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ABSTRACT

Prosodic modeling is very important for improved
naturalness in text to speech synthesis systems.
This paper describes an automatic data-driven
methodology for prosodic modeling that can be
incorporated into a text-to-speech system. This
methodology models both fundamental frequency and
suprasegmental duration from a monospeaker
recorded corpus. The proposed automatic
methodology has the advantage that can be adapted
to a specific corpus or a particular speaker. The
results of the automatic methodology are compared
with our previous manual methodology with the
same prosodic data. A greater variability in prosodic
contourns are obtained as the main result.

1. INTRODUCTION

Nowadays, text-to-speech systems play a key role in
man-machine communication devices. A key point
in that systems is the prosodic modeling that have a
crucial impact in their naturalness. This modeling is
difficult for several reasons:

- Diversity of linguistic theories for explaining the
prosody phenomena.

- Interaction between the two more important
suprasegmental parameters (fundamental frequency
and suprasegmental duration).

We proposed in [1] a methodology to model both
fundamental frequency and suprasegmental duration
in TTS converters for Spanish. It was based on
manually labeled data from a single speaker. The
prosodic generation was based on the computation
from the text of some independence coefficients
between words. This manual labeling of sounds and
prosodic boundaries is a subjective and tedious time-
consuming work. Other problems appear for
example to adapt the system to a new voice, where a
new prosody should be generated. Therefore, there is
a need for more automatic methodologies for
prosodic modeling.

For this reason, we propose an automatic data-driven
methodology to model both fundamental frequency
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and suprasegmental duration in TTS converters with
an application to Spanish language.

There has been two major lines previously proposed

in speech recognition that are combined in this

paper:
1) Work in [2,3] for automatic recognition of
prosodic boundaries.

2) Work in [4,5] for prosodic segmentation by pitch
pattern clustering.

These two lines are well adapted to our previous
methodology used in text-to-speech in [1]. In this
paper we extend them to automatic prosodic
modeling of one speaker for Text-to-Speech. It
should be noticed that, in general, the aim in speech
synthesis is to produce a prosodic model of one
speaker trying to capture all his characteristic
features, so no multispeaker corpora are needed.

The outline of the paper is as follows: First, the
methodology is presented in a general way taking
into account one prosodic structure for Spanish.
Secondly, we explain how we obtain an “alphabet”
of prosodic patterns by means of VQ of all sylabic
patterns in the database. Then the classification of
prosodic patterns is described as a consequence of a
semiautomatic classification of acoustical vectors
obtained form the automatic labeled corpus. The rest
of the paper focus on the prosodic generation part for
application to a text-to-speech system. The paper
ends with further work to be done and conclusions.

2. AUTOMATIC DATA-DRIVEN
METHODOLOGY.

For a number of years, the build-up and systematic
use of a prosodic database (see for example {8] for
French) have been recognized as the key to generate
more natural synthetic speech. The problem is how
to extract the prosodic knowledge from this database.

Our aim was to produce a prosodic model of one
speaker allowing its artificial generation. For this
task we have designed an automatic data-driven
methodology that is shown in Figure 1.
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Figure 1. Automatic methodology for prosodic modeling.

The input to the proposed methodology is a
monospeaker recorded prosodic corpus and its textual
representation. Following the automatic procedures
developed for Spanish (see [7,9]), we get from this
textual representation its phonetic transcription,
lexical stress marks and syllable, word and accent-
group division.

We have used the previously used in [1] prosodic
structure for Spanish because of the good results
obtained. This prosodic structure considers syllables
(group of sounds with only one vowel), accent-
groups (group of syllables with one lexical stress),
breath-groups (group of accent-groups between
pauses regardless of the duration of the pause) and
sentences. Each of this prosodic entities are
characterized by its position in the sentence. In the
next section, the methodology is described in detail.

3. AUTOMATIC COMPUTATION OF
PROSODIC FEATURE VECTORS.

We can divide the procedures in figure 1 in three
parts, one for obtaining the prosodic data, one for
obtaning some “stylizated” syllabic prosodic
contourns, and one for the linguistic-acoustical
feature vectors.

3.1. Automatic computation of prosodic
parameters.

From the phonetic transcription and word division,
we perform a preliminar antomatic segmentation in
sounds (including silence) of the prosodic corpus
following a similar procedure as the one described in
[10]. As this procedure is based in HMM, no good
precision of sound boundaries are obtained, so this
segmentation is refined while computing the
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fundamental frequency contour. So the two more
important suprasegmental features are obtained
aligned with the phonetic segmentation of the whole
prosodic corpus.

For this methodology we have used the same
designed corpus that we had already used in [1]. This
has allowed us to compare the results on automatic
versus manual methodology. This corpus was
recorded at CNET (France Telecom) from a selected
speaker. It has 144 sentences, 311 breath groups,
818 accent groups, 3500 vowels, 1700 consonants
(including semivowels) and 166 internal pauses.

