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By using a newly developed high-speed digl-
tal image recording system, the rclationship

between vocal cord vibration and voice source
charateristics has been investigated. The system
employs clither a flberscope or a solid type
endoscope combined with an image sensor and a
digital iImage wemory. Video signals from the
image sensor are A/D converted and stored in the
image memory. Since the system does not have
any mechanical unit producing noise sounds,
simultancous recording of vocal cord vibration

and speech signal can.be performed casily.
Fiberscope system made it possible to
observe vocal cord vibration during running

speech. Specifically, pattern of wvocal cord
vibration at the relcasc of the consonants were
analyscd.

Solid endoscope  system has been usced for

ohserving sustained phonation of pathological
voice. It has brighter image than fiberscope
system and thus, has better resolution. Many
cases of rough voice show asymmctric and/or
asynchronous move- ments between the right and
left vocal cords, and between the anterior and
posterior to parts of the vocal cords. These
move- ments appear to be related the periodical
fluctutions in the vibratory pattern which
produce corrcsponding fluctuations In the specech
waveform.

Introduction

For the study of the voice source
characteristics, it is essential to record
the vocal cord vibration simultaneously
with the speech signal and to analyze the
relationship between the pattern of the
vocal cord vibration and the acoustic
characteristics of speech signal. Obser-
vation of the vocal cord vibration has
generally been performed by using a high-
speed motion picture: However, that
method requires special equipment and is
not suited for flexible data collection.
For the simultaneous recording of speech
signal, special considerations are neces-
sary on the acoustic shielding of the
mechanical noises from the high-~speed
camera.

In order to facllitate high-speed
recording of vocal cord vibration, a
special high-speed digital image recording
system was developed by the present au-
thors. The system is small and compact
and, thus, enables flexible data collec-
tion. Simultaneous recording of speech
and other physiological signals can be
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performed easily.
Solid endoscope system

Fig.l shows a block diagram of the
system. The system consists of an
oblique-angled solid endoscope, a camera
body contalining an 1mage sensor and an
image processor. The output video signal
from the image sensor 1s fed into the
image processor through a high-speed A/D
converter. Stored images are then dis-
played on a CRT monitor. It is possible
to display stored images as a slow motion
picture.

Table 1 summarizes basic characteris-

Light sources
Number of

When entire picture elements are scanned,

Fiberscope

Monitor

Camera
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CCD
Sensor
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Blockdiagram of the solid endo-

scope system.

Fig. 1

Table 1 Basic characteristics of the
endoscope system.

Light source 250W halogen lamp X 2
Image sensor MOS type
100x100 picture elements
Clock 10MHz
Image memory 768 byte

Scan elements | Frame/sec | Storage

100x37 2000 200
100x17 4000 450
(frames)
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the resulting frame rate is about 1000 per
second. In order to achieve a higher
frame rate, a special scan method was
devised in which only the selected scan
lines were sampled. When 37 scan lines
are sampled out of 100 scan lines, the
frame rate is 2000 per second. A higher
frame rate of 4000 frames per second is
achieved by sampling only 17 scan lines.
As far as the brightness of the image is
concerned, this frame rate appears to be
nearly the maximum that can be achieved
for the most subjects. In order to get a
brighter image, a new model of the solid
endoscope was constructed. The diameter
of the scope was larger than that of the
ordinary scope and contains two separate
bundles of light guide. The image memory
is 1MByte and can store the image data for
the period of about 200msecond.

Fiberscope system

A pilot system of high-speed image
recording using a fiberscope was also
developed to observe the vocal cord vibra-
tions during consonants in running speech.

Fig. 2 shows a block diagram of the
system. In this system, a video camera is
connected to the finder of a single-lens
reflex camera to monitor and record the
glottal view preceding and following the
short period of high speed imaging. The
image 1s sent to the image sensor for
high-speed image recording only when the
shutter of the camera is open.

In order to obtain a brighter image,
a new fiberscope was also constructed the
diameter of which was slightly larger than
that of the ordinary scope. At the same
time, a CCD type image sensor was employed
in this system, because the image by the
new fiberscope was still darker than that
by the solid endoscope. The sensitivity
of the CCD image sensor 1s generally
higher than that of the MOS type image
sensor which was used in the solid endo-
scope system.

