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Combination of Frequency Bands in EEG for Feature
Reduction in Mental Task Classification
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Abstract— Brain-Computer interfaces require
online processing of electroencephalogram (EEG)
measurements. Therefore, speed of signal
processing is of great importance in BCI systems.
We present a method of feature reduction by
combining frequency band powers of EEG, in
order to speed up processing and meanwhile avoid
classifier overfitting. As a result a linear
combination of power spectrum of EEG frequency
bands (alpha, beta, gamma, delta & theta) was
found that reduces the dimension of feature vector
by a factor of 5. This method gives a total correct
classification rate of 91.71% comparing to 87.96%
achieved from direct use of frequency band powers
and 85.54% achieved from PCA feature reduction
method applied to the same feature vector with 14
components.
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1. INTRODUCTION
RAIN-Computer interface systems offer
humankind a new communication channel,

which enables him to control his surrounding by
means of his thoughts [2]. Different technologies
such as EEG, MEG and fMRI are used to observe
brain neurophysiological activity among which EEG
is the most popular one in BCI systems because of
its cheapness and easy measurement.

The EEG measured and sampled during
performance of different mental tasks shows specific
characterizations which make the task-specific
pattern detections possible. Many different methods
are used for pattern recognition in EEG signals
among which features extracted in frequency domain
has been proved to be one of
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the best ways to recognize mental tasks [9].

In frequency domain analysis, five oscillation
bands have been defined for EEG signals named
Delta 0-3.5Hz, Theta 4-7Hz, Alpha 8-13Hz, Beta
14-34Hz and Gamma >35Hz [8]. Previous studies
showed that these frequency bands change
characteristics while performing mental tasks [3], [4]
and one of the best ways of detecting these changes
is using their power spectral density [10].

Although proper pattern recognition in EEG
signals is one of the principals of a BCI system,
other factors such as speed of signal processing and
classification parameters must also be taken into
consideration.

As mentioned before the goal of BCI systems is
arming the disables by an online control device.
Hence, a high speed signal processing in both
feature extraction and classification steps is needed.
On the other hand, speeding up the processing
procedure must not result in a classification accuracy
reduction because the correct detection of patients'
orders is due the classifier accuracy.

Considering the two aspects mentioned above,
reducing the feature vector dimension - referred to as
feature reduction - can set a balance between speed
of processing and results accuracy. In recent studies
algorithms such as principal component analysis
(PCA) and independent component analysis (ICA)
has been used as a method of feature reduction [5].

The cost of feature reduction in these methods is
loosing part of information. Although the lost data
has a small proportion of feeding information, it may
affect the classification accuracy. Getting the idea of
combining frequency band powers from previous
studies [1], [11-13], we present a new method of
feature reduction by combining power spectrums of
EEG frequency bands.

So, we achieved less dimensionality in feature
vector while having the total feeding information.
Feature reduction will also help us having a less
complicated classifier and avoid overfitting.

2. METHODS



A. Data Set

In this study, Anderson's EEG data set has been
used for analysis. This data set contains EEG signals
measured during three different mental tasks:

a) Baseline (relaxation)

b) Multiplication

¢) Rotation
The sampling frequency was 250Hz and signals
have been recorded in 10-second trials.

Signals have been recorded from six channels C3,
C4, P3, P4, O1, O2 using 10-20 standard and a
single EOG channel. The data recorded from four
male subjects were used in this study after artifact
removal.

B. Feature Extraction

For an effective analysis of reduced feature vector,
we investigated the following processing methods:

I) Calculation of band power in predefined
frequency bands in 2 second intervals;

IT) Linear combination of frequency band powers
calculated in section I;

II) Implementation of PCA algorithm on the
feature vector of section I;

In the first method, after segmenting each 10-
second record by 2-second rectangular windows
with 50% overlap, five frequency band powers;
delta, theta, alpha, beta & gamma were extracted by
means of FFT and Parceval's law. As a result for
each 10-second record 9 sets of frequency bands
were achieved and we consider each set as an
independent data. Putting band powers calculated in
each segment for data recorded from six channels in
a row leads to a dimension of 30 for feature vector.
The overall view of the feature vector is shown in
figurel.

Frequency band powers of the first channel
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Figurel- Feature vector in the first method

In the next step, in order to reduce the
dimensionality a combination of frequency band
powers in each channel was considered. According
to previous studies, using the terms in form of
(A-B) / (A + B) manifests the different behavior of

A & B. Also, it was shown that delta, theta and alpha
power spectrums show different characteristics
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during mental tasks in comparison with those of beta
and gamma bands. Therefore, we put each of the
three frequency bands in the first group in the place
of A and those of the second group in the place of B
consequently.

Considering these points we came to 6 different
combinations shown in figure 2.
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Figure2- 2 frequency band powers combination
These combinations suffer from lack of
information so we decide to form a linear

combination of the form shown in figure 3 in order
to gain both less dimensionality and more feeding
information simultaneously. As a result the
dimension was reduced to 6 -same as previous 2
frequency band powers combination- and at the
same time we keep the total frequency information
of each segment.
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Figure3- Linear combination used for feature reduction

Finally, for a better comparison between the
results we implement the PCA algorithm on the
feature vector of section I and we change the
components from 1 up to 14.

