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ABSTRACT

A data-driven method based on a new paradigm is intro-
duced in this paper. We assume that cognitive represen-
tations of the discourse are prosodically encoded by
means of global multiparametric prototypes. The genera-
tion of adequate prosodic contours is then obtained by
retrieving and combining these elementary prototypic
contours accessed by linguistic or paralinguistic keys.
We examine here FO generation. Two procedures have
been applied: the first consists of a superposition model
via a structured lexicon, the second uses a recurrent neu-
ral network. Preliminary experiments shows that both
methods can lead to good quality FO contours.

1. INTRODUCTION

Two main approaches are currently used to describe in-
tonation:

» The classical method lies in building phonological rep-
resentations from phonetic constructs with a bottom-up
analysis. These phonetic constructs include both global
and local elements. Global elements consist of templates
such as declination lines [1] or tonal grids [2]. Local
elements code the melodic curve into a sequence of pitch
targets connected by transition functions. These phonetic
elements are then mapped onto diverse phonological
units such as accent, foot, prosodic phrase or intonation
phrase. In the original framework of prosodic phonol-
ogy, local elements delimit tonal segments which are
directly linked with vowels or syllables. However recent
phonological studies propose whether to link directly
these tonal segments to higher phonological units [3]
which are potentially organised into more complex
structures or even postulate that these segments cannot
be linked to any of these phonological units - see the
proposal of intonation domain made by Gussenhoven [4].
We believe that these problems arise from the simplistic
phonetic lecture of prosodic trajectories.

¢ The top-down method more recently introduced aims at
extracting from large corpora prosodic parameters which
have sufficient statistical significance for conveying
given contrastive - linguistic or paralinguistic - informa-
tion. More global models can thus emerge with this ap-
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proach: the FO curve depends globally and directly on
cognitive representations.

In this way, we are working on superposition models
where linguistic functions are directly associated with
their prosodic instanciations: for each linguistic level,
prototypic prosodic movements signal contrasts such as
modality of the utterance or strength of syntactic group-
ing between words within the utterance. Thus, the actual
melodic contour results from a superposition of proto-
types where low-level contours modulate the higher-level
ones.

2. THE SUPERPOSITION MODELS

This section presents two superposition models: a simple
additive model via a structured lexicon and a generation
model with non-linear dynamics using a recurrent neural
network.

2.1 The corpus

A corpus of 88 imperative utterances pronounced by one
male speaker at two speech rates (slow and normal) was
recorded.

For each sentence, the melodic curve was extracted and
then stylised with 3 values per vowel. In order to study
the relation between prosodic and linguistic structure,
this corpus was labelled with a simple hierarchical model
of prosodic marking [5]. Three phonological levels di-
rectly related to the linguistic structure are considered
here: (1) the sentence, (2) the syntagm, (3) the prosodic
group placing each content word together with its func-
tion words.

The contours associated with the first level convey the
modality of the sentence. The contours related to (2) and
(3) are supposed to mark the degree of cohesion of the
adjacent units.

2.2 A structured lexicon

Following the methodology introduced by Véronique
Aubergé in [6], we developed a simple structured lexicon
by processing iteratively this data corpus in a top-down
hierarchy:
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Figure 1. Comparison of original and synthetic contours obtained by the lexicon approach for the sentence: "Rappelez
Mr Dupont a son bureau Jeudi ! ". (a) the original curve, then successive superposition of (b) the sentence, (c) the syn-

tagm and (d) the prosodic group prototypes.

- For each phonological level, proscdic prototypes are
extracted by applying a fixed fourth degree polynomial
interpolation to classes of contours grouped according to
their modality for the sentence level, or their relational
marker for the lower levels. Each element of classes are
scaled linearly to fit prosodic boundaries. The figure 1.b
shows the prototype for the sentence level for the 88 im-
perative utterances.

- These prototypes are then subtracted from the current
melodic curves and resulting ones are further processed
for the next level.

The generation model consists of a simple addition
(Figure 1) of the stored prototypes accessed by the nature
of the associated linguistic unit - e.g. sentence modality,
type of syntagm ... - and by the way it is connected to the
following one. The resulting curve is given in 1.d.

Note that some prominences can be part of higher level
prototypes if they occur regularly at the same place re-
gardless of lower level structural variations.

This simple method leads to acceptable FO generation
confirmed by the perceptual experiments described be-
low. However, it must be improved in order to deal with
some important factors affecting prosodic realisations:

- Firstly, it does not take into account the syllabic size of
the cued linguistic unit.

- Secondly, production constraints such as speech rate
and stiffness of gestures can introduce undershoot that
modify the actual realisations of intended targets.

- Finally, the use of a fixed degree polynomial implies a
strong assumption concerning the global shape of each
melodic curves.

These restrictions could be solved by replacing fixed
prototypic realisations by equations of an underlying
multiparametric movement. The main difference is that
carrier and carried movements may interact with the en-
vironmental conditions and with each other in a more
non-linear way. These different remarks lead us to test a
different generation model using Sequential Neural Net-
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works (SNNs) which have the property of modelling
non-linear dynamics with less a-priori on the shape of
prototypic gestures.

