'78~'82
'85~'88
'89~'93
"82~#x|

CEL]

AR SHe 0|4
23 =9 A&

4 ¢ #

(KIMM 7-gA]o14)

Moy stn Zochs HojHZDH(EAD
MECHER Z0icHet HojAZDHAAD
o= FitKPR JIASETHLAD
=7 ([A AT MUATH

73~°77
'81~'83
'79~°83
'83~FHx|

oIMCHSim BTICHS F7IBHH(EAD
CIMCHSIE BTICS H7IBHTI(HAD
saneled o7el
ST Moot

LA &

g 2R ANER AERES v,

32 A9 ol Eololn gekalm Sl A9

28 AF9 9194 manipulation®] &, mechanical
am¥ i EA9te] AE # o] A(interface) & ©F
& Aoz, o] AHHAE A=o]HE|(end ef-
fector) & W=(hand)Z} ok 286, AF7
Ao A4 2R $42 22X &4, 9K 239
Ze d¢ AYoez, AL dzolHE Y AFo]
& " g8do] Ho] gon vy BF 2YHIY
59 $4317] gd3Me vAE 94X 2 3 Ao
(fine position and force contro) 7} 7153 T}#A Y
Y =(multiple articulated hand)9] ¥8.40] Fol
Hi Uk

# 2 9] mechanical hand 9] &8 ¢+ 24, 1509
d 9F N AREF &8 g 7AE 98
MAZ gripping AANE LA ok SFPdle,
$F, 8%, A=Y 2L FT FHBAAA
AFE dadsty Adste Al &4 Tk
€ 7HA A=9] o] AAFHI St F, A

& QHAZ A4 A master-slave & teleopera-
tion A28 W& o] 83to] mechanical arm %
Y=g 94243 49 FYS £P3d

ol g =9 dATFAN FLE s4E 39
1% o,

(D =9 WE 8, AFE, fingerd F,
A4 5

(@) AA 2, £, dipZt, 22 §
47



2! 1. mechanical hand®l R4 7=

(3) actuator ¥ Y AT 3K, +4,
A7)2H, piezodA F

(4) A=9] Aol : HAFA, F Ao F

(5) planning : FAE 43 AYAY
Solth. oj¢t Zo] 2R =i, 2R AT F
Bolo %312 AR 1 A7 AP shite
o7l € & 3t &, =& o #4he
7HA finger®] ®$O.2 FAHO, & #& AHEE
7HAH, ol& L&, RAEE Aodly] M
7zt fingerel 91X 2§ AAMe) 2ZANE Y
22 3, dgd FYL 9F planning 59
77t Qs

2% =2 d7de e A F A=
UE F 4o AAE, A= g EA99 7]
83 44L& d7se M43 Wy, g
e, AR &8 dTske A £yl
HAFA HHAMe w9 E84, 71FEY
HAE A7IY. ZF fingerst EA7L HEA
slip@’3, A9 B A (stability), 92 E 9
A 5& A7 39, AREL TdE ELS
Fe oA Hopo] AuE A= A o] ofF
B3¢ A4S 79 § gle F5F d=oy
Holth, 18, AlY &1 22 38 248 =
4837 AsMe Y #A FFE 97
02N 22X J=2 ouE AYE FYsey
A A AA e Addojy FLHA I=9
AAld o] 8 Aolr}

BidAe, 22 F=9 AT JojA F=9
HtUEF AA 2 Aol B3 dybie s A
&9 AL £43A o]§ 28 W= Fgde
A4 e #g 4978 Alstaa 3o,

8

-~ slipperiness |
—fragility l

— accelerations
“~stability
—~actuator & drive train

- constitutive relations
—joint compliance
—contact properties

33 2. graspingZ} manipulation®| d§A{Z{el o

T

2. AHAY W I A AT

23 P=o) 9§ 3} (grasping) F& manipula-
tion, 1§ 20141} 2], open ¥ closed kinematic
chain® 2%, of A E(redundant degrees of
freedom), 2ZE finger 2 A27179} actuator?)
HAY B4 5oz ofF BRI graspingdl
&3 QT2 A e, Salisbury[2],[3]7} screw theoryS
o]§3ted t#d A=) A o] =& kine-
matic analysis A3tk T3, manipulation
H3& 2yt 47 Bl 3 graspE
Ag3te d7% &E1 ok Kerrs} Roth[1]&
a9 300y Ze], £33 A, o B4 2
2% =9 A% constraints) S TEFHEE HAH 9
& F3le Wis AL Nakamura S[11]
< finger® internal forceS #HA3} 3= graspS

Bl MK 57 38 (1993 #)



Y28y 7L ojg# ZR HEY oI)E

[ Task
- Constraints feasible

Object
grasp
space ‘

Constraints
Gripper

Constraints

optimum grasp
according to
objective function
with constraints

a8l 3. siMEQl ghHol| 28t graspel ME

Adsle HHS ANEEY. of WAL Algte]
AT Qe WA 71 v B dips
AEed 983 Hio §E AR Aol

agu, olgt 2§ B A Wy
manipulation®] EFF BAZ A9 tREe] &
#3833 73S AAZ 3] g7, AAHY &
AsolA 2R J=vt 5PFHoE od EYS
Aol E3, Fo|F AJE FYde A=
Aol & FAH] Brl

