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ABSTRACT

This paper reports on the study of the phonetic features of the
glottal explosive {?} of the Japanese Ryukyu dialect. First,
we analyzed wave forms of minimal pair words concerned
with the glottal explosive (/?/) and without (expressed by /'/).
It was found that the pitch and the power rosc in 10ms to
20ms at the beginning of the words with /?/ and 120ms to
130ms of the words with /’/. Next. we performed listening
tests using synthesized specch to cvaluate the perceptional
contribution of pitch, spectrum and power patterns to the
phonetic discrimination. It was [ound that the contribution
was greater in the order of pitch, spectrum and power. A
{urther listening test was performed, and it was found that the
discriminative threshold between the phonemes of the rising
pitch was about 50ms.

1. INTRODUCTION

Many people in the world may pronounce the glottal
explosive [?]. However, the glottal explosive is not a
phoneme in many other languages. Danish among the
European languages and thc Japanesc Ryukyu dialect are
languages which have the glottal explosive as a phoneme.

The glottal explosive of the Ryukyu dialect precedes the
vowels /ai,u,e,0f, semivowels /j,w/, and syllabic nasal /N/[1].
The meaning of a Ryukyu dialect word with the glottal
cxplosive is different [rom the word which only differs from
the former by the absence of the glottal explosive (expressed
hereon as /'/). This paper rcports the results of speech
analysis and comparison of /?/ and /’/ from the viewpoint of
the phonetic contrast between them.

We {irst analyzed wave forms of minimal pair words, which
only differed mutually in /?/ and /°/, and then estimated the
time-varying patterns of their power and pitch. Next, speech
sounds of the minimal pair werc analyzed into the time
patterns of pitch, power and spectrum, and by combining
these patterns, speech sounds were synthesized. Using the
synthesized words, listening tests were performed to evaluate
the amounts of perceptional contribution of these patterns to
the phoneme discrimination. A [urther listening test was
performed using synthesized speech, and we assessed the
relationship between the transition time of rising piich and
the phonetic featurc.
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2. ACOUSTIC CHARACTERISTIC OF THE
GLOTTAL EXPLOSIVE

In this section, we show the result of acoustic analysis of the
glottal explosive of Ryukyu dialect.

2.1 Speech Material

We extracted minimal pair words from a vocabulary of a
dictionary[1] of the Ryukyu dialect. Conditions for the
selection of the words were:

(1) /2/ or /’/ appears at the beginning of a word.

(2) minimal pair words with the same accent type.

The number of extracted minimal pairs was 16.

These words were uttered by a native male speaker of
Ryukyu dialect, who had lived for 54 years in Naha-city,
Okinawa, Japan. In order to obtain the original pronunciation
of Ryukyu dialect, we did not pronounce standard Japanese
words corresponding’to Ryukyu dialect words; we only gave
hints and obtained utterances of the words.

We were able to record 5 minimal pairs out of 16. The five
minimal pairs are shown in Fig.1. The reason why we were
unable to obtain some pairs was that one or both of the pair
words were not involved in the speaker’s vocabulary. The
speaker understood the difference of pronunciation among
the pair words.

2.2 Acoustic Analysis

The speech data were sampled at 10kHz and quantized into
12 bit. The fundamental frequency- (the pitch) and the log
power given by

N-1
P =10 logZ{xt[i]}z, N=256 o
i=0
/?ii/ 0 (stomach) [?wii/ 1 (top)
/*ii/ 0 (picture) / “wii/ 1 (handle)
/2iN/ 0 (dog) /?2jaal 1 (you)
/ 7iN/ 0 (relation) / "jaal 1 (eight)
/?00/ 0 (Oh(place})) 0: flat accent
!/ o0/ 0 (king) I: descending accent

Fig.1 Minimal pairs with/?/ and /" /.
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3. PERCEPTIONAL CONTRIBUTION OF PITCH TO
THE PHONEME

In this section, we discuss which factor among pitch,
spectrum and power contributes most to the phonetic feature
of glottal explosive. We use the term spectrum in this study to
mean the log power spectrum of speech because the
magpitude of sound is perceived in log scale. First, we
analyzed speech sounds of minimal pair words to estimate the
ime patterns of pitch, power and spectrum. Next, we
synthesized eight kinds of speech sounds by combining or
exchanging these three patterns. Then, using the synthesized
words, we performed listening tests to evaluate the amount of
perceptional contribution of these three patierns to the
phoneme discrimination.

3.1 Stimuli

The minimal pair words used in this cxperiment were /2ii/,
Fiif; 1twild, Pwiif; Rjaal, I'jaa/ uttered by a male Ryukyu
dialect speaker as described above.

