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1. Introduction

For the study of the speech production process it is highly important to
observe articulatory movements during speech. Most of the studies on
articulatory behavior have been done by using x-ray techniques. Obvious
disadvantages of x-ray observations are the exposure of the subject to
harmful radiation and the time needed to extract data to obtain displays of
motion in time. A computer-controlled x-ray technique has been developed
to provide time-motion signals on articulators (Kiritani, Itoh and Fujimura,
1975). However, its use still must be under the constraints that the dose be
minimized, and any scheme without the use of x-rays is useful both indepen-
dently and as a supplement to an x-ray method.

This paper introduces a new optical recording system for speech research

(Sonoda and Wanishi, 1982) and presents some early data on lip and jaw
movements as examples.

2. Measuring Principle

The recording system consists of an optoelectric position-sensitive device
(PSD) and light-emitting diodes (LEDs).The PSD provides two electrical
analog outputs, specifying the individual X and Y positions of input light
spots from LEDs, which are attached to several selected points of articula-
tors. The system provides simultaneous recordings of the upper lip, lower lip,
and jaw movements, continuously and in real time, with a high accuracy and
a very fast response.

The PSD, developed and manufactured by Hamamatsu Corp. of Japan,is
composed of a planar-type PN silicon photodiode with very uniform resistive
layers formed on both the top and bottom surfaces as shown in Fig. 1. Pairs
of electrodes (X,-X, and Y,-Y,) are provided on each surface of the Pand N
layers‘, to sense X-and Y-axis signals, respectively. When a light spot froman
LED is focused via a lens system on the active surface of the PSD, the phot©
current, which is proportional to the light intensity, is induced in the deple-
tion layer at PN junction. This current is separated into two groups of output
current, which flow through P and N layers to and from the opposité
electrodes on the X and Y axis in the ﬁgure..Each of these currentsis divided

i 379
Sonoda: Optical Recording of Lip and Jaw Movement

Electrode
(Yy)
p Electrode
Electrode l // eix )
(Xy) 72T 2
/
/
p-layer Y Denletion

layer

N-laver—y oz sz 72 Z 2

Electrode(Y,)

Fig. 1. Schematic construction of the PSD.
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3. Data Collection
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Fig. 2. Block diagram of the arithmetic positional detector unit of the
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Fig. 3. Typical arrangement of LEDs used to observe articulatory movements.

ot?servation gfjaw movements, two LEDs (J; and J,) were fixed on the rigid
wire protrudlpg from an artificial teethridge fixed at the canines. The move-
ments of the jaw, the edge of the lower incisor J, were determined by these
movements. The reference LED, REF, was used for monitoring the head
displacement during experiments.

Elg. 4 shows an e'xplanatory diagram for calculating the coordinates of the
pO{nts J and C which correspond to the edge of the lower incisor and the
point ofth.e head of condyle, respectively. On these points hidden from view,
the following calculations are made at each sample interval:

Jaw : J(XO,YO)
I+, 1
Xo =Xy +(X; -X,) T Yo =YY, - Yy)
1 1

Condyle : C(X3 Y3) 1

17h

1
X3 =X2 + "l_ [(Xl -XZ)IO + (Yl - Y2)14]
1

1
Y3=Y, +I [(Vy =Y 1y + (X, -X,) 1], where =1, +1,+,

The parameters of I; and 1, were obtained from the x-

individual subjects. ray cephalograms for

_ In order to minimize gross movements during the experiments, the sub-
Ject’s head was fastened onto the headholder. However, small dis l;cements
f’f the head Wefe observed and therefore subjects were i,nstructedr;o take the
jaw-closed position (rest position) keeping the lips relaxed after every tenth

U
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Fig. 4. Explanatory diagram for calculating the coordinates of the points J and C.

utterance of the test words. The data obtained under this condition were used
for correction in terms of the translational and rotational perturbation in the
head position during the course of an experiment. After the correction of the
point REF to the origin, variations of the upper lip (UL) and jaw (J) were
estimated. Standard deviation of the three subjects were very small; the
individual values were 0.14, 0.52 and 0.43 (mm) at the point of upper lip, and
0.24, 0.44 and 0.41 (mm) at the jaw, correspondingly. These results show that
the relative geometric relations among these points remained almost unchan-
ged regardless of the small movements of the head. The lower lip is biome-
chanically linked with the jaw, the observed movement of the point LL is the
sum of the individual lip and jaw components. The net movement of the
lower lip was obtained by subtracting the movement of the point J from that
of LL.

4. Experiments

All data were recorded once on an analog tape recorder and then stored in
the computer at a frame rate of 200 Hz. Fig.5 shows typical time patterns (a)
and two-dimensional trajectories (b) during an utterance of /epepe/ spoken
by one subject. The curves in the figure are alternatively horizontal (H) and
vertical (V) displacements of each point on the articulators. The curves
denoted as L-J and CNDYL are the movement patterns of the lower lip itself
and the head of the condyle respectively. The lowering of the upper lip for
/p/ occurred synchronously with the closing (raising) of the lower lip.
During the closure intervals for /p/, these were clipped and sustained
movements on their position were observed in the figure. The jaw, however,
gradually moved upward (closing) from the first vowel /e/ through the
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Fig. 5. Time patterns (a) and two-dimensional trajectories (b) of the articulatory movements 1n
the utterance of /epepe/.

consonant /p/ and downward (opening) to the next /e/. During the first
phase of jaw opening for /e/ from the closed (rest) position, the head of t‘he
condyle glided forward and somewhat downward. Since the const.:cut'lVe
movements of this point are very small compared with the correspondingjaw
movements, the rotational movement of the mandible will apparently occur
around the area on the head of the condyle.

The recording system presented in this paper may prove to be one of the
most useful measuring techniques for the study of articulatory movements.
By using this system, we are now conducting experiments to study the
articulatory dynamics for several subjects.
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