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ABSTRACT

Four Polish words with varying number of
syllables (dat, dobra, normalny and natu-—
ralnie) were synthesized using a COMPUTALK~
ER CT-1 speech synthesizer. For each of the
words B8 basic Polish intonation patterns
were obtained by appropriately controlling
the FO parameter. Three variants of the
intonation patterns were prepared (a quasi-
natural variant and two types of approxi-
mation) of which the quasi-natural variant,
elaborated on the. basis of FO values ex-
tracted from natural utterances of the four
words, served as the model for the remain-
ing two. The total of 70 synthetic inton-
ation patterns were tested for recogniz-
ability and naturalness in a listening ex-
periment. On this basis, the optimum ap-
proximation type was determined and the
contours most typical for Polish questions
and statements were selected for further
research in the synthesis of intonation.

INTRODUCTION

The perceptual impression of accent is
generally claimed to result from variations
%n fundamental frequency, duration and
intensity within the vowel segment of the
atcented syllable ([2], (6], [10]1). Of
these three parameters, FO0 has been found
tg play the most important role in signal-
1;29 aﬁcept ([z;, 1[9], {101, [14]), inten-
sity aving: e least signifi
R it gnificant effect
;n ana!yses of linguistic functions of
intonation two most general types of utter-—
ances are distinguished: (1) unfinished
(general interrogative, continuative) and
(2) finished (statements, demands, specific
questions) . Utterances of the first type
are gsually characterized by a rising in-
tonation and utterances of the second type
- by a falling intonation. In perceptual
;d??tigicatéﬁn of each of these types the
ollowing ree fac i
ol Lo, tors are of particular
1) FO'livgl ag the turning point, i. e. the
point immediatel i i
point i Y preceding an FO rise
2) direction of FO change and
3) its range.

For example, subjective impression of g

general question 1is the stronger, the
greater the FO increase within the accented
ayllable ([8], [11]) and the higher -the F
value at the turning point ([8]).The effect
of the FO value at the turning point may
even be more relevant than that of the
final FO rise, especially if the latter's
range is relatively small. Moreover, the

perceptual impression of accent is the .

stronger, the faster the FO rise within
the accented syllable ([13]).

TECHNICAL BASES OF WORD SYNTHESIS

For the purposes of the present experiment,
four Polish words (da}. dobra, normalny and
naturalnie) were synthesized using a COM-
PUTALKER CT-1 formant speech gynthesizer
controlled - via a minicomputer MERA 303
configuration (Fig 1; cf. also [41) - by
specially developed software. COMPUTALKER
CT-1 simulates the transfer function of the
vocal tract by means of formant filters
conngc;ed in series. Apart from the sYI
thesizing unit, composed of noise and glot-
tal tone generators as well as nasal, nois
and. fgrmant filters, it also includes 3@
logistics wunit the function of which cor”
sists in:
a) conversion of 8-bit digital parameters
into the analog form controlling the
elements of the synthesizing unit .

s

"b) short-term memory storing of the par-

ameters.

A set of 9 parameters (amplitudes of ¢
glottal tone, aspiration noise and nasal
resonance, F0, F1, F2, F3, amp 1itude and
frequency of the friction noise) has to be
}?p“t to the synthesizer in digital o7
th byte per 1 parameter) for the syl

esizer to be controlled. This is done
means of a parallel bus of data (each o
Erol parameter is given a 4-bit code!
termed- "framef_ The rate of control dats
ransmission in the system corresponds to
an average speech rate (1 frame per 10 ms):

WORD SYNTHESIS DUR-
. PRINCIPLES CONCERNING
ATION AND AMPLITUDE OF THE GLOTTAL TO¥

the

W . .
ord synthesis was carried out usind e

existing library of synthetic diads of
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Fig. 1. Minicomputer configuration for speech synthesis and analysis

CV and VC type ([3]). Appropriate transient
segments were 1inserted between the diads
to form natural-sounding words. At the
initial stage. each of the synthetic words
received fintensity—duratjonal" stress
only, with constant FO at 120 Hz over their
whole length. Amplitude changes in the
formant tract were of segmental character
in almost all cases: within the steady
astate of any monosegmental phone amplitude
values were not varied. Since the role of
intensity in signalling accent is marginal
(cf. above) , amplitude values within
stressed vowels were also held flat (the
same approach was adopted by Abramson [11
and Mattingly [12]).

Durations of individual phones making up
the tour words were determined on the basis
of the results given by Richter [{15]. Pre-
liminary listening tests led to the fol-
lowing duration of the steady-state part of
the stress-bearing vowel within the total
word duration:

da¥ — 190 ms (total — 480 ms)

dobra — 130 ms (total - 670 ms)
normalny — 120 ms (total — 910 ms)
naturalnie - 90 ms (total .~ 1060 ms)

SYNTHESIS OF INTONATION

For the purposes of intonation synthesig, 8
contours (corresponding to the most typical
Polish word intonations) were selected from
the inventory of Polish intonemes put for-
ward by Steffen—-Batogowa ({161) . These
were:

1) low rising (LR) 6) low falling (LF)
2) full rising (FR) 7) full rising-falling

3) high rising (HR) ) (FRF)
4) level (L) g8) low rising-falling
S) full falling (FF) (LRF)

Natural utterances of the four words,

spoken with all these intonations Dby a
skilled phonetician, were tape-recorded. As
the utterances of the words dat, normalny
and naturalnie containing the composite
contours (LRF and HRF) sounded somewhat
artificial, they were excluded from further
examination. FO patterns in the remaining
utterances were analysed using a TM3 pitch
meter. The resulting sequences of absolute

FO values, each corresponding to a 10 ms

interval, were used to synthesize quasi-

natural intonations which served as the
model for the following two types of ap-
proximation of natural FO contours:

1) Approximation Dby a broken line (Al)
consisting of three or four segments.
This is the most frequently applied ap-
proximation (cf. e.g. 51, [1t]). Four-
segment Dbroken line was utilized ir
rising-falling intonations. Level inton-
ations were approximated by a straight
line.

