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As robot make their way out of factories into human
environments, outer space, and beyond, they require the skill to
manipulate their environment in multifarious, unforeseeable
circumstances. It is clear that the ability of predicting how their
actions affect the environment is a key skill that they need to
possess to operate in safety and gain our trust in such
environments.

Humans perform skillful manipulation tasks from an early age
on, and are able to transfer behaviours learned on one object
to objects of novel sizes, shapes, and physical properties. For
robots, achieving those goals is challenging. For one thing, this
complexity arises from the fact that physical and geometrical
properties of the environment are usually uncertain, or even
unknown, but play a significant role for manipulation tasks.

I will present in this talk a set of models that can learn
transferable skills for manipulation tasks. The key insight is to
represent these tasks in terms of local contacts and how these
contacts change over time. These models allow us to generalise
within and across object categories by exploiting local
similarities between objects of different shapes. | will present
the mathematical formulation to compute and use such models,
focusing on robotic task such as grasping and pushing of novel

objects.
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Fig. 1: Our test scenario. A Pioneer 3DX equipped with a 3D printed
bumper pushing a novel object. The robot is capable of predicting
the effects of the push even if the carton box is not present in the
training data. Left: the real robot exceuting the action. Right: the action
is repeated in simulation where our prediction for the pose of the object
at the end of the pushing action is shown,
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