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Abstract: The dipole localization eruor due to

Gaussian
noise is compared with the error due to utilizing a spherical
head model in EEG source analysis. For EEG with a
signal-to-noise-ratio (SNR) equal to 5, 87 % of the test
dipoles are found with a localization error due to noise

larger than the localization error due to utilizing

a

spherical head model. Compared with 40 %fo, EEG with a
SNR equal to 10. This suggests that the three-shell
spherical model will be sfficient for EEG with SNR:5, but
notfor EEG with SNR:/0.

the given test dipoles. Through the 27 electrodes a bestfitting sphere is constructed with a radius R. A radial
projection of the electrodes on the surface of the sphere is
performed to obtain the electrode coordinates in the
spherical head model. The inverse problem is solved with
the spherical head model with the radii of the outer shell of
the scalp, skull and brain of R,85Rle2 and8oRle2, respectively.
The localization error is the distance between the original
position and the fitted position.

Localization errors due to Gaussian noise

INTRODUCTION
In EEG source analysis, dipole localization errors occur
due to utilizing simplified volume conductor model. The
three-shell spherical head model is such avolume conductor
model. Another important contributor of localization errors
is the noise generated by thebackground EEG activity
which is superposed onto the seeked dipole activity. For

which large amounts of background EEG is
it can be sufficient to use the three-shell spherical
head model instead of the more laborious realistic head
EEG

in

present,

model.

This study suggests a criterion, which indicates whether
or not the three-shell spherical head model will be sufficient
in EEG source analysis.

METHODS
The dipole localization error due to utilizing a 3-shell
spherical head model is investigated for 517 test dipoles
placed in the coronal slice containing the vertex electrode
Cz. The orientation of the test dipoles is along the vertical
axis. Furthermore we studied the average localization error
due to Gaussian noise added to the forward calculated
potentials of these test dipoles.

For the same test dipoles the average localization enor
studied due to adding Gaussian noise to forward
calculated electrode potentials. The noise is uncorrelated

is

between the electrodes. A first order approximation of the
average localization error is calculated [3] at each test
dipole position for a given signal to noise ratio (SNR). The
SNR is defined as the root-mean-square of the average
referenced potentials divided by the standard deviation of
Gaussian noise.

The average localization error changes linear with
changing the standard deviation of the Gaussian noise,
utilizing the first order approximation. To know for which
range of the SNR this holds, a Monte-Carlo simulation is
performed. From one noiseless potential distribution 400
noisy potential distributions are generated with a fixed
SNR. The inverse problem is solved for each potential
distribution. The average localization error is calculated and
compared with the one found due to utilizing the first order
approximation.
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Localization errors due to utilizing a 3-shell spherical
head model

(a)

The SPM2000 software is used to segment the magnetic
resonance images into brain, skull and scalp compartments,
having a normalized conductivity of l, 1116 and l,

respectively. 27 scalp electrodes are used. The finite
difference method combined with the reciprocity theorem
|, 2] are utilized to calculate the electrode potentials for
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(b)

Figure 1: (a) represents the dipole localization eror due to
utilizing the three-shell spherical head model. (b) represents
the average localization error due to noise with a SNR:10.
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DISCUSSION

For a SNR:5 of the EEG, large areas of the brain
compartment generate a larger localization error due to
noise than due to errors utilizing the spherical head model.

For this SNR of the EEG, the spherical head model
suggests to be a sufficient model for EEG dipole source
analysis. On the other hand, for a SNR:10 of the EEG,
large areas of the brain compartment generate a larger

(b)

(a)

Figure 2: The area where the average dipole localization
error due to noise is larger than the error due to utilizing the
three-shell spherical head model, are indicated in gray. In

(a) and (b) the SNR of the EEG equal 5 and

10,

respectively.

RESULTS

Figure I (a) illustrates the localization error due to
utilizing the spherical head model. The arrows point from
the original dipole position to the fitted dipole position. The

graylevel indicates the length of the arrow. In figure I (b)
the gray level represents the average localization error due
to noise for a SNR of 10.
The localization error due to utilizing a 3-shell head and
due to noise with a given SNR, are compared for each test
dipole position. In figure 2 the gray area represents the
positions where the dipole location error due to noise for
the given SNR is larger than the error due to utilizing a
3-shell head model. The relative number of test dipoles for
which the localization error due to noise, for a SNR of 5,7
and 10, are larger than due to utilizing the 3-shell head
model are,87oÄ,620Ä and 40yo, respectively.
Figure 3 compares the first order solution

Monte-Carlo simulations.

with the
for different SNR at a fixed

dipole position.
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localization error due to utilizing the spherical head model
than due to noise. To overcome the localization errors due
to the spherical head model, realistic geometries need to be
introduced in the volume conductor model. For these SNR's
a realistic head model would be more suitable than a threeshell spherical head model. Finally the first-order
approximation of the location error due to noise is sufficient
for the SNR used in this paper.
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Figure 3: For a given dipole position the average localization error due to noise illustrated utilizing the Monte-Carlo
simulation for different SNR. The solid line is the first
order approximation of the average localization error.
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