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Tactile Transmission by Higher-level Perception
Using Vibration of Shape Memory Alloy Thread

YOHSUKE MizukaMl,t KEIJT UCHIDAt and HIDEYUKI SAWADA'®

The paper introduces the development of a tactile device using a shape-memory alloy, and
describes the information transmission by the higher-level perception such as the phantom
sensation and the apparent movement of the tactility. The authors paid attention to the
characteristic of a shape-memory alloy formed into a thread, which changes its length accord-
ing to its temperature, and developed a vibration-generating actuator electrically driven by
periodic signals generated by current control circuits, for the tactile information transmission.
By coupling the devices as a pair, an information transmission system was constructed for
presenting the phantom sensation and the apparent movement of the tactility, to transmit
quite novel sensation to a user. The information transmission by the device was tested by
subjects, and was evaluated by questionnaires. The apparent movement was especially well
perceived by users as a sensation of something running across fingers or as being tapped by
something, according to the well-determined signals given to the devices. Several users re-
ported that they perceived a novel rubbing sensation given by the apparent movement, and
we further experimented the presentation of the sensation in detail to be used as a tactile
display for the information transmission.

goooooooobobbboboooooobooboobooon

1. 0O OO0OO
odoooooooooooooooocoooooo
goooooooooooooooooooooo gdoooobooooooooboooooooooo
goooooooooooooooboooooooo goooboboooooooboboooooobooobooon
gooooooboooooboooobooboooooooo ooooboooooooobooobooooooooo
goooooooboooooooooooooooo oobooooboooo

gobooooooooooooobooooooo

t000000D

Faculty of Engineering, Kagawa University goooo0o0 20070 30000000000000C0OOO
1 0o00o00ooooo 02007000000000000000000O0O0O0O0O0DO
SCA 0000o0o0ooo0ooooooooooo

3739



3740 ooooooooo

000000000000000000000000
00000000000000000000000O0
000000000000000000000000
0ooooooooY"®0oooo000000o0o0n
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000O0
00000000000000000000000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
00000000000000000000000
000000000000000000000700
00000000000000000000000
000000000000000000000000
00000000000000000000000O0
000000000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000O0
0000000000000000000000
0000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000000000000000O0
000000000000000000000000
00000000000000000000000O0
0000000000000000

2. 00000

oobooooo40000000000000O00

Dec. 2007

Meissner Corpuscle (FA I) epidermal ridge

}epidermis

}dermis

fat tissue

Merkel’s Disc (SAT)

Pacinian Corpuscle (FA IT)
01 0DO00ooOooooo

Fig.1 Tactile receptors under skin.
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Fig.2 Phantom sensation (PS).
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Fig.3 Apparent movement (AM).
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Fig.4 Structure of vibration actuator.
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Fig.7 Tactile information transmission system.
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Fig.8 Experimental system.
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Table 1 Results of tactile sensation by the difference of location, frequency and voltage.
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Fig.9 Locations on palm for stimuli presentation.
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Table 2 PS perception by the difference of location, frequency and voltage.

JE I 5[ Hz] 5 50 200
v, B TEV] 0.39 | 0.46 | 0.61 | 0.55 | 0.61 | 0.70 | 0.65 | 0.70 | 0.82
35/7’\‘%511

-2 | 1 2 2 1 2 2 1 2 2

AZLE [ Q-G ] 0 2 2 1 3 3 2 3 3
D-3) | 1 2 3 2 1 3 2 2 3

-2 | 1 1 2 2 2 2 |05 1 2

# 2-3) | 1 2 2 1 2 1 0.5 1 2

D-3) | 1 1 3 2 2 2 o5 2 2

30 0 0 1 1 1 1 1 1 1

FH 60 0 0 2 1 1 0 1 1 2

120 0 0 1 0.5 1 1 0 [ 05705
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Table 3 AM perception by the difference of location, voltage and time delay.
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Fig.10 Presentation points in PS and AM evaluation.
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Table 4 Results of PS presentation experiment (Number of correct answers out of five trials).
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Fig. 11 Signal for PS generation (50 Hz).
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Table 5 Results of AM presentation experiment (Number of correct answers out of five trials).
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B 5 4 5 5
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1 5 5 5 5 5 5
J 5 5 5 5 4 5
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Fig. 13 Prototype of tactile display.

O 0| K Ti8

° ° ° * ° ° °

2 3 &) 2 7

( ] .2).(). V‘(z).@y 2

3 5 8

Character “L”  Character "F”  Character "A” & cp o firf&
o filfs —Pp AMICE AR

014 OOO0ODOOOOO
Fig.14 Presentation of writing motion by AM.

5. J0OOOoOoooooo

5.1 OOO0OO0OOO0

oobooboooooooboooooooobooooo
goboodosuoooooobobooon 3x3000
goboodoobooooobooooobo13b000d
00o0oUo0o0 b/A0D0CO0DOOUOOOOO
gobooOooooooooboooooooooboooo
gooooosoooocooobo 200000000
gobooooooobooooooooooooooo
goboooooooobooboobo1400000000
goooooooooooooooboboooobooooo
gbooooooooooooooooobobobobnbo




Vol. 48 No. 12

DA Gontroller

1600 2400

ooooooooobooooooooooOoOooboboooooooon 3747

4000 G0
[ms]

015 0000000000000 Character “F70
Fig. 15 Example of input signal patterns for the presentation of “F” character.

06 OD00O0OOOOOOODOOOOOODO
Table 6 Results of character presentations (Difference of
subjects).
R A B C D E | Average
FRAkR%) | 100 | 100 | 100 | 100 | 100 100
IR (%) | 96.7 | 96.7 | 83.3 | 80.0 | 73.3 86.0
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