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ABSTRACT

Our goal is to define a set of phonetic
markers that can be used to segment an
utterance and to predict discursive boun-
daries in spontaneous French speech. Our
acoustic analysis of descriptive monolo-
gues is carried out on two prosodic para-
meters and the relationship between them:
(1) melody, (2) pauses.

1 INTRODUCTION

With the hypothesis that prosody has a
demarcative function in the structuring of
a spoken text into discourse units, we
propose a method of segmentation based
on high and low points of melody and
pauses. For the present, this method is
not totally discursive because the
prosodic status of functional words is
rather ambiguous; nevertheless, we will
show how the coupling of cues can be
efficient.

The entity of our analysis is no longer
the sentence but the paragraph which we
divide into intonative and pausal consti-
tuents (refered to hereafter as ICs and
PCs respectively).

Our methodology is based on the hy-
potheses of our research team |1, 2] on
the intonative and enunciative structuring
of spontaneous ulterances which are
given by the varation in the FO level-
points of the final syllable of prosodic
constituents. We also rely on the work of
some linguists, for example Mertens 3],
Rossi |4}, etc., on the structuring of
French utterances by intonation. This
linguistic analysis is however restricted in
our work because we foresee formal con-
straints of implementation and also be-
cause our database is highly specific.
Nonetheless, the scope of our analysis is
made larger with pausal constituents
added to intonative ones.

First, we will describe the database
used to carry out our study. Next, we
will describe the different stages of the
segmentation allowing us to derive the
discursive structure from acoustic cues.

Then, we will show the formation of PCs
and propose hypotheses on the relations
between pausal and intonative bound-
aries. Finally, intono-discursive markers
are interpreted on the enunciative level
and corresponding boundaries are given a
specific weight relative to their position in
the hierarchy.

2 ANALYSIS
2.1 Description of the Database

Our data was collected from the ICY
database developped in Limsi by V. Péan
{5] to study inter- and intra-speaker vari-
ability. ICY was obtained from a stra-
tegy by which utterances elicited are both
spontaneous, i.e. generated on the fly,
and under the experimenter's control.
The speakers were instructed to describe
wo identical pictures differing only in the
colour or spatial positions of several ob-
jects chosen deliberately to make the
speakers produce groups of words which
contain a phonological context at word
boundaries (for example: in the case of
“pantalon orange”, we can find a possi-
ble nasalization context). They did not
know the real purpose of this experiment
and were given a false pretext to persuade
them to produce three different styles of
speech of which we have studied the
casual version.

As a result, such constraints give a
corpus that consists of descriptive mono-
logues with declarative sentences. They
also explain why the resulting speech
docs not show as much variation as in
real-life situations. However, this type of
spontaneous discourse is more realistic
than read-aloud, often isolated sentences
generally used in automatic speech pro-
cessing.

The pauses and FO analysis were
obtained using the UNICE software cre-
ated in Limsi-CNRS (Orsay). In this ar-
ticle, we study 5 speakers among the 21
recorded (BP, AG, GM, GS, SR).

2.2 Data Analysis

ICPhS 95 Stockholm

ICPHS 95 Stockholm

Now. we will present briefly the dif-
ferent stages that allow the prosodic
structure to be derived from acoustic
data. Above all, correspondence rules
between the phonetic and the structural
prosodic levels are explained and illus-
trated with an example. As for pauses,
they are used for the moment merely to
assure the cohesion among certain ICs.
We will therefore demonstrate that they
form a structural system among pausal
constituents, and that the relationship bet-
ween pauses and melody is well worth
taking into consideration.

2.2a Melodic Cues

Our analysis is not based on percep-
tual criteria, but acoustic data. The seg-
mentation process that we propose con-
sists of 5 stages (Cf. Figure 2) as
explained below:

1. Lexical Filtering: between two dif-
ferent grammatical categories of words,
that is functional and lexical ones, the
former is not taken into account es-
pecially because of its lack of intonative
autonomy. As a result, acoustic measure-
ments concern only lexical words, i.e
nouns, verbs, sentence adverbs like
"sans doute” (not modifying adverbs, for
example "beaucoup”) and postpositional
adjectives.

In agreement with Grosjean [6], we
believe that lexical words have an in-
dependent status on the prosodic level
because they bear most of the time high
tones in our data. However, in spite of
this refative autonomy, both words must
be joined and belong to the same con-
stituent.

2. Tone Labelling and Identification of
Pauses: after recording, the speech was
orthographically transcribed and divided
into words and syllables. The value of FO
on each syllable of lexical words is then
extracted manually.

