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(a) start (b) intermediate (45[deg]) (c) goal

Fig. 6.27: Tumbling 1’: Planned Operation
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Fig. 6.28: Tumbling 1: Manipulation Stability
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(a) start (b) before regrasping (c) in regrasping
(O[deg]) (33[deg]) (33[deg])

(d) after regrasping (e) goal
(33[deg)) (90[deg))

Fig. 6.29: Tumbling 2: Planned Operation
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Fig. 6.30: Tumbling 2: Planned Finger Forces
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Fig. 6.31: Tumbling 2: Manipulation Stability
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Fig. 6.32: Planning of Pivoting
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Fig. 6.34: Pivoting 1: Planned Finger Forces

—— Pivoting 1 |

b Zmin

5 10 15 20 25 30 35
¢ [deg]

Fig. 6.35: Pivoting 1: Manipulation Stability

40

40

45

45




134 FOE BEOURY MRICLAYFATLAR - vV al— 3 yOitH

(a) start (b) intermediate (c) goal

Fig. 6.36: Pivoting 2: Planned Operation
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Fig. 6.37: Pivoting 2: Planned Finger Forces

| —Pivoting 2
- zmin {8

manipulation stability
O = NN W s~ OO N ®

o
(4]

10 1845720 25 "30 '35 40 45
6 [deg]

Fig. 6.38: Pivoting 2: Manipulation Stability

i, EAXLBEOMSTZ 31 B, o EOX M % 10 Bfsica# L., Zhicky,
bET I bS N

7x7x6C2 X (31 +10) = 1,765,911
D= FhoBAHIRETREN Y S 72 ERTHI LIS,

Fili LIS TR EE LTS5 68 53R E% 5 L 7= (P Tumbling + Sliding)
EZ2h, Fig.6.390 L)1, WMAlrLWEEOFIATHL, 20T IRFHEEIELTHLY
HIREER SN, ok, A0 (1) PLEHE, dIRHoR (32 ¥
@2y, Mg oM@, #147(2.5, 1.25, 1.25)7, #&247(2.5, 1.25, 1.25]7 T
A ([ Tumbling | DFEREFL). T/, BKOESH, B UBREOHEROKED



136 e BWEOUEY MEICIAYVFIASVA - v=¥Eal—T a3 /DitH

(a) start (b) intermediate (45[deg])

(c) intermediate (90[deg]) (d) goal

Fig. 6.39: Tumbling + Sliding: Planned Composite Operation

finger force

0 30 60 90?0 3
tilt angle [deg] i sliding displacement

Fig. 6.40: Tumbling + Sliding: Planned Finger Forces
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Fig. 6.41: Tumbling + Sliding: Manipulation Stability

Fig. 6.42: Arm-Hand Mechanism
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(a) start (b) intermediate (c) goal

Fig. 6.43: Experiment of Sliding Operation
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Fig. 6.44: Finger Forces in Sliding
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Fig. 6.45: Experiment of Tumbling Operation
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Fig. 6.46: Finger Forces in Tumbling



140 FO6E HEOOKRY MRICEAFIFATS VAR - w2Vl — 3 v OEE

6.8 &t

i)

FEICEHTIEER
6.8.1 ESEFENHYEESH

DEDXHIC, RETRELZFEFHRELE, $TEILSF59XS LR - v=al— g
YORTEZAT) LD TTRETH L. HOEEME GHLIREL L) - WA LEME- ¥Ry Mg
FEIZOWTEIEDE B 24T S LA TE L7720, AFd (M1 1996a] DY 5 XA FL R - =
Z¥al—va yOFHIIBITD Type 1-3 O#E 223 HBR) 2 @B TEX-LERS.
I, HORLERR, BAL+BELEOEAREOFHEMALS, Tho 23T ITITHA
EbELILIZL ST, ERPOEMELFFAS VR - w22l —Y 3 VOEEOEERD
WM ZRTIENTEL. DI, FEOBREFEICBESA R, —B&H2T T X
TVAR-7wZ¥al—Ya VOFRTEORMAAEHEEL -2 LIE, BHR~Y=¥al—Yav
*ORy MIEBESEL LT, BEREVEEZIONS,

I/, FEOFEFEE, 79707 — 7 CFHEEREEI LT, I 7HERIZI-T®
Z¥al—2a VElHEE2T) 7 7/u—F 2 b oTwab, B LMK, v=¥a2l—
YayOHWPRHEHTA0KRy POk, BEFHFICL-oTEDY ) 5205, KETHWE
FMERIE (6.6.1 ) X, LT L) aME - Tn5.

e 56,1 HTHMNZZ X I, TEALZFNERHE L MET2HIENETE XN LHEA»DH
5. BRI, MEBHE SN LOEEEY, v=Pal—Yarol{ FEL
THY, ZRISHLTHRHBE IO LLBENICL > TFREE NI -RET, #5
MEeBDT L) LRIEVPERINL Z DSV, 2D L) 2R, HRWErEADRE
BEEoTHRD25, EVIBEPOLEZEILWIDOLELEERS. %5, Hlzida
YTIAT VARSI THEYEHRELIIET 2L, bEFrLsEDI
Lo TONRYILADERE (—RIICE L) AN TLE) 2D TH 5.

o BIEDHEEMOFMEITTHNIIE, VI 7ICHNYTELIRMIPNEL LB EDICHRE
ERTVWALEDT, TRy MEFS TRV ZHBE25E1E, HHEKREDIZLT, S
3 L THWREBE o THEWZEIH T &) 2BESER SR LEA»H S, 20
ZEid, FBIZPPLAMRPBEELANF— LW ETEAFITH B2, HELICTTVT T
ATVR w22l —=2arilBnT, COLIICLTEREDRESEYBRETLZ L
&, E4EIHELEEZD. bboHA, HOBELNFKE L ZVEAIE, AHORL
TREDLLWE ) RBE (ULBMELY) RS h 5.

o JROHIHE— FOREIL, BEENLZEELEN—RfToTWAEDT, BAHIZLoTH



6.8 AIHFEICHTLES 141

2500 g

BA*  WDikstra

2000 B
1500 [ 8

CPU time [min]

Fig. 6.47: CPU Time for Planning
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Fig. 6.48: Number of Expanded Nodes in Planning
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Fig. 6.49: Effective Branching Factors in Planning
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