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INTRODUCTION

Human Computer Interface has been a growing field of research in recent
years. Uptil now, voice and vision have been the key interfaces. Direct Brain-Computer
Interface isanovel direction in this research. Most exciting BCI's are based on EEG
(Electroencephal ogram).

This report deals with the analysis of EEG signalsi.e. acquisition, cleaning,
feature extraction, and training. Section 1 deals with the Acquisition of EEG signals
using the Mindset. Section 2 contains the principlesinvolved in the Preprocessing of
Sgnals. Section 3 presents methods to analyze the signalsin order to extract
discriminatory Features. Section 4 contains the details of the Experiment. Section 5 deals
with the Identification of Sgnals corresponding to particular mental activities. Section 6
presents the results obtained using various methods for different subjects. Section 7
contains the results with Alpha Rhythms for different subjects.



1.Acquisition of EEG signals

The EEG signals are acquired using a Mindset. The deviceis shownin
Figure.l.Sixteen electrodesnamely : ‘Fpl’ , ‘Fp2' ,‘F7 ,'F3 ,'F4 ,'F8 ,'T3 ,‘C3
,CA T4 TS PP P4 TE L, 01,02 are used according to the International
Standard as shown in Figure. 2.
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The subject is asked to wear a Electrode Cap through which the signals are acquired. The
Capisshownin Figure. 3




A subject wearing an Electrode Cap
Figure. 3

2. PREPROCESSING OF SIGNALS

2.1 Removal of Power Frequency
The power noise ( 50 Hz ) is present in the signals obtained from the Mindset. We use a
notch filter to remove this noise.

2.2 Removal of Muscular Artifacts

The EEG signals obtained contain perturbations like muscular artifacts. These muscular
artifacts are characterized by high frequencies (20 Hz) and high amplitudes. These
artifacts are prominent in the electrodes "FP1' and "FP2'. Figure.4 showsatypical EEG
signal containing an artifact, and a binary signal that identifies the artifacts. The artifacts
areidentified by differentiating the trials in the frequency domain using the K-Means
algorithm. These artifacts canalso be detected using the amplitudes as the discriminating
factor. But this makes the discrimination too sensitive.
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3. FEATURE EXTRACTION

3.1 Extracting Spatial Features

Our aim isto identify a single mental activity of a subject from his rest state. For this, we
use the spatial features of the mental activity. Following method is used to extract the
gpatial features. Consider a particular mental activity , say , Mental Counting. Itis
recorded asamatrix MAL. Let therest state signals be recorded as MAO.We use 16
electrodes for our readings. Each tria is 4 seconds long. Hence, with a sampling
frequency of 256 Hz MAlisa[16 x 1024 xNo. of Trials| matrix. The dimensions of
MAQO are chosen to be same as MAL1 .Frequency bands:1-5Hz, 5-9Hz ..... 37-41 Hz are
used .MAland MAO are filtered for each band and the corresponding filtered signals are
extracted. For each filtered signal, we take the mean-co-variance of the trials for both
MA1 and MAO. Suppose for a particular frequency band, the mean-co-variance is X, for
MA1 and X, for MAO We diagonalise the matrix (X1 + Xq) as

X, +X,=UDU



Now we form another matrix: Y =D.*°U X,U'D,%®°

and diagonalise it to get Y=V'D,V

The matrix
Poano = VDU
gives a projection operator for MA1 corresponding to a particular frequency band.
Similarly , projection operators for other frequency bands are obtained. If the eigen
values of all the diagonal matrices are placed in descending oreder, it can be proved
mathematically that the first two, and the last two rows of the matrix P will play a
dominant role.We will call these four rows of P as the 4 components of the matrix P.
Now, given any mental activity, say MAK , we can extract its featuresin the
projection space of MA1 .Thisisdone as
F=P

BANDi

MAK

BANDI, TRIAL]j

(where MAKg, o ma iSthe " trial of MAK filtered for thei™ band.)

The matrix F obtained gives a feature vector of atria for a particular frequency band. We
can combine these vectors to form a matrix which is the Spatial Feature extracted from
MAK into the projection space of MAL. Further , we try to train our agorithm to
discriminate between the Spatial feature of MA1 and the Spatial Feature of MAO, both
obtained using the Projection P corresponding to MA1.

3.2 Extracting Frequency Features

In this approach , we try to identify MA1 from MAO by using their frequency spectrum.
‘FP1 and ‘FP2’ arejust used for detecting the artifacts and are omitted in the analysis.
Hence, we just usethe last 14 electrodes .In al, 10 frequency bands :1-5 Hz, 5-9Hz ....
37-41 Hz are used. The mean power in each electrode is calculated for every trial
corresponding to each frequency band. Hence we have [14 x 10 x Number of trials]
elementsto form a Feature. Thisway, we form the feature vectors corresponding to MA1
and MAQO.