3 ARNH FEE 18T HA AT

A €9 7S B ZER J=F NEE)
93, $39F A} HdF graspd] BAE ol
#37] AP S BAE A7) ofF LA
2y 2452 Qo

WA, A &9 24 F2E 18 49 YEIT
(6] 9A9) A%, £8 Zd 7M7}& carpometacar-
pal jointe A¥ HA$ 27 oF 9009 FH Yo
b5d 2 AREE 7 1 tE9] metacarpal-
phalangeal joint= AF2 ¢ 60°, 22| 2L interphala-
ngeal jointe AEZ ¢ 9009 FH Y] 7hs3t
AAE AT he &7t 4yl A=
oj2olA, AAY AFEE 20~252 EHA A
128

I, A £ &t engg $4d o

¥

interphalangeal o~
joints s

AEL AT Ao dAE9] 7], g € Y
ol e & 2e AAE AT 5 AUk o HE
Aol BA F&& Schlesinger’t 22 £§/3
¥R, Taylor® Schwart7} ©1& 8.%3gth. o
EidMe #3% Y UgEbO: WEEY
dejo) o&3n gtk F, AEY oA FHE
13 594 ¢} 2] cylindrical grasp, tip grasp, hook
grasp, palmar grasp, spherical grasp 2 lateral
grasp2 wH3t2 Qlohsl.

Napiere, Taylorshe @8, AHgY #A 32
WAEY] Heele FAYT @A Y il
g&s, 7HE FaF RE A (stability) ol 2}
1 3G, a4, B BHAAM power
grip?} precision grip®] 27HA2 ER/3AL U

Cutkosky$} Wright[19J& ¥€¥3Q FAdRoe
558 87 F, 71A /13 A A%
€3 28 =9 HAE A8, 74T
B3 F&E BA3td 19 6olAleg 2o, AF
<l FZ(hierachical tree)2 ¥F31 gtk o]
M, QBN 2EFSE 7T FE HU B2
oz Fol AudF FFHo| ke, FEY
A71e FolAd FH, HFAA olfFoz 7

49



..

£2 A9 WeRTE YEe 9EsA B,

L=
THe

Tz, AFAAY e 239 o

&0 g} o9 BA FFo] EAdE Gl
/'."—\ At ol & S-S 3 2317] 918 Iberall[ 1810201
W E, AR AR £ Qb BAY 23e A
N £3vhe AR Ftele, &9 44 Fx29
CYLINDRICAL GRASP A5 Aol F&F virtual finger(VF)S 71d&
ey EJsto), oW 013 A gl dal 5 A
har: VFE AM$3led whdle 3 (opposing force) &
I Q7ske PHAY 2R 34 AAE Fostn
. - e -9‘ a
PALMAR  SPHERICAL GRASP [LATERAL k. 23 790A, Pad oppositione YA} ‘:I'i:
&g Algdrz AAd F949 Aad
18l 5. Schlesinger?t EF8 671X[2| mx| Z3}o] 7hs 3l QA o] B3}t Palm opposi-
XA tone &} &g olgdEe APAe
emphasis on Grasp- emphasis on
security, stability | dexterity, sensitivity
I ]
Power Precision
clamping not clamping
required I required
. 1 l 1
2 é‘{’ Non-Prghensile Prehensile
88 (one ‘virtual thin compact long
ig fnger’ ) ..
g= l (two v1r‘tual
fingers
Hook,P Plgtform, 7 Pinch
‘11; 'long compact1 atemlls net. ( dCi]rmlar | ( Prismati ; };c .
. . i radial symmerty), opposed thumb,
. Prismatic (radial symmetry, ) 3 ‘virtualy ﬁ:‘geers') 2 ‘virtual fingers')
(wrap symmetry, fingers fingers surround ‘part) ) small
surround part) | l
Disk Sphere Disk Sphere  Tripod
10 11 12 13 14
8o
g Heavy
L '
' w s B O B 5
Medium Wrap Adducted Thumb Light Tool Thumb-4 Finger' Thumb-3 Finger Thumb-2 Finger: Thumb-Index ~
3 4 5 6 7 8 Finger
Sl ?
Large Diameter Small Diameter
1 2
ﬁcreasing Power Increasing Dexterity,
and Object Size Decreasing Object Size

32! 6. Cutkosky S2f 7|A| 7k &M | TiX| XM 27

0

Bmel M 58 38 (1993 #)



Ye)3Hy THE oj&¥ 2R dE=9 Aol7ls

7kt frdAdel HE3tt)h side opposition B2 AA7} ol T3t Al g o] Fo
AA 9} AXe 9d F& g &g gu s EABAT, AR graspE coded7t 7Hs3HE,
olg3lnz {AXIY ARAY IF& °Fx 2R =2 ojd PG A4S ST ARE
ok &, Lyonse A4t 2@l (computational model) B g sl =80 € o2 Agdd,
o] 3 BEOZA virtual finger NES AHE-31o,
Iberall# vw}#7lA 2 Encompass grasp, Lateral
grasp 2 Precision graspE EFSL i9h(2d
8.)

