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Abstract: Computer simulation studies were
conducted to test the feasibility of imaging
cortical neuronal activity from the scalp
electroencephalograms. The three concentric
spheres model was used to represent the head
volume conductor. A dipole layer consisting of
more than 1,000 dipoles distributed uniformly
was used in the inverse procedure to reconstruct
the cortical potentials corresponding t o
neuronal sources located in the cortex. Our
simulation results suggest that the present
procedure can reconstruct both cortical and deep
sources. The procedure has also been applied
recorded alpha waves in human subjects.

to

sphere which

is

located inside the brain

just

beneath the

epicortical surface.

In the present simulation, a two dipole source was used
to represent two well-localized areas of brain activity. The
dipoles were oriented radially or tangentially to the sphere
with varying distance between them. Gaussian white noise
was addod to the scalp potentials calculated from the two
dipole sources to simulate the scalp-recorded potentials.
The spherical dipole-layer was then estimated by
minimizing the squared distance between the simulated

scalp potentials and the dipole-layer generated scalp
potentials, with an additional constraint that the norm of

the vector consisting of the dipole

magnitudes is

minimized. The cortical potential was then obtained from
the reconstructed dipole layer. In the inverse reconstruction
procedure, 129 scalp electrodes were used in evaluating
scalp potentials, which are uniformly distributed over the

Introduction
Neuronal electrical activity is spatially distributed in
three spatial dimensions of the brain. However, the
conventional electroencephalogram provides a mass
response of the neuronal activity over the almost whole

brain. It is of importance to be able to selectively

detect

upper hemisphere.

Results

A typical example of cortical imaging is shown in Fig.

neuronal signals originated from localized neuronal groups.

Such detection modality would greatly facilitate the
noninvasive localization of the ischemias and the foci of
epileptic discharges in the brain, and the identification of
the information processing pathways inside the brain.

Recently, several investigators have attempted to
reconstruct the cortical potential distribution which has
been shown to provide a distributed source model being
robust against the smearing effect introduced by the low
conductivity skull tl-41. Among these approaches, the
cortical imaging technique (CIT) proposed by Sidman [1]
shows a flexible solution

Sidman's implementation

to the problem. According to
[], a hemisphere dipole-layer

consisting of 160 dipoles was used to account for the scalp
potentials generated by actual brain sources. The cortical
potentials are further calculated from the reconstructed
dipole layer inside the brain. As demonstrated in Il],
Sidman showed excellent performance of CIT in imaging
deep sources. However, applying CIT to cortical sources
results in considerable numerical errors.
In this paper, we report our improvement of CIT which
demonstrates one can obtain high resolution cortical
potential distributions coffesponding to cortical sources.

Methods
The head volume conductor was approximated using the
three concentric spheres model [5]. In total more than
1,000 dipoles were uniformly distributed over the entire
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horizontal axis shows the eccentricity of the dipole sources.

Fig. 2 indicates that the present procedure achieved a
resolution in localizing cortical sources of 1 cm. Fig. z
also suggests the present procedure is robust against noise.

In this simulation in total 5,182 dipoles were used.
Fig. 3 shows an example of the cortical potential
activity

(c)

Fig. 1 A typical example of cortical imaging simulation result.
(a) The scalp potentiat distribution by two radial dipoles
located at an eccentricity of 0.75 with a distance of 0.26
between them A 5"/" Gaussian white noise was added to the
dipole-generated potentials. (b) The cortical potential
distribution corresponding to the two dipoles (c) The inverse
cortical potential reconstructed f rom the scatp potentials.

l. Fig. I shows the distributions of (a) rhe scalp porential,
(b) the cortical potential, and (c) the reconstructed cortical
potential. 5Vo white noise with Gaussian distribution was
added to the scalp potentials. While the effect of noise can
be observed in the inverse cortical potential distribution
(Fig. l(c)), the two areas of activity were well reconstructed
in the cortical potentials, which

correspond

to the two

radial dipole sources located inside the brain.
simulation, in total 1292 dipoles were used.

In

this

The spatial resolution the present procedure can achieve
Resolution with Different Noise Levels

Fig. 3 An example of the cortical potential distribution
reconstructed f rom scalp recorded alpha activity in a human
s u bject.

in a healthy human subject. Fig. 3 reveals much detailed
pattern of alpha activity over the cortex. Areas of strong
activity were observed over the occipital cortex which is
consistent with the knowledge in neurophysiology.
Summary

By making the improvement, we have demonstrated
that CIT procedure can also be used to image cortical
sources with high spatial resolution. The large number of
the dipoles which was used in the present study appears to
be necessary in order to reconstruct cortical sources.
Further study of cortical potentials corresponding to alpha
activity would be of interest since it may provide a new
approach for a better understanding of the origins of the
alpha rhythm.
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Fig. 2 Simulation results on the resolution of the present
procedure in imaging cortical sources. The resolution is
def ined as the minimum distance between the two radial
dipoles when the reconstructed cortical potential can separate
the two areas of activity.

in imaging and localizing cortical sources is illustrated in
Fig. 2. The resolution is defined as the minimal distance
between the two dipoles when the reconstructed cortical
potentials can separate the two areas of activity. The
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