Table 2 summarizes basic characteris-
tics of the system. The light source is a
300W xenon lamp. The sampling rate of the
picture elements 1s 10Mhz. For the pic-
ture elements of 200x34, the frame rate is
1000 per second. A frame rate of 2000 per

second can be achieved with the picture

elements of 200x14.

Vocal cord vibration in running speech

By using a fiberscope system, obser-
vation of vocal cord vibration during the
release of Iintervocallc consonants was
conducted.
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Fig. 2 Blockdiagram of the fiberscope
system.

Table 2 Basic characteristics of the
fiberscope system.

diameter 4.8mm
view angle 43
distance 7-70mm
500W xenon lamp
CCD type

Clock 10MHz

Fiberscope

Light source
Image source

Scan elements Frame/sec
200x34 1000
200x14 2000

Figure 3(a) shows vocal cord vibra-
tions durilng the release of word initial
/p/ in the utterance /i: pepe desu/. Up
to frame No.370, the glottis remains open
and there is no appreciable change in the
glottal opening. At about frame No.370,
narrowing of the glottis starts and the
vocal cords start to vibrate,. In the
first cycle of vibration, glottal closure
is incomplete. In the next cycle, closure
of the glottis is complete and in the
following vibratory cycles, duration of
the closed phase becomes longer. It is
noted that the start of the clear excita-
tion in the speech wave corresponds to the
appearance of the closed phase 1n vocal
cord vibration. The first vibration after
the silent period of /p/ does not have a
closed phase and does not generate appre-
ciable excitation of the speech wave.
Contrary to this, during the implosion of
consonant, the excltation pattern of the
speech wave decays even when vocal cord
vibrations with complete closure of the
glottis still continue. It appears that
the decay of the excitation pattern in
this period is due to the formation of the
closure in the vocal tract.

Figure 3(b) shows vocal cord vibra-
tions during the release of word initial
/s/ 1in the utterance /i: sese desu/. At
around frame No.380, vocal cords begln to
approximate and the first cycle of vocal
cord vibration starts. 1In this cycle, the
glottal closure is incomplete. As 1in the
case of the post-consonantal voicing for
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/p/, the second vibration shows complete
closure of the glottis which corresponds
to the strong excitation in the speech
wave.

It also can be seen in the figure

during the following two or three
cycles, the duration of the closed phase
becomes longer. It should be noted that,
due to this change in the duration of the
closed phase, the interval between succes-
sive closing points of vocal cord vibra-
tion is shorter during consonant release
than during the following vowel. This
phenomenon contributes, at least in part,
to the higher pitch frequency in the
post-consonantal period.

that,

Figure 3(c) shows vocal cord vibra-
tion for the production of /b/ (word
medial /b/ in /i: bebe desu/). Vocal cord
vibration during consonant closure and
during the preceding vowel are compared.
There 1s no appreciable difference in the
pattern of vocal cord vibration during
vowel /e/ and consonant /b/. In the
present images, it is difficult to find
any apparent indication that the glottal
constriction is looser for /b/ than for
the vowel. The closed phase 1s even
longer for /b/.

Vocal cord vibration in rough voices

The solid endoscope was applied to
the observation of pathological vocal cord
vibration in rough voices. Generally,
rough voices are said to have random fluc-
tuations in speech waveform. However,
most cases of rough voices observed here
show characteristic pattern of fluctua-
tions (l.e., not purely random). Fig.
4(a) shows a case of vocal fold cyst. The
speech wave shows alternation of the
period of strong excitation and the period
of weak, noisy excitation. Glottal images
in the figure reveal that there 1s a
timing difference between the movements of
the anterior and the posterior part of the
vocal cord. The pattern of this timing
difference varies from cycle to cycle. It
appears that, in the period of weak exci-
tation, anterior part of the glottis
starts to open as soon as the posterior
part gets closed. Thus in this period the
complete closed phase 1s very short or
absent. Fig. 4(b) shows a case of polyp.
The waveform shows the period of strong
excitation (large amplitude) at every to
the cycle. It can be seen in the figure
that, in this case also, there is a timing
difference between the anterior and the
posterior part of the vocal cord. Thus,
it may be suggested that in these patho-
logical cases, the difference in the
movement characteristics between the
anterior and the posterior past of the
vocal cord is related to the cyclic varia-
tions in the movement pattern of the
glottis.
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(a) Vocal cord cyst
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(b) Polyp
Fig.4 Vocal cord vibration in rough voices
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