3.2. Alphabet of syllabic prosodic patterns.

We focus in the prosodic vowel pattarn for building
the prosodic contourns in the utterance. In our
previous methodology, we used the “stylization”
method developed at IPO [11] for reducing variability
in prosodic contorurns. However, the perceptual
approach is subjective and tedious, so we tried to do
some “stylization” by means of VQ clustering.

In the automatic methodology, the syllabic prosodic
prototypes are automatically obtained by obtaning
64 centroids-LBG V.Q. of all syllabic prosodic
contours available in the prosodic database, and
taking as the prototipic pattern the nearest to each
resulting centroid. The syllabic prosodic contorurn is
obtained in the vowel of each syllable by means of 5
parameters -two normalized duration values and three
pitch values- as in {1].

It should be noticed that these patterns could be
different in fundamental frequency contour or
duration. Therefore, this model takes into account
the possible interaction between duration and pitch
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in prosody realization implicitly. With the
quantization of syllabic contorurns, the prosodic
contourn along an utterance is consequently seen as a

sequence of “alphabet” patterns.

3.3. Calculation of feature vectors.

The data obtained from the procedures above is
further processed to compute a 7-feature vector that it
is used to calculate an independence coefficient (to
measure the grade of "independence") between two
adjacent syllables. In our previous methodology this
coefficient was related to independence between
words, but we have generalizated them to syllables,
which are the minimal entity considered in the

prosodic structure.

This feature vector is formed by the duration of the
pause between the two syllables, the rhyme
lengthening and its difference to the syllable onset
lengthening (both calculated as in [2]), the
quantizated prosodic contours of the two syllable
vowels, the position of the first syllable in its
accent-group and its stressed/non-stressed character.
Then these vectors are classified in 10 levels of
independence coefficients as in [1] which codes as
well the position of the syllable in the prosodic
structure; in general, a pause marks the highest
coefficient, then the preboundary lengthening, then
the joint fO and duration contour and finally the

stress character.

4. GENERATION OF PROSODY FROM

TEXT.

In order to generate the prosody from text and
validate it, we have followed the scheme presented in

Figure 2.

‘We used the TD-PSOLA synthesizer built by CNET
with a phonetic database recorded from the same
speaker that had recorded the prosodic database. Two
points are new here: 1) the automatic inference of the
syllabic independence coefficients from text, and 2)
the selection procedure of prosodic patterns.

4.1. Computation of syllabic independence
coefficients from text.

The syllabic independence coefficient rules are
basically computed between syllables of two
contiguous words as a function of the grammatical
context of these two words. The computed
coefficients obtained in the previous step is produced
by rules that take into account at the beginning the
grammar categories of the two words. Then the
context of grammatical categories is expanded until
all coefficients are successfully calculated and no-
conflicting rules are inferred. For computation of
coefficients inside words, we only take into account
the stress position and length of accentual groups.

4.2. Linking the independence coefficients
with “alphabet” prosodic patterns.

For selection of patterns, first we opted for a simple
procedure that assigns a syllabic independence
coefficient to an obtained pattern according to the
probability distribution that a pattern is found with a
concrete independence coefficient. But this method
had some difficulties in pitch generation, because
restrictions in the sequence of patterns were not
properly modeled.
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Figure 2. Generation of prosody from text.
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We have finally implemented a more elaborated
method that can be seen as a pair-pattern grammar
that take into account restrictions in the sequence of
patterns. From the sequence of independence
coefficients we obtaine the sequence of patterns that
are realized two by two in the prosodic feature
vectors (remember that this vectors take into
consideration the relation between two consecutive
syllabic patterns). If this particular sequence of
patterns is not found we take the closest pattern that
achieve this condition. This method has probed to be
effective to give good variability and naturalness in
the synthetic prosody.

Finally the prosody calculation is realized by a look-
up in the synthesis prosodic database containing the
feature vectors resulting of this methodology. The
mean consonant and pause duration are further
postprocesed by the rhyme and onset lengthening,
and pause duration stored in the feature vectors.

5. CONCLUSIONS AND FURTHER
WORK

For evaluation of the calculated patterns we designed
a test corpus that was synthesized, using
HISPAVOC (CNET TTS in Spanish), with the new
results of this methodology. Preliminary results
show a very good prediction of the two prosodic
parameters that reminded the reference speaker, and a
greater variability was obtained than using the
previous methodology in [1].

It has been shown that a data based approach is more
flexible that a rule based system and that more
subtle relations than other rule systems can be
extracted. Moreover, this methodology has the
advantage that can be easily adapted to a specific
corpus or a particular speaker, so a good
approximation to natural prosody is expected. This
is remarkably good when personalizing a TTS
system.

In the future, we want to develop a better modeling
of the relationship between prosody and syntax. In
our system, the text is analyzed with a syntactic
parser of linear complexity in time based on a small
lexicon [6], and it has been shown that a good
prediction of prosodic boundaries can be obtained
from the calculated dependencies considering some
additional rhythmic constraints [7]. Using the
proposed automatic methodology over a larger
speech corpus, we expect to improve the location
and quantization of these prosodic boundaries.
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