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ABSTRACT

We present a new approach to MEG inverse problem by
modeling it into a standard blind source separation prob-
lem. In our approach, dipole sources and gain matrix are
estimated without any knowledge about the head geome-
try and conductivity. Given the head model, we can com-
pute dipole locations further. Our matrix pencil method
developed before is suitable for this task and is applied in
the simulation. Simulation results are presented.
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1 INTRODUCTION

Source localization of MEG is very useful and important
for studying brain function and for diagnostic purpose.
In literature, to estimate source locations dipole model is
usually assumed and head model is assumed known. How-
ever, head model can never be accurately obtained, and
complicated model makes source localization a hard task.
Now we propose a different approach to this inverse prob-
lem. Since the sources are generated at different location
and independently by different neurons, it is reasonable
to assume that they are uncorrelated from each other and
have different spectra. Under these assumptions, we can
use the second order statistics based blind signal separa-
tion method we developed before to estimate the source
signals and the gain matrix between internal sources and
external measurements. In addition, if a head model is
available, the source locations can also be estimated from
the estimated gain matrix, and the estimation procedure
may be much simpler and easier than those estimating
source locations directly from MEG measurements.

2 METHODS

Consider L dipole sources with fixed or slowly moving lo-
cations 7} and moments 3(t),1 = 1,---, L, a sensor located
at 7, measures the magnetic fleld strength as b(Fyn,2) =
ZzL=1 F(Fms7)  31(t) +n(t), where 7 is the gain coefficient
and n(t) is the measurement noise. If dipole [ has fixed
orientation , 7i(t) = [jia jty 1,213t (2); otherwise it is a ro-

tating dipole, 7;(t) = [ji.e (£) f1.4(t) 1.2 ()]T. Then for both
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fixed orientation and rotating dipoles, the measurements
of M sensors can be written as B(t) = G7(£) +7(t), which
is an additive noise corrupted linear mixture of uncorre-
lated sources. Then our matrix pencil algorithm for blind
source separation can be applied to extract the dipole
sources j{t) and estimate the gain matrix G [1]. Given
the head model, the locations can be further estimated
through G by applying nonlinear optimization technique.

3 SIMULATION RESULTS

The simplest spherically symmetric conductor head model
was used in our simulation. Data were simulated for the
case of three dipoles randomly located with radius be-
tween 50 mm and 96.9 mm, all with fixed locations and
fixed moment orientations. The first source has its main
spectrum between 0 Hz and 100 Hz, the second one has its
main spectrum between 12 Hz and 15 Hz, and the third is
a 17 Hz sinusoid. The data were computed for an array of
39 sensors positioned on the surface of a virtual sphere of
radius 111.4 mm. A total of 1000 time samples with sam-
pling frequency 1000 Hz were generated, and then white
Gaussian noise was added to obtain an SNR of 10 dB.
Our matrix pencil algorithm for blind source separation
was used to extract the source signals from the simulated
MEG. For the estimated source signals, the signal tc in-
terference ratio (SIR) is 13.5 dB, the SNR is 25.1 dB.

4 CONCLUSIONS

Blind source separation can be used to extract internal
dipole sources, even when the head model is completely
unknown. Simulations using our matrix pencil algorithm
demonstrate that it works well for MEG source separation.
Given the head model, dipole locations can be further es-
timated. Due to the similarity between MEG and EEG,
this technique is equally applicable to EEG. Future works
include more accurate simulation and real data processing.
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