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Abstract

This paper addresses the issue of functional interval estimation for fractional-order brain-computer
interface systems under the influence of unknown nonlinearities, bounded disturbances, and meas-
urement noise, and proposes an estimation method that combines RBF neural networks with mobile
neural sensing units. The RBF neural network is used to approximate the unknown nonlinearities,
and a central state estimator and error radius system are constructed based on mobile point meas-
urements; a projection gradient velocity law for the sensing units is also designed. Using a fractional-
order Lyapunov approach, it is proven that the state estimation error always remains within the
error radius envelope, thereby ensuring the reliability of the target functional interval estimation.
Numerical simulations demonstrate that the proposed method effectively encloses the true func-
tional trajectory, and that moving-point measurements improve the distribution of observation lo-
cations and reduce the width of the functional estimation interval compared to fixed-point meas-
urements.
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Figure 1. Memory-dependent propagation of localized neural activity
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