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Generation of Manipulation Plans for Knotting/Raveling of Linear Objects
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Abstract— A planning method for linear object manipulation including knotting/raveling in the three-

dimensional space is proposed. Firstly, topological states of a linear object are represented as finite permu-

tations of crossing points including the crossing type of each crossing point. Secondly, transitions among the

topological states are defined. Then, we can generate possible sequences of crossing state transitions, that

is, possible manipulation processes from an initial state to a given objective state. Thirdly, a method for

determination of grasping points and their moving direction is proposed in order to realize derived manipu-

lation processes. Finally, it is demonstrated that our developed system can generate manipulation plans for

raveling from an overhand knot.

Key Words: Linear Object, Manipulation, Knotting, Raveling, Planning

1. 00O

gboooooooboooboooboooooboo
goooobooobobooobboobboooboo
goobooooboobooobobooobobooooo
goooboooobooooboboobobooobboo
goooooooboboobobooboboboobboo
gooodoboboboboooboobobooobboo
gooooooobobooobboobboooboo
goooooboobboobbobobboobboo
gooodboboboboobobooobboooboo
goooobooobobboobboooboooboo
gooooboboobboboboobobboobboo
gooooooobooooobbooboobobooo
obooboobooboobooboobooboon

0000000000000 00000 Hoperoft O
gooooobooobobooobbobobooobboo
000000000000000 Y0 WolterDDO OO
00000000000000000000000 20
gooooooobobooobboobboooboo
gooooboooboobboobboooboobboo
000000000000%00000000000
goooooooboooobobooboboobobboo
goooobobobobooboboobobboobboo
O00000oOoooooooUoOoo ccboooOooon
gooodbboobboobboooboooboo
ooooooooboooobooooboboobobboo
0004Y000000000000000000000
gooooooobooooboboobobooobboo
goooobooboboooboobobuooobboo

02100000000000D0000200309020002200

oooboobbooobbooobooobooooog
0000000000000000000000 90

ooboobobooooooobobooooooboobo
goobooobbooobbooobooobooooog
goobooooboobbooobooobooooog
goooooboooooo

2, J00ObOOoOboboOoooo

000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
oooo
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000 10000000000000
0000000000050000000000000
0 E;-C1-Cy-C3-Cy-C5-C1-Cy-C5-Cy-Cs-E, 00O OO
000000000 C; 04000000 EO0E.-00
0000000000000000000000000
0000 CfO00000C; 000000000000
000 100000 E-Cy-C5-CH-Cf-C5 -C7-C5-C5 -
Cf{-Ci-E,00000000000000000000
000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
02000400000000000000 10 110 I


1F16

第21回日本ロボット学会学術講演会（2003年9月20日～22日）


oooooooooooooooooooodgoood
IDI0MIO00000®000I0I0IVOODODOD
ooooO0oooHmmoooooooooooooooo
000o0000o0000ooO00oooo0 Io 10 IV
oooo0ooo0ooooo0oooooooIoIo v
oooooo

Fig.l DO0O0OO0OOOODO

H“Q

yoooo yoooo
()DDI
DDDD yoooo
DDH
yoooo yoooo
()Dmm
(d-1) 0000 (d-2) 0000
(d)yoo1v
Fig.2 0000

000000000000000000000000
00000000000D00000000400000
0000000000000000000000000
00000000D00000000000000000
0000000000000000000000
00000000000000030000000
0000000 3(x) 0000000 3(b)000000
000000 I0N0IVOOOODOD0D0000000
00000D00000D004000000000000
0000000000000000000000000
0000000000000000000000000
0000000000

() 0000 (b)y 0ODO
Fig.3 000000000

number of crossing points

St

Fig4 DOOODODOOODOODOODO

3. Jboooooobooon

ooboooooooooooooooooooogo
coooooooooooooooooooooogo
cooooooooooooooooooooooao
000 2000000000000000000000
00000000000 00000O0DD 1) 0ooo
000000000002 000000000000
0000003 0000000000000 0oo0oo
coooooooooooooooooocoooogo
coooooooooooooooooooooogn
cooooOoooooooooooooooooogn
ocoooooooooooooooOooooooogn
coooooooooooooooooocoooooo
0000000000000 000O0DOoO0l) 00O
000000000 2)0000000000003)0
0000000000000 00D4) 0000000
coooooooooooooooooooooogn
coooooooooooooooooocoooooo
coooooooooooooooooocoooooo
coooooooooooooooooocoooogo
coooodoooooooooooooooooogn
coooooooooooooooooooooogn
oooooooocogoo

4. ODO000OOOOODOD
oooooooooooooobooooooooo

000000000000 000S00000000

coooooooooooooooooocoooooon



6DOF00D0D00D000D0O0D0O0D00O0D00000
000 CDDODOOOODOODODOODODOO
060000000000000000000000
000000000 6(000000 B-C7-C5-Cs-
C7-C;-C3-E,00006(b)000000 E-E, 00
0000D000000000000000000000
000000000000000000000000
0000000000000000000000000
40 81— S7 — S5 — S, 0000000000000
00000D00000D00000000000 7000
000000000000000000000

6 DOF manipulator

CCD camera

linear object

Fig.c 000000000

AN

)yoooo )oooo
Flg.6 oooooo fDDDDDDDDD

24 (3

)OoOooo1o0o0o0o 1v

EREvIeE

)ooDoo200000 1V

Q0

)oooo3000001v
Flg.?DDDDDDDDDDDDDDDD

0800000000000 O00O0O0DOO0O0O
000000o0o00ooooooooooooooo Ceb
cOooooo0oooo0ooobooooooooood
cooooooooooooooooooodgoood
oooooooooooooooooooodgoood
oooooooooooooooooooodgoood
oooooooo

(f)0000 30000

(g 0000
Fig.8 000000000000000000

5. 00O

oooooooooooooooooooooogo
ooooooooooooooooooocoooooo
coooooooooooooooooocoooooo
coooooooooooooooooocoooogn
cooooOooooooOoooooOooooooogo
oooooooooooooooooooooon

oood

1) J. E. Hopcroft, J. K. Kearney, and D. B. Krafft: A
Case Study of Flexible Object Manipulation, Int. J.

of Robotics Research, Vol.10, No.1, pp.41-50, (1996).
2) J. Wolter and E.Kroll: Toward Assembly Sequence

Planning with Flexible Parts, Proc. IEEE Int. Conf.
on Robotics and Automation, pp.1517-1524, (1996).

3) 00,00,00,00,00: 000000000000
go,00000000D00bDO0O0bOO0ObOOo0OoOoobDoon
0, (2002).

4) T. Matsuno and T. Fukuda and F. Arai: Flexible
Rope Manipulation by Dual Manipulator System Us-
ing Vision Sensor, Proc. IEEE Int. Conf. on Advanced

Intelligent Mechatronics, pp.677-682, (2001).
5) cC.ooooo, ooooOo: DOoOoooo, ooo,
(1998).





