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Magnetoencephalography (MEG) has been considered as a promising non-invasive neuroimaging
method that is complementary to electroencephalography (EEG) and functional magnetic resonance
imaging (fMRI). In this talk, efficient algorithms for movement decoding of an MEG-based brain computer
interface (BCI) will be presented. The objective of BCl is to provide a direct control pathway from brain to
external devices. It is a radically new communication option for those with neuromuscular impairments
that prevent them from using conventional augmentative communication methods.

In particular, this talk will focus on two technical challenges associated with MEG-based movement
decoding. First, MEG signals are extremely weak (e.g., 50~500 fT), thereby resulting in low signal-to-
noise ratios. Second, in a typical experimental setup, only a small number of (e.g., 100) training trials are
collected, while the feature space constructed from all MEG channels is high-dimensional. In this case,
the movement decoding algorithm must be carefully designed to prevent the decoder from over-fitting the
training data. Several efficient signal processing and machine learning algorithms, including a robust
signal space separation algorithm (rSSS) and a clustering linear discriminant analysis algorithm (CLDA),
are proposed to address these challenging issues. Our experimental results demonstrate an average
accuracy of 87% for single-trial movement decoding of four directions (i.e., up, down, left and right). It, in
turn, offers strong evidence that with an appropriately designed decoding algorithm, MEG can be used to
provide accurate two-dimensional control for brain computer interfaces. This work is in collaboration with
the Medical School at University of Pittsburgh.
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