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Abstract - A simple method is developed for selecting
effective channels and feature dimensions automatically at the
training stage of BCI systems. The method is applied on
feature vectors constructed with all the EEG channels used for
recording. Performance was evaluated with EEG data which
was preprocessed by band pass filtering and feature vectors
constructed by band powers. The classification method used in
the evaluation is k Nearest Neighbor classifier, which is
sensitive to number of dimensions in the feature vectors. It was
found that new method can effectively select features and
reduce channels and thereby improve accuracy and efficiency
of BCI systems.
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1. INTRODUCTION

or most of the severely paralyzed patients, Brain

Computer Interface (BCI) systems can provide an

effective way of communicating with the outside world
[1]-[4]. Since BCI usually does not rely upon any muscle
movements and uses only the changes in electric or
magnetic fields in the brain which are generated by certain
thoughts or mental activities, it is ideally suited for the users
who are unable to perform any motor functions. BCI
systems based on scalp-recorded EEG signals have become
very popular in the BCI community due to its fine temporal
resolution and inexpensive recording equipment [5]-[10].

In most EEG based BCI systems, classifiers in the system
have to be trained through machine learning techniques with
a training set of data before using them for testing or
controlling BCI. These training EEG data sets are
constructed with several training trials recorded from the
same subject. After recording EEG signals from the subject,
the preprocessing techniques are used to condition the EEG
data by removing undesirable frequencies and certain
artifacts. Feature extraction methods are then employed to
construct feature vectors from conditioned EEG data such
that feature vectors can be directly utilized to train the
classifiers of the system. Unless removed, all the recorded
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channels are wusually contributing for -classification,
regardless of their relevance to the mental tasks. Normally,
feature vectors are often of high dimensionality in BCI
systems [11]. As matter of fact, several features are usually
extracted from a number of EEG channels and from several
time segments before being concatenated into one large
single feature vector. As a result, classification methods
which are sensitive to higher dimensionality such as k-
Nearest Neighbor classifiers are not popular in BCI [11].
Since dimensions of the feature vectors affect the efficacy of
the BCI system, it is very useful to find ways to reduce
dimensionality of feature vectors without loosing important
features.

In order to address this issue of higher dimensionality,
various special filtering techniques such as Laplacian
derivations, Common Spatial Patterns (CSPs) [12]-[13], and
various independent component analysis (ICA) algorithms
such as Infomax, FastICA and SOBI [14]-[16] have been
used by the BCI community. Recently, for dimensional
reduction in Motor Imagery based BCI, spatial filters based
on independent components analysis (ICA) method has been
tried out with data preprocessed by principal component
analysis (PCA) [17]. In that study, it was found that the PCA
preprocessing was not a suitable method that could retain
motor imagery information in a smaller set of components.
On the other hand, 6 ICA components chosen by visual
inspection performed similar to the full range of 22
components. Further, an automated selection of 8 ICA
components based on a variance criterion was found to
perform better than visually selected components.

In this paper a method is developed to select effective
channels and improve the quality of feature vectors by
reducing dimensionality. Since the method utilizes Fisher
criterion function, it is called Automatic channel selection
through Fisher Criteria (ACSFC). In this paper, the
description of ACSFC is given for binary classification but
the method can easily be extended for multiclass problems.
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II. METHOD

In ACSFC, the feature vectors are constructed by
concatenation of sub-feature vectors after reducing their
dimensions. (Note that sub-feature vector is a feature vector
whose elements belong to a single channel) Dimensional
reduction in ACSFC for binary classification is carried out
by keeping only the elements in the sub-feature vectors
which satisfy following conditions.

(a)  Difference between statistical means of the feature
elements of the same dimension corresponding to
class 1 and class 2 is large.

(b)  Standard deviation of the feature values of the same
dimension corresponding to each class is small.

The above two conditions are equivalent to having large
values for Fisher criterion function J [18] and can be

described mathematically as follows. Assume that y, ; , are

the sub-feature vectors corresponding to channel &

constructed with features x;,,;« (m=12,.M and
i=1o0r2) extracted from training EEG data set.
ik ]
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where 7 is the label of the mental task, ; represents the
trail index and k is the channel index. M is the number of
features extracted from each channel.

Each element x; , ; i in the sub-feature vector can be

considered as ;™ value of a random variable X; . x With

unknown  distribution. In ACSFC method, the
dimensionality of the sub-feature vectors is reduced by

removing x; . , s which make Fisher criterion function J,,

small ;
2
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trials.
In other words, reduced sub-feature vectors will only

contain X, , , ’s which have high J,, ; values. Final feature

vectors are then constructed by concatenation of sub-feature

vectors having large J,,; values. If , for a given channel £,
Jux are small for all m then the channel & is considered as
irrelevant for the mental tasks and will not be used in
controlling BCIL.

In order to evaluate performance of ACSFC method, band
pass filtering is employed as the preprocessing method
while band powers are used for the feature vector
construction. The method can be generalized for other
preprocessing and feature vector construction methods
which do not mix channels during the process. In ACSFC
method, only the effective channels will contribute to the
final form of the feature vector. For simplicity, we restrict
the evaluation here to binary classification. Nevertheless, the
method can be easily extended to multiclass problems as
well. The effectiveness of ACSFC is demonstrated by using
EEG data recorded in our laboratory for the Visualization of
Arrow Movements (VAM). Details of these mental tasks
can be found in [19].

