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Topological Manipulation Planning for Knotting and Tightening
of Deformable Linear Objects Based on Knot Theory

Hidefumi Wakamatsu*!, Akira Tsumaya*!, Eiji Arai*! and Shinichi Hirai*?

A planning method for knotting and tightening of deformable linear objects is proposed. Firstly, we briefly explain
crossing state description and basic operations corresponding to crossing state transitions. Possible sequences of
crossing state transitions, that is, possible manipulation processes can be generated once the initial and the objective
states are given. Secondly, a method to determine grasping points and their moving direction is proposed in order
to realize derived manipulation processes. Then, it is theoretically found that any knotting manipulation of a linear
object placed on a table can be realized by an one-armed robot with three translational DOF and one rotational
DOF. Thirdly, a planning method for tying tightly is established to complete a knot because the knot fulfills its
fixing function after it is tightened. Finally, it is demonstrated that an one-armed robot system can plan and execute

tying and tightening a slipknot.
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(a) Left-handed helical  (b) Right-handed helical
Fig.1 Crossing type
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(b) Segments

Fig.2 Example of knotted linear object
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Fig.5 Actions for crossing operations
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Table 1 Rule of switching at crossing

previous . next
direction crossing direction
same right-handed | lower — upper same
helical upper — lower || opposite
left-handed | lower — upper || opposite
helical upper — lower same
opposite | right-handed | lower — upper || opposite
helical upper — lower same
left-handed | lower — upper same
helical upper — lower || opposite
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) Normal shape

Fig. 10 Bowknot
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a) Completely tightenable knots

@@@

(b-2)
(b) Looped prime knots

b) Simplified shape

Fig.11 Completely tightenable knots and looped knots in the
knot theory
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6 DOF manipulator

CCD camera
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Fig.12 Overview of developed system
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(b) Objective state

linear object

o

) Initial state

Fig.13 Example of required manipulation—tying slipknot
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Fig.15 Additional states and operations when AOqy is consid-
ered
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Fig. 16 Generated manipulation plans for tying slipknot

Fig.17 Pulling segments for tightening slipknot
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(b) Executing operation 1

(a) Initial state

(c) After operation 1 (d) Executing operation 2

==

(f) Executing operation 3

(e) After operation 2

T & 70
al’

(g) After operation 3

(i) Tightening (j) Final state
Fig.18 Result of manipulation for tying slipknot
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