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ABSTRACT
Voice is the most used communication media. For this reason,
the voice is the natural media in the human-computer
interaction and it is more used nowadays.  A person does not
need specialized training to use a computer when using voice as
media.  It is of general interest the study of the speech and even
for trying to construct machines or systems to produce speech
automatically.

This work shows the results of the conducted measures to
obtain duration models that can get up in a Spanish synthesis
system like Festival [1]. In addition, The characteristics of a
corpora used in the experimentation are described too. This
work shows the results obtained by experimenting with isolated
phonemes, as well as phonemes with left context, right context
and both. Finally, there is a discussion on the results that
illustrate the improvements obtained in the synthesis system
using the new models of duration and some other works to
future also set out.

1. Introduction
A text to speech system can be defined (TTS) as a system that
transforms introduced text (by some operator or captured by
another system like OCR, Optical Code Recognizer) into
sounds that we can recognize as voice. An obvious application
of these systems is the automatic text reading for blind persons.
Blind persons can use the synthesis system to access the
computer. With some experience in a system of audio response,
the blinds are able to write and to maintain big programs using a
voice interface [2].

One of the techniques of speech syntheses more commonly used
in the TTS systems is the concatenative synthesis [1]. This
technique concatenates small portions of voice previously
recorded in a database.  The assembly of these portions
(granularity) can be of words, syllables or diphonemes.

The Research to improve the naturalness of the resulting voice
in this type of synthesis has focused in improves the models that
alter or predict the prosodic properties of the synthetic speech.
Such properties must be adapted to each language to represent
the prosodic particularities of the same one. The definition of a
new prediction of duration model is very important because if
the duration of each phoneme pronounced by the synthesis
system is close to the natural duration, it makes appreciably
more natural the synthetic voice. The previous duration models
in the Festival TTS in Spanish, supposes that the length of each
syllable is approximately similar to another one, and thus, the
duration of each segment or element of the syllable is extended
or shortened according to the amount of elements in the syllable.

If a syllable has several elements, maximum six in the case of
phonemes, each element of the syllable is shortened according
to a pre-established factor.  But if a syllable has few elements,
the duration of each segment or element is extended.

The resulting voice in previous works with the voice synthesis
system, Festival, for the Mexican Spanish is highly
understandable and it has been used normally in the Tlatoa
group for development of voice applications. Nevertheless, as
much as the module of durations allocation as the intonation
module, have been defined using heuristics, inspired by the
knowledge of the spoken Spanish and the common sense [3].  In
this work, the main objective is to propose duration models
derived from the analysis of a corpus made by Mexican
speakers to allow produce a more representative voice model of
Mexican Spanish.

2. Corpora Description
In order to begin the experimentation carrying out
measurements that allow propose statistical models of duration
of phonemes, it is necessary have a labeled corpus, putting
special attention in the borders of the phonemes to obtain a
better accuracy in the measurement of the durations to classify
[4]. The labels indicate the beginning and aim of the phonemes
in the time.  In order to label the corpora, an extension of the
Worldbet alphabet was used. This extension is used in the
Tlatoa group and CSLU according with conventions for
Mexican Spanish [5]. Using the automatically placed [6] and
manually verified labels, the durations on an initial corpus
where developed and compared with the resulting data of
another corpus. Of this second corpus the duration models were
extracted to apply in Festival using concatenation from a base
of diphonemes [1].

The recording of first corpus was made in the Tlatoa laboratory
from the video "Mexico en la Obra de Octavio Paz ", " Sor
Juana Inés de la Cruz y las trampas de la Fe".  This corpus was
named Juana Corpus. The Corpus Juana comes from a
professional speaker and consists of fifty-eight phrases that in
average count on twenty-five words each one.

For research intentions in duration was not necessary a high
quality corpus nor the signal of a laryngographer either because
the voice of the speaker will not be used for the synthesis in
itself. We only analyzed the duration of the phrases pronounced
by the speaker. The quality of corpus was of 16000 samples per
second (16 kHz, 16-bit mono). By each phrase a text file was
created in which the pronounced phrase is written.

