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ABSTRACT

An ultrasonic method for monitoring tongue motion is
presented. Employing pulsed-echo and pulsed-transmission
techniques, this method can visualize lateral tongue shape
and monitor the position of a specific point on the tongue
surface. Measurement accuracy is investigated with respect
to the distance between the transducer and the receiver, and
with respect to the receiver’s tilt angle. The method is ap-
plied to measure tongue motions during continuous speech.

1 Introduction

Ultrasonic imaging techniques have been used for mon-
itoring articulatory movements of tongue [1, 2, 4, 5, 6, 7].
These techniques are capable of non-invasively visualizing lat-
eral or sectional tongue configuration.

However, it has been very difficult to identify the position
of specific points on the tongue surface in these ultrasonic
images. Watkin and Zagzebski applied an ultrasonic pulsed-
transmission technique to measure the displacement between
a receiver placed on the tongue and a transducer fixed to
the mandible [3]. It was impossible to identify the position
of the receiver because the direction of the receiver was not
monitored in their study.

In this paper, an ultrasonic method is proposed for moni-
toring the position of a receiver placed on the tongue surface
as well as the tongue shape [8]. A pulsed-transmission tech-
nique provides information on the direction of the receiver,
while the distance from the transducer is measured using the
ultrasonic tongue image taken by the pulsed-echo technique.
The relationship between the transducer and the hard palate
is monitored with an optical position sensing technique. Sev-
eral experiments are conducted to determine the accuracy
of measurement, and tongue movements during continuous
speech production are measured.
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2 Measurement method

In order to visualize shape along the tongue dorsum, the
transducer of the ultrasonic imaging system is positioned
against the tongue skin surface with aqua-gel. Ultrasonic
scanning is accomplished in the midsagittal plane by 2.5 MHz
ultrasonic pulses scanning a 90 degree sector with an angle
resolution of 1.6 degrees and a scanning rate of 60 frames/sec.
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Fig. 1  Schematic block diagram of the ultrasonic measure-
ment system.
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A tiny ultrasonic sensor is placed on the tongue surface
to receive the ultrasonic pulses emitted from the transducer.
The amplitude of the received signal depends on the direction
of the ultrasonic pulse. Therefore, if a pulse is directed at the
receiver, the amplitude of the output will be enlarged. The
direction of the receiver relative to the transducer is deter-
mined by finding the angle of the pulse at which amplitude
is maximum. The position of the receiver is then specified by
the pulse angle and the displacement from the transducer,
which is estimated from the tongue contour on the ultrasonic
image.

Figure 1 illustrates the measurement of receiver position.
The ultrasonic pulse train is transmitted continuously from
the lip side of the sector area. In the figure, single ultrasonic
pulseis represented as waveform (a). A discus type piezoelec-
tric sensor made of ceramic, 3 mm in diameter and 0.8 mm
in thickness, is used as the receiver. Its output (waveform (b)
in the figure) is connected to the ultrasonic receiver ampli-
fier, where it is amplified and rectified (waveform (c)). This
signal is processed by the ultrasonic peak detector, where
a gate is opened in synchronization with the pulse emission
and the gate width is adjusted to select the output wave-
form from the ultrasonic pulse. The gate height is held to
the maximum magnitude of the input signal within the gate
(solid line in (d)). Waveform (e) illustrates the output signal
from the detector for an entire frame. In this example, the
receiver is placed in the direction of the n’th pulse, at which
the magnitude of waveform (e) is maximum. Both the detec-
tor output and frame marker signals are fed into a computer,
where peak detection is performed to determine the receiver
direction; that is, the pulse angle.

Ultrasonic images are recorded by VTR during the ex-
periments and are stored on the computer disk. The tongue
contour is obtained by an automatic contour tracing proce-
dure followed by manual correction of the tracing error [7].
The receiver position is specified by the pulse angle and the
distance of the tongue contour from the transducer at that
angle.

Transducer position is registered using an optical sensing
device (PSD). Two LEDs are attached to upper incisors and
the ultrasonic transducer, and their positions are monitored
by PSD during the ultrasonic measurement. The shape of
palate and the position of two LEDs attached to the upper
incisors are obtained from an X-ray taken before the experi-
ments. By mapping the LED positions during the PSD mea-
surement onto the corresponding positions in the X-ray, the
relative positions of receiver and tongue contour to the hard
palate are obtained.

3 Analysis of angle detection error

Experimental studies were conducted to examine the in-
fluence of displacement and sensor tilt on the sensor angle
detection error (Fig. 2). Figure 3 shows the apparatus for
this analysis. The ultrasonic transducer was placed on one
side of an ultrasound conductor and the sensor was positioned
on the opposite side. Angle detection was carried out by the
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Fig. 3 Apparatus for analysis of angle detection error.

ultrasonic measurement just described. At the same time, the
position of LEDs attached to the transducer and the receiver
was measured, using PSD as the reference.