Our two processes of tone labelling
and prosodic regrouping are dependent
on the 'relative height' notion which P.
Mertens |3] used as well. In the same
way, each tone label attributed to a syl-
lable relies on the melodic interval with
the height of the preceding syllable. As a
result, each syllable is a potential point of
reference for the syllable to its right, and
for that reason we obtain only local infor-
mations (for instance, a syllable labelled
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L. can be higher than H farther in the
same paragraph).

We proceed therefore from left to
right: a Ppy| point is labelled 'L’ (Low)
when it is lower than the P, point;
otherwise, it is labelled '"H' (High).

As for the determination of the initial
tone height of each paragraph (noted Pi
before identification), we proceed in the
opposite direction.

On the other hand, we distinguish two
different pauses: (1) silent pauses (silence
and respiration) which seem to have a
closing function (Pc), (2) non-silent
pauses (glottal stop, buccal noises, vocal
lengthening and typical French "euh”)
which are likely on the contrary to open a
constituent (Po). We suppose that non-
silent pauses have a cognitive function of
lexical access or of lexical emphasis,
except for false starts. As a result, pauses
at the beginning of a paragraph are not
taken into consideration. When several
pauses follows one another, only the first
one is kept. Furthermore, we need to
extract the durations relative to such
labels.

3. Delimitation of the Paragraph: we
can determine the right hand boundary of
the paragraph (noted L-) when the three
conditions below are satisfied:

a. If Ly <P
b. If Ly is followed by a long (> 50 ms)
and a silent pause (Pc category).

c. Andif Ly<Lpyt
Then Ly =L~

Let us add that we have noticed, at
least in our data, that the declination line
and the length of the paragraph coincide,
which explains condition a.. As forc., it
corresponds to the typical resetting at the
beginning of a new utterance obscrved by
many linguists.

4. Determination of the Prosodic
Structure: in order to segment a para-
graph into ICs, the notion of relative
height is applied between labelled high
tones. Some neighbouring units ending
with H can thus be grouped. Therefore
we can say that there is a conjunctive
relationship between two units when the
high tone of the first is lower than that of
the second. On the contrary, when the
high tone of the first unit is higher, there
is a disjunction, in which case the highest
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tone is relabelled FH (Final Height) and
corresponds to the right hand boundary
of an IC (noted #). The highest FH is
noted FH+. We formalize this process as
follows:

If Hn > Hn+1

Then H,=FH

§. Grouping Function of Pauses: we
have noticed that pauses can take over
from melody by linking two ICs. We
distinguish two kinds of pausal strategies
assuring this cohesion: (1) the two ICs
are separated by a Po, or (2) the second
IC is between two pauses, i.e. Pc or Po
In all these cases, the intermediate bound-
ary is demoted and relabelled H+ (Cf.
Figure 2). Ex. GMS223: "un bouquet de
fleurs2!6 # Po rouges2!! # avec les tiges
vertes!93 # Pe" (FO in Hz).

Above all, this kind of cohesion
seems very common inside nominal
groups (whether its function is rather
local is questionable) and allows morpho-
syntactic rules to be dismissed such as: a
noun cannot be separated from its post-
positional adjective or complement.

In case of strong disjunction between a
noun and its postpostional adjective, for
instance the insertion of other words, the
cohesion between them is restored using
linking by both intonation and pauses. In
this way, cues can be added to assure a
strenghthened cohesive function.

Ex. GMS29: "y'a une petite lampe!86 en
revanche Po en bas Po rose25% Pc¢",
GMS221: "il a un petit noeud papil-
lon!38 Po a droite!45 Po oranged44 et
Pc".

2.2b Pauses

Besides this latter partial use, pauses
also form a structured system with minor
and major contituents (Cf. Figure 1). The
first stage of its formation concerns mi-
nor PCs all closed by a Pc. In other
words, we proceed from left to right and
note the boundary of a minor PC each
time we encounter a Pc. If a2 Po is found,
then we close the minor PC immediately
after the nominal group which it contains.
Next, we obtain major PCs by companng
the Pc duration: thus, if Pcl < Pc2 then
PC1 is included in PC2; otherwise, PC2
is included in PCI1.
' As for the relationship between cues,
in our data, we noticed some cases of
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complementary distribution between FH
and pauses; for example, in BPS225 we
can observe that, independently of lexical
and syntactic considerations quite similar
here, two strategies are used by the same
speaker to articulate his utterance: the first
relies on pauses and the second on FH.
In this case, as in our previous stage of
grouping motivated by Po, we can note
that pauses have a continuative function.

