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Abstract

This paper describes on synthesis units for text-to-
speech synthesis. Since in concatenative synthesis
spectral control is performed by concatenation of syn-
thesis units, a unit is very important problem. Our ba-
sic idea is introducing prosodic features into control of
spectral features in order to realize natural sounded
synthetic speech. In this paper, we report results of ba-
sic analytic experiments. Using classification methods
that is under conmsideration of prosodic feature, we
have carried out clustering of CV syllables that were
detected from sentence utterances. The results show
that there exists an obvious relation between prosodic
features and spectral features. We also reports quality
of synthesis speech which was evaluated by distortion
natural speech and CV syllable units obtained by pro-
posed clustering method. These results strongly sug-
gest that spectral control method considered not only
phonetic context but also prosodic feature is able to
improve quality of synthetic speech in text-to-speech
system.

1. INTRODUCTION

In a text-to-speech system based on concatenative syn-
thesis, spectral features are realized by concatenation
of synthesis units. Thus, it is very important to select a
kind of unit and to create units. In Japanese system,
VCV syllable, CVC syllable, demi-syllable, tri-phone,
quadri-phone are typical units [1]{2]. In general, the
quality of synthetic speech based on longer units is
better than synthesized speech from short units since
units have rich information about coarticulation. Re-
cently, a non-uniformed unit or context dependent unit
were proposed and good results were reported [3][4].
However in these methods, only realization of coar-
ticulation is focused in spectral control. In other
words, only phonetic context is considered as a factor
of spectral variation in natural speech. It is true that
phonetic context is most important factor, especially
from a point of view of realizing continuity of spectral
parameters. But, other factors, for examples, pitch fre-
quency, stress, speaking rate, speaking style should be
considered in order to improve quality of synthetic
speech. Our basic idea is introducing prosodic features
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into spectral control as a factor of spectral variation.
As spectral control method based on prosodic features,
two kinds of methods are considered. One is a method
based on phonetic models which generate or modify
spectral parameters with a prosodic parameters gener-
ated by rules in text-to-speech system. And another is
a method which provides a set of synthetic units in-
cludes units differ with pitch frequency, energy, or
speaking rate, and selects an optimal unit according to
generated prosodic parameters. As a first experimental
work, we have carried out analytic experiments in or-
der to consider a method base on synthetic units con-
sidering prosodic features.

2. CLUSTERING METHOD

For evaluation of the relation between prosodic pa-
rameters and spectra, clustering of CV syllables which
are detected from natural speech utterances has been
done.

At first, an initial codebook is generated by averaging
all syllables extracted from utterances for each CV syl-
lable. This codebook means the set of synthesis units
which have only one segment each CV syllable. The
average distance between a codeword and members of
a cluster is calculated, and a cluster with maximum
distortion is selected. Then classification of the cluster
is performed using following methods.

1) Preciding Phoneme

A cluster is divided into two clusters under constraint
of preciding phoneme. CV syllables with same
preciding phoneme will be members of one of the new
clusters. Two sets of preciding phoneme that give
minimum average distortion are determined

2) Subsequent Phoneme

A cluster is divided into two clusters under constraint
of subsequent phoneme.

3) Energy ( or Pitch Period )

A cluster is devided with a cepstral Oth coefficient (
c(0) ) in center of vowel segment. A c(0) means
energy of speech. The threshold which gives
minumum distortion is selected (Figure 1) .

Each classifications by these methods are performed
and classification that minimized distortion is selected,
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Figure.1 Classification with energy

then a codeword is replaced by new codewords. If we
use classification 1) and 2), a generated codebook will
be an optitimum synthesis units considered on
phonetic context, and if additionaly 3) is used, the
codebook will means synthesis units considered on
energy.

3. EXPERIMENTS

3.1. Experiments 1

We have already reported that there is an obvious
relation between spectral feature and a pitch energy
from clustering with and without energy based
classification [5],[6]. We have carried out experiments
in order to consider unit selection rules in synthesis
using 9,230 CV syllable segments from 400 sentence
data which were uttered by a male speaker. In this
experioments, we used a following clustering method:
Step 1) Clustering with energy is applyed on an initial
CV syllable codebook N times at maximum. ( N
equals zero means clustering with energy is not
performed ).

