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Abstract
Robots have transformed many industries such as manufacturing and logistics.However, a major obstacle to
their widespread adoption in more complex environments outside factories is their fragility. Whereas animals
can quickly adapt to injuries, current robots cannot ‘think outside the box’ to find a compensatory behaviour
when they are damaged: they are limited to their pre-specified self-sensing abilities, can diagnose only
anticipated failure modes, and require a pre-programmed contingency plan for every type of potential damage,
an impracticality for complex robots. A promising approach to reducing robot fragility involves having robots
learn appropriate behaviors in response to damage, but current techniques are slow even with small,
constrained search spaces. In this talk, I will introduce a new type of evolutionary algorithm (EA) that enables
robots to adapt to damage in less than two minutes in large search spaces without requiring self-diagnosis or
pre-specified contingency plans. Before the robot is deployed, it uses the EA to illuminate a detailed map of the
space of high-performing behaviors. This map represents the robot’s prior knowledge about what behaviors it
can perform and their value. When the robot is damaged, it uses this prior knowledge to guide a Bayesian
optimization process to rapidly discover behaviors that work despite the damage. Such a combination of bioinspired algorithms and data-efficient machine learning techniques allow us to optimize the parameters for
walking-robot controllers in 36D, to discover compensatory behaviors to damages (e.g., broken joints) in just a
few trials (less than 2 minutes). The work was featured on the front cover of Nature
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