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<ABSTARCT>

In this paper we have evaluated the synthetic speech quality by the proposed TD-PCULLI
speech synthesis method”. For the synthesis we have extracted parameters from the Korean
monosyllables through the analysis of speech waveforms in the time domain. We have
constructed the Korean data format dictionary for the synthesis-by-rule depending upon the
frequencies of the Korean pronunciation large vocabulary dictionary”, in which V type
syllables are 19, CV type's are 80, VC type’s are 30 and CVC type’s are 100. And using
them we have synthesized verious Korean monosyllables, words and sentences. We have
tested each 10 syllables selected according to the 4 Korean syllable types with the objective
MOS{Mean Opinion Score} evluation method”™® about the 4 items ie., intelligibility,
clearness, loudness, and naturality after selecting random group without the knowledge of
them. And also we have tested the possibility to modify a duration and F¢ into another
forms with changing a duration(i.e., 150msec, 300msec, 500msec, 700msec and lsec) and a
central fundamental frequency(ie., 80Hz, 118Hz, 140Hz, 170Hz, and 200Hz). As the results of
experiments the noises occurred in the course of synthesizing the spee‘ch by the rules are
removed to be a very clear level and we can find that the prosodic elements can be

controled as a good condition.

1. Introduction

The difficulties of the prosody control in the time domain are that if a random function is
weighted on the original speech or it is modified into another form the pseudo-periodic
characteristics are loat and synthetic speeches are distorted heavily. In general the synthetic
speech quality by the synthesis method®® in the frequency-domain such as LSP or
FORMANT synthesizer is inferior to the time-domain method. The reason is that in the
frequecy-domain methods due to the estimated source and the estimated vocal tract
functions it have been occured a estimation error to be deteriorated in the synthetic
speeches. To overcome the problema we had proposed a new speech synthesis methed
called a TD-PCULI™™, In this paper to test the validity of the TD-PCULI method we have
suggested the results which had been evaluated the synthetic speech quality with subjective
Mean Ogpinion Score(MOS) method'”'™. In the experimentation we have tested the Korean

monosyllables and multisyllabic words with the changing of the prosodic factors.
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Fig. 1 The block diagram of extracting the parameters for synthesis-by-rule

I. The Representation of Speech Signa?! in the TD-PCULI method®'™

If we have defined a random data point of mono-syllable speech data by x(n)} to extract
the parameters for the sythesis-by-rule from the speech waveforms a series of speech data

string wiil be defined by Z,.N-l x(n).ﬂere, the total number of speech data point is defined

by N. If the total numbers of 1 pitch period frame in a mono-syllble are defined by N, the

boundaries between the pitch frames are defined by P, P2, Pa, -, Puwg,, the numbers of

1 pitch frame in a mono-syllable are defined by Npu, New, Npe, - - \Newwp, and Nea, Nea,

Npea, - Npevg, are defined by 1-D array Npl ), 1-Dimensional N-point speech data string
N

n=l x(n) will be represented as the summation of N, small blocks which are consisted of

1 pitch frames. Then 1-Dimensional N-point speech data string Z{fﬂ x(n) will be as

follows.
N1 x(n) = DEIEP x(nln2)
If we have defined each maximum values in 1 pitch frames by Aai, A3, Am3, ~° ' and the

normalized speech data by xn(n), 2-Dimensional Array zﬁf-iﬂf(ll) x(nl,n2) will be as

follows.

AP SNEP x(nl,n2) o TNy DAY Am(nl)-xn(nln2) - (2
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Fig. 4 Example of synthesized woman speech “%/gat/” Fig. 5 Example of synthesized sentence "% 2o} gy~
{Ham, to bo used The Karean Regreseniation in Roman Charaders)

I, The Examplea of Apllication to the Korean Synthesis—by-Rule

A below part in fig. 2(a) is 2 waveform plot of short synthetic apeech "3 /gong/’ with a
0.146msec duration and a above part represents its spectrum plot. Fig 2(b) represents a long
synthetic speech "¥/gong/" with a 0.430msec duration. If we compare the spectrum and the
formants given in fig. 2(a) and fig. 2(b) we can find that both are nearly to be same and
there are not the noise componants to be deteriorated the guality due to the discontinuity in
connection parts. Fig. 3(a) represents the synthetic speech of double vowel "9 /yea/" to be
controled the duration and the stress and fig. 3(b) represents the spetrogram of fig. 3(a).
Fig. 4 represents an example of the possibility to the synthesis-by-rule of a woeman speech
which is difficult to extract the parameters for the prosody contro) in the time-domain. The
results of an experiment to another woman were almost the same to a man’s. An example
of sentence is given in fig. 5 which represents synthetic speech to be controled the prosody

elements such as duration, stress, intonation, energy level and pause.
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V. The Subjective MOS Evaluation of a Synthetic Speech Quality

