Analysis of the whole-head magnetoencephalogram data using
multivariable autoregressive modeling
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1 Introduction

In this paper we consider the analysis of the whole-
head magnetoencephalogram (MEG) data of sub-
jects performing periodic right-index-finger tapping
experiment. Parametric analyses using multivari-
able autoregressive (MVAR) models were employed.
We introduce an algorithm that uses auxiliary or-
thogonal polynomial functions to compute the co-
efficient matrices of the MVAR models. Numerical
results showed that the algorithm is effective in es-
timating the values of the coefficient matrices even
for short time series. Using the proposed algorithm,
short-window spectral analysis of the preprocessed
whole-head MEG data was performed. A measure
of synchronization based on the covariance of the
prediction error of the MVAR model was also com-
puted. The results showed the effectiveness of the
technique in extracting relevant information or data
structure from the whole-head MEG data.

2 The Model

The multivariable autoregressive (MVAR) model is
given by

Xn = Aan,1 +"'+A]V[Xn7M+€n (1)

where X, = [z},22,...,24]7 is a d-dimensional
random vector process, A,,’s are d X d coefficient
matrices, €, is zero mean, uncorrelated noise vector
with covariance matrix 3, T' denotes matrix trans-
position, and M is the order of the MVAR process.

In order to solve for the coefficient matrix A,,, we

introduce the following iterative scheme:

Ymr = E[anerjzlrL (2)
Bn = E[XnX,_,)] (3)
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where N,, is estimated by a Cholesky decomposition
of the matrix N, N1, given by:

m—1
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Figure 1: The value of measure s in different time win-
dows (lower figure). For comparison, the averaged neu-
romagnetic field of channel 61 is shown in the above
figure.

The original coefficient matrix A,, is given by:

M
Bm+ Z Ararm

r=m-1

A, = N (8)

m

form=M,...,1.

3 MEG data analysis

Following [1], we computed a measure of synchro-
nization, based on the the covariance of the predic-
tion error, given by s = log[det(P:)]. The residual
covariance matrix P. reflects the goodness of fit of
the linear model to the data. Figure 1 (lower fig-
ure) shows the values of s in different time windows.
For comparison, the averaged neuromagnetic field
of channel 61 is also shown in the above figure. It
can be observed that the decreases when the latency
is zero, that is, the right-index finger contacts the
ground. This should be compared with the behavior
of the neuromagnetic field which also exhibits a dip
in close to the ground contact.
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