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Abstract: Brain-computer interface is a technique which acquires electrical signals from the brain and converts them into corresponding control
commands for the external devices. It allows people to interact with machines independent of muscles and enable the paralyzed people to
communicate with their environment. In the proposed work the EEG data is collected from 10 different subjects during three basic operations of
left/right hand which are i)without any movement with open eye, ii) imagination of opening and closing of left/right hand fist, iii)opening and
closing of left/right fist. Research shows that most of the variations in the EEG signals were observed over the sensory motor region. The

proposed work is to compare three EEG recordings of hand movement.
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. INTRODUCTION

There are some diseases which lead the patient in the locked-in
syndrome. In this condition, the person is cognitively intact
but the body is paralyzed. Amyotrophic lateral sclerosis(ALS)
is one example of such types of disease or a person can be
paralyzed due to some accident like a road accident, radiation
accident etc. The main cause of ALS is unknown and this
disease does not have any cure. Here the word paralyzed
means that person has lost any voluntary control over the
muscles, but his or her mind is as active as ours. The patient
cannot move their legs, arms or faces. They totally depend
upon the artificial respirator. In that state, the patient can
communicate effectively with their environment with the help
of a device that can read the electrical signals from the brain
and can convert them into the corresponding control signals.
Such devices are called Brain Computer Interface.

Back in the 60s controlling some electrical devices
with the brain waves was considered as the pure science
fiction. In 1929, the German Scientist Hans Berger recorded
the brain activity from the human scalp, but at that time the
technology required for measuring and processing the brain
signals are too limited. The BCI is firstly portrayed by Dr.
Grey Walter in 1964. He connected the electrodes directly to
the motor areas of the patient. The patient was undergoing
surgery for other reasons. Then the patient was asked to press
a button to advance a slide projector and Dr. Walter was
recording the brain activity correspondingly. He found that he
had to introduce a delay from the detection of the brain
activity until the slide projector advanced because the slide
projector would otherwise advance before the patient pressed
the button. Unfortunately, Dr. Walter did not publish their
work beside of it, he presented a talk about it to a group named
the Oster Society in London [6].Later on, the BCI research is
developed for many more years.

The natural form of control or conversation needed
nerves and movement of muscles. This mechanism begins
with the user’s intent. A complex process is prompted by this
intent which includes some of the brain areas. As the result of
this process, some signals are generated from brain which is
used in BCI. A straightforward conversation link between a
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human or animal brain and an exterior equipment is called
Brain-Computer Interface. It is also known as Brain-Machine
Interface or Direct Neural Interface. Basically, Brain
Computer Interface is an artificial system that bypasses the
body’s normal efferent pathways, which are the neuromuscular
output channels. BCI measures brain activity correlated with
the user’s intent and converts the recorded brain activity into
the corresponding control signals [4]. These converted signals
are further used for BCI applications. The translation of
electrical brain signals into the signals used by the BCI
applications is done by the computer which usually involves
signal processing and pattern recognition. Since the measured
activity or signals emerge directly from the brain and not
originates from the muscles or peripheral devices, the system
is called a Brain—-Computer Interface.

A BCI system must have some components. BCI
must measure the signals directly from the brain in the
invasive or non-invasive method. A BCI must give feedback
to the user in the real-time scenario. Lastly, the BCI system
must rely on the voluntary control. Although BCI is a
communication tool but nowadays the BCI systems are
gripping above a communication tool for the users who are not
able to communicate otherwise. BCls achieving consideration
even from the healthy peoples and have few new goals like
hands-free gaming or rehabilitation. There are some people
that still do not have any knowledge about the Brain-Computer
Interface. As discussed above BCI system gives a new
communication channel between the human brain and the
computer. The changes in electrophysiological signals like the
EEG are due to the mental activity. These adjustments in
signals are detected by the BCI system and convert it into a
control signal which can be used in many applications such as
the motion of a wheelchair, video game etc.
Electroencephalographic waveforms (Brain Waves) in which
an Electroencephalographic (EEG) time series is presented and
Neurophysiological model is discussed in an Air Force
research program. These Neurophysiological model relate
EEG waveshape with the response of neural populations[17].
The voluntary neural network hand movements can be
detected by EEG signals by using an enhanced resource-
allocating [8]. The machines which are used in BCls should be
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able to learn to discriminate between different patterns of brain
activity carefully. Neuroprostheses is an example of such
machine which does not only receive output from the nervous
system but also provide input. The BCI user should able
perform a different mental activity in order to produce distinct
brain signals. The major phases of BCI are:

