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Elucidating mechanisms of how functionally specialized brain regions dynamically
interact has recently received attention in the neuroimaging community. Such dynamic
integration of functional brain regions can be investigated by Magnetoencephalography
(MEG) and Electroencephalography (EEG). To discover the functional brain networks
from MEG/EEG sensor measurements, it is indispensable to properly reconstruct
neuronal current sources and identify their directed interactions (i.e., effective
connectivity) from the data.

State-space methods for MEG/EEG source reconstruction provide flexible ways to
solve the above estimation problem. In the state-space framework, the observation and
system equations formulate the measurement process and temporal dynamics of
neuronal current sources, respectively. This framework can easily and flexibly
incorporate a priori knowledge on neuronal current dynamics into the system equation
(or the dynamic model of sources). The richness of the prior and model assumptions
would improve the estimation accuracy of source reconstruction. Moreover, the extent
of extractable information about the functional brain networks can be enlarged by
introducing additional model parameters based on the prior knowledge.

‘In this thesis, two novel extensions on state-space methods are described. First, to
achieve high reconstruction accuracy of spatially focal current sources, spatially
inhomogeneous source dynamics is newly introduced to previous dynamic source
models. The advanced model for the first time demonstrates that focal current sources
are successfully reconstructed under the state-space framework. The second extension is
incorporating long-range directed interactions between sources into the dynamic source
model. The new method allows estimating the source interactions over the whole brain,
which has not been achieved by any other approaches. This method offers a way to
reach a fundamental methodological goal of neuroimaging studies; that is, identifying

brain effective connectivity without assuming a limited number of regions of interest.
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