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Fig.2 Proposed rule-based emotional-speech synthesis system.
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Table 1 Summary of the prosodic features of various emotions (speakers: announcers).
Emotion| Gender emporal Fundamental frequency Intensity
structure
Meai Magnitude | Magnitude | Maximum 2 —
of phrase | of accent |fundamental
speech speech
e command | command | frequency S
An Aa F, Omax
Increase
(anger) :
Anger | Male . Reduction
Reduction Increase Increase Increase
(fury)
Female | Increase | Increase
Joy Male |Reduction No
Increase Increase Increase
Female | Increase | tendency
Sadness | Male Increase
Reduction No g No tendency -
Female tendency | tendency Reduction

Table 2 Summary of the prosodic features of various emotions (speakers: radio actors/actresses).

Emotion| Gender empozal Fundamental frequency Intensity
structure
Mean Magnitude | Magnitude | Maximum Maximum
of phrase | ofaccent |fundamenta
speech speech
rate command | command |l frequency ower
Ap Aa F Omax =
Anger | Male . Increase
Reduction Increase Increase | (Increase)
Female No tendency
Joy Male ) )
Reduction | Reduction | Increase Increase (Increase)
Female
Sadness | Male . . No
Reduction | Reduction No tendency| (Increase)
Female tendency
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Fig. 4 Prosody- and spectral-tilt-conversion rules as functions of the degree of emotion.
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Fig. 5 Examples of synthetic speech waveforms (upper) and their F;y contours (lower). Word: “Iyayo” meaning “No ” ;

voice: female; emotion: “neutral ” , “hot anger ” , and “cold sadness ~ ; degree: 5 (middle) and 9 (strongest)
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EX I ER

Development of an Emotional Speech Synthesis System
— As an FElement of Technology for kansei-Based BMI —

Shoichi Takeda®, Yoshiki Kabuta?, Masashi Hatoko?, Makiko Tsuru®, Ryosuke Tuchi?,
Hideo Nakagawa®, Shogo Kiryu®, Masashi Nishida” and Seiichi Yamamoto”

“Speech” is becoming more and more important in communication between a human and a robot, and, moreover,
speech is also a carrier of the speaker’s emotion. Speech communication with emotions is therefore indispensable to
develope more human-friendly applications. To achieve such an emotion-based speech communication system, we set
the goal of our study to establish a kansei-based brain-machine interface (BMI) using speech, through which the brain
information on emotions controls devices, robots, etc. Here, we consider “emotion” as one form of “kansei” or affect. As
an element of such a BMI, this paper proposes a rule-based Japanese speech synthesis system that is capable of expressing
variable degrees of emotions based on prosody as well as voice-quality conversion. Among voice-quality features, we find
that a spectral feature called “the spectral tilt” that expresses the degree of empasis of the higher-frequency band depends
on the type and degree of emotion. From our previous analyses, we found that the spectral-tilt quantities increased as the
degrees of “anger ” , “joy ", and “crying-type (hot) sadness ” increased. On the other hand, the spectral-tilt quantities
were found to decrease as the degree of “dispirited-and-whispering-type (cold) sadness ” increased. We formulate a
transfer function that converts spectral-tilt quantities of “neutral” speech to those of emotional speech in various degrees,
and introduce this spectral-tilt conversion rule into our speech-synthesis system. The prosody-conversion rules are also
determined based on our previous findings. Informal listening to “hot anger” and “cold sadness” synthetic-speech samples
converted by the proposed method gives us impressions of those similar to natural emotional speech and the differences

depending on the degrees of emotions are recognizable.

Key words : BMI, speech synthesis, emotional expression, degree of emotion, voice quality.
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