Source localization from multichannel EEG/MEG: mathematics or neuroinformatics?
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Spatial sources of activity observed in multichannel EEG/MEG recordings can be assessed only via the EEG/MEG inverse problem, which does not have a unique solution: there is an inf nite number of sources
conf gurations, which give the same potentials or T elds distribution measured on the skull surface. Choosing a solution requires extra assumptions of mathematical, neuroanatomical and neurophysiological nature,
and we have no clear-cut criteria for their choice. The problem is neither purely algorithmic, nor engineering or neurophysiological. We prove that it 1s a neuroinformatics problem, and sketch the way towards a

coherent progress via (1) novel preprocessing algorithms, and (2) sharing datasets.
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Results are given in terms of functions, selected in consecutive | \

iterations, and their weights across the channels.
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Epileptologist ohooses epochs of 10-20 interictal EEG recordings, containing clinically relevant epileptic
discharges (a). After converting to common average montage (b) we perform multichannel matching
pursuit decomposition. For the Gabor atoms corresponding to the epileptogenic activity (¢) we get both

time courses (constant across the channels, differing only in amplitude) and distributions across electrodes S a1 [ N PN . o 300 FAiEE, SY
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(d). These distributions can serve as an input to any EEG Inverse Solution algorithm — hereby MUSIC,

courtesy of Guido Nolte and Stefan Haufe from Fraunhofer FIRST, Berlin. Intra-operational ECoG,
MRI scans and clinical data provide a posteriori verif cation of the assessed spatial location of the

epileptogenic zone.

Possible improvement resulting from the MMP preprocessing stems from the uncertainty
principle in signal analysis (left): (a) hypothetical spectrum resulting from presence of
three different frequencies (b) actual energy estimated by MP (in case the oscillations

were correctly modeled by Gabor functions) (c¢) energy of the structure estimated by

spectral integral within predef ned band.
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