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A Display Method for Multiple Tactile Sensations
Using Amplitude Modulation of Ultrasonic Vibration
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Abstract— In this paper, we propose a novel tactile display that can control temporal frequencies and ampli-
tudes of minute distributed vibrations easily and precisely using only one piezoelectric actuator. The device has
a pin-matrix type structure and each pin is actuated by natural vibration driven by a piezoelectric ceramic plate.
We proposed that periodic amplitude modulations of ultrasonic vibration in less than several hundred frequency
ranges make a selective stimulation on several tactile receptors based on the human tactile receptors’ frequency
characteristics. The proposed feedback control of amplitude modulations demonstrated that the prototype ul-
trasonic vibrator could generate stable amplitude-modulated vibration more than 400 Hz. These frequencies are
enough to control the activities of tactile receptors selectively.
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Fig. 1 Thresholds of tactile receptors for vibratory
stimulus and selective stimulation ranges.
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Frequency components of amplutude modulations

Ultrasonic vibration

Fig. 2 Generation of freqeuncy components using am-
plitude modulations of ultrasonic vibrations.

Piezoerelectric
ceramics

(a) Structure

(b) Multi-directional vibration

Fig. 3 Structure of a pin-matrix type ultrasonic vibra-
tor.
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Fig. 4 Overview of the ultrasonic vibrator develped.

(a) Mode I (40.4 kHz)  (b) Mode II (130.3 kHz)

Fig. 5 Anlysis on vibration modes and natural frequen-
cies.
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Fig. 6 Nonlinear characteristics of natural vibration.
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Fig. 7 Freqeuncy characteristics of vibration ampli-
tudes on each normal force loads.
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Fig. 8 Amplitude contol system using freqeuncy modu-
lations.
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Fig. 9 Target inputs vs. vibration amplitudes (f = 10
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Fig. 10 Frequency response characteristics of maximum
sensor outputs (o< vibration amplitudes).
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Fig. 11 Touching the prototype ultrasonic display.
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