The development of a duration model implies to use other data
to verify that the model also works in them.  For this reason a
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new corpus was recorded and was denominated Fraga. The
main objective of this high quality corpus is to use the voice of
a Mexican professional narrator for later, make a new voice in
Mexican Spanish using the technique "Unit Selection" [7]. For
such intention, we selected a large group of text phrases
previously compiled of journalistic notes and books in Internet.
The group of phrases used was balanced, this means that the
selected phrases contain representative units of the language,
that enrich the corpus.

Because the voice recorded will be used to develop a new voice
(in other works), the recording was made of professional way in
a sound cabin of the Universidad de las Américas, Puebla. Eight
hundred phrases with a quality of 48000 samples per second
were recorded (48 kHz) 16-bit stereo. The voice was recorded
in the left channel and the signal of a laryngographer in the right.
This is a very high quality corpus because was recorded without
external noise and the speaker spoke of natural way its phrases.
For the intention of this research, 102 phrases were used solely.

In order to be able to make comparisons between models of
duration, it is necessary to divide corpus in three parts
denominated: training (train), development (dev), and test (test).
This distribution means that from the totality of phrases, 60% of
corpus were chosen to train a model (to calculate average
durations for example). This 60% can be used to make a
comparison with the durations of the phonemes of the phrases
of the development group (dev) that was another 20% of the all
phrases. Adjustments to the model can here be done now, so
that when comparing with the last group of test data (test, final
20%), it is possible to be sure that the proposed model is
sufficiently valuable or util. For the Fraga Corpus were only
used two groups, one with 80% of the phrases and other with
20%, because the main experiments were made with the Juana
Corpus.  The partition of data in the Fraga Corpus is simply for
verification of the results.

3.  Experiment development
Different experiments were made carrying out measures on
corpus described in the previous section (Juana and Fraga). The
experiments calculate the resulting error when comparing the
obtained average durations from the group of training (train) in
comparison with the durations calculated on the natural voice
corpus of training (train), as well as on the data of test part of
corpus (test). This way, we can observe the difference between
the average duration of all the phonemes with respect to a
specific phoneme. This comparison was made using the same
data set (train) from as the average was calculated, as well as
with new data (test).  This comparison was made to observe
what as much turns aside the average durations derived from the
group of training in comparison with the durations of the natural
voice.

The measurement of the error that was calculated in the
experiments allows indicate if the model of durations obtained
produces artificial voice nearer the natural voice. In order to
calculate the measurement that allows select the model that
produces better results, is used the average duration of each
sample and it is compared with real durations calculating the
difference between both. If the real duration compared with the
averages is the same, the result of the difference is zero. When
doing this type of subtractions, negative numbers can take place.
This problem is solved elevating the result of the subtraction to
the square. To elevate to the square the result of the subtraction
also magnifies the difference between the real durations and the
model, doing more significant the final result of the verification
of the error. For all the phonemes the same procedure is done,

accumulating the result of the subtractions. Later the number of
phonemes divides the accumulated value of the differences. In
order to reduce the number, square root is applied.  Next is the
formula in mathematical terms.

Figure 1: Error measure formula

The error formula allows compare different models. The result
of the error formula is not a percentage, is a measurement that
reflects the difference between the digital signal produced by
the synthesis system compared with natural voice.

The experiments were divided in three groups.  Each group
represents a form of analysis of the signal: isolating the
phoneme or considering the possible contexts, left, right or both.

The first group of experiments allows produce a model that uses
the average durations of the phonemes of corpus without
context, that is to say, the isolated phoneme.  In this part of the
experimentation it was investigated if when using a model in
which the context is not included in where finds the phoneme, it
is incurred an error different or bigger than the resultant of
considering the influence of the surrounding phonemes on a
specific phoneme. It can happen that from two experiments the
difference between errors is very small. In such case it is
necessary to choose the simplest implement model, because it
would not affect too much the quality of the resulting voice
synthesis. It means that if the experiments demonstrate that two
models of duration are similar with regard to error, the duration
model that we have to choose is the model that consumes a
smaller use of machine when executing itself within a TTS
system. It is important that the model of duration implemented
in a TTS system, as Festival does not occupy long time of
process because the voice synthesis is a real time application. In
the works of [3] experiments were developed in which the
durations of the pauses between words nor between phrases
were not taken into account. This is because of analysis
proposed by previous works with Festival. Those durations
were determined satisfactorily since these durations were
derived from the rules of the Spanish as mention previously [8].

