UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System:

Robotics Course , Shimojo  Ming Laboratory 1

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

° 16 1.8 Kg

Robotics Course , Shimojo ~ Ming Laboratory 2




UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

(] 107 bit/s\
10° bit/s
108 bit/s
\ ! 108 bit/s)

é Y

106 bit/s

Penfield et al., 1950

16 1.8 Kg

Robotics Course , Shimojo - Ming Laboratory 3

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

Y '\

1 ( )
° ( 4 ) (25 5)
° H, CO,, O,

° (¢ 5 )

Robotics Course , Shimojo ~ Ming Laboratory 4




UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

;.
y
& |
@2?0
8 e A,
(FAID
Robotics Course ,; Shimojo - Ming Laboratory 5

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

(SAD

9 16pm

Robotics Course , Shimojo -~ Ming Laboratory 6




UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

(FAD)

80 150pm
20 40pm
10 24

Robotics Course ; Shimojo Ming Laboratory 7

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

SAIl)

Robotics Course , Shimojo ~ Ming Laboratory 8




UEC

The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

(FAID

2500 750p4m

Robotics Course ; Shimojo Ming Laboratory

UEC

The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

FA-I| SA-I| FA-II SA-II
/ \ L/ |7 O
LI — n NENANIRNAATaT
............ (um)
75 60
50 ,--"r 4001 |
25 ’/’f 200{ ] % 1 10001 ~—
o L~ = Ot
0 2 4 6(mm) O 2 4 6 0 2 4 6 8 0 2 4 6
- fﬂ - *ff/ﬁ@%( -~ = /'\
helt /) L\{ ~&@x ~ -
L - )
Imm
imm

Robotics Course , Shimojo ~ Ming Laboratory

10




UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

45.] NP-111 (FA-1)
~ -
~ — _.""-..__ _ _
o sl [NENGEEY . ~T e NPAIE(SA)
3
=)
= 15
fia)
S
04
\
-154 /7 7
N/
'30 0 ) 10 100 1000

Hz

Robotics Course ; Shimojo Ming Laboratory

11

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

BN e
‘ L]
SAIl 1 ¢ FANl &
” -

F

[ ST ——
E.R. Kandel et.al, Principles of neural science, fourth edition, MaGraw-Hill, 2000.

Robotics Course , Shimojo ~ Ming Laboratory

12




UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

o 17000
Ig 120
80 A OFAI :43%0
[~ FA-11
g OFAIIL:13%
O SAIl :25%
0SAI1:19%0
Robotics Course , Shimojo - Ming Laboratory j3

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

SA FA

SA1 2 3 k3 5
AnAa 237 Badi 835 884 ap’

apr 655 1201 aps

(
SA QA FA)

Robotics Course , Shimojo - Ming Laboratory 14




UEC

The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

A N0 EDGE EDGE

0 probe
receptive
u fi eldP @ @

Skin
indentation

Afferent W l I ' ' I

response

B

/)’

///////

Snmuius
/ //

N s

Re‘;pon‘se M
magnitude 1

A 7 o

15

.r‘

Robotics Course , Shimojo - Ming Laboratory

UEC

The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

EPSP

-

IPSP

{Kfﬁ\

EPSP

Robotics Course , Shimojo - Ming Laboratory 16




UEC

The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

Schmit,R,F.(

). -r ,1901.

Robotics Course , Shimojo - Ming Laboratory 17

UEC

The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

3.6
B Weinstein (1968)

2.8

2.0F

1.6

1.2F

0.8

0.4

(log 0.1 mg

1234

Robotics Course , Shimojo - Ming Laboratory 18




UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

50 Weinstein (1968)
45} : .
40 . », i
o
e E ] ‘
R SV s :_
o0 b F '
15+
10} :
st : ”
s s EEE E:;/E/ ;
1234
_/——\_/\ —

Robotics Course ; Shimojo Ming Laboratory

19

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

33

3 3
— —/
I

2| 2
18 28

1} I 1

ol 0

Stevens, et al.(1998 )

