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Multimodal analysis of non-invasive brain imaging data: hierarchical
Bayesian approach
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Non-invasive brain imaging is an essential tool for investigation of human brain function
and neural representation. MEG and fMRI are major non-invasive brain imaging tools and
both of them have been providing a good deal of high-dimensional multivariate data. We
need a method to reveal what neural mechanism underlies the observed data because these
data are not neural activities themselves but transformed data (magnetic fields for MEG
and BOLD signals for fMRI). In the field of pattern recognition, a Bayesian approach has
become a standard framework to analyze and visualize multivariate data. Especially,
hierarchical Bayesian approach has been recognized as a good method for the estimation
of the internal brain activity. In this thesis, first, I propose a hierarchical Bayesian
approach for removal of eye artifacts from MEG signals. MEG is sensitive to extra
magnetic fields generated by eye movements (eye artifacts), which limit its applications to
experiments without eye movements. The proposed method assumes a single dipole at
each of the left and right eyeballs as a source of eye artifacts and concurrently estimates
eye and brain current sources from both MEG and EOG data. Second, I propose a
hierarchical Bayesian canonical correlation analysis for extracting image bases from fMRI
signals labeled by the stimulus images. This method connects fMRI data and the
corresponding stimulus images through a modular representation in the assumed latent
space. Using the latent modular representation, novel visual images can be reconstructed
from fMRI data. Both of the proposed methods open the way for investigation into neural

mechanisms by means of the non-invasive brain imaging technology.
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