C. Classification Procedure

As a classifier we choose a Linear Discriminant
Analysis based on perceptron algorithm [6-7], [14-
15]. The equation describing a single layer
perceptron is:

g(x)=wx+ W,

In which w is the weight vector and x is the feature -



vector. The flow graph of this equation is shown in
figure 4. In this procedure one third of the data was
used as test data and the remaining as training data.

3. RESULTS
A. Frequency band powers
In this section three classes have been separated
with a feature vector of dimension 30 and a total
classification accuracy of 87.96% was resulted.

Figured4- The basic perceptron model

The classification accuracy for each of the four
subjects is shown in table 1.

Tablel- classification results for the first method

Sub1 Sub2 Sub3 Sub4 mean

94.69+4.6  86.39+1.22 91.67+5.24 79.09+6.4 87.96

In the next step we replace five frequency band
powers of each channel with the two frequency band
powers combination shown in figure 2 resulting in
maximum correct classification rate of 68.8 %. The
classification accuracy for each of the six features is
shown in table 2.

Next, the features were computed with the linear
combination shown in figure 3. In this section a total
classification accuracy of 91.71% was resulted.
Results are shown in table 3.

Table3- classification results for linear combination method

Sub1 Sub2 Sub3 Sub4 mean

92.38+6.78  94.42+3.65 89.31+4.1 90.71+4.98 91.71

Finally, we impose PCA algorithm based on eigen
values to the feature vector of first method. In this

case a feature vector of a total dimension of 30 was
resulted. The features were put in place in a
descending order of importance. So we start
classifying the data choosing 1 to 14 components
from the original feature vector. Results are shown
in table 4.

Figure4 shows a better representation of the results.
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Figure4- comparison of methods

4. DISCUSSION AND CONCLUSION

In this study, we have developed a new method of
feature reduction, using linear combination of
frequency band powers.

First, we form a feature vector using five
frequency band powers; delta, theta, alpha, beta and
gamma for each channel. The resulted vector is of
dimension 30. Classification with a linear
discriminant function results in an average correct
classification rate of §7.96% shown in table 1.

Then, as a first step to feature reduction we form
combinations as shown in figure 2 with frequency
band powers. In this case, the maximum correct

classification rate resulted using (5 — 5)/(5+ f3)

as features was 68.8%.

Comparing this result with that of table 1, we can
see that a severe reduction occurs in classification
rate. So we decide to find a combination that keeps
the feeding data and reduces the feature vector
dimension both at the same time.

Therefore, we make combinations in form of figure3

Table2- classification results using combination of two frequency band powers for feature reduction

Sub1 Sub2 Sub3 Sub4 mean
(a-f)f(a+f) 52.9+147 47.4t89 72667 7614  62.25
(o-yp)/(a+y) 65.3+11.5 58.7+13.4 64.6413.9 84.5+10.1 68.28
(0-p)/(o+p)  77.3+5.2  65.7+11.2 774496 54.7+22.7 68.8
(0-p)/(o+y)  77.8t3.6 61.5t11.4 66.3t+14.6 66.3:21.5 67.99
(0-p)/(0+p) 71.749 62.3+13.8 65.7+8.3 59.5+16.3 64.79
(0-9)/(0+y) 77.949.2 60.1+15.4 49.4+12.3 74.9+18.1 65.6

1148



Tabled- classification results for third section

Sub1 Sub2 Sub3 Sub4 mean
1 44,9323 43.65+22.7 50.63+23.4 39.16+28.2 44.59
2 45.93+21.1 44.1+£17.2 53.76+28.1 53.82+9.1 49.40
3 45,1121 47.1423.6 58.23+22.4 54.68%7.2 51.27
4 46.79+20 56.85+9.2 69.7846.2 53.848.23  58.05
5 58.94+13.1 74.02+2.8 81.57+5.2 64.82+10.5 69.83
6 76.51+9 76.14+2 81.62+5.8 63.95+7.12 74.55
7 85.04+4 77.56+3.7 82.73+6.8 71.81+7.3 79.28
8 90.44+2 78.77+8.1 84.4116.8 75.58+14.3 82.22
9 90.32+0.9 77.7+£8.5 85.01+6.8 75.28+12.9 82.08
10 941149 78.64+7.4 83.6516.2 79.75+9.9 84.04
11 94.47+4.7 77.74+9.5 85.4+9.35 79.15£10.3 84.25
12 94.72+4.8 78.79+8.3 86.06+9.7 81.2619.4 85.21
13  94.97+4.2 77.98+9.7 86.26+9.3 76.58+23 83.95
14  94.33+4.6 78.41+8.6 86.37+9.9 83.07+9.2 85.54

for each channel. In this case, although the feature
vector size was reduced by a factor of 5, the average
correct classification rate as shown in table 3 is
about 3.75% better than the direct use of same
frequency band powers.

Finally, we compare the results with that of PCA
algorithm based on Eigen values which is known as
one of the best means of feature reduction. Table 9
shows, using 14 principal components to make the
feature vector — almost twice the dimension of
feature vector in linear combination method of
figure 3 — we achieve less classification accuracy.
The 6.17% difference between these two reduction
methods proves the effectiveness of the proposed
method.
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