Robotics Course , Shimojo ~ Ming Laboratory

20

10



UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

) SOA

Robotics Course ,; Shimojo - Ming Laboratory 21

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

T ek
“REES A

>

|

.......%.......... o
o
-

I

VR

Robotics Course , Shimojo -~ Ming Laboratory 22




UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

23

Robotics Course ; Shimojo Ming Laboratory

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System
a4
:"— = MRy gl ———— st R ——
Epedarnmia
[ — =
anction
I‘r.lrur.r-:
Bers narve gnding
&nding |
Kigasnar's — Dharmey
Sorpusle
Mlerned ok ——
PRCREON
Hpir reCepior
Li
N Panghsnal
F"ﬂclnmn‘/ ol vl Bundie
corpuscie
E.R. Kandel et.al, Principles of neural science, fourth edition, MaGraw-Hill, 2000. 44}
Robotics Course , Shimojo -~ Ming Laboratory 24




UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

‘ . / Sin
. ia o Deep tissue
{ "y /

Skin
. (complex touch
Deep tissue
e
E.R. Kandel et.al, Principles of neural science, fourth edition, MaGraw-Hill, 2000. 2
Robotics Course ,; Shimojo - Ming Laboratory 25

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

L]

Fu B3 € by e SA

RA

11

ALk

LUGDhE

N - SA
L (e em RA
;' 1 il am SA

L - RA

E.R. Kandel et.al, Principles of neural science, fourth edition, MaGraw-Hill, 2000.

Robotics Course , Shimojo ~ Ming Laboratory

26

13



UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

Penfield et al., 1950

Robotics Course , Shimojo - Ming Laboratory 27

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

Robotics Course , Shimojo - Ming Laboratory 28

14



UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

E.R. Kandel et.al, Principles of neural science, fourth edition, MaGraw-Hill, 2000.

Robotics Course ,; Shimojo - Ming Laboratory 29

UEC The University of Electro-Communications Department of Mechanical Engineering & Intelligent System

Robotics Course , Shimojo -~ Ming Laboratory 30

15



Juoogddooogdd

Jooog O

20070 300



BN

010
1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9

oooo

coooooooo

0ooooooooo ... ..
000000 « oo v v e
00000000 ... ... ..
0ooo00o0oooog ... ..
00000 oot
000000 .« ..o
00000 oot
0000 2] « oo vvee ..

cooooooooocooooono

N O O Ut U R NN =



HRERN

1.1 OoOOooooooooo ... ..

1.2 0000000000000000 . . 0 vttt o e e e e e s e e e s e e
1.3 0000000000000 (WeinsteinO 19680 . . . . o o v v vt o i oo e e e e
14 000000000000 (WeinsteinO 19680 . . . . . . . . . . . o ittt
1.5 00000000000 0OD0OO0O (Bolanowsky et al., 1988 . . . . . . . ... ... .. ..
1.6 D00D00O0DOD0OO0OOODOODOO (Stevens, et al.,(1998) D000 . . .o v v v v v v v W

1.7 000O00ODOOO0OO0ODO00OO

0w N O Ot B W N

ii



110

Joootgdug

goubggooooon

gobbooooboooboooooooobooooboOoboo0oooboooooOoOooOoOoobooOoOooOoOoooOooon
0000000000000 00O0O00DODOO00DO0O0O0 1/60000000000DODO0O0DOOOODO
coooooboooooooon

1.1 O00oooooood

01100000000000000000000000000 (Epidermis) D00 (Dermis)J0000O
(Subcuit) 00000000 O0OOOODOD 0.7TmO000000O0ODOODO 03-24000000000000
gboboboboboboboboboooboooobooboobobobobobOobOobobOobDOoboOoobooon
gooobooooobobooooooobobbbooooobbbbooooobbLbbboooLobLDbbooo
0000000000000 0000O0000000D000DO000O00O0OO0U0DD0O0ODO0ODOO 1DOOoo
O00oDO0o0ooooooo 17000000000000000000000O00O0O00OO0O0ODO0ODOO0ODOO0
oo0o0(l)0bo000D00O0O00000(2) 0000000 LO0O0D0O0ODOO0OOO0DOOOO 2,BD000OD
gbobobobobobobooobooobooobooobobooboobobobobobobOobDOobDoboOoooo
000000000Slowly Adapting: SADODOD0OO00O0DO0O0OO0DOODOOO0DOO0OOO0OOO (Fast Adapting:
FA)DODOOOOQUOCOOOODOOOODIODD IOOODOUOOOOODIODDODOD0ODOOOUOOODOOOD
0II0000000000000000000000000000000000 SAIL SAIL, FAIL FAITOO
000000000000 0000000000D00D0DO0DO00O0UOLOO0UODOODO0DDODO (Merkel
cell) (SA)DOOODOOD (Ruffini endings) (SAINO OO0 DO OO (Meissner corpuscles) (FAT)O OO O
00 (Pacinian corpuscles) (FAII) 0000 0000000000000 0O00O0OO0O0OOOOOOOOO
gooooooooooOoboUoooOoOooOoOooboOoooOoooOoOoOoDOOoO0oDOODOO 110b0oOooo
000000000000 1.20000000000000000000

