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Outline

We have proposed a novel method for separating deep brain activities
from superficial brain activities. The proposed method is based on the
ideas of beamspace methodology [1,2] and of dual signal subspace
projection|[3].

The prerequisite of the method is prior knowledge on the approximate
location of the deep source. The method first computes beamspace
basis vectors using the information on the location of deep source. It
then projects the data vector onto the inside and outside the span of
the beamspace basis vectors, creating two sets of data matrices. The
intersection of the row spans of these two matrices is estimated as the
time-domain signal subspace of the superficial sources.

The original data matrix is projected onto the subspace orthogonal to
this signal subspace to suppress the activities of the superficial sources.
The proposed method is validated by the computer simulation and by
experiments using a phantom that has two sources, corresponding to
deep and superficial sources.
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Beamspace processing superficial source

Beamspace processing is a method of projecting the data vector
onto a low-dimensional subspace by using

-
y(t) = X ety
j=1
where r < M, and u,,...,u are the beamspace basis vectors. deep source

The gram matrix, which represents the second moment of the lead field matrix, is
computed from a small, localized region that contains the deep source.

The basis vectors, u,...,u , can be obtained from the eigenvectors
corresponding to distinctively large singular values.

Beamspace projector is obtained such that:

P, = [ul,...,ur][ul,...,ur]yv



bDSSP Algorithm
Data Model:

B=B, +B, +B,
B, : Signal from deep source,

B_.: Signal from superficial source,
B_: Sensor noise.

Using the beamspace projector, DSSP computes two kinds of
spatiotemporal matrices:
PB=B,+PB.,, +PB,
(1-P)B=(1-P)B,, +(I -P,)B
DSSP estimates the signal subspace of the superficial source, using:

&

Signal subspace of the superficial source
= row space of B, ~ (row space of P, B) [ (row space of (I - P,)B)




bDSSP Algorithm-continued

SVDof PB and (I - P,)B :
PB=SAD" =5A[d,.....d,,....C ]T
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Orthonormal basis vectors of the intersection between span{d.,...,d ¢}
and span{el,...,ew} can be obtained using an algorithm described in [4]:

Denoting these basis vectors by y ...,y , signal from
the deep source can be retreived using:

A

B, =B(l —[y,....w ]lw,...y. ]")

[4] Golub G. H., Van Loan C. F. (1996) Matrix computations. The Johns Hopkins University Press,
Baltimore and London



Computer simulation

CTF sensor array
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Disc-shaped dry phantom used in our experiments
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M These two pairs of sources
|
= j| were used.

Y

M. Kubota et al. “Disc-shaped dry phantom with a rotating mechanism”, Proceedings
of 28th annual conference of Japanese Biomagnetism Society, Vol.26, 268-269, 2013.



Source locations

20—

Phantom experiment |

Two sources near Parietal lobe.

Source are 2cm apart.

Ricoh 160-channel sensors

used.
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Simulated sensor dfita when bDSSP results of estimating
two sources are active deep source activity
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Simulated sensor data when
two sources are active
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Summary

« A novel algorithm, called bDSSP, Is proposed to separate deep
brain activities from superficial brain activities.

e Results of computer simulation and experiments using

phantom data show the effectiveness of the proposed
algorithm.

The paper “Subspace-based interference removal methods for multichannel biomagnetic

sensor arrays” has been accepted for publication in Journal of Neural Engineering.
The PDF can be downloaded from:
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