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ABSTRACT

This paper presents a series of experiments
which aim at answering the question of how
speakers adapt their prosodic strategy accord-
ing to speaking rate. The results are interpreted
both at a linguistic and a phonetic level.
Furthermore, a set of rules was established
that introduce speech rate as a new input param-
eter of the LIMSI Text-To-Speech synthesizer.

1 INTRODUCTION

An experimental phonetic approach of French in-
tonation is described in [2]. It presents the de-
velopment of a melodic description based on the
perceptual analysis of acoustic data, following
the methodology initially proposed at the Insti-
tute for Perception Research (IPO, Eindhoven,
NL) [6]. In this study, intonation contours are
described as sequences of elementary straight
line movements. Nine movements are recog-
nized: six pitch rises, and three pitch falls. In
a second stage, the pitch curves of 59 sentences
were labelled using those elementary units.

A systematic comparison between the melodic
labels (i.e. the movements) and the linguistic
structure of the sentences was made. Thus, a
set of 30 intono-syntactical rules was established
in order to be able to automatically generate
contours from written text and a syntactic pars-
ing [3]. The aim of this last study was to de-
fine a set of prosodic rules that reproduces the
prosodic strategies of a particular speaker, for a
particular speaking style and for a given prag-
matic task (the reading of French sentences at a
normal speech rate).

In [4], it has been shown that the acoustic cor-
relates of French accents in read speech are 1) ris-
ing pitch movements, 2) a final falling movement
and 3) syllabic lengthening and pauses. The ac-
cents have been classified into two categories:
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o final accent (FA): this accent (also called
“primary accent”) always occurs on the last
syllable of the stress unit ;

e initial accent (IA): this accent occurs on the
first syllable of the first stressable word ;

The relation between these accents and the
description used for the melodic labelling is also
presented in [4].

Considering the type of corpus studied, we
must notice that only a very small number of
“accents of focalization” are encountered (using
the definition of Rossi [8]).

In the current paper, our purpose is to com-
pare the intonation of the same corpus of 30 sen-
tences at three different rates of speech. Our
first goal will be to explain the observed prosodic
variations as a function of the speech rate. Then,
a new set of rules will be presented, that use
speech rate as a new parameter of the text-to-
speech system.

2 METHOD & ANALYSIS

The study is based on a speech database contain-
ing 30 read isolated utterances, by one speaker,
at three different rates of speech. This corpus
was designed according to syntactic, phonotac-
tic and lexical constraints.

Each melodic curve was first stylised and then
labelled using the descriptive units from the
model] cited in [2]: each standard melodic move-
ment is defined with respect to the segmental
structure as well as the speaker’s register. In a
third stage, the sentences were labelled using the
accent categories.

Then, the accentual structure was analysed
both at the linguistic and the acoustic level for
each rate of speech. A systematic comparison
between the occurences of accents and a syntac-
tic parsing of the text was first achieved. Then,
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Figure 1: Prosodic parsing and accent structure at three speaking rates (from top to bottom: slow,
normal, fast) for the sentence: “Pierre et Marie discutaient de leur vacances”. IA = initial accent,
FA = final accent, # = pause, = = lengthened syllable. mb = minor boundary, MB = Major Boundary,

FMB = Final Major Boundary

spea- | Frequency Lengthening Factor

xing | range (ST) MB mb
rate | MV { SD MV SDh MV SD
fast 43 | 11 1.3 0.29 - -
normal 63 1.2 19 032 15 037
slow 78 | 14 2.2 0.41 1.9 0.41
pauses 300ms 150ms

Table 1: Frequency range and lengthening factor
(accented syllable duration/average unaccented
syllable duration) for the primary accent preced-
ing a Major Boundary (MB) or a minor bound-
ary (mb); MV = mean value, SD = standard
deviation, ST = semi-tones. Pauses are given
for the slow speech rate

for each sentence, the frequency range was de-
fined as an utterance template consisting of a
baseline and a topline. The average value of this
template for the three speaking rates is given in
table 1;

3 RESULTS

The rate of speech affects the following prosodic
properties:

e prosodic parsing: in [4], we defined four dif-
ferent types of boundary markers used to
segment a sentence in prosodic groups: Fi-
nal Major Boundary (FMB), Punctuation
Boundary (PB), Major Boundary (MB),
and minor boundary (mb). The major,
punctuation and final prosodic boundaries
are preserved for all rates of speech; the
minor boundaries are erased in some cases
at a fast speech rate (see rules). Finally,
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new boundaries are created within the syn-
tactic groups at a low speech rate (see fig-
ure 1). Such facts have already been ob-
served in other studies [1, 5]. The prosodic
parameters used to differentiate the types
of boundaries are especially pauses and syl-
labic lengthening. Furthermore, the distri-
bution and the values of these parameters
change with the speaking rate (see table 1).
For example, at a slow rate of speech, a ma-
jor boundary is realised systematically with
a pause if the sentence exceeds six syllabes.
At a fast speaking rate, there are no pauses
at all, even at punctuation boudaries. We
will see below that the melodic correlates
of the final accent realisation much more
depend on structural or physiological con-
straints.