The filter used lor synthesizing speech was the log magnitude
approximation filter (LMA filter)[3] in which the log power
spectrum is well approximated in terms of least square error.
For spectrum ecstimation, we used the improved cepstral
method[4] by which a real spectral envelope is obtained.
Speech sound was sampled at 10kHz and quantized into 12
i Pitch, power and spectrum were estimated at a frame
length of 25.6ms and a frame shift of 10ms. The pitch was
extracted by using the cepstrum method and corrected by
observing the pitch of the preceding and following frames.
Coeftficients of the LMA filter are directly given by the
cepstral coefficients which are the inverse Fourier transform
of a log-magnitude spectrum. The gain of the filter or the
power of synthesized specch is set by the 0-th order cepstral
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600 ims [} 100 200 300 400 500 Ims;

/"wii/ 1 (handle)

Fig.2 Examples of analysis for/ ?ii/,/ ii/;/?wiil) wiil.

coefficient, ¢[0]. However, because c[0] is not an exact
log-power, we calculated the log-power at each frame
directly from the wave form x[i] using the expression (2).
256
P=In(1/256 X 1x[i]17)"? @)
i=0
When we synthesized the power-exchanged speech, we
exchanged the time pattern of P.

The spectrum can be exchanged by exchanging the cepstral
coefficients because the log-magnitude spectrum is set by
the cepstral coefficients. In this experiment, we set the
order of the filter to be 30, and exchanged the cepstral
coefficients ¢’[0}], c[1], c[21, ..., c[30], where

c’[0] =¢[0] - P, 3)

¢’[0] is the O-th order cepstral coefficient with the
normalized power.

The number of synthesized speech words used for the
listening test was eight, among which two were made by
exchanging pitch patterns, two by exchanging power
patterns, two by exchanging pitch and power patterns, and
two were analysis-synthesis speech. All eight cases
employed every exchange. The original speech words were
added for the test to compare with them. Their exchange
conditions are shown as DATA(a) - DATAC()) at the bottom
of Fig.3. For example, in case of the minimal pair /*ji/,
where * indicates /?/ or /'/, DATA(f) shows the synthesized
speech in which the pitch of /?ii/ is exchanged, i.e., the
pitch of the original speech /’ii/ and the spectrum and
power of the original speech /2ii/ are used for the synthesis.
DATA(b) and DATA() are the analysis-synthesis speech.
DATA(a) and DATAC()) are original speech.

3.2 Procedure of the Listening Test

The listening tests were performed for each minimal pair of
/*iif, *jaa/ and /*wii/. Twenty words for each kind of
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POWER ? ? ' ’
Fig.3 Results of the listening test concerning the
contribution of pitch, power and spectrum.

speech were synthesized and randomly recorded on a cassette
tape. The recorded speech data were played back in a quiet
room and a headphone was used. Listeners were forced to
answer which word of the minimal pair the speech sounded
like. The listeners were a male and a female Ryukyu dialect
native speakers. The male was the man previously
introduced. The female had lived in Naha-city for 45 years,
and is an announcer of a radio programme conducted in the
Ryukyu dialect. Magnitude of the data was adjusted to be
easily listened to by the listeners.

3.3 Results and Discussion

Results of the listening lests are shown in Fig.3. The bar
graph shows the average of threc minimal pair words where
the number indicated at the shaded part is a percentage of
responses that the data sounded like the words with /?/ and
that of the white part is for the words with /*/. The line graph
shows the result for each minimal pair. From Fig.3, we can
sce the tendency that the more the data is to the left, the more
the sounds being perceived as words with /?/, and the more to
the right the data is, the morc sounds being perceived as
words with /°/. This tendency is understood tor each minimal
pair When we sce and check the factors (pitch, power and
spectrum) of the DATA at the bottom of Fig.3, we find that
the perceptional contribution to the phoneme /?/ or /'/
becomes larger in the order of pitch, spectrum, and power.

It was shown that pitch is the most important factor in
discriminating between phonemes /?/ and /'/. It may be
considered strange that pitch is important in determining a
phonetic featurc. However it is similar to the well-known
voiced-voiceless discrimination lor stop consonants, in
which voiced and voiceless stops arc mutually discriminated
using the difference of the voice-onset-time between stop
consonants[5]. In a glottal explosive, there is no clear burst
for determining the voice-onsct-time. Therefore, the
difference of the time patterns of pitch is thought to be used
to discriminate between /?/ and /°/. It is not perceived as the
difference of the pitch patterns but as that of the tumbres,
because the pitch pattern varies in a very short time of about
100ms.
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Fig 4 Pitch patterns of synthesized speech.

4. TRANSITION TIME OF PITCH AND PHONETIC
FEATURES

In this section, we discuss the relationship between the
transition time of rising pitch and the phonetic feature of the
glottal explosive. We performed listening tests using
synthesized speech sounds which only differed mutually in
transition time of rising pitch.