Table 1. Analysis condition

sampling frequency 10kHz

window 25.6ms Hamming

frame period 10ms

analysis method Improved Cepstral method

parameter Mel Cepstra ( 20 coeff.)

distance spectral dist. { 0.6 - 5.0 kHz)

distance between CV Syll. linear matching with constraint
of CV boundary

energy CV units
___——-9‘
set 1 7 N+t sets
. spectral
phoneme string parameters
————p| Concatenation &

Pt

Figure 2. Synthesis based on multiple units
with prosodic parameters
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Step 2) clustering with phonetic context are performed
on the codebook obtained by step 1.

The codebook which obtained by this clustering
method can be considered as synthetic units which will
be used in a synthetic method : a synthesis system
selects one unit from N context dependent CV units
with energy that is generated by prosodic rules (Figure
2).

The results that show relation between codebooksize
and clustering distortion for each N is shown in
Figure. 3. The differnce with N is not distinct.
However from another experiment in which distortion
in vowel segment is used as distortion between CV
syllables, it is obvious that clustering with energy
improves the distortion of vowels, and that only once
clustering with energy is sufficiently effective ( Figure
4).

The results show energy is important as a factor of
spectral variation. Since, spectra in vowel segments is
very important for realization of natural sounded
synthetic speech especially in Japanese text-to-speech
systems, the proposed method is effective in
improving quality of synthetic speech.
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Figure 3. Spectral distortion with a number of

codebook
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Figure 4. Spectral distortion of vowel segment
with a number of codebook
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Another experiments were carried out for evaluation
of synthetic speech quality using CV syllables units
that are generated by the experiment 1. The experi-
ments are open test. The distortion between open test
sentence speech and synthetic speech. Synthetic

speech is generated by replacing CV syllables spectra ' Trequency
with synthetic units according to phonetic context and Figure 7. Parameters for spectral outline
energy of original speech. In this experiments we used
50 sentence utterances which were uttered by a same (Hz)
A 2500
speaker as open data. Results are shown in Figure 5, 6. _
In the open test improvement by a proposed method is 2 2000
. . . . =2
obvious. Using a codebook which is generated by only g
context dependent clustering ( M = 0 ), distortion does 2 1500
not decrease with codebook size. It is considered that E
spectral variation with phonetic context highly de- 1000
pends on data, but that spectral variation with energy
is not affected considerably by other factors. 500
-10 -8 -6 -4 -2 0
O .
4. RELATION BETWEEN SPECTRA AND Figure 8. Peak frequencies of spectra with c(0) (/a/ )
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We analyzed peak frequencies, a first coefficient of =
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Figure 12. 3c()2 (i=2, 3, ..M) with c(0) (/a/ )
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Figure 13. Zc(i)2 (i=2, 3, ..M} with c(0) ( /e/)
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Figure 14. Spectra of vowel /a/ with same phonetic
context

fect of energy on spectrum. In figure 8 and 9, peak fre-
quencies in vowels /a/, /i/ are plotted with energy (
¢(0) ). In this experiment, since peak frequencies are
extracted automatically, peaks except formants are in-
cluded. A first coefficient of cepstra which shows a tilt
of spectrum is shown in figure 10 (/u/) and 11 (/o/).
Summation of squared cepstra with C(0) which shows
flatness of spectrum roughly is shown in figure 12 (/a/
yand 13 (/o/ ). A small value means that spectrum is
rather flat. Figure 14 shows two spectra of vowel /a/
with different ¢(0) values. From these results, 1) there
is weak correlation between c(0) and format frequen-
cies. 2) it is difficult to find a certain relation between
a tilt of spectra and c(0) 3) there exists an obvious
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quantitative relation between flatness and c(0) : spec-
tra is generally flattened in low energy part.

5. Summary

We proposed a concatenative speech synthesis method
using synthetic unit considering spectral variation with
prosodic feature. We have carried out the experiments
which evaluates quality of units, and we have analyzed
relation between spectral features and energy of
speech. There exists an obvious relation between spec-
tra and energy. From these results, it is strongly sug-
gested that proposed method that selects optimal unit
with generated energy will give good quality of syn-
thetic speech in a text-to-speech system.

Further studies need to be done in the future: to ana-
lyze detailed relation between spectra and prosodic
features including speaking rate or speaking style, and -
to do an auditory test for evaluation of synthesis sys-
tem.
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