0110000000000

g gobooo gooogo
0 (00000)0 |DOb0DOooOoDOoOoo
00000 |0 SAI(MerkelD O | O FAT (Meissner) O
(000000 DoDOooooOo goooooo
00000 |0 SAII(Ruffini) O | O FAII(Pacinian)
(000000 DoDOooooOo gooogo




1.2 ODO00000

dermis

5.3

=04

Dermis <

KT
R

Sub-
cutis

Ml:Merkel cell (SAI)  Mr:Meissner corpuscles(FATI)
R:Ruffini endings(SAII) P:Pacinian corpuscles(FAII)

011 00000000000

1.2 OOO0OOOO

000000000000000 10°700000000000002x10°000003x10*0000
025x10°000000000000000000000000000 10°0000000000000
0D 10000000 [6000000000000000000D0000000000D0DODOD0O0000
000 1mm?000000000000000000000000000 102mm 0000000000
00000000000000000000000 10°%(kit/s)0ODDOOODDOOO (6000000000
10" (bit/s)D 0 OO 107 (bit/s) DD OO 107 (bit/s) D0 OO 109 (bit/s) DOD DO 00000000000
0000000000000000000000000000

1.3 ODOoOoboooog
0000000000000000000000000001)2000002) 0000000000 [2]0

l.20000000000000000000DODODOOOOD 20000000000100 200
0000000000000 D0O000000D00DO0LO0OUDO0ODO0OLDDO0ODODODD oo
00000 2nm000000 25mmO00000 7"0mm 00000000

2.000000000000O0O0O0DODOCCOCOOOOOOOOOODOOOOCOOOOOOOOOOOO



1.3 ODO00D0O0000

SAI SAII FAI FAII
28 Merkel Ruffini Meissner Pacinian
B RS 4% B B U U
ZEFOHER BRI TEARE BA TRERE
THHZEHEE Y 11.0 mm? 59.0 mm? 12.6 mm? 101.0 mm?
RERY-YOD o ) 1917 .
HHRB M g 9
ER&ZREmHSD
AN T AN I
faxtEE -
Mm% (6-12 FEF (R
. SRR (6124 m) HEE MR #1:40- 100 3
k- Hik 2 fb B AR (B Tum, _ 2.0~45mm, 48
(& 0.5mm -2mm) | u m.55&:30-60 x m)
EX 1pm) ##:10~20mm)
FEEICHTS
25% (4250 #) 19% (3230 #) 43% (7310 &) 13% (2210 &)
HRXREE Y
TRAME Y 12 7L L Ho
BRAMmE AL 12 by 7L Ho
EREEEBEERE 12 Ho ¥ (100Hz £ 1) 2L HY
ZIHER
i g VR (20 RE) | L TIREBERL H—rUL 2 bt A3
IN)LA 6,19
Tapping(1Hz)
‘ 113
[_ﬁiﬁziiiﬁle " Pressure Flutter(10Hz) Tickling/Vibration
- ~ Vibration(50Hz)
ARHBLUY 0.4-100Hz 0.4-100Hz 10-200Hz 70-1000Hz
B/RRE (B R 10 » m(50Hz) 3 1 m(50Hz) 6 . m(40Hz) 0.1z m(250Hz)
R HERH TNEEERR Y
BEERIAF Zefi] R — iR BB o8& B | BH/SF— BRI bid ol ]
id) fiskesy e B RE (R
FIB(EBER)
E N U R U g L |/ L
B (SeER) © | —WHHHHEH— | HHHHHHE— Hit + — H#
prpr G E AN M(40-70m/s), KUERE(8-13 1 m LA E) DA e AL,
T EMRET £ T 2 SRE O CRE,

