BASTEESE 275 98 (1971)

BABHEHET7 Y FOERFRBNS v EZDERBEOETIL

R SECRY -G S
(R 3 K% T2

(BFI46 46 A5 0 2m)

A Model for the Generation of Fundamental Frequency Contours
of Japanese Word Accent

Hiroya Funsaki and Hiroshi Supo
(Faculty of Engineering, University of Tokyo)
(Received June 5, 1971)

Prosodic features in speech can be interpreted as responses of the underlying mecha-
nisms to a set of linguistic commands. This paper presents a quantitative model for the
mechanisms of generating fundamental frequency contours of word accent of standard
Japanese.

All the types of word accent of standard Japanese are characterized by the existence
of a transition in the subjective pitch, either upward or downward, at the end of the
initial mora, and by the fact that no more than one downward transition is allowed
within a word. Table 1 lists the patterns of subjective pitch of all the possible accent
types of words that consist of up to 5 morae.

These binary patterns, however, never manifest as such in the fundamental frequency
contours. Analysis of utterances of a number of speakers (Fig. 1) indicates that the
logarithmic fundamental frequency contours of the same word accent, when normalized
both in time and in frequency, are essentially similar (Fig. 2 and Fig. 3). These observa-
tions lead to the model of Fig. 4 based on the following assumptions :

(1) Each type of word accent can be characterized by a unique logarithmic contour.

(2) Commands for voicing and accent take the form of binary input to the system.

(3) Separate mechanisms exist for voicing and accent, which can be approximated by
linear systems that convert the binary commands into the respective control signals

(Fig. 5).

(4) These control signals are combined and applied to the mechanism of glottal oscilla-
tion, whose fundamental frequency is an exponential function of the control signal.
(5) The glottal mechanism shows hysteresis specified by the onset and cessation of the

oscillation (Fig. 6).

In order to investigate the validity of the model, fundamental frequency contours of
various utterances of isolated words were extracted by a computer program (Fig. 7) and
were analyzed by the method of Analysis-by-Synthesis (Fig. 8). A few examples of the
comparison of the extracted fundamental frequency contour and its closest approximation

obtained by the A-b-S procedure are shown in Fig. 9.
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Table1 Patterns of subjective pitch of all the
types of word accent in standard Japanese
for words that contain up to five morae.
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Fig. 1 Measured fundamental frequency con-
tours of utterances of the sample word /a-
me-a-ra-re/ by six speakers.
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Fig. 2 Normalized logarithmic fundamental frequency
contours of utterances of the sample word /a-me-a-ra
-re/ by six speakers.
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Fig. 3 Average logarithmic fundamental frequency con-
tours for all the accent types of 5-mora words.
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Fig. 4 A model of control mechanisms of glottal frequency.
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Fig. 7 The fundamental frequency contour of
a word /a-ma-ga-e-ru/ obtained in every 16
msec by the pitch-extraction program (above),
and the corresponding narrow-band sound
spectrogram (below).
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Fig. 9 Examples of analysis-by-synthesis of word fundamental frequency contours.
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