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1 INTRODUCTION

There is a voice as one of the human most fundamental communication
means. Recently, it is put to practical use that a voice is used as the inter-
face with the human being and the computer. It can think that a smoother
communication is made if the transmission of not only the linguistic infor-
mation but also the paralanguage information, non-linguistic information
is done when a communication is taken with the computer by the voice.
It can think that emotional information is especially indispensable to the
synthesis sound like a human voice.

There is no study that a local part like an accent in the sentence was fully
analyzed. So, the aim of this study is to make clear the relations between
the spectific in speech and the emotional perception in the accent part. The
emotion of "anger” was divided into two in this study. The first emotion
is "Hot Anger” that fury is expressed. It is ”Cold Anger” that restrained
anger is expressed. These two emotional speech were compared toward the
emotional speech of ”Neutral”. A fundamental frequency, power, duration,
formant frequency, spectrum was handled, and it paid attention to the
change in the accent, and an analysis was done.
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2 ACCENT

An accent is important in high synthetic speech quality, and the fundamen-
tal frequency influences it in Japanese. Japanese accent have two level(high
level and low level). When an accent level changes from high level to low
level, high level accent mora is called an accent nucleus. Three kinds of
accent types are decided by the position of the accent nucleus. It adapted
it to all the sentences based on this accent type in this study.

3 EMOTIONAL SPEECH DATA

3.1 EMOTIONAL SPEECH DATA

A voice actor and a drama experienced person know that it is exactly aware
of the expression technique of the emotion by the voice in comparison with
the general person[1]. Therefore, the emotional voice data handled by this
study used the total 179 samples (9 patterns, 20 sentences) that it was
collected from the professional woman voice actor. As for the emotion of 9
patterns, one kind of "Neutral” and ”Joy” ”Sadness” ”Cold Anger” ”Hot
Anger” are two kinds respectively.

3.2 HEARING EXPERIMENT

The target of emotion was which exist in the listener by this study. There-
fore, a listening experiment was done to judge for voice datas whether to
be useful to analyze it in this research. It thought that it was sufficient for
the analysis which aimed at the extraction of the emotion information as
a result of the listening experiment.

4 ANALYSIS

It paid attention to the accent part in this study, and the analysis of the
amount of acoustic parameters was done. Then, STRAIGHT was adopted
as a model that the amount of acoustic parameters was extracted, changed
and composed|2].



4.1 FUNDAMENTAL FREQUENCY

The averages of the fundamental frequencies in the whole of the sentences
was analyzed. The fundamental frequencies of ”Cold Anger” were lower
than it of ”Neutral”, and the fundamental frequencies of ”Hot Anger” were
higher than it of ”Neutral”. When accent level rise and fall, the change
rates in phoneme and the change rates in time were analyzed. The change
rates of ”HotAnger” were bigger than it of ”Neutral”, and the change rates
of ”ColdAnger” were smaller than it of ”Neutral”.

4.2 POWER

Power change rates in phoneme and time were analyzed when the accent
level rise and fall. When an accent level rose, the power change rates of
”Cold Anger” were smaller than it of "Neutral”. When an accent level
rose, the power change rates of "Hot Anger” were much bigger than it of
”Neutral”. When accent level fall, the power change rates of ” Cold Anger”
and ”"Hot Anger” were bigger than it of ” Neutral”.

4.3 DURATION

The durations of the whole of the sentences, the accent parts, the vow-
els and consonants in accent parts, non-accent parts and the vowels and
consonants in non-accent parts were measured respectively. Then, dura-
tions of "Cold Anger” and ”"Hot Anger” toward durations of ” Neutral” were
analyzed.

The durations of ”Cold Anger” and ”"Hot Anger” were shorter than du-
rations of ”Neutral” in sentenses. The shortening rates of the accent parts
were bigger than the shortening rates of the non-accent parts. A differ-
ence weren’t shown in consonantal durations between each emotion. The
durations of ”Cold Anger” were much shorter than the durations of ”Hot
Anger” in the durations of the whole of sentenses, the accent parts, the
vowels of accents, the non-accent parts and the vowels of non-accents.



4.4 FORMANT FREQUENCY

The Formant frequencies were estimated from the prediction parameter by
the LPC. The analyses examined formant frequencies in high level mora
when an accent level rises from the low level to the high level. And, formant
tracking by LPC went by using SpeechTools[3].

