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The goal of our communication is to present a set of
intonosyntactic rules which has been elaborated according to
phonetic and linguistic constraints and to be used in the text-
to-speech synthesis system developed at LIMSI. The first
stage of this work - an experimental phonetic approach of
French intonation - is described in [Beaugendre 92]. We will
focus this communication on the linguistic aspects of the
French intonation and there acoustic correlates.

1. Introduction

The aim of our work was to develop a set of prosodic
rules useful for a French text-to-speech synthesis system and
reproducing the prosodic strategies of a particular speaker, at
a particular speaking style and for a given pragmatic task (the
reading of French sentences at a normal rate).

Two stages summarize this work: first, the
development of a melodic model was based on a perceptual
analysis of acoustic data [Beaugendre 92]: 220 sentences
read by 3 Parisian speakers were analysed following the
approach initially proposed at the Institute for Perception
Research (IPO, Eindhoven, NL) [t‘Hart 91]. The database
was designed according to phonotactic, phonetic,
morphologic and syntactic constraints. Second this analysis
lead to the elaboration of intonosyntactic rules needed for the
automatic generation of prosody in the text-to-speech system.

The goal of our communication is to present this
second stage. We will set out first our strategy to label a
sentence in prosodic groups based on morphosyntactic
criteria, second the accent placement rules finally the way we
have established the correspondence between the accentual
structure and the acoustic parameters. Our approach is based
on the phonetic aspects of intonation : a particular attention is
alloted to the alignment of pitch movements with the
segmental structure as well as to the global melodic shape of
an utterance: a baseline and a topline computed for each
sentence define a melodic register (strongly speaker
dependant). A functional analysis of melodic contours (a
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contour is a concatenation of a very small number of units)
may lead to a better understanding of the global structuration
of the melody. It is a starting point to define an abstract
phonological representation of intonation which is linked to
the accentual structure derived from a syntactic parsing.

2. The strategy of segmentation: boundaries
markers

Eventhough a complete congruence between syntax
and prosody does not exist [Rossi 81], we have adopted an
intonosyntactic approach completed by phonotactic
informations. First, a syntactical analysis is processed on the
sentence in order to label it in grammatical phrases. Second,
the grapheme-to-phoneme rules are applied on this string.
Finally, the phonemic string is segmented in prosodic groups.

A prosodic group is defined as follows : most of the
cases it corresponds to a syntactic constituent. It is a
suprasegmental unit characterised by a significative
perceptual variation of different acoustic parameters - very
often the melody, in some cases the length - Functionally,
this variation is linked to the concepts of accentuation and
emphasizing.

Three types of boundaries markers are used to segment
a sentence in prosodic group. The rules are the following :

* Rule at the end of a sentence :

BR1: A terminal major boundary (TMB) marks the end of
a sentence, whatever the nature and the function of the last
syntactic group (1).

¢ Rules for the major boundaries (MB) :

BR2: A major boundary closes a subject composed by a
nominal group (2).

BR3: It follows a punctuation marker (3).

BR4: It precedes a subordinate clause (4).

¢ Rules for the minor boundaries (mB) :
BRS: A minor boundary closes a verbal group. A verbal
group can be a predicate (5), a predicate + an adverb (6),

an helper verb optionally followed by an adverb and
always ending by a lexical word (a noun, an adjective or a
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participle) (7) (7'). When the participle is also an helper
verb, the boundary is deplaced on the next lexical word. If
the subject is a pronoun, it is integrated to the verbal
group (8).

BR6: It closes a lexical word, complement of a verb (9).
BR7: It precedes a word which begins by a preposition or
a determiner (10), even when this word is inside a larger
syntagmatic group (11).

These rules are applied sequentially and from left to right of
the sentence.

3 Accent placement rules

There is a great confusion regarding the French accent
and no consensus has been found yet between the
researchers. Some regard the accent as a functional and
linguistic concept -that is the case of generative phonology
[Dell 84]. Other approaches are purely acoustic. Others -as
ours - combine perceptual, acoustic and linguistic criteria.
For some researchers, the acoustic parameter which can be
used to stress a syllable is intensity, for others, it is
essentially the variation of melody or a lengthening [Delattre
66). For most of the researchers it is a combination of those 3
parameters. For us, intensity does not play a role to mark the
accent in French which is essentially actualized by melody
and/or lengthening. As we will see later (cf. 4.), the
actualization of those parameters depends on the nature of the
accent : initial of group - called "secondary” accent in the
literature - or final of group - called "primary" accent -. At
last, we want to underline that the French accent is not a
word's accent but an accent of superior range corresponding
to the syntagmatic and phonotactic organization of a
sentence, that is to say : to syntactic and rhythmic constraints.

