsionnych issledovani j //\‘;opros.‘f Yaziooznd~
N1ya, 1934, = N 1. ~ 5, 116=126.

Se 12.5.4

e e e



