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Abstract: Adaptation at control rates while maintaining safety remains difficult
for existing methods, which either adapt a fixed set of model parameters with
limited flexibility or rely on learned updates that require retraining and offer few
guarantees. We represent system dynamics as a linear combination of neural
ODE basis functions, which enables us to reduce adaptation to online coefficient
estimation. This formulation converts model adaptation into a Kalman filtering
problem, so updates occur via low-dimensional linear estimation rather than
retraining, and uncertainty is explicitly characterized in the same coordinate
space. We use this structure to enforce safety during adaptation. The coeffi-
cient estimate and its covariance define a constrained set of admissible dynamics
models. We impose these constraints directly within a robust model predictive
control framework, so safety requirements are enforced over all models consis-
tent with the current estimate. Experiments on robotic and aerospace systems
show that this formulation supports adaptation at control rates while maintain-
ing constraint satisfaction. Results indicate that concentrating uncertainty in
the coefficient space enables faster adaptation and reduces conservatism com-
pared with fixed robust models.
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