accentual structure: the accentual scheme
proposed in [3] is respected. Whatever the
speaking rate, the final accent will always
be realized. In contrast, of the 96% of ini-
tial accents realized at a low speech rate,
only 25% remain at fast speech rate (most of
them occur within the first prosodic group
of the sentence). On the last prosedic group
of the sentence (if it contains 2 or 3 consecu-
tive accentable syllables), the initial accent
is always fully realised at a slow speaking
rate, and partially realised or deaccented at
a normal or fast speaking rate. In that par-
ticular case, and for declarative sentences,
we have a strong structural constraint be-
cause the initial accent is just followed by a
final fall (extra-low level on the final syllable
of the sentence according to the notation of
Mertens [7]).
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Three explanations for these differences can
be given: 1) as F, is an audible consequence
of articulatory movements, the speech rate
will influence the actual realisation of in-
tended targets and the “undershoot” phe-
nomenon will occur (this phenomenon is in-
volved for partially realised accents); 2) the
number of prosodic events at a phonological
level should not exceed a certain amount per
second, underlining a rhythmic constraint.
3) in case of contiguous accents, initial ac-
cents must be omitted in fast speech (see
figure 1): this was already partially taken
into account at a normal speech rate [4].

o frequency range: table 1 shows that the av-
erage frequency range (over all sentences)
decreases as the speech rate increases. The
average slope of the baseline and the topline
will also decrease as the rate of speech in-
creases (we already observed at a normal
speaking rate that the average slope varies
as a function of the length of the sentence).

e acoustic correlates of accents: the first re-
mark concerns the melodic description it-
self. After melodic stylisation at the three
considered rates of speech, the definition
of melodic movements with respect to the
segmental structure (for duration) and the
baseline and the topline (for the frequency
range) as stated in [2] is still valid (see ex-
ample figure 2). Indeed, this study did not
require any new class of movement. We
must recall that in this description, move-
ments are not defined in terms of absolute
size, as in previous studies [6], but relative
to the segmental structure. If we take the
exemple of R2 and R3 (occurring on a con-
sonants group and the whole syllable, resp.),
the length of these movements varies pro-
portionally to the length of the phonemes
on which they occur.

At a fast speaking rate, and even if the
frequency range is smaller, the duration
of movements is reduced in such a way
that the slope of these movements will be
greater. Such an observation was also made
for Dutch [5]. Moreover, the articulation
rate will be much higher, at the segmental
and at the suprasegmental level. This may
be a new reason to explain the strong deac-
centuation at a fast speaking rate. However,
in many cases, the deaccentuation at a nor-
mal and fast speaking rate (particularly for
IA) is not complete because of the under-
shoot effect (see above).
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4 ELABORATION OF A SET
OF RULES

In order to integrate this knowledge into the
LIMSI Text-To-Speech synthesizer, some new
rules are required at each stage of the prosodic
module. The reader has to refer to [3, 4] for the
former rules. These rules are applied sequen-
tially and from left to right of the sentence. We
use the abreviation for Fast Speech Rate (FSR)
and Slow Speech Rate (SSR).

4.1 Prosodic parsing

o for short sentences (<12 syllables), minor
boundaries are deleted (except if there is no
other boundary);

e when there are two minor consecutive
boundaries, the boundary that gave the bet-
ter rythmic balance is deleted at FSR;

e a conjunction create a new minor boundary

at SSR;

4.2 Accent placement rules

The same accentual scheme as proposed in 3] is
applied. The pauses that are introduced at SSR
allow to realise most TA when this accent is con-
tiguous to FA (see figure 1). In that particular
case, the low target is set in the middle of the
register.

4.3 Deaccentuation rules

o if there are less than 3 syllables between
IA and the preceeding FA, IA is deleted at
FSR;

o the IA of the last prosodic group is deleted,
except if it is also the first one (FSR);

4.4 Acoustic correlates of accents

Declination and final values are given in [3]. The
values for preboundary lenthening are given in
table 1.

4.5 Physiological and structural con-
straints

e when less than 3 syllables separate 2 FA the
target value for the second FA is lowered in
the middle of the register;

e the same rule is systematically applied to
IA, whatever the other accent is.
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Figure 2: Stylised versions of the three versions of the sentence “Ils discutent de leur vacances”. The
segments of the fast and slow speaking rates are aligned on the normal speaking rate. The total duration
of the sentence is 1990ms (slow), 1660ms (normal) and 1280ms (fast).

5 CONCLUSION

In this paper, we have presented some results
about how speakers adapt their prosodic strat-
egy according to speaking rate.

The main results obtained are:

e the melodic description defined in [4] is valid
whatever the speaking rate is;

e the results show that the speaking rate
affects the prosodic parsing, the accen-
tual structure, the frequency range and the
acoustic correlates of accents;

o these results allow the formulation of a set
of rules that can generate synthetic contours
very close to the natural ones.

In several ways, this work confirms that the
straight line movements approach is very well
suited to account for local melodic phenomena
(continuation rise, pitch accents, etc...). How-
ever, we are aware of the fact that a simple utter-
ance template such as is used here to define the
frequency range is in many cases an oversimpli-
fication of the prosodic structure at the sentence
level, especially for long sentences. Further work
still needs to be done in that area.
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