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Motor control, the art of coordinating muscles to produce intricate movements,
is @ marvel of biological intelligence. Understanding how the brain controls
movement represents one of neuroscience's grand challenges. Central to this
challenge is proprioception, which proves crucial for bodily perception and
motor control, despite remaining poorly understood. Specifically, how the
nervous system integrates information from numerous distributed receptors
throughout the body remains an open question. We leveraged the principle
that body and brain evolved as an integrated system to develop an approach
for reverse-engineering proprioception. We expressed competing hypotheses
of the proprioceptive system as quantifiable computational tasks. We found
that neural networks optimized to perform these computational tasks develop
representations that generalize to predict neural dynamics in the brain.
Validating this approach further, these models reproduced classic
proprioceptive illusions without any explicit training on illusion data. Motor
control presents another core body-brain integration challenge: how does the
nervous system coordinate hundreds of muscles and joints for skilled
behavior? To understand motor control, we leveraged emerging fast simulators
and took inspiration from the theory of motor learning to develop policies
capable of controlling high-dimensional, nonlinear biomechanical models for
skilled tasks. Analyzing these models revealed human-like low-dimensional
control spaces and insights into principles of sensorimotor control.
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