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ABSTRACT

Data assimilation is a framework for integrating noisy and incomplete observations with
mechanistic models to infer hidden states and parameters of dynamical systems. One widely
used class of data assimilation techniques is the filtering approach. Conventional filtering
algorithms, such as the Kalman—Bucy filter, have achieved remarkable success in engineering
applications, such as object tracking and navigation. However, their performance often
deteriorates when applied to highly nonlinear and non-Gaussian systems commonly
encountered in biological and medical contexts. In this talk, I will introduce the asymmetric
particle Gaussian mixture filter, a nonlinear filtering framework that adaptively splits and
merges Gaussian particles based on local nonlinearity and the Kullback—Leibler divergence. I
will also present a score-based generative modeling approach for data assimilation, which
leverages diffusion-type dynamics to approximate complex posterior distributions. Finally, I
will demonstrate their real-world applications in deriving digital biomarkers for predicting
disease symptoms in psychiatric disorders and cancers, highlighting their potential for
advancing precision medicine.



