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Planning of flexible rope manipulation based on topology
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Deformable linear object manipulation is attractive research issue in field of industrial
robotic manipulator. And robots’ ability to manipulate deformable object is still inferior to
human ability. The major factor of difficulty comes from variety of shape when manipulating a
part of deformable object. And it cannot be realized with fixed operation ordered by teaching
playback scheme. Therefore, our research group focuses on rope manipulation using both of
vision sensor system and topological model. Vision sensor system is required for observing current
situation of deformable object. Also, topological model is feasible to abstract information of rope
form. In this paper, historical research outputs of our research group are introduced. Also future
plan of data processing in deformable object manipulation is presented.
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Fig.1 Appearance of experiment tying rope onto cylin-
der object by dual manipulator: Dual manipulator
robot conducts over hands with a rope like (a).
After that, the robot makes a hole by rope (b), in
order to go through the hole by an edge of rope
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Fig.2 An example of equivalence conversion: The num-
bers on arrow mean type of Reidemeister move
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Fig.3 Examples of Knot invariant for form of flexible
rope: (K) means Bracket polynomial, w is Writhe
number and Vi (t) means Jones polynomial.
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Fig.4 Appearance of experiment tying rope using dual
manipulator: During the task, camera system
equipped in front of work space obeserves form
of flexible rope. Knot invariant can be calculated
based on information obtained by camera system.
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Fig.5 Tree strcture to express sequence of knot untying:
Those matrics in nodes is P-data which is topology
expression of rope deformation, that is proposed in
[6] by Prof. Takamatsu.
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Fig.6 Appearance of experiment of untying rope: (a)
First a robotic manipulator observes current form
of flexible rope using distance camera equipped on
wrist. (b) The manipulator selects behavior to pick
up edge of rope that is called as “Cross” in order
to reduce cross section of rope. (c) After 1st ma-
nipulation, the manipulator once obeserves current
form of flexible rope and calculates whole plan to
deform a rope. The scheme is repeated until robot
system judges a rope to be untyed after (f).
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Fig.7 Required data processing of deformable object and

sequence to order motion of robot manipulator
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