The second group of experiments derives from the
consideration of each phoneme and its left context.  With this
group of experiments it is tried to verify if the phonemes that
surround to a specific phoneme, have a significant impact on the
duration of the same one.  By this reason, experiments were
made in which is observed the behavior of the duration in each
phoneme depending on the phoneme that it has previously.

The third group is the group of experiments that analyzes the
duration of the phonemes simultaneously considering the left
context and the right. These experiments of comparison of
phonemes taking into account both sides from the same one, is
to observe if the error diminishes when considering the
influence of the neighboring phonemes and not only a isolated
phoneme. The comparison of each phoneme was done
considering its two contexts, against the averages derived from
the same group of training.



Considering the large number of combinations that a phoneme
can have when it is within their context, problems were detected
to be able to calculate the measurement of the error between the
phoneme in their context of the group of training data, and the
phoneme in the same context, that sometimes was not found in
the data of the test group.  This problem takes place by the size
of corpus selected as test, as well as by its phonetic content.

In order to solve the absence of examples of phonemes in its
context that could be comparable, it was decided to look for the
phoneme, but considering solely its right context.  In case of not
finding it, the average duration from the phoneme without
context was taken.

4. Comparative results between models
and corpus

In this section the results of the previously described
experiments appear.  The proposed models for each group of
experiments were selected from the data groups as training and
test from corpus denominated Juana and Fraga (see section 2).

Three tables appear that represent the results.  Each table shows
the error measure of duration obtained when comparing average
durations of the phonemes without context, the average duration
with the left context, the right and both contexts, which
demonstrates the influence of the surrounding phonemes on a
certain phoneme.

Table 1 presents the different comparisons from measures of
error conducted on the Corpus Juana.  It was observed that the
measures of error obtained when taking into account both
contexts, or the right context, is better than when considering
the average durations without context or with the left context.

This was established when doing the experiment using the
group of data of training and the group of test data. The results
that Table 1 shows, could suppose that the use of the right
context is better than the use of both contexts.  Nevertheless,
when increasing the data of training to increase the examples of
each phoneme in their context, the error increases instead of
diminishing. Several possible explanations exist. An
explanation is that the Juana Corpus is not rich in contexts and
the phrases were chosen randomly. It can happen that when
increasing the amount of examples using the development
group, those phrases were not representative, doing that the
duration of the averages derived from both groups
(development and training), are not representative either.

In order to obtain an explanation based on the statistical
analysis, experiments were made in which the data set used for
the training was increased, taking them from the development
group which was available, but it had not been used in the
experiments yet.  This way, it was tried to have more examples
of phonemes, tying to include a greater number of contexts.

Avg. Duration
without context

Avg. Duration
left context

Train Group 23.6221 19.9672

Completing
with Avg.
Duration

Test group
24.6498 24.3220

Avg. Duration, right
context

Avg. Duration
both context

Train Group 17.8721 11.0431

Completing with
Avg. Duration

Completing
with right

context and
Avg.

Test Group
21.6594 21.7381

Table 1. Comparison table of groups from Juana
Corpus

Table 2 illustrates that in spite of have more data, it have not
more phonemes in the different contexts, but have only more
phonemes of the same type.

Avg. Train +
Dev without

context

Avg. Train+
dev  Right

context

Avg.
Train+dev

Both
context

Train Group
+ Dev. 24.3558 19.1816 12.3859

Completing
with Avg.
Duration

Completing
with right

context
and Avg.

Test Group
24.5309 22.1192 22.6151

Table 2.  Comparison table of Train + Dev from Juana
Corpus

In order to have examples of phonemes in all contexts, it was
decided to work on the Fraga Corpus.  Table 3 shows the results
of the experiments conduced on the Fraga Corpus, whose
content phonetically balanced units and for that reason it
allowed to obtain better results than obtained with the Juana
Corpus. The results of the experiments of Table 3 indicate that
is better to use the data of the Fraga Corpus to develop duration
models, since the obtained measures of error are minors than
any experiment carried out on the Juana Corpus.

