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ABSTRACT

In this contribution, we present the recent improvements
of the spanish version of the MULTIVOX text-to-speech
system [1,2]. First the adaptation of the system to the
spanish version is considered in the framework of
MULTIVOX. Then a new fast linguistic module for
spanish is probed to improve the naturalness of the
synthetic speech. This result validates the methodology
for prosodic modelling and encourage us for future
improvements.

Keywords: Text-to-Speech Synthesis, Prosodic
Processing.

1. INTRODUCTION

MULTIVOX is a general purpose multi-lingual text-to-
speech (TTS) system, developed in Hungary. It converts
Hungarian, Finnish, German, Dutch, Italian, Esperanto,
French and Spanish text into speech with rhythm and
intonation. The system is structured in such a way that
makes possible the adaptation to a new language in three
months. In this paper we discuss the recent
improvements in the Spanish version of the
MULTIVOX multilingual TTS system [1].

1This work has been supported by Comunidad
Auténoma de Madrid by a concession of one month stay
in Budapest.
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The outline of the paper is as follows. In section 2, we
present the general structure of the MULTIVOX system.
In section 3, some comments about the system
adaptation to the Spanish language are given. In section
4 a new linguistic analysis of the input text is presented
for spanish to improve naturalness. In section 5, we
present some preliminary results of the adaptation of this
new linguistic analysis in the system. Finally some
concluding remarks are given,

2. GENERAL STRUCTURE

The MULTIVOX system’s structure turns around the
concept of Acoustic Building Unit (ABU). Each ABU
represents an acoustic event of the speech signal without
an explicit relation to a concrete sound or sound
combination. The whole acoustic structure of a language
is represented by a maximum of 255 of such units. These
units represent the speech signal in a formant synthesizer
format. The speech is finally produced by a formant
synthesizer interpolating the data between two ABUs.
The sequence of ABUs to concatenate to convert a text
to speech is produced by the action of three main
modules:

1) A grapheme to sound converter. This module is
based in some language dependent conversion rules in a
tabular format.

2) A sound to ABU converter. This procedure is
based in the ABU inventory and some concatenation
rules. The concatenation rules save the ABUs that should
be concatenated in order to produce a transition between
two sounds.
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3) A prosodic calculator to superimpose prosody
elements and intensity corrections.

This simple structure makes the system powerful in
terms of flexibility to multilingual adaptation.

3. SYSTEM ADAPTATION TO SPANISH

The adaptation of the MULTIVOX TTS system to
Spanish came from the Italian version. For the Spanish
version, we started with the 33 types of speech sounds of
the Italian version [2], and a small table of about 100
grapheme to sound conversion rules, considering the
main grapheme to phoneme rules and some function
words to be pronounced with the following word.

Some language dependent modules had to be changed
from the Italian version. For instance, the routine for
word stress was redesigned considering a few rules with
distinctions in Spanish vowels in three groups: vowels
with a stress mark, “strong” vowel and “weak™ vowel.
After this first step in the adaptation process, some
perceptual evaluations of the system were made over 20
small texts. This test revealed that there were some
deficiencies in both segmental and suprasegmental
levels,

For that reason, we started to redesign the ABUs
inventory and the concatenation rules with a
development system [3]. This system offers the
possibility of change interactively the acoustic data of
the ABUs and the concatenation rules by listening texts.
The main problems were in some consonant-consonant
transitions and in the liquid sounds that did not match the
spanish characteristic sound. Specially prepared texts
with almost all sound combinations were prepared for
correcting the sound inventory, the grapheme to sound
table and the concatenation rules. After three weeks, the
segmental quality and intellibility of the system was
greatly improved. The process changed about the 30% of
the ABUs, incremented the table in 100 items and
reduced the sound repertory to 28 sounds.

Informal listening tests revealed that was prosodic
realization the main deficiency of the system. For
solving this limitation a more sophisticated analysis
module was developed to improve the system
naturalness.

4. NEW LINGUISTIC ANALYSIS
MODULE.

The major goal in today s speech synthesis systems is to
generate highly intelligible and natural speech. The
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success in modelling prosody will influence directly the
naturalness of the synthetic speech [4]. For this purpose,
we study Spanish prosody by corpus modelling based in
a simplified prosodic structure of Spanish. The
methodology used in the prosodic modelling that we
used to model spanish prosody is described in detail
somewhere else [5].