The average potential of Human brain is zero. So for every sample, we remove the mean
potential of the 16 electrodes from each sample. Thisis known as the Removal of Spatial
Mean. But results obtained after the removal of Spatial Mean are not good. So removal of
spatial mean is not used in the analysis.



4. THE EXPERIMENT

Subjects were asked to perform a single Menta Activity - Mental
Calculation. Each subject performed for asession of 15 minutes. The protocol used in a
sessionisshownin Figure. 5
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Figure. 5

Each session is divided into 3 five-minute slices. These five minute-slices were divided
into rest and activity periods. The visual cues used to interact with the user are shown in
Figures. Each 5 minute slice consists of 30 trials. During each tria, a three digit number
is displayed for one second. Then the user performs Mental Calculation MA1 for 4
seconds in which he subtracts 3 from the number displayed, and continues this with the
result obtained. Then the rest state MAO starts with a "STOP' displayed for one second.
The total duration of MAO is randomised between 4 and 6 seconds. The first one-
second segment is omitted from MA1 and MAO because of the influence of the visual
evoked potentials.

5. IDENTIFYING SIGNALS

Now, our aim is to identify a Mental Activity (Mental Counting) against the
rest state of the subject. As mentioned earlier, wefirst obtain the Spatial featuresof MA1
and MAO using Projection P corresponding to MAL and then try to discriminate these
Features.

We use atransformation Fy that maps the feature vectors obtained into a space
H(of infinite dimension). F is defined through a Kernel function that is the internal
product in H. The Kernel function used in our approach is the Gaussian Kernel.

If x and y beongtoR,the Gaussian Kernel is given by

X.X- 2X VY +Y.
K(X,y) =exp(- Szy Y-Yy




The width parameter s is determined through cross-validation. The following procedure
Isused to train the agorithm. We take two sets, target-set and non-target-set. The
target-set and non-target-set are respectively the "Feature Matrices corresponding to
MAZ1and MAO respectively. We take equal number of trials for both the activities for
unbiased analysis. We assume that vectors belonging to the target-set are inside a sphere
of radius Rand centered in W(in the space H), whereas the vectors belonging to the
norttarget-set are outside this sphere. The values of R and W can be found by solving an
optimization problem which consists in minimizing the radius R[1]. The penalization
constants are determined by getting feedback from the subject regarding the estimated
percentage of False Positives and False Negatives. The obtained penalization constants
are adjusted to get the best resuilts.

In order to apply Cross Validation we divide both the sets(the target-set and
the non-target-set) into 10 groups each. Then, we choose 9 groups (at random) from each
set and hence form atraining-set consisting of 18 groupsin al. The remaining groups
from each set together form avalidation-set. The parameter s isvaried in awide range
logarithmically. For each s ,using the training-set, the optimal R and W are obtained.
Then each element in the validation-set is identified as either inside or outside the sphere.
Hence we obtain the percentage of False Positives and False Negatives present in the
validation-set.

Next, we form another training-set , choosing different groups from target-
set aswell as nontarget-set. The remaining two groups give a new validation-set. The
above procedure of finding the sphere, and checking for errorsin the validation-set is
repeated. In al, we have 10 different training-sets and correspondingly 10 different
validation-sets. Using the 10 curves obtained, we take the mean to obtain afinal curve.
The value of sigma that gives minimum mean validation-error is used to obtain afinal
sphere which is used to give feedback to the subject in the later sessions.



6. RESULTS

In al, seven male subjects, in the age group of 20-30 years, participated
in the experiment. The results were analysed using Spatial Features and Frequency
Features. In case of Spatial Features, the projection matrix P was calculated for each
subject. Out of the four components of the matrix P(as mentioned earlier) , at first, only
the first component was used and the results were analyzed. Then the results were
analyzed using two, three and finally with all the four components. The topoplots for all
the four components of the matrix P are obtained.

In order to show the behaviour of the components of the matrix P, we
compute P for the following simulated data, and observe the topoplots.

Simulated Data:

M isanormally distributed random eeg trial with a sine wave of 10 Hz
frequency added to the 11" electrode T5. N is another normally distributed random eeg
trial. The matrix P is calculated using M as the target-data and N as the non-target-data.

& by
& dy
13Hzisshownin Figure. 6

The topoplot of all the four components of the matrix P for the frequency band 9-
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Figure. 6



It can be clearly seen that the first component of Pis centred at the 11™
Electrode T5.This can be interpreted as :if a subject’s data gives best results with asingle
component of the matrix P, it is quite probable that only one electrode out of the sixteen,
is responsible for the discrimination.

Moreover it was observed that for each subject, some electrodes were
noisy. These electrodes were unique to a particular subject, and correspondingly each
subject’ s data was analysed after removing the corresponding noisy electrodes.Figure. 7
shows the signals of Subject 1.1t can be seen that the electrodes C3 and C4 are noisy. The
signals in these electrodes correspond to muscular perturbations of the brain.