In this section we have presented the results of the evaluated synthetic speech quality
Korean TTS(Text-to~ Speech) system. First, we have constructed 229 syllables data

in the

format

dictionary depending upon the frequencies of the Korean pronunciation large vocabulary

dictionary”, in which V type syllables are 19, CV type's are 80, VC type’s are 30 and CVC

type’s are 100. And we have

synthsized the Korean monosyllables with varying the

durations and the fundamental frequencies in order to test a limit of TD-PCULI method.

Then we also synthesized the Korean multisyllabic words in the same ways and measured

the MOS scores t¢ them.

1. The MOS Evaluation of Monosyllables with the change of the Durations and the Fo

Table 1 is to demonstrate the experimentation method presented in this paper. As shown in the table 1 we

have synthesized various Korean mono-syllables which are different a duration(i.e., 150msec,

300msec, S00msec, 700msec and lsec) and a central fundamental frequency(i.e., 80Hz, 118Hz,
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Table 3. The Results of MOS Evaluation with the Change of Fy
(Duration : 300msec)
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140Hz, 170Hz, and 200Hz) in & mono-syllable using the extracted parameters such as a
amplitude, a duration snd a pitch period in each mono-syllables through the analysis of
speech waveforms in the time domain. Table 2 is to demonstrate the Korean monosyllables
used for the expeirments. We had tested a MOS evluation to each 10 syllables selected
according to the 4 Korean syllable types about the 4 items i.e., intelligibility, clearness,
loudness, and naturality after selecting random group without the knowledge of the
synthetic speeches, Fig. 6 i3 the result of an experiment that according to the 4 Korean
syllable types given in table 2 we have synthesized monosyllables with a duration in
300msec and tested a MOS evaluation about 4 items. As shown in fig. 6 V-type and
CV-type are determined to be very good and VC-type and CVC-type are estimated to be
good. Fig. 7 is the result of the MOS evaluation to an experiment that we have synthesized
each syllables with 5 kinds of durations(i.e., 150msec, 300msec, 500msec, 700msec and lsec)
in order to test the limit of & duration in synthetic syllables. As shown in fig. 7 the results
are estimated above & good level. Table 3 is the results of a MOS test to the possibility to
modify a fundamental frequency Fo. And the results are also estimated to be above a good

level as in fig.8(a) and fig.B(b).
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Korean Words used in the Experiment
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2. The MOS Evaluation of Synthesized Multisyllabic Words with the Change of the Fo

Table 4 represents Korean words used in the MOS test to the dissyllabic and the

trisyllabic words. We have measured the score with the changing

of fundamental

frequencies as shown x-axis in fig. 9(a) and fig. 9(b). The result is given in table 5. In the

case of dissyllabic word the quality is estimated to be a good level but in trisyllabic words

it is estimated to be a not bad level. The reason why trisyllabic words are inferior to

dissyllabic words seems to be the inappropriate pitch patermn. To remove the phenomenum

we have been studing on making pitch patterns in Korean speech?,

982



¥ . Conclusion

TD-PCULI is a new method revised to develop the Korean TTS system. In this paper
we have tested each 10 syllables selected according to the 4 Korean syllable types with the
objective MOS(Mean Opinion Score) evluation method about the 4 items i.e., intelligibility,
clearness, loudness, and naturality after selecting random group without the knowledge of
them. As the results of that V-type and CV-~type are measured to be very good and
VC-type and CVC-type are estimated to be good. And we have the MOS evaluation to an
experiment that we have synthesized each syllables with 5 kinds of durations(i.e., 150msec,
300msec, 500msec, 700msec and lsec) in order to test the limit of a duration in synthetic
syllables. And also we have tested the possibility to modify Fo into another forms with
changing a central fundamental frequency(i.e., 80Hz, 118Hz, 140Hz, 170Hz, and 200Hz). As
the results of that the clearness is improved and aslo prosody can be controled to a level as

the synthesis methods in the frequency domain.
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