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Abstract

Modern biomedical recordings, including EEG, MEG, and local field potentials (LFPs), provide high-
dimensional time series that capture complex neuronal dynamics. However, their high dimensionality,
nonstationarity, and intrinsic noise pose fundamental challenges for quantifying dynamical complexity.
The correlation dimension (CD) is a powerful nonlinear measure of complexity, but conventional
estimation methods require prohibitively large datasets as the system dimension increases. Here, we
present a novel framework that combines linear decomposition of multivariate time series with nonlinear
CD estimation to quantify the dynamical complexity and noise level of time series. The method
decomposes multichannel recordings into statistically independent components, thereby mitigating the
curse of dimensionality and reducing the data requirements for reliable CD estimation by orders of
magnitude. We provide a mathematical justification for the use of alternative kernels in the evaluation
of the correlation integral and develop an automated parameter-optimization procedure. Validation on
synthetic data shows improved accuracy and stability compared with conventional approaches, while
application to hippocampal LFPs demonstrates feasibility for complex biological signals.
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