Ex. BPS225: "Sur le dessin!™ de
gauche 3 Pe la table! basse; sy Pe en
bas 3 droite;ys Pe est blanche2¢? FH+
sur le dessins7 de droite290 la table;7
basse!95 en bas;ig a droite!?9 est bleue
L-".

Eors sur le dessin de gauche

le tableau qui est

! suspendu | @ .
E

en haut a gauche on voit une

' avec une
longue robe marron | [ Pc 614m

Figure I. Organization of PCs.

However, FH and pausal effects can
also be combined to mark a boundary
more obviously: for instance, the major
boundary in GMS21 is marked twice
(FH+ and Pc). We already exploited in
our rules the cohesive effect of this par-
ticular boundary on the preceding ICs,
and saw that it could also restore a syn-
tactic linking between two separated
words .

2.2¢ Enunciative Interpretation of
Prosodic Markers

According to enunciative criteria, the
goal of this last part is to decide on 2
weight of previously determined bound-
aries. The paragraph, divided into blocks
with indetermined statuses of utterance,
frame, and rheme, is {imited by Pi and L-
at its edges. From an enunciative point of
view, it is characterized by its thematic
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—» . — N
Alors sur le dessin de gauche Pole tableau qui est Po suspendu Pc en haut a gauche
148

145 163 143 157 140 136 154 145 229
( Hi L o) ( L uy L LH L n) A
[ He+ FH |
3 4 2
on voit une Po jeune femme avecune Po longue robe marron Pe
138 143 163 136 381
L H H L H)
I TYEo)
alors qu'a droite on voit Po un Poune jeune femme aussi sans doute
163 143 133 136 167138 211,
( L L L HHL H)
[ Fi ) # 2
mais avec un Po un haut blanc et un pantalon lgc orange i’c
154 195 127138 151 133114
( L H) ( HH) (L L)
{ FH 1 #3( H+ L- 1 #

Figure 2. Application of the segmentation to GMS21.

unity due to the attention of the speaker
drawn on a same object in pictures. The
paragraph also contains at least two utter-
ances, the major frame to the left and its
rheme. These two words in turn are sep-
arated in the same way; in other words,
utterance is recursive.

More precisely, we proceed as fol-
lows: (1) the blocks ending with FH+
and L- are considered, (2) starting from
these final labels and from right to left,
we divide the block into two parts at the
highest point, i.e. frame and rheme, 3)
the same operation is repeated up to H
inside new blocks, (4) after this retro-
active analysis, we attribute hierarchical
values to the boundaries (1 to the stron-
gest boundary) that correspond to the
gf;gree of inclusion of blocks (Cf. Figure
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3 CONCLUSION

Our findings, that we have recovered
from several speakers, have helped to
highlight the importance of the relation-
ship between pauses and melody and to
confirm that it deserves to be studied in
order to improve the discursive segmen-
tation of utterances Now, we need to give
an equal weight to pauses and melody by
comparing their structures more precise-

ly. Furthermore, we have to perceptually
validate the relevance of our boundaries
and extend our study to spontaneous
speech in different situations. As for the
processing of functional words, there still
exists an obstacle in this area. Further
studies need to be carried out in the future
in order to overcome the present problem
of automatic implementation of sponta-
neous speech .

REFERENCES

[ 1} Morel, M.-A. (dir.) (1995), Structu-
ration linguistique du dialogue oral, n° 1;
Langue orale et linguistique du discours.
n° S, Documents de travail du centre de
recherches sur le frangais contemporain.
2] Rialland, A., Vaissiére, J. (dir.)
(1994), "Prosodie du frangais", Rapport
d'activité de PU.R.A. 1027, pp. 16-22.
{31 Mertens, P. (1987), *L'intonation du
frangais. De la description linguistique a
la reconnaissance automatique”, Docto-
rale dissertatie:, Katholieke Universteit
Leuven.

|4] Rossi, M., Di Cristo A. et alii (1981).
Liintonation, de I'Acoustique & la Séman-
tique, Paris: Klincksieck.

15] Péan, V. (1992). "Conception de la
base de donnée ICY", Notes et docu-
ments LIMSI , n° 92-1: Orsay.

(6] Grosjean, F. & Monnin, P. (1993),
"L es structures de performance en fran-
cais: caractérisation et prédiction”, I'An-
née Psychologique, fasc. 1, pp. 9-30.



