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The SmartTouch: A New Skin Layer to Touch the Non-Touchable

Hiroyuki Kajimotof! Masahiko Inam

Naoki Kawakami*! and Susumu Tachi*!

Abstract - This paper introduces a new type of Haptic AR system. OQur approach
uses electrical stimulation through the skin, or electro-tactile display. Since the electro-
tactile display essentially requires only electrodes on the skin, it can be made quite thin
and small. This leads to a new application area of tactile display, the SmartTouch. The
SmartTouch is composed of a thin electro-tactile display and a sensor mounted on the skin.
The sensed information is converted to tactile sensation through electrical stimulation.
Thus, the wearer not only can make physical contact with the object, but also “touch”
surface information of any modality, even those that are ordinarily non-touchable. The
prototype of SmartTouch is composed of two layers. The top layer has a 4 by 4 array
of stimulating electrodes on the front side of a thin plate, while the bottom layer has
optical sensors on the reverse side of the plate. Visual images captured by the sensor
are translated into tactile information, and displayed through electrical stimulation. We
endeavored to realize the perception of luminance information as the unevenness of the
object surface, by imitating the sensory nerve activity with electrical pulses.
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Fig.1 Example of Augmented Haptics: (left)

SmartTool [18], (right) SmartFinger
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Fig.2 Concept of SmartTouch: A new func-
tional layer of the skin composed of a
sensor and tactile display.
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Fig.3 Touch Enhancing Pad (Reconstructed
from [21]).
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Fig.4 Horizontal motion of the finger and

generated torsional moment. Fj: Fin-
ger force, Fy: Friction, r: Distance be-
tween the center of the finger and skin,
R.: Display thickness, M: Torsional mo-
ment of the finger
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Fig.5 Prototype of SmartTouch: Visual im-
age (black and white stripes) is cap-
tured by optical sensors and displayed
through electrical stimulation
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Fig.6 (Left) Electrodes. (Right) Optical sen-

sors. Both electrodes and sensors were
arranged 2.5[mm]x2.0[mm)] pitch, 4x4
matrix. The position of each electrode
was strictly aligned with an optical
Sensor.
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Fig.7 Broaden the field of vision of the sens-
ing element by mounting spacer on the
sensor substrate.
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Qutput of single phototransister on SmartTonch while sweeping on stripes
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Fig.8 Response of the phototransistor on

SmartTouch while sweeping on black
and white stripes with different spatial
frequencies.
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Fig.9 Phototransistor output and stimulus
current (normalized). As we will men-
tion in Sec.3. 2, Electrical current pulse
was applied when time derivative of
phototransistor output reached to cer-
tain threshold. The time delay from
sensing to stimulation was 4[ms].
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Fig.10 Fingertip stimulation by concentric
electrode.
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Fig.11 Firing pattern of mechanoreceptor

when finger touches and releases the

object. SAL: Merkel ending (pressure
sensation), RA: Meissner corpuscles

(vibratory sensation) (reconstructed

from [23])
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Fig.12 Phototransistor output, its differen-
tial and electrical stimulation pattern
of single electrode.
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Fig. 13 Scanning procedure in cathodic stim-
ulation mode {10].
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