MA1
Fpl e amsangh o A A Y shrspiibodemadi oy i
Fp2 oy e 2 ettt i o7 YTt
F7 [ AB Ay Pl st mbdrare e ptabigbor witw A arh A
F3 w drscpen/n 5 y i
F4 A 4 v \ Py Yo i Tvrnnenby origeols Pl S e
F8 frromop mashsfuriscioinol e S L " * e
T3 A A i e for At Ladi A an
c3 mulwmmm oo gt wm th:m :alw:jmnm ”:1::
c4 e oy fos wp an
T4 n R . koo ~ » ~odln A l
TS [raeiniidny N e vk e st U e a ot v
P3 fnbhpaptemstangeoiis bl Sk 1 PV O " lleadlan oLl e
P4 “ o
T6 [ v e L i o -otermepd 97
O1  [Heiprnmiyeriivg e hrws oy riperisprhg Aorrid Py W i Ay +
02 e huribupy ) et AN Gea o o e L oy AP I
T W

60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86 87 88 89 90

Figure. 7



SUBJECT 1

The analysis of the matrix P
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The ‘Red’ curve depictsthe Training Error
The ‘Blu€e’ curve depicts the Validation Error

The above curve shows that best results are obtained with log s 2=-10.9 giving the
minimum validation error. We show the variation of the distances of the targets and the
nonttargets in the validation set from the centre of the sphere, as aratio between the
distance and the radius of the sphere. Figures D1, D2 and D3 show the respective curves.
The Red Curve represents the distances of the Targets from the centre, and the Blue

Curve represents the distances of the Non-Targets from the centre.
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Figure D3



Results obtained using Frequency Features

The ‘Red’ curve depictsthe Training Error
The‘Blue’ curve depicts the Validation Error



SUBJECT 2

The analysis of the matrix P
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FREQUENCY BAND 5-9 Hz

Topoplots showing the
four coefficients of P for
each Frequency Band
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Result obtained using Spatial Features:
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Results obtained using Frequency Features
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The ‘Blue’ curve depicts the Validation Error




SUBJECT 3

The analysis of the matrix P




FREQUENCY BAND 1-5Hz FREQUENCY BAND 5-9 Hz Topoplots showing the four
coefficients of P for each
Frequency Band




Result obtained using Spatial Features:
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Results obtained using Frequency Features
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SUBJECT 4

The analysis of the matrix P




FREQUENCY BAND 1-5Hz FREQUENCY BAND 5-9 Hz

Topoplots showing the four
coefficients of P for each
Frequency Band




Result obtained using Spatial Features:
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The ‘Red’ curve depictsthe Training Error
The ‘Blue’ curve depicts the Validation Error



Results obtained using Frequency Features

The ‘Red’ curve depictsthe Training Error
The ‘Blue’ curve depicts the Validation Error



SUBJECT 5

The analysis of the matrix P
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FREQUENCY BAND 5-9 Hz Topoplots showing the
. four coefficients of P for
each Frequency Band
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Results obtained using Frequency Features
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SUBJECT 6

The analysis of the matrix P
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Result obtained using Spatial Features:
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The ‘Red’ curve depictsthe Training Error
The ‘Blue’ curve depicts the Validation Error
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SUBJECT 7

The analysis of the matrix P
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7.ALPHA RHYTHM

The apharhythm are present in a specific frequency band-(8-13Hz).The
alphawaves, of moderate amplitude, are typical of relaxed wakefulness(idling).We
performed the following experiment to record the apha rhythm of a person.

The subject was asked to alternately close and open his eyes,every 2
seconds. Closed eyes produce alpha rhythm which is depicted by large amplitude in the
last six electrodes namely ‘TS ,‘'P3 ,'P4 ,‘T6 ,'0O1 , ‘O2 .The power spectrum in
therange 8-13 Hz is calculated for both the closed eyes and the open eyes.

The following figure depicts the power spectrum for the nine subjects,
eight males and one female, in the age-group of 20-30 years , who participated in the
experiment.
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Figure.9



From Figure. 9, we can interpret that the closed eye spectrais higher than the open eye
spectrafor most of the subjects. Some subjects do have the capability to produce large
amplitude alpha rhythm even with open eyes. But some readingsin Figure. 9 are not
exactly correct as 2-3 subjects reported blinking of eyes during the trial, which leads to
wrong data.

8. CONCLUSION

The results obtained from different subjects show that the Spatial Features are
more discriminatory than the Frequency Features.On an average, the error with the
Spatial Filtersis around 30% as compared to nearly 50% for the Frequency Features. The
analysis of different components of the matrix P depict that not all components are
necessary for every subject to get the best results. Infact , this shows that its possible for a
subject to have just one electrode as the discriminating electrode for the two mental
activities.

The analysis of the alpha rhythm shows that some subjects have the
capability of producing high power apha rhythm. These subjects can use this power to
control an operation willingly.
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