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Three spaces of manipulation planning
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Infinite Dimensional Hilbert Space



Cost Functional
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The Smoothness Cost The Obstacle Cost
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ICRA’09: Ratliff et. al
CHOMP: Gradient Optimization
Techniques for Efficient Motion Planning




Optimizing the functional

gradient of U smoothness metric

Sen = min U(E) + 37§ — &) + 516~ &l

first order approximation of U regularization



Covariant Functional Gradient Update




THE AN TS
GO _MARCHING

- b 11

Wi,

o

B L.

Illustrated bg Jeffr'ey Scherer S




CHOMP:Realtime




CHOMP:Realtime




Local minima
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Alleviating the local minima problem
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Make the problem easier by taking advantage
of the natural flexibility in manipulation.

ICRA’11: Dragan et. al
Manipulation Planning with Goal Sets
Using Constrained Trajectory Optimization




Goal sets




Goal sets

goal set for placing bowl
on the dinner table

goal set for throwing objects
into the recycle bin
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