AHgEY BAe B3t AF7A dHE A
F& ® 19 Yepdh o]dY 2E BEHE HE
Agd AT K853, BEA o] FFY

Encompass Grasp  Latéral Grasp  Precision Grasp

12| 8. LyonsS 2F
EeoL | 4 TRE 2R d=e 4Ad

AN AEe & e A5 2 AAE @ 22
o HEFA 2=, Stanford/JPL #=(1982)
S} Utah/MIT F=(1983)7F 24H 2 ot ol
A=, A= ZAAY FAYL volumeE F0]7)
38 7. Iberalle] 27 A3t actuatorS =9 wpg Zo 1, I}

E 1. Al 29 ox| S& ZF0| E o

Pad Opposition  Palm Opposition ~ Side Opposition

Posture names

Researchers . -
Schlesinger(1919) | cylindrical grasp
| spherical grasp

palmar prehension hook prehension

tip prehension lateral pinch

McBride(1942) | whole hand grasping thumb, finger grasping palm, digits grasping
Griffiths(1943) . || cylinder grip pincer grip ring grip

ball grip pliers grip

grasp pinch hook

Slocum and
Pratt(1946)

Napier(1956) || power grasp " precision grasp hook grasp
Landsmeer(1962) power grasp precision handling hook grasp

Iberall and  ’ basic power ) basic precision/power  modified prec/power
Lyons(1984) = || modified power basic precision fortified prec/power
Lyons(1985) encompass grasp precision grasp lateral grasp
Cutkosky  and sm diam heavy wrap disk power 3 finger precision

Wright(1986) Irg diam heavy wrap spherical power 2 finger precision
medium wrap hook disk precision

adducted thumb wrap 5 finger precison sphercical precision

light tool wrap 4 finger precison tripod precision
lateral pinch




¥ 8

actuator{r-S wire2 HAZ3= tendond A ojE
ojt}, .

Stanford/JPL A=+ Salisbury SL[3],[25]01 7
g Aoz a9 9dMg ol &4 3 A{x9
3709 finger& A¥ 9 AKEE /FAL Ytk actua-
tor2AM+= DC torque EEE Alg3ln glon
FEE # £202 wireS WATOEZA, T
hae] W@y & wyel gout Afze BE
)3 Aol 7Msdtd, I=E compactdtAl 4
Ade Aol 7bedid.

Utab/MIT A=[5] Utahth 9] Biomedical De-
. sign Center$} MITtH & <] Artificial Intelligence Lab.
o] 3o AP Aoz AF 7Y J=
b 7HE AREY] &9 Jbe R gEA
A, o] FEx, 217 10949 Zo] &4 AR
4709 finger2 AF 164H% ©|th. actuator2HE

J& 10. Utah/MIT 3=

371 AUHE o] 83, pulley AB7|FE Al
43lng ovido] AL torquedE HAo] F&
Y pulley 7177t AX J=E 43, FFoz
AAshe RAe o F=g HEF AN A&
He F2E 19 119 Jebddh %, 39 12¢)

B
|
A
=

38 12, Utah/MIT =9l 758!
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Y2/ 83 =Yg ojge ZR =9 Hol7)E

e o] Y= ol §3te AEEY] ortA 5]
TS AEE Ao

4, deoMe Fd #F ATE AL,
Mori 59 G477 A9 474U RAeg, 1 oF
o 9 =7 AFHU

54 &

£ 1M E, 22 I=9) 73X (grasping) L ma-
nipulation®] #3 ATEA AlF &2 dFde
Aeed £8E 2489 22 =9 gAq
E AN A o] Po] 2AHT YA 28
A=rt GutH BAs A SPHoz oW
1S Ao B3, AT FAL F38) 94
Me olAz Aol & o) B} U Ak
E& 2 Mg A A3E o}F 45 A
soldEolnz, A &9 UUF TS A
3o, o] R W9 T AA 2L Ao
&3 Aol 7Hsd Aold, gy, A &9
EE FFE BERSE AL A9 Blsdng
Aol 532 FU e A Bue Y yen
AEg gz9 BAE o83, 1 HH L codedt
Fo2H, ZE W= X AAE AAZA 3
Yoz HAYE + & Ao

7 ¥ AFFAZAE, e J)F A4 o
Ao #A o]9Je] MM} actuatord] BF ATFES
A4 571 Qo olH] MEd 7 AM7} Ro
2743 YA, Zx(sensitivity), & E(resolu-
tion) ¥ 71883 Tz 5o sjMel Hasi
3, actuator E ¥ ALVTE P9 45 S
Mdged M & 9% ve 848 By
EEAo|a upFo] e AGI|TFY o] 8
THI Y}
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