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Abstract: In

the

framework of the construction of a EEG-

METHODS

based brain-computer interface (BCI) it was suggested that

EEG patterns can be better detected with EEG data
transformed with Surface Laplacian computation (SL) than
with the unprocessed raw potentials. However, accurate SL
estimates require the use of many EEG electrodes, when
local estimation methods are used. Since BCI devices have
to use a limited number of electrodes for practical reasons,
we investigate the performances of spline methods for SL
estimates using a limited number of electrodes (low
resolution SL). Results showed an acceptable sverage
correlation between the waveforms obtained with the low
resolution SL and these obtained with the SL computed
fro* 26 electrodes (correlation value: 0.65). Recognition
rates of imagined movements in five subjects for low
resolution SL data were close to those obtained by using
the full recording arroy and superior to those obtained with
the unpr oces s e d potentials.

INTRODUCTION

In the framework of the construction of a

EEG-based

brain-computer interface (BCI) it was suggested that EEG
patterns can be better detected with EEG data transformed

with Surface Laplacian computation (SL) than with the
unprocessed raw potentials ll-21. However, accurate SL
estimates require the use of many EEG electrodes, when
local estimation methods are used [3]. This would prevent
the application of SL estimates in a BCI device to be used
by laypersons in real-life conditions, due to practical
reasons. The aim of this paper is to investigate the
performances of global computational methods for the
estimation of the SL from a limited number of electrodes.

The working hypothesis is that the use of global
interpolation SL estimates can produce reasonable SL
waveforms even if a reduced number of electrodes are used
(low resolution SL). The standard SL estimates are
compared to those SL estimations obtained on the same
EEG recordings but using only 9 electrodes, uniformly
disposed along the scalp in the position of the international

10-20 system. Furthermore, we compared the recognition
rates of the BCI system obtained feeding it with lowresolution SL waveforms rather than unprocessed or SL
estimates obtained from a 26 channels recording (full
resolution SL).

Data Collection and

Preprocessing.

Five

healthy

subjects (three males and two females) participated
voluntarily in experiments where they performed several
mental tasks, including imagination of the movement of the
right middle finger and the left middle finger. The whole
scalp was covered with 26 EEG electrodes placed onto
standard locations according to the extension of the 10-20
international system.
SL estimations. Surface Laplacian computations were
performed by using the spherical splines of order two, that
were found to be adequate to describe the SL distributions
of EEG data [3]. For each EEG recording two computations

performed. The first by using all the
information of the electrode montage (full-resolution SL),
while the second SL computation was performed by using
only the data of the EEG potentials from nine electrodes
(low-resolution SL). These electrodes were disposed
uniformly over the scalp surface according to the position
F3, Fz, F4, C3, Cz, C4, P3, Pz, P4 of the International 10-

of the SL were

20 System.
Comparisons of the SL estimations. As said before, the
aim of the work was to investigate if the low-resolution SL
estimation is able to produce relatively accurate SL
estimates for the recognition of mental patterns. Hence, we
use the correlation coefficient

to

measure the

fit

between

the SL waveforms computed by using all the EEG data
from the 26 electrodes and the low-resolution SL
waveforms computed by using the EEG data from the 9
described electrodes. These comparisons were performed
for all the EEG recordings performed in the five subjects..
Classification of mental patterns. Spectral values and
features selection were performed on all raw, SL-

transformed

and low-Sl

transformed

EEG

data,

accordingly with the techniques described in [2]. Briefly,
after spectral computations from EEG segments related to
the different movement imaginations, spectral features in
the frequency band between 8-30 Hz were used. Such
features are then feed into the linear classifier used, based
on the Signal Space Projection (SSP) technique [2]. This

classifier were then used for the separation of mental
of right and left hand
movements. Recognition rates of mental patterns were
performed by using the raw potentials, the low-resolution
patterns related to the imagination
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SL data and the SL data from all the 26

channels,

respectively
Cross validation For recognition purposes, we applied to

the EEG data the k-fold cross-validation, with k : 8. We
divided the EEG data set into k subsets of equal size. The
SSP linear discriminant projection were recomputed k
times, each time leaving out one of the subsets from
training, but using only the omitted subset to compute the
recognition rate. The results presented were an average of
the recognition rate obtained for each one of the k subset of
data not used for the SSP training.

Table 2. Detection scores (in percentages) for right and left
movement imagination tasks using the nine channels set-up,
for raw potentials (RAW), Laplacian-transformed (SL) and
low resolution Laplacian-transformed (LOW-SL)EEG data.

RAW

cl0l
mj0l
ra01
rbOl
ta0l
Mean

RESULTS
Table

I

78.85
65.85
78.57
92.11
81.4
79.3

SL LOW-SL
88.0 69.05
88.1 97 .37
60.0 64.41
823s 86.96
92.31 88.89
82.1 81.3

reports the correlation values obtained between
fact, the accuracy of the computed low-resolution SL seems

the waveforms obtained with the low-resolution SL. the
full-resolution SL and the unprocessed raw potentials.

to be not too far from that of the SL obtained by 26

Correlation values were computed for the channels included
in the computation of the low-resolution SL, namely F3,Fz,
F4, C3, Cz, C4, P3, Pz, P4. The first row of the Table I
shows the correlation values between the low-resolution SL

note that the Sl-transformed waveforms with both
modalities (low and full resolution) showed a very low

and the full-resolution SL on each channel.

Average

correlation between Sl-transformed waveforms was 0.65.
while was 0.36 between the raw potentials and the lowresolution SL waveforms, and was 0.38 between the raw
potentials and SL computed with all the 26 channels.

electrodes (average correlation coefficient 0.65).

correlation with the unprocessed raw potentials (about 0.38

for all Sl-transformed potentials). More importantly,

the
average mental patterns recognition score over five subjects
obtained with the use of low-resolution SL are close to that
computed with the SL computed from all the 26 electrodes
used (8 l.3Yo and 82.lyo, respectively). Both the recognition

scores obtained
Table 1. First rowr correlation values between the lowresolution SL and the full-resolution SL (SL9-SL). Second
row: correlation values between the low-resolution SL and
the raw potentials (SL9-P). Third row: correlation values
between the SL estimation obtained usine all26 available
channels and raw potentials (SL-P).

F3 C3 P3 Fz Cz Pz F4 C4
SL9-SL 0.41 0.82 0.59 0.51 0.91 0.9t 0.37 0.78

sL9-P 0.39 0.26 0.27 0.52 0.5 0.43 0.46 0.ll

sL-P

0.33 0.46 0.58 0.09 0.36 0.42 0.31

P4
0.57

032

in the five subject analyzed. It

for the Sl-transformed EEG data

are

superior (in average) with respect to that obtained with the
unprocessed EEG potentials. These results are promising
for the realization of BCI devices that relies on the use of a
limited number of electrodes. Such devices can use the SL
transformed EEG data by using global spline SL techniques
with a minor loss of accuracy in recognition rates of mental
patterns with respect to the case of the use of a large array

of electrodes.
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The results of this study suggested that in the BCI
framework it is useful to compute the surface Laplacian
also if a limited number of scalp electrodes are available. In
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