012 00000000000000CO0O

0000000000 20000000000000000000000D0D0O0O0OO0OO00ODDOOODOAO
O0 1ommO0O00000 smmOO0000 12mmO00000CCOCCOOCOOOOOOODOOO
goboooboboooobooobboobbooobooobboobLboobDboobbboon
OO000OCO00D00OO0 200000 2mnmOd0000 10mmOD0O0O0O



14 000000000000

S0F
45- ............................................... :
! - — A4l
y E e AR
E 30}
£ i
B 25 N
=R 20} ; : i
® i
& 15} E |
E+ 10} ..
: PP =
N/
1234
5
ARAS B Wes

01.3: 0000000000000 (Weinstein 196801

14 OJ0O00DOOOO0OoOoooo

gogbooboooobooobboobboooboboobboobbboooboboobDbboobboobb oo
gbooooooobooooboboboobobooobooboobooboboboboooooooo

1. 000000000000 000O00D000D0O00000DLDO00DO000o00oDoOoDoOO0on
oboboooobooboboobobooooog

2.000000000000000000000O0BolanowskiD OO0 15000000 40000000
00000000000O00000O0O [11)JD000000000000U00D0DO0O0OD0ODOOD OND
0000000oooooo0O0000000oDoo0O0O00000000D0001lpy MmO 0dBOO
0000000SAI000000000 (D0 H)O0OODODODOO0ODOOO0OO 100HzOOODOODOODO
O0000000o00oo0o0o0o0oo0o0oo0o0oO0ooUoOoUooSA0oODOUOoOoOooOoooo
000000000000 0000FAIOODO HzOO 100HzOOOOOOOOOOOS5HzO040Hz OO
00000000000 (flutter) 0000 FAIDDODOOODOUODOOFAIIO 250Hz00000
gooooc vooooooooooooooD 02y mO0O00O00000 1y mODODOODOODODO
FAIOOOODOOOOOO0O0OO00O0D00000000000000000000000 FAITOOOO



1.5 00000

goboogo

3.6}
3.2}

2.8F

2.4}
20}

1.6}

1.2 o

=

0.8 5

o]

04} FF <

1ol

0
EAE G
014 000000000000 (Weinsteinl] 19680
15 00000

000000oo0ooO0d20000000000000000000000 200000000000000
OO0DOO00O0O000O00DOO0OOO0OC00bO00DOU0DOD 1ImmsOODOO0OD0O00 msODOOOD
000000005000000000000090000000DO0O [3]0

16 OOOoooOO

000000000000 000DO0O000D0D00000OJohansson[12)) 0000000000 DOOO0O
000000000y mOO6p mOS00p mODO 1y mODOOO0OO0O0DOOOO0O0OOCOOOOO
goobooooboooobooooobbuoobobboobboobboobboooboobbbooobbooo
0000000000000 00D0000D00000O0 Srinivasan 0 [13] 00000000 1y mOO
goobooobooooboooobbuoobbboobboobboobboobbboobLObbooobbooo
gooboooobooooboooobobuooobobooobboobboobbooobboobobboobbOooo
SAIIOOO0O0O00D0DU00OUO0OO0D0OFAIDFAIIOOOOODOO0O0O0O0O0O0O0O0OODOOOOOO0O0O0OOOO



1.7 00000

45 -

(23N

30

154

(dB 1.0umE#£)

=

“
-
l.

Ep

[oX)
S

0 1 10 100 1000
3R B0 0SB S #8(H2)

015 00000000000000DO (Bolanowsky et al., 1988

O0000K.OJohansson[9) 0000000000000 0O0OOO0OOOOUOOOOOODOOOODOODO
FAIDFAIIOOOOODOOOOODO0O0OO0O00D0000000000000

1.7 OOODOO

000000000000000000000000000000000000000000000000
0000000000000 150000000000000000000000000000000000
0000000000000000000000000000000000000000000000000
000000000000000000000000000000000000000000000 0.2mm/s
0050y mO4mm/s 00 20y mO0O0000000000021.6deg/s 00 0.046deg/s00.72deg/s O O
0.265deg/s 00 00000000000000000 SAIIOOOOSAIIOODOO0000O0O000O00O
0000000000000000000000000000000000000000000000000
000000000000000000000 6) 000 SAII000000000000000000000
00000000000000000000000000000000000000000

