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(a) Type 1: Graspless Manipulation with Planar Contact

(c) Type 3: Graspless Manipulation with Point Contact

Fig. 2.6: Classification of Operations by Contact Type [0 O 1996a]
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(c) Stable Push (Type B?)

Fig. 2.7: Classification of Operations by Constraint Type [0 O 1996a]
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1

(a) Type « (Graspless Manipulation)

I

(b) Type 3 (Semi-Graspless Manipulation)

1

(c) Type ~ (Pick-and-Place)

Fig. 2.8: New Classification of Operations
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Table 2.1: Evaluation of Manipulation Type «, £ and

Type Type 3 Type v
Manipulation with Small Force Good Good No Good
Manipulation by Simple Mechanism Good No Good | No Good
Manipulation in Narrow Space Good No Good | No Good
Manipulation Stability No Good Good Good
Possibility of Excessive Internal Force || No Good | No Good Good
(caused by contacts with the environment)
Ease of Manipulation Planning No Good Good Good
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b/ £ B

Fig. 2.9: External Disturbance and Distribution of Contact Forces

gooood

e [0 UI0O0ODDDOUUOUOLUDLDOUUUULDLDULUULODDLDOOUOUULDDLDOO
gogbobbooobbboooobobobooobbboooobboooon

gobobbooooobboooobobbooooooo

oD LU LDLOLDDb D
O000000000DO0o00ooOOdooD30ooooooooooooooooooooog
gobbobooooboooboooooboobboooobobobuoooobbooouooboboogn
(Fig.290 000000 DODOOOUDUOUDOODOOODODUOOODOODODOUODOOOODOO
goboboboooobboooobbtbooobbbuoooob bbb boooo
gobboboooooobooooboobbooobobobuoooobobobooouoboobobooaon
gobbboooobobboooobbbooobbbuoooobbboooobobobooon
gobobobooobobboooobbbooobbbuoooob bbb boooo
gobobobodoooboooboooobbobooobobobuoooobbboooubobobooaon
goboooogoooooooooooobooooboooooboooonboooboboo

gobobbooooobbooooooboooobbboooobobboooobobobooon
0000000000000000000000000000000000 [0 1995b) 00
00000000 [02000|00000000000000 [0 199,00 1997100000
goboobobooooobooboooobbbooobobbuoooobbbooubLobLbbooOon
O000000000000000000([Goyal 1991alj0000



23 000000000000 00DO0O00O000000 29

=

Fig. 2.10: Approximate a Surface Contact by Point Contacts
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of Reaction Force Representative Points
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Fig. 2.11: Mechanical Analysis of Contact Reaction Forces
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Fig. 2.12: Replace a Surface Contact with Point Contacts
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Fig. 2.13: Replace a Sliding Surface Contact with Sliding Point Contacts

Fig. 2.14: Equivalent Contacts
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Fig. 2.15: Object in Graspless Manipulation
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Fig. 2.16: Frictional Forces on a Half-Line in Rotation
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Fig. 2.17: Representative Points for Surface Contact with Rotation
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Fig. 3.4: Example: Pushing Cuboids
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Fig. 3.5: Example: Rotating a Cuboid
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Fig. 3.6: Example: Tumbling a Cuboid
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Fig. 3.7: Manipulation Stability of Two-Finger Pushing (1)
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Fig. 3.8: Manipulation Stability of Two-Finger Pushing (2)
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Fig. 3.9: Manipulation Stability of Two-Finger Pushing (3)
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Fig. 4.4: Virtual Fingers for Internal Force Analysis
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Fig. 4.9: Boundary of the Possibility of Wedging
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Fig. 5.3: Tumbling a Cuboid
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Fig. 5.4: Sliding a Pyramid
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Fig. 6.9: Sliding of a Cuboid
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(a) start (b) intermediate (c) goal

Fig. 6.10: Sliding 1: Planned Operation
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(a) start (b) intermediate (c) goal

Fig. 6.12: Sliding 1’: Planned Operation
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Fig. 6.13: Sliding 1: Manipulation Stability
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(a) start (b) intermediate (c) goal

Fig. 6.14: Sliding 2: Planned Operation
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Fig. 6.15: Sliding 2: Planned Finger Forces
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Fig. 6.17: Sliding of a Cube
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(a) start (b) intermediate (c) goal

Fig. 6.18: Sliding 3: Planned Operation
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Fig. 6.19: Sliding 3: Planned Finger Forces
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Fig. 6.20: Sliding 3: Manipulation Stability
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Fig. 6.21: Sliding 4: Planned Operation
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Fig. 6.22: Sliding 4: Planned Finger Forces
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Fig. 6.24: Tumbling of a Cuboid
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(a) start (b) intermediate (45[deg]) (c) goal

Fig. 6.25: Tumbling 1: Planned Operation
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Fig. 6.26: Tumbling 1: Planned Finger Forces
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P s

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

Fig. 6.33: Pivoting 1: Planned Operation
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Fig. 6.35: Pivoting 1: Manipulation Stability
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Fig. 6.36: Pivoting 2: Planned Operation
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Fig. 6.37: Pivoting 2: Planned Finger Forces
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Fig. 6.38: Pivoting 2: Manipulation Stability

00000 TumblinglOOODODOOO0D M O0O00000D0DO0DO0DOODOODODOODOOOODOOO
00000 Fig.6.4006410000

O000O0D0O0000O0DO00O0O0bO0ObDO0O00g, 133000000000 1.15900
00000000 120CPUDDOOOODO

6.75 0000D0OOO0ODOOOOODODOODOOO

O00000000000000000000000kRIg.6420000000000000
000000000000 00000000D00000 S5000000000000RV-M20
00000300 300000000000000000DOO000DoooooooooOog
0600000000BLOODOOOOONANO2520000000000O0DO0O00O00O0O
OO0ART-Linux [ODO]0O0O0OO0OPCOOOOOOOO

0000 60[mm] x 60[mm] x 100mm] 000000000000 0.092[kgl0 0000
0000000300000 2000000000000000000000000000
000000000000000000000000000000001500000000
00000000 120000000000000000000000000000000
Doooooo

00000oo0d0oOo000oooO00ooo00ooDoO0o0oooOoD 100oDoo0doD 200
gobboooobooboboooobbbooobbobuoooobobooooooboboogn



6.7 OO0

139

(@) start

(b) intermediate (45[deg])
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Fig. 6.39: Tumbling + Sliding: Planned Composite Operation
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Fig. 6.41: Tumbling + Sliding: Manipulation Stability
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(a) start (b) intermediate

Fig. 6.43: Experiment of Sliding Operation
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Fig. 6.45: Experiment of Tumbling Operation
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