* The final accent (FA)

FAR1: all the last syllables of a lexical word can be
accented.

FAR2: A grammatical word at the end of a sentence or of
a phrase can be accented on its last syllable (12), (13).

* The initial accent (IA)

The occurrence of an IA on the first syllable of a prosodic
group depends on two facts :

IARI: It must be on the first syllable of a lexical word
(14) and the syllabic structure must be a CV structure; if
not, the accent is on the first syllable carrying this
structure (15).

Nevertheless, some exceptions must be noted :

IAR2: At the beginning of a sentence, a syllable which
has a V structure follows a glottal stop and is accented
(16).

IARS3: A vocalic syllable of a lexical word preceded by a
liaison or by an apostrophe is accented (17), (18).

IAR4: A prefixed word receives two accents : one on the
prefix, an another on the first syllable of the radical ( 19).
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IARS: A lexical word which has more than four syllables
receives an IA, eventhough it does not begin a prosodic
group (20).

* Rules of desaccentuation

These rules concem the groups ending with a minor or a
major boundary.

DR1: Inside a complex nominal phrase, or between two
complements separated by mB, the final accent of the
first syntagmatic group is suppressed when the second
group begins by a determiner (21).

DR2: When mB or MB separates two adjacent accents
(FA + 1A/ FA +FA), the second one is suppressed (22),
(23).

Two facts condition the application of these rules: the
number of consecutive unstressed syllables must be four or
less and the second accent must not be the last one of a
sentence. If DR2 can not be applied, a pause is introduced
after the first accent.

DR3: When two accents are adjacent and occur at the end
of a sentence, the first one is suppressed.

Table 1: Acoustic parameters of the different classes of
movements

R1 R2 R3 R4 R5 FI F2 F3 D]

Direction
rise x x X x X
fall x x x
Timing
attack X X X
att-nucleus x x x
Slope
steep X b4 X x X X
gradual X X
flat x
Frequency range
full <t x x x X
half X X X

4, Accentual structure and acoustic correlates

In order to propose a set of rules devoted to the
generation of melody, it was necessary to understand the
acoustic and functional constraints which are linked to
melodic units. A first analysis based on acoustic properties
and perceptual tests [Beaugendre 92] lead us to classify the
600 melodic movements encountered in the database into 9
broad functional categories : 5 rises, 3 falls and a flat linking
movement (see table 1). Even if the number of basic units is
reduced to 9 standard movements, the combinatory still
remains important.

A first work was to look at the distribution of two
consecutive movements. From this statistical analysis, we

1220



AC2: AD movement can't be longer than two syllables.
AC3: RS is always followed by R4,

Table 2: Mean duration of the different kind of
syllable (FA or IA lending syllable, unstressed
syllable (US)). AD = Average Duration, SD =
Standard Deviation, NS = Number of syllables
per sentence, LF = Lengthening Factor (com-
puted according to the unstressed syllables aver-
age value as reference)

Syllable FA IA | US
Boundary TMB | MB | mB
NS AD (ms) 277 251 197 | 155 | 132
> 10 SD 86 89 50 47 49
LF 21 | 19 | 15 ] 115 -
NS | AD (ms) | 277 | 189 | 184 | 150 | 132
< 10 SD 83 76 41 35 45
LF 2.1 145 | 14 | 1.13 -

From the data collected, it is clear that the accent can
be expressed by a melodic rise - it is always the case for JA -
FA can be marked by the combination of a melodic rise and
a lengthening, optionally followed by a pause, or only by one
of these two parameters. The rules are the following :

MR1: /A preceding immediately FA corresponds to the
rise RS. In other cases it is actualized by R2. Those
movements are preceded by D in order to avoid some too
closed melodic variations.

MR2: If FA is followed by mB : it corresponds to the
rise R4 when it is contiguous to IA ; it corresponds to R3
in other cases.

MR3: FA followed by MB is actualized by R4+ when
contiguous to IA, by R1 in other cases. R4+ is a variant of
R4 which has been introduced during the development of
the accent placement rules in order to be coherent with
the syntagmatic structure : a MB must be underlined by a
rise which overhangs the topline of the melodic register
computed.

