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1 Introduction

Not only linguistic information but also emotional information, which play important

rates in human communication, must handle to synthesize speech like a human listens to

easily.

F0, amplitude, and duration of utterance were discussed as physical parameters about

emotional information in speech, and researches on F0 contours and other values had

been done[1, 2]. However, as for speech synthesized by these researches, emotion can not

be expressed well. This is because synthetic speech disregarded emotional correlates and

physical correlates which originated in generative mechanism of speech.

This paper investigates relationship between physical values in speech and cognition

of emotion. Transformation rules of physical values for controling emotion are made using

the results combining physical correlates which originated the generative mechanism of

speech. Additionally in
uence of rule-based transfered speech on emotion perception is

investigated.

2 Analysis

2.1 Speech data

Speakers are two males and three females in the age of 20, and they are either actors,

going to a vocal school or going to actor training place. Such speakers were chosen because

are exactly aware of techniques to express emotional condition by speech compared with

general person.
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Linguistic information considerably in
uences on emotion. Fundamental frequency

(F0) is handled in this paper. Therefore, a sentence "いいじゃない" which composed of

vowels and some voiced consonants is used as speech data.

167 samples in total were collected. Recording was done in a soundproof room. The

uttered speech waves were recorded on DAT, outside the soundproof room at a sampling

rate of 48kHz. There were down sampled into 20kHz, and stored in Work Station(WS).

2.2 Experiment for emotion classi�ecation

The target of emotion is which exist in the listener by this reseach. Then, listening test

were done for emotion classi�cation.

Subjects were tried to judge emotion, neutral, joy, anger, sadness. Subjects are eleven

graduate school students and all have normality hearing. Subjects listened to stimuli by

headphone in the soundproof room. Speech data were stored inWS outside the soundproof

room, and it is shown corresponding to the listener's answer.

Since samples of high distinction rates
1
existed the result that it was suÆcient could

get it as a result of the listening experiment in each emotion.

2.3 Analysis Results

Physical values related to emotion were extracted by STRAIGHT analysis-synthesis system[3],

and di�erences between emotions classi�ed in section 2.2 are investigated.

The results show the same tendencies as the past research[1] of the analysis toward

the expression of each emotion. However, there was one di�erence from the past research

result, that duration of utterance for anger was longer than that of neutral.

3 Transformation rule of physical values for emo-

tional control

Transformation rule of physical values were constracted using analyzed results. Duration

of utterance on consonant portions is not stretched. So, stretch of the consonant part

isn't done by time axis change map which was made in the clue of spectra.

Furthermore, the physical correlation that it originates in the formation mechanism

of speech is integrated in rule of physical parameters' transformation by Lombard e�ect

is used.

3.1 Lombard e�ect

Speech wave is transformed as utterance style changes this is called as Lombard e�ect[4].

This e�ect is other physical parameters change speech becomes louder. Then, modeling of

1The rate of the listener who replied when the same emotion was expressed is decided to be called

distinction rate.
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Lombard e�ect is e�ective to control anger emotion whose power is larger than that neu-

tral. Rise in F0, shift of formant frequency, and increase of spectra in the high frequency

region are occured in Lombard e�ect.

Transformation rule of physical values transformation for emotional control with Lom-

bard e�ect are shown as follows.

joy： duration of utterance,long time average of duration of power and F0 are the same

as neutral.

increases the change rates of F0 in two times.

only the end of a word raises F0.

anger： duration of utterance is expanded in 1.2 times.(The stretch of the consonant part is

not done.)

increases the long time averages of F0 in 1.2 times.

increases the long time averages of power in 1.4 times.

increases the change rates of F0 in 1.4 times.

formant frequency is shifted.

in high frequency region one increased 5dB.

sadness： duration of utterance is expanded in 1.5 times.(There is no consonant part stretch.)

The long time averages of F0 are decreased to 0.9 times.

The long time averages of power are made to decrease to 0.8 times.

The change rates of F0 are decreased to 0.5 times.

4 Experiment

Listening experiments were done to con�rm whatever the synthesized speech which con-

trolled an emotion whether to contain an emotion.

A listening experiment was done by using speech stimuli of applying rule of physical

parameters' transformation the neutral speech of speech used for the analysis and making

it as close test. Listening experiments were done by using speech stimulus of applying

a rule it about "けっこうです", "そうですか" in ATR speech data base much in the

same way as open test. Experiment conditions are the same as the emotion classi�ed

experiment.

As results, it could get a high recognition rate in the close test in all the emotions.

Cognition rate was low in the open test.

However, many common clauses are found through the close test and the open test.

Change rate of F0 was strongly concerned in each emotion expression, and it was found

out specially that an important part as sadness.

Anger was fully expressed when duration of utterance was long. This is thought to

originate in the di�erence from cold anger with hot anger, not that physical parameters

of the duration of utterance is not important toward the emotion expression of anger.
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5 Conclusion

The in
uence which a change in physical parameters in speech gave to the emotion dis-

tinction was examined by this research. It almost agreed with the past research result as

that result.

Transformation rule of physical value for an emotional control was constructed using

the analyzed results with physical correlates. Rise in F0, shift of formant frequency, and

increase of spectra in the high were related to increase of power.

Emotion controlling a neutral speech by transformation rule of physical values, and

in
uence on emotion perception was examined. The change rate of F0 was strongly

concerned in each emotion expression, and it was found out specially that an important

part as for sadness. As for anger,it could get the improvement of the recognition rate

when physical parameters was made to relate by Lombard e�ect.
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