1.8 0000 [2

gobbooobooooboooooooobOboOooooOobOboOoOoO0oOoOOoOoOoOOoOOOoOobOOoOoOOOoOn
gooooooooooooooooooooooD 200000000000000000O0O0ODODOOO
0000ooo0o0 29000000 4300000000000000000000O00000DOOOODOODOO
00000000000 1em?000 1-50000000000000 04000000000000000
cobooooboocoooooboocOooOoOoOobOboOoOoOOoOobOboOoOoOOoOobOOoOobOOOoOobOOoOoOooOoooon



19 ODoOO0OO0OO0OO0O0O000000o0

0000000000000 000000000000000000O0StevensO 0000000 OOOOO
goooooooooooobooooooo3oooooooooooooDooOooODoOoOonOn

3 3
— ;’Eﬁ
— %ﬁ .
8 2 ' 2 B
2 18~287% o

016: 000000000000 0O0ODODOO (Stevens, et al.,(1998) 0O OO

19 O0OObOOoOoooboobooooo

gogoooooboboooboobbuoobbooobboobboobbooobboobboobb oo
goboooobooooboooboobobooboboooboobobbooobDooobbOobDOooobbUoo
gooooobooooboooobbuoobbooobbooobboobbooobboobbboobbOooo
00000000 (somatotopy) 000 0000000000000 0D0O0O0O0O0O0O0OOODOOODOOOODO
gbobobobobobobooobooobooboooobobobobobobobOobobOoboDbDOoboOoDOoo
gooboooboooboooobboobboboobboobooobboobbboobObbooobbOooo
coooooOoboOooOoboOoo0obOo0bbodbDOoOooOO0DOoOoOo0DODbOoDOoOoOObDO00 1y mO
O00000000000Gibson 0000000000000 0OO0OODOO0OOOODOOOODODOOOOO
00000000000 0000D HOODOODOOo GibsonOODODOODOOODOOOUDODODOODOOODODO
gbobobobobobobobooobooobooooboobobobobobobobobobOobDoboOoooon
goobooobogooobooooboooobooobooobooobboobbboobbooobbOooo
gbobobobobobobooboobooobooooboooooooobobobobobobOobDOoboOooDOoo
000000000000000000000000000000000 2)00000000000000
gboboboboboboboboooboobooobobooboobobobobobobobDOobOoboOobooooo
0000000000000000000000 1.70000000000000 Taylar3)DOO OO 4) O
gooboooboooobooooboboobbooobboobboobbooobboobObboobobboon
gboboboboboboboboboooboooobooboobobobobobobobobooboobooooon



19 ODoOO0OO0OO0OO0O0O000000o0

gooboooobooooboooobboobobooobboobboobbooobboobLboobLbooo
gboboboboboboboooooboooboooobooboobobobobobobDobOoboobooooooo
goooooo

1. 00000000O0ODOOOOOOOO0DOO0O
2.00000000000000DO0ODOOODOOOOOOOOOOOOO
J.0000000000000000000000000000O000O0O0O0O0O0O0DOOAO0O

gobogpoooooboo

1. 000000000000 00000O0DO0O0LO0DO000O0D00O0D0D0OOLO0O0D (OODO
000oooooooo)oo

oboboooooobooboobobooooo

gobooobobuoobooobooboooboon
gbobooooobooobooboobobooooooog
goooobboobooboooboobbooboobbooboobboooboobobo
gooboooboboooboooobboobbooobooobboobboobLDboobbboon
ood

A

gooooooobooobooo -0 -00-~00000b00ObO0ObDObDObDODbDObOOoO0OobOUooObOoboo
gooooooobooooboboobboobbooboboobboobboobObooDbDoobbOoo
goo

F-RED RS X T L

)

e |
zoms | ELLP e | 0

gEo  Evil
F0hH HEER SR
1 wr | moi
JE—

EFo7IILd
1) X Ls & il

|

B i E) O il
BEIRT 4 —FNv Y

017 0000000000000G0C0CO

—

f
ﬁ§%|
DFFtE

RARE A

fESENE




HREENEN

1] 0000,0000:* 000000007 ,00000000 110), pp.95-128,1984.