A figurel showed the relations of the formant frequencies in ” Neutral”
and ”Cold Anger”. (A vertical axis and horizontal axis indicated formant
frequency [kHz] of ”Neutral” and ”Cold Anger” with the common log-
arithm respectively.) The figure shows the tendency that generally the
formant frequencies of ”Cold Anger” were lower than the formant frequen-
cies of "Neutral”. The difference in F1 of ”Cold Anger” and ”Neutral” is
big. As the order of formant rose, the differences in formant frequencies of
”Neutral” and ”Cold Anger” became small, and the differences was hardly
seen with F4.
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Figure 1: relations of between the formant frequency in ”Neutral” and ”Cold Anger”

In the same way, a figure2 showed the relations of the formant frequencies
in "Neutral” and "Hot Anger” . The figure showed the tendency that
generally the formant frequencies of "Hot Anger” were higher than the
formant frequencies of ”"Neutral”. It was shown by the figure2 that the



differences in frequencies of ”Neutral” and ”"Hot Anger” were the biggest
in F1. As order of formant was raised, the differences in formant frequencies
of ”Neutral” and ”Hot Anger” became small, and the differences was hardly
seen with F4. Therefore, it pays attention to F10 F3 by this study. An
approximate expressions were led by the method of least square from the
analysis result. This approximate expressions were decided to be applied
in the case of the synthesis sound preparation.
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Figure 2: relations of between the formant frequency in ”Neutral” and "Hot Anger”

4.5 SPECTRAL

The power spectra of moras in the low accent level and the high accent
level were analyzed. Frequency axis was changed into ERB rate axis in
consideration of the frequency character of basilar menbrane of human
inner ear[4].

The band was divided into 5 ERB rate each, and the power was analyzed
about each band. The analysis result of the spectra in the accent low level
were shown in the tablel. (The inside of bracket were a difference in power
of ”Cold Anger” toward the power of ”Neutral” in the same band.) The
table showed that the form of the spectra in ”Neutral” were the same as it



of ”Cold Anger”. The powers of ”Hot Anger” were emphasized more than
the powers of "Neutral” in the band from 25 to 30 ERB rate.

Table 1: The analysis result of the spectrum in the accent low level[dB]

005 500 10 100 15 150 20 200 25 250 30 300 35
ERB rate | ERB rate | ERB rate | ERB rate | ERB rate | ERB rate | ERB rate
Neutral 13.6 25.4 20.1 10.3 2.8 0.1 -6.8
Cold 17.3 26.2 19.8 124 3.5 1.6 -8.6
Anger (+3.7) (+0.8) (-0.3) (+2.1) (+0.7) (+1.5) (-1.8)
Hot 1.7 15.1 16.1 11.6 2.7 4.2 -7.5
Anger (-11.9) (-10.3) (-4.0) (+1.3) (-0.1) (+4.1) (-0.7)

In the same way, the result of the spectra analysis in the accent high level
were shown in the table2. The table showed the emphasis of the power of
”Cold Anger” and "Hot Anger” in the band of from 25 to 30 ERB rate .

The rules to make synthesis sound of ”Cold Anger” and ”Hot Anger”
from ”Neutral” were led from the results of the spectra analyses in the
accent low level, high level.

Table 2: The analysis result of the spectrum in the accent low level[dB]

005 50 10 100 15 150 20 200 25 250 30 300 35
ERB rate | ERB rate | ERB rate | ERB rate | ERB rate | ERB rate | ERB rate
Neutral 9.5 22.8 19.9 11.5 4.7 -1.0 -6.6
Cold 14.2 24.7 19.2 12.4 7.6 2.2 -9.9
Anger (4+4.7) (+1.9) (-0.7) (4+0.9) (+2.9) (+3.2) (-3.3)
Hot -7.8 3.4 12.5 10.8 6.4 3.7 -6.8
Anger (-17.3) (-19.4) (-7.4) (-0.7) (+1.7) (4+4.7) (-0.2)

5 CONCLUSION

Remarkable characteristics were seen when an accent level rose about the

fundamental frequencie and the power.

6

The changes in durations were




seen in the accent parts more than the non-accent parts. The changes
in durations were seen with the vowels more than the consonants. The
remarkable differences of the frequencies between the emotions were seen
in F1. As orders of formant were raised, the differences in frequencies
between the emotions became small. The powers of ”Cold Anger”and
"Hot Anger” were emphasized in the band of from 25 to 30 ERB rate.

The rules that synthesis sounds of ”Cold Anger” ”Hot Anger” were made
from ”Neutral” were led from the analysis results. From now on, synthesis
sound will be made by using these rules, and it will be necessary to do a
listening experiment.
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