A corpus to study Spanish prosody was designed for this
purpose. The analysis of the corpus was carried out in
three steps:

1) Data extraction (pitch contour aligned with the
location of the vowels).

2) Data reduction (stylization of the contours [6] to keep
only pitch movements that are perceived by a common
listener).

3) Data analysis (by means of a prosodic database).

This process was carried out with a frequency-based
synthesizer [7], a graphical tool developed for the
stylization of contours and a database manager program.

After the analysis, 81 patterns were extracted as prosodic
blocks to fill the prosodic structure. Then a new
linguistic module had to be elaborated for prosodic
realization according to the prosodic structure. From this
point, we focus on the routines for text analysis, prosodic
realization and interfacing with the MULTIVOX system.

The module of linguistic analysis is composed of two
major blocks:

1) Text analysis modules.
2) Prosody realization modules.

The module of text analysis transcribe phonetically the
input text (considering numbers) and tries to mark along
the phonetic transcription some prosodic boundaries. For
this purpose a fast, flexible and small program was
developed concatenating some procedures of pattern
matching between the data and rules in a dictionary
form. The general structure of this procedure is shown in
Figure 1.

A grammar categorizer and a phonetic transcriptor of
Spanish texts can be achieved with a proper
concatenation of this basic procedure. This results in an
easy, small and flexible algorithm. In adition to this, the
input text is further analyzed to mark some prosodic
boundaries. Two types of marks were defined for
Spanish, those marking "prosodic words" and those
marking major “propositions” (units of sense in large
sentences). We observed that in spoken Spanish the
prosodic units are found to be related to the syntactic
structure by a congruence model, the “prosodic word” is
usually composed by a content word (with a lexical
accent) which may be accompanied by some function
words (without a lexical accent) preceding it. The
proposition is composed by a sequence of prosodic
words delimitated by consecutive prosodic words that
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are “far” in a syntactic dependency tree. It usually
corresponds to an unit of sense in large sentences. We
are presently elaborating a more sophisticated module to

consider these dependencies.
input
data

data extraction

v

pattern-matching
rules — P ure

v

data insertion

v

Figure 1. General structure of the basic procedure for
text analysis.

Our prosodic marker considers both syntactical and
rhythmical constrains taking into account a code mark
that represents an independence coefficient between two
consecutive words and the number of syllables of each
prosodic unit.

The prosody realization is obtained by a look-up
procedure to three databases, one for vowels patterns,
one for consonants patterns and one for pauses duration.
The vowel and consonant pattern takes both duration and
fundamental frequency in a dependent way. This
procedure is driven by the information obtained from the
linguistic analysis. After this process, a postprocessing is
carried out to finally produce the final values of the
suprasegmental parameters (fundamental frequency and
duration).

5. ADAPTATION TO THE MULTIVOX
SYSTEM
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This module has probed to be useful with other
synthesizers [5,7], and we considered the extention to the
MULTIVOX system in order to improve its naturalness.
The first manual processing was very successful, so we
decided to put it into the system.

At the beginning, we considered two possibilities for
adapting the new linguistic module to the MULTIVOX
system. 1) To rewrite new intonation rules according to
our prosodic databases or 2) To adapt the output of our
linguistic module to the MULTIVOX system. We
decided to take this second option (Figure 2) because it
seemed faster to implement and consequently we could
hear the results in a short period of time.

For this first version we have only changed the durations
of vowels that is easier to implement in the MULTIVOX
system because of the clear identification of their steady-
state ABU frame. The duration is changed either by
modifying the duration of this frame or by adding more
frames of this same type if necessary. The pitch is
superimposed after the duration change by means of an
adaptation routine that calculates the pitch in the ABUs
format (a relative value normalized by its frame
duration) from the values we obtained from the database.

Preliminary listening tests confirm the increasing in
naturalness that was judged as producing “typical”
spanish intonation, even by foreigners speakers. This
encourage us to continue. We are currently working in
improvements in both suprasegmental and segmental
levels.

6. CONCLUDING REMARKS

In this paper, we have discussed the methodology we
have used in MULTIVOX adaptation and prosodic
modelling to improve intelligibility and naturalness in
the synthetic speech of the Spanish version of the
MULTIVOX TTS system. The good results obtained so
far encourage us in two directions. First to introduce
finer prosodic modifications for consonants and pauses;
and second to improve the segmental quality by
redesigning the ABU repertory from natural data. The
results of this adaptation will be presented at the
conference.
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Figure 2. Adaptation of the new text analysis module to the MULTIVOX structure.
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