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Abstract

Horizontal and sagittal dipole layer distributions
were estimated from scalp electroencephalogram for
three dimensional dipole imaging of brain electrical
activity. Horizontal dipole layer being parallel to the
brain surface has been used in previous head models.
In the present study, the dipole layer distribution in
the sagittal plane was also introduced to identify the
position of dipole sources in three dimensions. The
parametric projection filter was applied to an inverse
problem in a homogeneous plane head model under
various signal conditions. The present simulation
results suggest that the depth information of dipole
sources could be observed by the present method.

1. Introduction

Cortical dipole layer imaging technique, which
attempts to estimate the cortical dipole source
distribution from the scalp potentials, is one of the
spatial enhancement techniques of brain electrical
activity [1]-[12]. The cortical dipole layer imaging has
represented the two dimensional location of dipole
sources on the dipole layer surface. However, it was
difficult to recognize the depth of the dipole sources
from this dipole layer distribution. In the present study,
we expanded our two dimensional dipole layer imaging
to three dimensional dipole layer imaging. To
accomplish this aim, an additional dipole layer was
assumed at the sagittal plane that was perpendicular to
the horizontal dipole layer. The depth of sources would
be observed in the sagittal dipole layer distribution.
The performance of the proposed three dimensional
dipole imaging has been evaluated by computer
simulations in a homogeneous plane head model.

2. Cortical dipole imaging in sagittal plane

The electrical sources are equivalently represented
by the dipole layer surrounding the sources. That is, the

87

dipole layer model used in the present study is an
equivalent source model, which shall account for
arbitrary source configurations within the dipole layer.
The observation system of brain electrical activity on
the scalp shall be defined using the transfer matrix from
the equivalent dipole layer to the scalp potentials and
additive noise. The transfer function is obtained by
considering the geometry of the model and physical
relationship between the quantities involved. The
source distribution of the dipole layer shall be
estimated from the scalp potential by applying the
inverse filter of the transfer function [9], [10].

The proposed dipole layer imaging can represent
arbitrary signal sources without ad hoc assumption on
the number of source dipoles. However, it is difficult to
obtain the information on the depth of the sources from
the dipole layer distribution. We proposed new cortical
dipole layer distribution on the sagittal plane in
addition to the horizontal dipole layer. Radial
equivalent dipole sources are uniformly distributed
over the layers. The transfer function from the sagittal
dipole layer to the scalp potentials are obtained as the
same manner as horizontal dipole layer.

3. Simulation results

We have examined the inverse problem of the cortical
dipole layer imaging in a homogeneous plane head
model. The horizontal and sagittal dipole layers were
set at z = 0.8 and x = 0, respectively. 15x15 radial
dipoles were uniformly distributed on each dipole layer.
Two dipoles were used as the sources to examine the
spatial resolution of the estimated solutions. The scalp
potentials measured with 11x11 electrodes were
contaminated with 10% Gaussian white noise. We have
applied parametric projection filter to the inverse
problem of the cortical dipole layer imaging [9], [10].
Figure 1 shows an example of the inverse solution of
dipole layer imaging. Color maps show the normalized
data by maximum and minimum values. The scalp
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Fig. 1. Simulation results of dipole imaging. (a) Scalp potential
map at z = 1. (b) and (c) correspond to estimated dipole layer
distributions in horizontal and sagittal planes, respectively. The
vertical dipole sources are located at (+0.15, 0, 0.6).

potential was blurred and contaminated with noise and
hard to distinguish two poles (a). On the other hand,
two well-localized areas were easily observed from
estimated dipole layer distributions in horizontal plane
(b). Moreover, the sagittal dipole layer distribution
demonstrated that the brain electrical activity in
vertical section (c). The position of dipole sources were
easy to recognize at the center between plus and minus
poles. It was confirmed that the directions of dipole
sources were parallel to sagittal dipole layer.

4. Discussion

The horizontal equivalent dipole layer can be set at
arbitrary depth inside of the brain. However, it is
difficult to estimate the depth of dipole sources. Thus,
in the present study, we considered to estimate the 3D
location of the equivalent dipole sources from the
dipole layer imaging. Since vertical dipole layer has
information on the depth of sources, we used sagittal
dipole layer distributions for brain imaging.

Our trial simulations were performed with a
homogeneous plane head model. In this model, we also
applied this method to the radial, tangential, and
leaning dipole sources and obtained the appropriate
dipole source distributions in the sagittal plane. For
cortical dipole source imaging, inhomogeneous sphere
head model and realistic-shaped head model which
represented the electrical activities on the brain surface
have been proposed. Even if these models were
constructed by considering the geometry of human
brain, the depth information could not be represented.
By combining these models with proposed model, we
will obtain more precise brain electrical activity.

5. Summary

We proposed a new cortical imaging model
constructed horizontal and sagittal dipole layers for
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three dimensional imaging of brain electrical activity.
Dipole layer distributions in the sagittal plane which
represent the vertical electrical activity was estimated
from scalp electroencephalogram. The present
simulation results suggest that the depth information of
dipole sources could be equivalently observed by the
present method. Further investigation using more
realistic head conductor model and experimental data is
necessary to fully validate the performance of the
proposed model in cortical dipole imaging.
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