MR4: F2 is a variant of F1, it links two movements
together.

MRS: F3 has a clearly identified accentual function : it
indicates to the listener the end of a sentence.

As we saw, the prosodic parameters which are
associated to FA are both the fundamental frequency and/or
the lengthening of the accented syllable. Therefore, the
average duration of the different types of syllables (FA, -and
IA lending syllables as well as unaccented syllables) has
been computed in order to quantify the lengthening linked to
the presence of an MB or an mB (see table 2).

The rules are the following :

LPR1: MB generates a lengthening and a pause for a
sentence longer than 10 syllables.
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LPR2: For a sentence shorter than 10 syllables, the
lengthening is weaker and the pause is avoided even
for the MB marker.

LPR3: mB generates only a lengthening weaker than
for MB.

Conclusion

We have presented a set of intonosyntactic rules
devoted to the automatic generation of melody in French. We
have followed a bottom-up methodology, starting from the
signal to obtain an acoustic and perceptual description of
French intonation for a particular speaker, at reading mode.
This description in term of melodic movements provides a
melodic material which is directly interpretable by a
synthesizer and correlated to the way pitch is perceived. The
last stage, described in this paper, was to find the
correspondence between the acoustic structure coming from
the first analysis stage (the pitch movements standardization)
and the linguistic structure. From these observations, we
designed a set of about 30 intonosyntactic rules which allows
to obtain a very good correlation between the pitch contours
generated automatically and those issued from the
standardization stage. Different perspectives need to be
considered:

- The melodic structure obtained for the speaker studied must
be valid on other voices.

- We must take into account different rates of speech in order
to provide a continnous melodic description according to the
rate's parameters.

- We want to extent our study on larger syntactic structures as
paragraph in order to see how the registers of each sentence
of a paragraph are combined. We will have to find the other
linguistic factors such as semantic and pragmatic constraints
which must be taken into account to improve our melodic
description.

Legend

'BR": intonosyntactic rules of segmentation.
FAR' & 'IAR"; accent placement rules (final accent -FA-
and initial accent -IA-)
‘DR’: rules of desaccentuation
'ACR": acoustic rules
‘MR": melodic rules
" 'LPR". rules for lengthening and pauses
'MB'": major Boundary
‘mB": minor Boundary
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Corpus

(1) Denis mange un gateau TMB (Denis is eating a cake)

(2) Les enfants MB discutent (Children are speaking)

(3) Les enfants, MB avec leurs cousins, MB discutent
(children are speaking with there cousins)

(4)Les drogués du centre ont suivi une cure de
désintoxication MB qui a été trés douloureuse (The Institute's
drug addic went through a cure which was very difficult)
(5)Les enfants discutent mB de leurs vacances (Childm are
discussing there hollidays)

(6) Les enfants partent maintenant mB 2 Paris (Chidren are
living Paris now)

(7) 1l est bien arrivé mB A Paris (He arrived without damage
at Paris)

(7" I1 aregu mB des fleurs (he received some flowers)

(8) Il s'en va mB demain (he lives tomorrow)

(9) 11 vient & Paris mB avec Paul mB demain (he comes with
Paul to Paris tomorrow)

(10) 1Is regardent le chien mB avec ironie (they look at the
dog ironiccally)

(11) Les drogués mB du centre (cf. (4))

(12) Tout le monde va bien (everybody is ok)

(13) Il vient maintenant me voir (now, he comes to see me)
(14) Pauline est gentille (Pauline is kind)

(15) Tu arrives (you come)

- — - - - ———— - - - - - - —— Y

diskyte  depyi samgt'é

le E‘EIE

T
GRAPHEMIC STRING Les enfants discutaient depuis ce matin
PHONEMIC STRING le zaf8 diskyte daspyi sa metg

(16) Adline est gentille (Adline is a good girl)

(17) Les enfants discutent (cf. (2))

(18) Il descend I'escalier (he is coming downstairs)

(19) Une cure de désintoxication (cf. (4))

(20) Les agitations gouvernementales (The governement's
disorder)) ‘

(21) Les drogués mB du centre (cf. (4))

(22) Une cure de désintoxication qui a été trés mB
doulourcuse (cf. (4))

(23) Les enfants MB discutent (cf. (2))
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