In order to examine the influence of the displacement, the
sensor was positioned at distances of 50, 70, and 90 mm from
the transducer and the tilt angle was adjusted to 0 degrees.
Sensor angle was varied by changing transducer direction and
the measurements were repeated 20 times at each distance.
Results at the 70 mm displacement are shown in Fig. 4, where
the horizontal and vertical axes represent the sensor angle de-
tected by PSD and by ultrasonic measurements. The angle
resolution of PSD measurement was about 0.1 degrees at this
distance and the mean absolute difference between the ultra-
sonic and PSD data was 1.1 degrees. The results summarized
in Table 1 show that the angle detection resolution is similar
to that of the scanning pulses (1.6 degrees).

The influence of the tilt angle was also examined at the
70 mm displacement. Sensor angles were set at 15, 30, 45, 60,
and 75 degrees by adjusting transducer position with a pro-
tractor. The tilt angle was changed from -30 to 30 degrees,
in 10 degree steps, at each sensor angle. Measurements were
repeated three times and mean values, plotted in Fig. 5, show
that the sensor tilt distinctly influences angle detection. The
absolute error is minimum when the tilt angle is 0 degrees
and the error increases as the tilt becomes large, but it re-
mains within the angle resolution of the scanning pulses at
tilt angles from -20 to 20 degrees.

To reveal the cause of this angle detection degradation,
the relation between sensor output voltage and tilt angle was
examined. The sensor angle and the displacement were held

430



at 45 degrees and 70 mm. The output voltage decreases
rapidly as the tili angle is increased (Fig. 6). This voltage
reduction degrades angle detection by decreasing the signal-
to-noise ratio.
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Fig. 4 Sensor angles measured by ultrasonic and PSD tech-
niques.

Table 1  Detection error of the ultrasonically measured sen-
sor angle.
displacement | number of data | absolute error
(mm) (degrees)

50 20 1.53

70 20 1.14

90 20 1.27
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Fig. 5 Angle detection error as a function of sensor tilt.
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4 Analysis of tongue motions

Tongue motion of a male Japanese speaker was monitored.
Jaw, upper lip, and lower lip motions were simultaneously
measured with PSD. Sensor position was selected so that the
output signal power was sufficiently high during the measure-
ments. PSD and sensor position data were both normalized
with respect to palate position.

Results during the utterance of /ono/ are shown in Fig.
7. The horizontal axis represents time in milliseconds, and
traces show speech waveform, sensor angle, sensor position,
jaw displacement, and upper and lower lip displacements af-
ter subtracting jaw displacement. Horizontal and vertical
displacements from the neutral position are represented by
solid and dotted lines. The displacement between the dashed
horizontal midlines (neutral position) and the adjacent solid
horizontal lines is 24 mm for sensor position and 12 mm for
lips and jaw. Movement upward along the ordinate repre-
sents frontal movement for the horizontal direction and rising
movement for the vertical direction.

Movements of tongue and jaw in the midsaggital plane
during the same utterance are shown in Fig. 8. Tongue con-
figuration is plotted on every other frame, and the sensor
position is plotted by asterisk on the tongue outline. Arrows
indicate the direction of sensor displacement during move-
ment from /o/ to /n/ and during movement from /n/ to /o/.

In Fig. 8 and in other four trials of the same speaker,
tongue movement at the sensor position shows a small loop.
This peculiar pattern is interpreted as organized under the
influence of coarticulation between the vowel and consonant.
During the transition from the first /o/ to /n/, tongue moves
forward in preparation for /n/, but the overall shape still
remains in Jo/ configuration. When the tip begins to rise to
make the closure, the body has already started backward in
anticipation of the second fo/. The shape of the second /o/
differs form that of the first one, the body have been pulled
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Fig. 6

Relationship between tilt and sensor output voltage.
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Fig. 7 Measurement results of the utterance fono/.
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of [ono/.

PALATE

SENSOR

TONGUE

Fig. 9 Movement of tongue and jaw during the utterance
of /oko/.
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to the tongue root while the tip remains in /n/ configuration.

Results for a utterance of foko/ are shown in Fig. 9. This
phoneme sequence has a symmetrical form, and the tongue
body is mainly used for the articulation of both vowel and
consonant. Tongue shapes for the first and second vowels
are very close each other, and the movement pattern of the
sensor shows a clear closed loop [9].

5 Conclusions

Ultrasonic measurement of tongue motion can provide in-
formation on both tongue shape and the position, relative
to the hard palate, of a specific point on the tongue surface.
Accuracy of the position measurement has been extensively
studied, focusing on the tilt of the ultrasonic sensor placed on
the tongue. Measurement accuracy is similar to the angle res-
olution of the transmission pulses. The proposed method is
useful for monitoring tongue motions during the production
of speech.
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