[2] Schmit, R.F. (0000O): * 000000 0OO" ,000,19910

[3] S. J. LEDERMAN: “ Skin and Touch” , Encyclopedia of Human Biology, Volume 7, pp.51-63 ,19910

[4] J.M. Loomis, S. J. LEDERMAN: “ Tactual Perception” , In ”Handbook of perception and Human0

[5] R S. Johansson and A. B. Vallbo: “ Tactile sensory coding in the glabrous skin of the human hand” ,
Trends Neurosc, 6,27, pp.27-32,19830

[6] 00o00:* 000000oooooooooooooooo” ,0000000,No.215, 18,1986.

[7] J. C. Craig and K. B. Lyle: © A comparison of tactile spatial sensitivity on the palm and fingerpad” ,
Perception & Psychophysics, 63-2,pp-337-348,20010

[8] Weinstein, S. : “ Intensive and extensive aspects of tactile sensitivity as a function of body part, sex,
and laterality” , The Skin Senses, (Kenshalo, D.R., ed.), Charles C Thomas, Ill., U.S.A., pp.223-261,
1968.

[9] K.O. Johnson: “ Neural mechanisms of tactual form and texture discrimination” , Information pro-
cessing in cutaneous mechanoreceptors, Federation Proceedings, 42-9, pp.2542-2547,1983.

[10] J. R. Phillips, R. S. Johansson, and K. 0. Johnson:“ Responses of Human Mechanoreceptive Aflerents
to Embossed Dot Arrays Scanned across Fingerpad Skin” , The Journal of Neuroscience, 72(3), pp.827-
839,1992.

[11] S.J. Bolanowski, G.A.Gescheider, R.T.Verrillo, C.M.Checkosky: “ Four channels mediate the me-
chanical aspects of touch” , J. Acoust. Soc. Am, 85(5), pp.1680-1694,1988.

[12] R.S. Johansson, R.H. LaMotte: “ Tactile detection thresholds for a single asperity on an otherwise
smooth surface” , Somatosens. Res., 1, pp.21-31,1983.

[13] R.H. Lamotte and M.A. Srinivasan: * Surface Microgeometry:Tactile Perception and Neural Encod-
ing” , Information processing in the somatosensory system, wenner-gren Int. symp. series vol.7,Stokton
press, pp.49-58,1989.

[14] Hosoe, F. Odagawa, T. Shimizu, S., Ino, S.; Izumi, T., Tukahashi, M., Ifukube, T: “ Development
of a tactile sensor modelled after the shearing strain perception mechanism of the human tactile sense
and its application” , Transactions of the Society of Instrument and Control Engineers, Vol. 30, Issue
5, pp.577-583,1994.

[15] Y. Shimizu: © Temporal effect on tactile letter recognition by tracing mode” , Perceptual and Motor
Skills, 55, pp.343-347,1982.

[16] D. S. Alles: “ Information Transmission by Phantom Sensations” , IEEE Trans. Man-Machine Sys-
tems, Vol.MMS-11,NO.1,March, pp.85-91,1970.

[17] H.E. Torebjork, J.L. Ochoa: “ Specific sensations evoked by activity in single indentified sensory



oooo 10

units in man” , Acta Physiol Scand, 110:pp.445-447,1980.

[ D00,0000: “ 00000000 0UUL00O0DOO0DODOD DODODODODODODODODO” ,0000,29-
9,pp.574-578,1987.

[19) 000,0000,0000,0000,0000,000,0000,0000,0000:* 000000
goooooboooogooooooobooooooogooo” ,og0oooboboooooooog
O0000000,2P2-E08,2002.

[200 D000,0000,0000:“ 0000000000 DOODO0ODOODOOOOUOODOOOOODO",
O0oooooooo C,63, 607, pp.881-888,1997.

[21] D00O0O,0000,000,0000:“ 0000000LOLOO0OOODOOOODOODODODODODO
00’ ,00 VROOOOOOOOOO,pp.299-302,2000.

[22] M. SHIMOJO, M. SHINOHARA, Y. FUKUI: “ Human Shape Recognition Performance for 3D
Tactile Display” , IEEE Transaction on Systems, Man and Cybernetics, Part A, 29,6, pp.637-644,1999.

23] 00000: * 0000000000000000000000" ,00000,Vol.26,No.2,pp.99-
102,1987.

[24) 00D00,0000,0000:* 00000" ,000000000,Vol.6, No.9, pp.759-765,1991.

