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Neural activity in motor cortical areas is well-explained by latent neural population dynamics: the
motor preparation phase sets the initial condition for the movement while the dynamics that
unfold during the motor execution phase orchestrate the sequence of muscle activations [1-2].
While preparatory activity explains a large fraction of both neural and behavior variability during
the execution of a planned movement [1], it cannot account for corrections and adjustments
during movements as this requires sensory feedback not available during planning.

Here, we provide evidence that feedback-driven corrections during movement correspond to
transient deviations from an autonomous neural population trajectory, which cannot be found by
unsupervised inference methods. Yet, since these deviations are intimately tied to behavioral
states, they can be captured with behavior supervision.

We analyzed neural recordings from monkeys performing a center-out reaching task with a
force field perturbation (data from [3]). Movement in the force field gave rise to oscillations in
hand velocity. These hand oscillations can be decoded by a biRNN decoder, yet the
corresponding latent dynamics cannot be identified by unsupervised inference methods (e.g.
AutoLFADS [4-5] or CEBRA [6]).

We introduce the new Behavior-Aligned Neural Dynamics (BAND) model, which exploits
semi-supervised learning to extract latent dynamics that predicts both planned and unplanned
movements from neural activity in the motor cortex. Our analysis using BAND suggests that
motor corrections during movement are 1) encoded on the population level in small neural
variability in primary motor (M1), but not dorsal premotor (PMd) cortex; 2) correspond to
transient deviations from an autonomous neural population trajectory; and 3) are driven by
sensory feedback, which reaches the motor cortex with an approximately 90 ms delay.
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feedback-driven motor control, sensorimotor coupling, latent neural dynamics, behavior
supervision
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