2.3 A sequential neural network

In parallel with the structured lexicon, we performed
simulations with SNNs,

e Architecture:

Since we claim that melody is built from a superposition
of coupled global gestures, recurrent architecture is par-
ticularly appropriate [7]. However anticipatory behaviour
is generally obtained by a spatial metaphor with a large
focus window as used by Traber in [8]. Instead of a lin-
ear phonological representation of the sentence where
accentual positions are already given, our input consists
of three streams of two parameters, coding each linguis-
tic level (sentence, syntagm and prosodic group):

- Syllabic ramps give the " syllabic distance " from the
current event to the next juncture. It enables the network
to anticipate and thus to organize global contours within
phonotactic constraints.

- Prosodic markers indicate how subsequent units of the
same level are linked. This markers are coded according
to their strength. Linguistic function is thus restricted to
signal relations entertained by multi-layered linguistic
units.

The output consists of three normalized FO values per
vowel.

With this architecture, the SNN is expected to transform
simple linear movements - the ramps - into more com-
plex non-linear contours and for combining them in order
to mimic natural melodic curves.

o Training and predictions:

Our network was trained with half of the corpus. The
other utterances were kept for prediction ftests that
showed encouraging results despite the simplicity of our
input parameters.
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Figure 2. Structure of our SNN. Ramps signal the extent of associated units connected by limited sets of markers.

Experiments described below revealed the ability of the
SNN to capture prosodic regularities, such as the sys-
tematic - initial - emphatic stress used by our speaker for
this specific communication task. An additional input,
indicating words under emphasis, should however im-
prove the performance of this generation model.

2.4 evaluation

A preference test was designed to evaluate the perceptual
relevance of these two methods : 10 triplets of sentences
(giving 60 presented pairs) were generated using a high-
* quality TD-PSOLA analysis-resynthesis technique [9].
The A version is the natural utterance only degraded by
our FO description (3 points per vowel). The B and C
configurations are obtained by the structured lexicon and
the SNN respectively.

Seven subjects participated in this preference test. Dur-
ing the perception experiment, they were asked to choose
the most natural’ utterance from each presented pair.
Considering all subjects, results show:

- When the A version is presented against B or C, it is
identified only 70% of the time. This demonstrates that
the models have captured essential features of the origi-
nal prosodic contours.

- The C version is only occasionally preferred to B dem-
onstrating that the statistical distribution of linguistic
structures within the corpus is adequate: the iterative
analysis of the corpus produces similar results to the
global learning strategy offered by SNNs.

Listeners noted the lack of micromelody which could
easily be produced in the near future for both approaches
with an additional level.

3. TOWARDS AN UTTERANCE PROTOTYPE

The main purpose of our work is to show that prosodic
information is distributed and encoded into global con-
tours which could be directly extracted and compared
with a lexicon of prototypes. Following Fénagy [10], we
assume that "... our utterances are made up of large pre-

! An instruction such as « most adequate prosody » was not
retained because most of the prosodic organisation of the
stimuli was already adequate.
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stored pieces ..." that he calls clichés mélodiques. This
idea is also illustrated in educational books on spoken
French as in [11] where specific melodic contours are
proposed to learn expressive intonation.

This is why we developed a second corpus designed to
reveal the existence of global prosodic prototypes asso-
ciated with given communication needs at the sentence
level. This corpus contains a set of short utterances
(between 4 and 6 syllables) in order to minimize the
number of carried contours.

Explicit contexts were given to the speaker suggesting
the realization of several modalities such as assertion,
question, exclamation modulated by various affects
(incredulity, surprise, doubt ...). A perceptual test was
designed to evaluate the performance of our speaker to
actually convey these given speaking styles.

Figures 3, 4, 5 and 6 show the melodic superposition of
17 sentences pronounced as incredulous questions, full
questions, assertions and, finally, exclamations.

Note in figure 3, the accent on the penultimate syllable
embedded in a global contour resisting to large variations
of the syntactic and phonotactic substrate. Sub-unit or-
ganisation is also insignificant for full questions. Never-
theless, it appears stronger for assertions and distort
greatly melodic contours for exclamations, where three
main groups appear: the first maximum is located on the
first accentable syllable of the sentence.

4. CONCLUSION, PERSPECTIVES

Preliminary results show that our theoretical framework
is operative: generation models of intonation using
structured as well as dynamic lexicons are able to effi-
ciently capture global phonetic regularities.

Both approaches are necessary for studying the main
features of prosodic parameters. Prosodic prototypes
stored in a structured lexicon can be compared, and in-
termediate phonological representations can be assessed
by categorical perception: if prototypes are not suffi-
ciently contrastive and can be replaced by each other, the
a priori access keys are not pertinent .

The SNN method seems the most promising, since it
achieves a high quality of synthetic FO curves with fewer
assumptions on the shapes of elementary patterns.
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Moreover, this approach is a very versatile one: such a
strategy has been efficiently applied to rhythmic control
[12] and will enable coherent multi-parametric prosodic
generation. The next step will be the training of a new
sequential neural network with both rhythmic and me-
lodic information patterns.

The main challenge of our work is now to prove the exis-
tence of prosodic prototypes, which are the basic ele-
ments of a prosodic lexicon. Figure 3 is a good illustra-
tion of such prototypes and it would be interesting to
know how this specific global movement is compatible
with a model using tonal segments as the primary units of
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