The EEG data was recorded with 20 electrodes using 10-
20 electrode placement system. The signals were sampled
with 256 Hz. Additionally a 50Hz notch filter was used to
reduce noise due to power lines. The training data sets were
recorded from three healthy subjects, all inexperienced in
BCI training. 90 trials per subject were recorded for each
mental task, totaling 180 for Baseline (BL), Imaginary Right
Arrow Movement (IMRAM) and Imaginary Down Arrow
Movement (IMDAM).

Two training EEG data sets corresponding three mental
tasks BL, IMRAM and IMDAM were recorded as follows.
Subjects were seated in an armchair looking at a black
square pasted on a white blank screen which was placed
approximately one and half meters away from the subject.
They were asked to keep their arms and hands relaxed and
to avoid eye movements during the recordings. Each trial
started with a program informing the subject verbally what
mental task should be imagined in the upcoming trial.
Mental tasks are randomly chosen while keeping the total
number of trials of each mental task in a recording session to
a fixed value of 20. Seven seconds later, a short beep is
made to inform the subject to start the mental task while
keeping his/her eyes open. If it is observed that eye blinks or
eye moments occurred during the recording of the trial, data
recorded in the trial is discarded and the trial is repeated.
Duration of a trial is nine seconds and at the end of nine
seconds another beep is produced by the program informing
the subject to stop the mental task. We have carried out six
recording sessions each consists of 100 trials for all three
subjects.

As mentioned earlier, in ACSFC method, determination
of selection of channels and reduction of dimensions of
feature vectors are carried out based on values of criterion
function J [18]. In the preprocessing stage EEG data
corresponding to each channel of every trial and mental task
is filtered separately with a band pass filter having the same
lower frequency f;, and upper frequency f,. After
preprocessing, sub-feature vectors are constructed for each
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channel by using band powers with the band width Af". The
performance of ACSFC was evaluated with f;=1, /=30, and
Af =32 . These sub-feature vectors are denoted by y;;;

where i is the label of the mental task. j represents the trail
index and £ is the channel index. For given i ,j, and k y;;,
is a column vector having band power values b;,, ;. (
m=1,2,...M ) as its elements.

by
i,2,),k
Vijk = 3)

bi,M—l,j,k

L bi,M,j,k i

where M is the number of elements in each sub-feature
vector before applying ACSFC method. At this stage we
apply ACSFC method to reduce the dimensionality of
individual sub-feature vectors as described below.

(a) First J,; corresponding to each feature m of
channel £ is calculated.
(b) IfJ,, >0-5><max{J,,,,k}, corresponding  feature
Vm,k

dimension is selected. Otherwise, feature
dimension is eliminated.

(c) The final feature vector is then constructed by
concatenating sub-feature vectors with reduced

dimensions.

III. RESULTS

The performance of ACSFC method tested with three
subjects is shown in Table I. Performance was calculated as
percentages;

N
P=—5x100 @)
N

P — Performance
Ns— Number of successfully identified mental tasks
N — Total number of mental tasks

EEG data recorded from three subjects was preprocessed
with band pass filtering and feature vectors were constructed
using band powers. kNN classifier has been used for
classifying the feature vectors reduced by ACSFC method.
For comparison purposes performance of all three subjects

TABLE
PERFORMANCE OF ACSFC METHOD USING KNN CLASSIFIER. NUMBER OF
EEG DATA POINTS USED IN THE CALCULATION WAS 2048.

SUBJECT 1

BL & BL & IMRAM &
Mental Tasks IMRAM IMDAM __ IMDAM
Classification kNN kNN kNN
Hicatio (k=5) (k=4) (k=3)
Channels selected by F7 (1)
ACSFC (Number of P4 (1)
features selected per o1 (1) FP1(2) FP1(T)
channel) 02 (1)
Performance with 77% o o
ACSFC o 90% 85%
Performance with all 2% 85% 82%
20 channels
SUBJECT 2
. . kNN kNN kNN
Classification (k=10) k=7 (k=6)
Channels selected by c3 ()
ACSFC (Number of CZ(2) CZ (6) FP1 (2)
features selected per T5 (5) FP2 (4)
T5 (7)
channel)
Performance with 959 o o
ACSFC o 98% 90%
Performance with all 93% 93% 97%
20 channels
SUBJECT 3
. . kNN kNN kNN
Classification (k=10) k=7 k=>5)
FP2 (1) FP1 (4)
Channels selected by FZ (3) FP2 (3) FZ (3)
ACSFC (Number of  F8 (1) F8 (1) F8 (1)
features selected per C3(1) C3(1) T5(7)
channel) CzZ (1) T4 (1) o1(1)
T5 (8) G()
Performance with 75% o 0
ACSFC o 67% 73%
Performance with all 70% 65% 759%

20 channels

without applying ACSFC method (Using all the features in
all 20 channels) has been included in the Table I.

IV. CONCLUDING REMARKS

It is evident from the Table I that by introducing ACSFC
method significantly reduce the dimensions of the feature
vectors. As an example, number of dimensions in the initial
feature vectors for each subject was 640. However, number
of dimensions in these feature vectors has come down below
16 after applying ACSFC method. Except for two data sets,
classification carried out with reduced feature vectors
performed better than initial feature vectors. Nevertheless,
further performance evaluation with other classifiers is
required before making any general conclusions on overall
performance of the ACSFC method.
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