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Multi-robot manipulation: Force closure, form closure and object closure
Prof. Vijay Kumar
Department of Mechanical Engineering and Applied Mechanics
University of Pennsylvania, USA
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Multi-robot manipulation: Force closure, form closure and object closure

by Prof. Dr. Vijay Kumar
Department of Mechanical Engineering and Applied Mechanics
GRASP Laboratory, University of Pennsylvania

Robots have been used for manipulating objects for over four decades. In industrial
applications, specia purpose end effectors are designed depending on the object and
application in question. By using multiple robots however, it is possible to have
standardized modular robots that can be reconfigured to manipulate large or heavy
objects without using special purpose end effectors. Thistalk presents three paradigms
of manipulation. Force closure requires the payload forces to be counteracted by end
effector forces. Form closure is a geometric condition that constrains the payload and its
motion. Object closure involves a combination of these two paradigms where the object
istrapped or caged by robots, while appropriate forces are applied to transport or move
it in aprescribed direction. We present the kinematics and dynamics of these different
paradigms and experimental results that will illustrate the basic ideas.
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“ He was quite tired insisted on going ahead as if that were the thing to do. This
was Professor Hayashi's style as we know him to be.”
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