2) Step—-wise approximation (AZ), in which
a rapid change in FO (10 Hz/10 ms),
carried out within the accented syl-
lable, occurred between two level seg-
ments.

Irrespective of FO pattern type, neither of
the two parameters responsible for signal-
ling accent (i.e. duration and amplitude)
was modified. It was assumed that vari-
ations in length of the accented vowel
occurring among different types of FO pat—
terns do not affect accent perception and
intonation type jdentifiability in any
significant way.

Altogether, 70 synthetic intonation pat-

terns were prepared. The total fundamental

frequency range utilized in the synthesis
covered frequencies from 77 Hz to 250 Hz.

In the majority of cases, however, FO

values -were not lower than 88 Hz and did

not exceed 240 Hz.
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Examples of synthetic FO contou i
2 : rs
in Figs. 2 and 3. are given

PERCEPTUAL EVALUATION OF SYNTHETIC
INTONATIONS

Recognizability and naturalne

synthetic intonations were evi?ugiegllpZ?E
cep@ually, in two listening tests by 1€
subjects divided into two panels (A'and B)
The task_of panel A, consisting of 8 per;
sons with professional experience with

respect to speech melody was to i i

° B ident
the type of intonation pattern preseniig
SLR: fF. L etc.). Panel B, composed of 10
tgaéye sngects, was to qualify the syn-

etic i

thetlc utterances as questions or state-
Results

Panel A. For the total of 560 identi-

fication trials (70 patterns x 8 j

401 correct responses were obtainegu?;§Ct§§
$). Identification rate of the intonation

in thg four words was the highest with thi
step-wise approximation (76 %) The quasi-
natural intonations and the contours ap-
proximated by a broken line were recognizzd
correctly in 69 % and 71 %, respectively

of the 8 types of synthetic intonatioﬁs

low rises were recognized most efficientl'
(92 per cent of correct responses), wherea:
the composite patterns yielded the poorest

F, [H2]f
140- srssesssaeatens
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step-wise approximation

Fig. 3. NORMALNY - low falling intonation

identification results (only 21 per cent of
cqrrect responses were obtained for full
r1seff§lls}. The recognition scores for the
remaining intonations were as follows: low
;allh;gZBr?ée leggl%— 69 %, full fall - 81
, 1 - , ful i -

low rise-fall - 33 %. trise 73 %, ond

Panel B. Two of the three

o 1 synthetic
rising 1intonations (full rise n

and high

- rise) proved to be nearly equally effective

in signalling a question: they were er-
aﬁéxedthas 1ntergogative 98 % of the t?me.
" the exgegtlon of the low rise, “which
as m1§1dept1f1ed most frequently all the
r;ma1n1ng intonations were commoniy judged
(from 88 to }00 per cent of responses) as

. typical for statements.
N en ase of the ¥evel intonation indi-
» an FO0 fall is not an indispensable

condition for an ut i v
as statement-like. terance to be perceived

DISCUSSION

In
direEZio: Z§ ;he erroneous responses, the
rectly and tho change was recognized cor-
range of e error pertained only to the
ations hZﬁrlatlon . With the low inton-
observed to ever, the contrary tendency was
LF pattern occur. Even though the LR and
identify g were apparently fairly easy to
(92 and 78 per cent of correct

gziiznsg?é respectively), they were also
tern. Theen fconfused with the level pat-
perceptual gio§tor responsible for this
relatively s;ﬁliarlty was most probably the
LR and LF. all range of FO variation in
As stat A

obtainede?Oraggve' identification scores
FRF) e complex patterns (LRF and

were the 1 ,
less frequent o owest of all.

utterances,
Simple falli

Due to their
th ccurrence in Polish one-word

e_two were often perceived 33
ng intonations,

The reason

provided th:h§ the step-wise approximation

intonation  t est identification results of
Ypes was the characteristic,
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the peculiar "singing effect" of the

abrupt change in FO preceded and followed

by relatively long (hence easily percep— [ 6]
- tible) segments within which FO value re-
mained constant (level) . The drawback of

the intonation patterns thus produced was 1 7]

utte-

rances containing them.

Responses

given by panel B pointed to the [ 8}

occurrence of a tendency for preferring the
vstatement" alternative. An intonation rise

within
be the
tion"
be characterized by a

the accented syllable was found to
necessary condition of the '"ques- [ 9]

Moreover, the rise had tc

sufficiently wide

response.

range or a sufficiently high FO level with-

in the

pre—accenpual segment of the word.

At least one of these conditions was met

with FR and HR intonations, which were [10]
almost unanimously Jjudged as typical for
questions. On the other.hand, a consider- [11]

able divergence of responses occurred with

LR intonations which,

owing to the low FO

level within the pre—accentual segment and

.the
indicating

small FO increase,

were perceived as

statements by the majority of 1121

subjects (cf. [11]).

1131
CONCLUSIONS

The results obtained in the present experi-

ment

gssential for further research
intonation synthesis. ‘They suggest.
others, that

which are [14])
in Polish
-among
- due to both relatively higt

‘provide a number of cues

recognition rate and naturalness, the opti-

mum approximation variant is the one
izing

the

util- {15]

approximation by a broken line. Of

two rising intonations judged as typi-

cal for Polish general interrogative utter-

ances, the
model

FR should be selected as the [16]

one, as it is characterized by a

wider frequency of usage and, thus, is more

neutral.
perhaps, the

For similar reasons, .the LF (and,
FF) should be chosen as the

model "declarative" intonation(s)..
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