25 0000000000000 O0O0O00D0O0O000DO0O0O0, 0000000000 (ODO), Vol.57,
No0.537, pp.1568-1574,19910

[26] goo,0b0,0bo0b0,00oo: " 0booooboboooobobDoobo”,o0o0ooood
0,Vol.31, No.9, pp.1528-1530, 1995.

[27] M. Shimojo, A. Namiki, M. Ishikawa, R. Makino and K. Mabuchi: A tactile sensor sheet using
pressure conductive rubber with electrical-wires stitched method, IEEE Trans. Sensors,vol.5, no.4,
pp-589-596,2004.

[28] Tekscan, Inc: http://www.tekscan.com/

[29) D000 O0OO0:“ 00000000000 0ODOOUOOLOOODODOOUOOO” 00000000
000, Vol.18, No.7, pp.730-735, 1982.

[30)0000: “0000000O00ODO0U0ODO0OO0OD:D0OO0ODO0DDOLOODOOO”,0000DOODO
0,Vol.11.No.7,PP.959-965,1993.

[31] D000,000000:* 0000000000 0OOUOOLDODOODOODOODOODOO” ,0140000
oooooooooo,PP.1077-1078,1996.

[32] 00D0D0:* 0000000000" , 000 TECHNO,Vol.9, No.3, pp.6-9, 1997.

[33] Jae S. Son, Eduardo A. Monteverde, and Robert D. How: “ A tactile sensor for localizing transient
events in manipulation” , Proc.Int. Conf. Robotics and Automation, pp.471-476,1994.

[34] Robert D. How: “ A force-refecting teleoperated hand system for the study of tactile sensing in
precision manipulation” , Proc.Int. Conf. Robotics and Automation, pp.1321-1326,1992.

[35] Paolo Dario, Giorgio Buttazzo: “ A force-refecting teleoperated hand system for the study of tactile
sensing in precision manipulation” , Robotics Research Vol.6, No.3, pp.25-48, 1987.

[36] ood0o,0000: 000000000000 0o0oOo0U0oOoOoOO0O0r ,00000000,Vol.31,No.l9,
1252-1257,1995.

[37] gooo,0ogooo,oonoo:* bbb ooobob oo ogoooo” ,00d
0000o0o,vol.l6, No.1, PP.80-86,1998.

[38] ooo,0000,0000,00000:"* 000000000000 00C0O0O0O" ,0100000000
00000000 ,PP.651-652,1992.



oooo

11

[39] Fearing, R.S., Hollerbach,J.M.: “ Basic Solid Mechanics for Tactile Sensing” , Int.J. Robotics Re-
search, Vol.4, No.3, pp.40-54, 1985.

[40] M. Shimojo: “ Mechanical Filtering Effect of Elastic Cover for Tactile Sensor” , IEEE Transactions
on Robotics and Automation,13,1,pp.128-132,1997.

[41] Cameron, A., Daniel, R., Duaant-Whyte, H.: “ Touch and Motion” , IEEE Proc. Robotics and
Automation,pp.1062-1067, 1988.

[42] Canepa, G., Morabito, M., Rossi, D., Caiti, A., Parisini, T.: “* Shape from touch by a neuralnet” ,
IEEE Proc. Robotics and Automation, pp.1062-1067, 1988.

[43] Shinoda,H. et al.: © A Tactile Sensor using Three-Dimensional Structuret” , IEEE Proc. Robotics
and Automation, Vol.1, pp.435-441, 19930

[44] H. Shinoda, K. Matsumoto and S. Ando: “ Acoustic Resonant Tensor Cell for Tactile Sensing” ,
Proc. 1997 IEEE Int. Conf. on Robotics and Automation, pp. 3087-3092, 19970

[45] OOd00O:* 000d000o00ooo0o0oooOooo0r ,000000000d,Vol. 11, No.7, PP.959-965,
1993.

[46] goo,0goo,0gg0f: * oo oboooboooogr , D000 0boooobobooo
0 ,PP.887890, 1996.

[47] Kaneko,M.: “ Active Antenna” , IEEE Proc. Robotics and Automation, Vol. 3, pp.2665-2671, 1994.

[48] ood0,0000:* 000000000 00o0o0doooooooo”,000ooo0ooooo G-I,
Vol.J74-C, No.5, pp.309-316 (1991).



