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Abstract. We report the development of a tactile display made from audio speakers and aluminum plates and having high spatial and temporal resolution. Aluminum plates with thickness of 0.5 mm are attached to audio speakers and aligned
at intervals of 1 mm, and skin is deformed perpendicular to the plate direction.
The device presents skin deformation with a wide frequency range (10–320 Hz)
when a finger is placed on the plates.
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Introduction

Tactile displays that indicate sensations of texture, such as stickiness and smoothness,
are subject to ongoing research. To make these sensations more realistic, the relationship between the skin displacement of the finger and the human sensation must be clarified.
There are two steps to developing a tactile display that presents a realistic textured
surface. The first step is to record the skin displacement when a finger touches and rubs
against objects having rough or smooth textures. The second step is to reproduce the
recorded data, or features extracted from the data.
We previously reported a method of observing the horizontal skin displacement of a
finger on a textured surface with high spatial resolution [1]. Although the system is in
a primary stage of development, it can measure displacement at an interval of 1 mm
and a sampling rate of 1 kHz.
The present paper discusses the second step, specifically the hardware needed to reproduce the recorded movement of finger skin on a real textured surface. We report the
development of a tactile display having audio speakers and aluminum plates and
providing high spatial and temporal resolution. We also discuss the results of a performance evaluation.
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Related Works

Various studies have presented a texture sensation with a tactile display. Here we
summarize studies that have investigated the horizontal displacement of finger skin.
Friction modulation has been used to control the displacement of finger skin by employing ultrasonic vibration of the display surface [2] [3] or an electrostatic force between the object and finger [4]. While these methods can reproduce the friction coefficient, they cannot directly reproduce skin deformation with high spatial resolution.
Pasqueto et al. [5], Wang et al. [6], and Hayward et al. [7] developed a device that
horizontally deforms the skin in two dimensions using piezo actuators. The device produces a distributed skin displacement that can express textures, braille, and simple figures. However, its bandwidth is currently limited to 100 Hz, which might not fully express high-frequency components of textures.
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Device

We applied the following strategy to realize a sufficiently wide bandwidth (250 Hz
or more for the Pacinian corpuscle) and high spatial resolution (less than 1.5 mm for
the two-point discrimination limen of the fingertip). The contactors were arranged not
in a two-dimensional matrix but in a one-dimensional array, and the direction of motion
was limited to the direction of the array.
Fig. 1 shows our developed device. Aluminum plates with thickness of 0.5 mm are
attached to audio speakers and aligned at intervals of 1 mm, and skin deformation is
produced perpendicular to the plates. The device is expected to have a wide bandwidth
owing to the use of the audio speakers.

Fig. 2. Top view of the device
Fig. 1. Overview of the device

Fig. 3 and Fig. 4 show details of the device. Each plate is attached to two speakers
(AURA SOUND NSW1-205-8A), but the smallest plate is attached to only one speaker.

The plates have three shapes: square (shown by the red lines in Fig. 3), rectangular
(yellow lines), and diagonal (blue and green lines). Four plates with seven audio speakers constitute a unit, and two units constitute the device with eight outputs.
The device is driven by an eight-channel audio signal output from the audio interface
(OCTA-CAPTURE UA-1010, ROLAND) controlled by a personal computer, and audio amplifiers (MUSE SOUND M50).

Fig. 3. Front view of the device
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Fig. 4. Back view of the device

Performance evaluation
The frequency characteristics of the device were measured in an experiment.

4.1

Method

Fig. 5 shows the overview of the experiment. The vibration of each aluminum plate
was measured using a laser range finder (LK-G5000V, KEYENCE). The input signal
was sinusoidal and had a frequency of 10, 20, 40, 80, 160, 320, 640, or 1280 Hz. The
sampling rate of the measurement was 10 kHz. We made measurements for two situations: the finger placed and not placed on the plate.

Fig. 5. Overview of the experiment

As the purpose of the experiment was to measure the frequency characteristics of the
total system with the personal computer, audio interface, and amplifier, we did not adjust the volume for each frequency. The volume of the personal computer was set to a
maximum while the volume of the audio interface and that of the amplifier were set to
half-maximum.
The
waveform
was
generated
using
Audacity
(http://www.audacityteam.org).
4.2

Results

Fig. 6 shows the power spectrum of the vibration of a diagonal plate. Fig. 7, Fig. 8,
and Fig. 9 show the frequency characteristics of the vibration amplitude for each type
of plate when a finger was placed and not placed on the plate.
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Fig. 6. Spectrum of the diagonal plate
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4.3

Discussion

In the output power spectrum, a peak corresponding to the input frequency was
mostly observed while some harmonics were observed owing to distortion. The power
of these harmonics was around 1/16 of that of the base frequency.
Comparing the cases with and without a finger placed on the plate, we observed that
the output amplitude reduced to about 80% when the finger was placed on the plate,
which might not be a negligible reduction but can be compensated easily because there
was no strong frequency dependency.
For frequencies at and above 640 Hz, the amplitude was greatly reduced. In other
words, the system can present a 320-Hz vibration, which meets our requirement. At
320 Hz, there was a difference among the spectra of the different types of plates, and
there was a peak at 320 Hz for the rectangular plate. These individual characteristics
should be compensated for.
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Conclusion

We developed a device that reproduces lateral deformation of finger skin. The device
has aluminum plates driven by audio speakers. We showed that the device is able to
present a skin deformation with a wide frequency range (10–320 Hz) when a finger is
placed on the plates.
Our future work will include the compensation of frequency characteristics for each
type of plate, and reproduce the skin deformation for each texture recorded by our previously developed recording system.
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