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Approximation of cortical EEG from scalp recordings.
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Abstract: We describe a fast mathematical method for
improving the spatial resolution of normal scalp EEG by
using a spline-based surface Laplacian derivation. The
method takes into account the actual shape of patient's
head and the local variation of skull and scalp thicknesses. The shape and thickness values are calculated
from a 3D model generated from a set of rnagnetic resonance images.

INTRODUCTION
EEG si-enals recorded on the scalp can be radically diff'erent from signals that are recorded on the surface of brain.
This results from the fact that the skull and scalp have dif'ferent conductivities and fairly complex geometries. The
skull and scalp act as a spatial low-pass filter, that causes the
potential at the scalp appear blurred. Some blurring can be
eliminated by using various deblurring algorithms.
The purpose of this work was to develope a fasL mathematical method that eliminates the blurring effects of skull
and scalp and improves the spatial resolution of normal
EEG recordings. To be clinically useful, this method should
be sufficiently accurate, fast and easy to use.

METHODS

Actual 31-channel EEG data was recorded using a Cadwell digital EEG recorder. The values were recorded at 200
Hz sampling frequency using Cz reference electrode. Total
of 2l scalp electrode recordings were used to provide symmetrical and homogenous measurement data matrix. This
included nineteen of l0-20 system electrodes, excluding ear
lobe electrodes A1 and A2, and nasopharyngeal electrodes
Pgl and Pg2. In addition to these, frontal polar central Fpz
and occpital central Oz electrodes were included in the
matrix.

During the EEG measurement, all electrode positions
were marked with f-elt-tip pen. In MR unit a capsule of oil
was taped over each marked EEG electrode position. These
capsules were highly visible in MR images (Fig. 1), and the
electrode positions could easily be determined from the final
3-dimensional model by using graphical search program
that searches for capsule-sized spheres. The 3-dimensional
head model could also be used to determine the thickness of
scalp and skull under these capsules.

Because of the processing speed requirements, the signal

processing al-qorithm was based on the surface Laplacian

derivation. Various finite numerical methods were also
examined. and the results of SLD calculations were compared with the results of correspondin-{ finite numerical
rnethods calculations.
Surface Laplacian derivation is a simple si-enal enhancement method which can be applied to the blurred scalp data
to improve the spatial frequency resoiution and to eliminate
the common activity of all electrodes. SLD is not dependent
on a volume conduction model and does not represent a
solution to the inverse problem, but it acts as a spatial filter
that enhances local sources and reduces distant sources.
Most numerical rnethods - finite difference method
(FDM), finite element method (FEM), and boundary element method (BEM) - are based on the principle that it is
possible to derive some equations and relationships that
describe accurately the behavior of a small differential part
of the body. By dividing the entire body into a large number
of these 'parts' and using further relationships to link up or
assemble these parts together, it is possible to obtain a reasonably accurate prediction of the values of different variables. As the sizes of these small parts are made smaller, the
numerical solution becomes more accurate, but the cost of
computation time becomes prohibitive.
In order to determine the actual size and shape of brain,
skull and scalp, it was necessary to generate a 3D volume
model for the patients heads using magnetic resonance

Figure l. A three-dimensional reconstruction of T1-weighted
MR scan. EEG electrode locations were marked by using oil capsules.

The scalp surface was modelled by usin-e locations of
scalp electrodes. The modellin_e was done by calculatin-e a
mesh of conic splines between given electrode positions.

images (MRI).
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A triangular mesh was -qenerated between scalp electrode positions, or nodes, by selecting a single node and
searching nearest neighboring node within increasing
search radius, and connecting all new nodes to two nearest
previously found nodes. From this mesh it is possible to
estimate the local surface normal for each node.
The local thickness of skull and scalp was estimated
from the 3D model made from a stack omasnetic resonance images (Fig. 2)

Figure 4. Cortical EEG curves below points F3, Fz, F4,
C3, Cz, C4, P3 and Pz approximated from recordings in
Figure 3.

DISCUSSION AND CONCLUSION
We have presented a new fast method 1'or rcprcsenting

cortical EEG. The validation of the method has not yct
been finished. We believe that these kind ol'rnethods
might be clinically uselul, especially when largc amounts
of electrodes are used I I ]
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RESULTS

A set of original scalp EEG and the approximated cortical EEG is presented in Fig 3 and Fig 4.
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Figure 3. Original scalp EEG recordings of leads F3-Cz,FzCz, F4-Cz, C3-Cz, C4-Cz, P3-Cz, Pz-Cz and P4-Cz.

260

Medical & Biological Engineering & Computing Vol. 34, Supplement 1, Part 2, 1996
The 1st InternationalConference on Bioelectromagnetism, June 9-13, 1996, Tampere, Finland