Avg. Duration
Without context

Avg. Duration Left
context

Train Group 19.0650 17.0153

Completing with
Avg. Duration

Test Group
19.3719 18.1004



Avg. Duration
right context

Avg. Duration
Both Context

Train Group 15.1222 11.5731

Completing with
Avg. Duration

Right Context and
Avg. Duration

Test Group
16.2918 15.3983

Table 3.  Comparison Table of data groups derived of
Fraga Corpus

On the Fraga Corpus, experiments were conducted of isolated
phonemes as well as phonemes depending on context.  The
results of the experiments show that is better to use a model in
which both contexts are included. In case of not finding a
representative example, it is recommended to look for the
phoneme with its right context. Finally, if not found yet, it is
necessary to use the average durations of the isolated phonemes,
that is to say, without context.

The obtained results using the Fraga Corpus are explained by
the fact of that the phrases were selected for the recording by
their phonetic balanced content. It is to say that the corpus
phrases are in average, regular length, which makes sufficiently
representative to be used in a model of duration prediction by a
TTS system, like Festival.

5.  Conclusion
In order to develop a new Spanish model of duration that could
be used in a TTS system like Festival, it was necessary to
investigate the general characteristics of the speech and the
prosodic properties of duration of the phonemes. In agreement
with the experiments, it was observed that any phoneme is
influenced by the phonemes that surround it [8]. A phoneme can
affect the duration of the phoneme that follows him due to
articulatory  aspects. When is necessary to pronounce a group of
phonemes in which the place of articulation of the first
phoneme is different from the following one, require fractions
of second to place the vocal devices in the correct position to
produce a new one, still without finishing producing the
previous one. This shows the influence of the right context in
the pronunciation of a certain phoneme.

The experiments confirm that to predict the duration of the
phonemes in a TTS system, is advisable to use in first term, a
model of triphonemes.

If the phoneme and its context could not be found, it is
recommended to use diphonemes and finally, to use the
phoneme durations without context. Figure 2 shows the
different stages of experimentation in this document:  from the
creation of corpus used, to the incorporation of duration
prediction model of the phonemes in the TTS Festival.

In order to continue improving the prosodic quality of the TTS
systems, it is necessary to incorporate the model of duration
obtained, but to apply it on a Base of Diphonemes pronounced
by the same speaker who produced the Fraga Corpus. By this
way, there will be total consistency between the pronounced
phrases and the way in which the speaker pronounced, from as
the synthetic voice takes place.

Fig. 2. Research process

References
[1] Black A.. The Festival Text to Speech System, system
documentation. Reporte Técnico HCRC/TR-83, Human
Communication Research Centre, University of Edimburgh, UK,
enero, 1997.

[2] Borges A.. Tutorial sobre el Procesado de Voz. Universidad
Federal de Río de Janeiro, Universidad de las Américas-Puebla,
México 1999.

[3] Barbosa A.. Desarrollo de una nueva voz en Español de
México para el Sistema de Texto a Voz Festival. Tesis de
Maestría, Universidad de las Américas-Puebla, México Otoño
1997.

[4] Meza Escalona H.. Modelos Estadísticos de Duraciones de
los Fonemas en el Español Mexicano. Tesis de Licenciatura,
Ingeniería en Sistemas Computacionales, Grupo Tlatoa ICT,
CENTIA. Universidad de las Américas, Puebla.  Mayo 1999.

[5] Serridge B.. ASCII Phonetic Symbols for Mexican Spanish.
Grupo Tlatoa ICT, CENTIA. Universidad de las Américas,
Puebla,
http://webserver.pue.udlap.mx/~sistemas/tlatoa/documentation/

[6] Olivier Merino A.. Evaluación de Métodos de
Determinación Automática de una Transcripción Fonética.
Tesis de Licenciatura, Ingeniería en Sistemas Computacionales,
Grupo Tlatoa, ICT CENTIA. Universidad de las Américas,
Puebla.  Mayo 1999.

 [7] Cronk A., Macon M. Optimized Criteria for Tree-Based
Unit Selection. CSLU, OGI, 1998.

[8] R Barrutia. Fonética y fonología españolas. Ed. John Wiley
& Sons, Inc., 1982.

 [9] K.F. Lee. Context- dependent phonetic hidden Markov
models for speaker-independent continuous speech recognition.
IEEE Transactions on Acustics, Speech, and Signal Processing,
April 1990.


