Methods S3

High-resolution EEG
High-resolution EEG technologies have been developed to enhance the poor spatial information content of the EEG activity [S1-S5]. In this work, cortical activity from EEG scalp recordings is estimated by using a realistic geometry head model. This model consists of about 5,000 dipoles uniformly disposed on the cortical surface gathered from MRI images. The estimation of the current density strength for each dipole is obtained by solving the linear inverse problem according to techniques described in previous works [S6] and illustrated in the following. The solution of the following linear system:

	Ax  = b + n
	(S1)


provides an estimation of the dipole source configuration x that generates the measured EEG potential distribution b. The system also includes the measurement of a noise n, which is assumed to have a normal distribution [S1; S7]. A is the lead field matrix, where each j-th column describes the potential distribution generated on the scalp electrodes by the i-th unitary dipole. The current density solution vector  of Eq. (S1)  was obtained as [S7; S4]:
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where M, N are the matrices associated respectively to the metrics of the data and of the source space,  is the regularization parameter and || x ||M represents the M-norm of vector x.  The solution of Eq. (S2) is given by the inverse operator  G:
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	(S3)


An optimal regularization of this linear system was obtained by the L-curve approach [S3]. As metric in the data space we used the identity matrix, while as norm in the source space we use the following metric
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where (N-1)ii is the i-th element of the inverse of the diagonal matrix N and all the other matrix elements Nij are set to 0.  The L2 norm of the i-th column of the lead field matrix A is denoted by ||A.i||.  
The method described above allows estimating over time the magnitude of the dipolar moment, as well as its sign, for each cortical dipole. Since in the head model we use, the orientation of the dipole is perpendicular to the cortical surface, this mathematical approach returns a scalar rather than a vector field. Then, at each time point, the spatial average of the magnitude derived from all the dipoles corresponding to a particular ROI is used to estimate ρ(t), i.e. the waveforms of the cortical activity in that ROI.
The spatial average process can be expressed in terms of the application of a matrix T to the cortical current density waveforms. This matrix is sparse and it has as many rows as ROIs, and as many columns as the number of dipole sources. ROI cortical current density waveforms can then be expressed as:

	ρ(t) = Tx(t) = TGb(t) = GROIb(t) ,   GROI = TG 
	(S5)


where b(t) is the array of the waveforms recorded from the scalp electrodes and x(t) is the array of the cortical current density waveforms estimated at the cortical surface. The GROI matrix only depends on the volume conductor geometrical factor, and can thus be computed and stored off-line. The application of GROI to vector b(t) can be interpreted as a spatial filtering of the scalp potential using the elements of GROI as weights. Finally, time-varying waveforms at the level of different cortical areas are obtained. 
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