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Abstract

In this paper, three-dimensional caging by a multifingered hand (3D multifingered caging) Is studied. Caging Is a method to
constrain an object in which robot bodies surround the object and make it inescapable from the “cage” composed of the
robot bodies. In 3D multifingered caging, position-controlled robot hands can manipulate objects, and force control is not
necessary. Furthermore, even a robot hand with low degrees of freedom can constrain an object to manipulate. We
formulate caging problems and derive sufficient conditions. In addition, we propose a method to plan robot motion with the
sufficient conditions.
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RRT

Formulation and Approximation

Motion Planning using RRT

rand
Cij(dpim, 6:) 3.
= {dobj € C | Aobj (dobi) N Aij (2oim, 8:) # 0} Obstacle region: C,, Z o
N L 4 / /
Crob{gpim; @) = (U U cij(Qplmaei)) UCpim{gpim) rand neat
i=1j=1 annd
dobj € Ctree_obj = 0 . 0. Zrand Znear
dinf € Ctree_inf N Cree_obj = 0 " Free configuration space PQP
Object Conflguratlon Uoby 6. £ cand
- Znew
[.Z 2 0
N

—> "

Caging a sphere

Planning results

Caging a disk Caging a ring-like object
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J o dT?::el: 1(0) > max (d (9) +1(9) d‘lj?.k(e) < 27(isk (k 7> .7)
\/1 ( 21 T ) 1.3(2+1)k(9) < 2rdisk _
re(8) < Tsphere (i=1,...,N) (G=1,....,L) (k=1,...,L+1) d141(6) < dring
[1.060, 1.096, 0.553]" (rad) =[0.994, 1.164, 1.152]" (rad) @=[1.180, 0.682, 1.026]" (rad)

Conclusion Future works
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