4.1 Stimuli

The minimal pair words used in this experiment were /?ii/,
Iiif; [?jaa/, I’jaal, uttered by the male Ryukyu dialect speaker
mentioned above.

The condition of speech analysis and the speech synthesis
method were the same as those of the previous section. The
synthesized speech sounds were as follows.

The pitch patterns are shown in Fig.4, in which the pitch is
rising linearly in log frequency scale. The pitch value at the
stationary part is set to 150Hz, and the initial value is set one
octave lower than that of the stationary part, ie., 75Hz.
Intervals of the transitional part of /*ii/ are 0, 10, 20, 30, 40,
60, 80, 100, 120, 160 [ms], and that of /*jaa/ are 0, 10, 20,
30, 40, 50, 60, 70, 80 [ms]. In order to make the synthesized
speech natural, the decreasing factor of 0.12 octave per mora
(syllable) is given to the pitch at the stationary part.

The time patterns of power were made by averaging the
powers of the minimal pair words at each frame. Thus the
contribution of the power was eliminated.

The spectrum parameter (the cepstral coefficients) of /*ii/
was made from the original speech by estimating it at 70ms
from the beginning and repeating this for interval of 500ms.
For the case of /*jaa/, we first determined a standard time
point by observing the log spectrum patterns of the minimal
pair words. The standard point was defined as a point near
the beginning of /j/ and one frame preceding from the point
in which the peak made by pitch and the first Formant were
clearly observed as two splitting peaks. That point was at
20ms from the beginning for /?jaa/ and at 80ms for /’jaa/.
Next, the standard point was adjusted to the beginning point
of the stationary part of the pitch. When the spectrum
parameter of /?jaa/ was used, the spectrum parameter
preceding one frame from the standard point was repeated
forward as many times as necessary. The interval of the
repeating part was set 80ms maximum to make it fit with the
/’jaa/ case. When the spectrum parameter of /’jaa/ was used,
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4.2 Procedure of the Listening Test

The Ilistening tests were performed for /*ii/ and /*jaa/
scparately, Twenty speech data for cach variety were prepared
and the data were randomly presented via a loud speaker to the
listeners at 3 second intervals in an informal soundproof room.
The listeners were forced to answer which word of the
minimal pair the speech sounded like. For /*ii/, the speech
recorded on a cassette tape was used. For /*jaa/, the speech
was presented by an automated system with a personal
computer. The listeners werc the two formerly mentioned
Ryukyu dialect speakers.

4.3 Results and Discussion

Results of the listening test are shown in Fig.5 and Fig.6. The
vertical axis of the figure shows the perceptional rate (%)
answered as the word with the glottal explosive. The solid line
shows the result where the spectrum parameter of the word
with the glottal explosive is used, and the broken line shows
that of the word with /’/.

The figures indicate a remarkable tendency that the shorter the
transition time of rising pitch, the higher the perceptual rate
being recognized as a word with /?/, and the longer the time,
the higher the rate as with /°/. The perceptional threshold for
discriminating these two phonemes is about 50ms. In Fig.5 and
Fig.6. the difference is small between the cases of using the
two spectra. Therefore, it is shown that the difference of
interval of the voiced part preceding the standard point or the
transition time of rising pitch is the most important factor in
discriminating the two phonemes.

5. SUMMARY

We reported the results of speech analysis and comparison of
/3 and /*/ from the viewpoint of the phonetic contrast between
them. First we analyzed wave forms of minimal pair words,
which only differed mutually in /7/ and /°/, and then estimated
the time-varying patterns of their power and pitch. As a result,
it was found that the pitch and the power rise at the beginning
of a word involving /°/ and reach their stationary values during
120 to 130ms, whereas they rise within 10 to 20ms in the case
of /2/. Next, speech sounds of the minimal pair were analyzed
Lo estimate the time patierns of pitch, power and spectrum, and
then speech sounds were synthesized by combining these time
patterns. Using the synthesized words, listening tests were
performed to evaluate the amounts of perceptional contribution
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of these three patterns to the phoneme discrimination. As a
result of the test, it was found that the perceptional
contribution to the phoneme becomes larger in the order of
pitch, spectrum and power. A further listening test was
performed using synthesized speech sounds which only
differed mutually in the transition time of rising pitch; and
then we assessed the relationship between the transition
time and the phonetic feature. As a result, it was found that
the shorter the transition time, the higher probability of the
synthesized speech sound being recognized as a phoneme
/2/, and the longer the ftransition time, the greater the
probability of its being recognized as /’/. Especially, the
pitch needs to rise within 50ms in order to be recognized as
a glottal explosive phoneme /%/. In conclusion, the pitch is
the most important factor in discriminating between
phonemes /?/ and /’/. We were also able to see that 50ms is
the threshold of the transition time.
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