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Motion Planning of Robot Fingersfor Graspless Manipulation

The University of Tokyo (OYusuke MAEDA Tamio ARAI

Abstract:

In this paper, we present a motion planning method of multiple robot fingers for graspless manipulation.

By considering whether each robot finger should be position-controlled or force-controlled, the method can generate
manipulation plans that use both position- and force-control for each robot finger appropriately. We present some planned

graspless manipulations of a cuboid by two robot fingers.
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Fig.1: Graspless Manipulation
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Fig.2: Object in Graspless Manipulation
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Fig.3: Generation of Nodes
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Fig.4: Generation of Arcs

0000 coooooooooooooooo

1. 000000o00ooooo
2. 00000000000000O00O00O00
3. 00000000000ooooooo

goboooboobooooobooooboobooobooobooo
ooooooobod

ooooooOooOoboooobObOOoOoooobOOoboOoooao
goo

P
Xstab
C = mlax E <1 + %) ”Aqﬁngcri,j | Y]
J

j=1
0000000 [[Aggyee,; | 0000000 POOODODO
000000j000000000000004¢00000
00000000000000% 000000000000
0000000 Xegap 00 Xgan/2min 0 100000000
0000000000000

000000000000000000000000C =
Xie 0000000 Xy 0000000000000
00000000 (7)00000000000000000
44 A*00000D000O0O0DOOOO

00000000000 0000000A*0O0®DOO
00A*0000D00000DD00000DO0000000
00000000000 000000000000D0O000n
0000000000000 0000000DO0O

00000000000000000000000000
oooDoo

m?XHAq;mgcriH
(DDDDDDDDDDDDDDDDD)
uobooooboooooo
nvioeregr
(DDDDDDDDDDDDDDDDD)
gbobooobooooooo

H= (8)

O

000 [|Ag),,.,|000000000000000000
000000i000000000000000000000
O0nua 00000000000000000000000
00000D00000000000000000
00000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
000000000000000000000000000
00000000000000000000

5 000

00000000000 00000COO0000000
0000000000000 00000000000000
O GLPK (GNU Linear Programming Kit)'® 00000000
00000000000 0000000060000000
000000000000 00000000 7600000
(N = 76)0

k[+1,0,0,0,0,0]7, k[0,+1,0,0,0,0]7,
k[0,0,+1,0,0,0]”, k[0,0,0,%1,0,0]7,
k[0,0,0,0,+1,0]", k[0,0,0,0,0,+1]T, ©
khi?iiiié?iéaié?iéaT
000 k=2vV3-+v6 ~1480000
20000000000000000000000000
0000000000000 0000000000000
0000 1000000000000 100000000
Xregr = 1020 Xgap = 10720 2pin = 0.2, P=300000
0000 980000CSpaced 00000000 OOO0O
00000 3100000000000000000000
00 7x70000000000000000000000
7x7x6C2 x 31 =1,335,201 0 0000000000000
000000000000000000000000000
Pentium4-2.8GHz 0 PCOOOOOOOOOODOOO
00000000000000000000000000
00 5x5x5000010000000000000000
0000000000 07000000000000000
00500000000000FE50000000000
0000000000000 00D000000000000
000000000000000000000000000
000000000000 616CPUODOOOOO
00000000000000000000000000
0O05x5x1000001000000000000000
000000000000 D0000000 07000000
0000000000 05000000000000000
000000000000 Fig6000000000000
000000000000000000000000000
000000000000000000000000000
00000000 188CPUODOODO
0000000000000 0000000000000
0000000000000 00000000000000



,*

e

© (d) goal
Fig.5: Planned Pulling Operation

(&) stert (O[deg]) (b) (30[deg])

(c) (60[deg]) (d) goal (90[deg])
Fig.6: Planned Tumbling Operation

(a) start (O[deg]) (b) before regrasping (33[deg])

(c) after regrasping (33[deg]) (d) goal (90[deg])
Fig.7: Planned Tumbling Operation with Regrasping
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