1. Data Acquisition

2. Signal Processing & Classification

3. Computer Interface

4. Application

A. Early History

In 1875, Richard Caton recorded EEG signals in
animals from the cortical surface. Later on, Hans Berger who
is a German neuroscientist record the electrical signals from
the human brain first time in 1929 using EEG [12]. Alpha
Waves are recorded by Berger for the first time. E. Adrian and
B. Matthew does an interpretation of the potential waves of the
brain within the cortex region [9]. E. Adrian and K. Yamagiwa
discovered the location of the EEG signals are varied on the
head and the standardized position of electrodes over the head
is defined [10]. R. Stanley, D. A. Daniel et al. [15] uses
reciprocity theorem to determine sensitivity of EEG signals
which helps to find the location and orientation of signal
source in the Brain. Later on, in 1970, EEG activities are
further explored by the Defence Advanced Research Projects
Agency of USA, before the EEG was only used for exploring
the brain function and clinical diagnosis.

B. Advancement

D. K. Mejdi, C. Nidhal et al. [7] develop a drowsiness
monitoring system which helps to reduce road accidents by
estimating the drowsiness level of the driver by the means of
EEG (Electroencephalography) signals records. A.Wafa, A.
Dalal et al. [3] develop a BCl-based smart home system,
which allows a person who suffers from quadriplegia to
open/close doors using brain signals only. This further reduces
their need for caregivers. Q. Shiyuan, L. Zhijun et al. [14]
presents a teleoperation control for an exoskeleton robotic
system which is based on the visual feedback and brain-
machine interface. The proposed algorithm decodes the EEG
signals and then generates control signals for the exoskeleton
robot using features extracted from neural activity. A. P. Z.
Mohammad, P. Manoranjan proposed a seizure prediction
method based on a patient-specific approach by extracting
undulated global and local features of preictal and interictal
periods of EEG signals [2].

According to Ayurveda, Brahmi a kind of herb, used as
the treatment of brain and nervous system disorders, such as
epilepsy, neuropathic pain, and helping people to stay calm.
W.Piyawan, S. Phakkharawat research to study the results of
the consumption of the Brahmi extract whether it affected the
human brainwaves and spatial ability. The results were
analyzed, after the eight weeks which shows that the
volunteers who consumed the Brahmi every day, showed
significantly and statistically improving scores of spatial
ability test and their brainwaves had also changed.
W.Piyawan, S. Phakkharawat et al. [20] makes a conclusion,
that the there will be the significant and statistical
improvement of the spatial ability by consumption of the
Brahmi extract of 300 mg per day for eight weeks.
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Il.  TYPES OF BRAIN COMPUTER INTERFACE

The basic purpose of BCI is to catch the electrical signals
that pass between neurons in the brain and convert these
signals to the signal that can be sensed by external devices.
BCI measures the activities of the brain, then do some
computations on it and finally produce the control signals
which mirror the user’s intent. To understand how BCI will
work, one has to understand how the activities of the brain can
be measured. There are several types of brain-computer
interfaces which are listed below.

A. Invasive Brain-Computer Interface

The Invasive Brain Computer Interface is mostly used to
provide the functionality to paralyzed people. With the help of
Invasive BCI one can restore the vision by connecting the
brain with external cameras and also restore the use of limbs
by using brain-controlled robotic arms and legs. Invasive BCI,
requires surgery to implant the mandatory sensors. Invasive
BCI requires surgery to implant the mandatory sensors. The
method used in the invasive BCI is neurosurgery. The surgery
comprises the opening of the skull through a surgical
procedure and cutting the membranes which cover the brain.
On the surface of the cortex, the electrodes are placed the
signals from recorded from these electrodes are known as
intracortical signals.

Invasive Brain Computer Interface is a type of BCI in
which the devices are embedded directly into the brain.
Invasive Brain Computer Interface has the highest quality
signals. The invasive devices rest in grey matter but these
devices are prone to scar tissue build-up, due to which the
signals become weaker or can lose when the body reacts to a
foreign object in the brain. William Dobell, one of the first
scientist who works with the brain-computer interface to
restore the sight. Jerry, a man who is blinded in adulthood,
William inserted single array BCI containing 68 electrodes
into Jerry’s visual cortex and succeeded to restore his vision.

Invasive BCl and Semi-invasive methods have some
advantages over non-invasive methods. However, these
advantages come with the serious drawback of requiring
surgery. Financial Ethical and some other considerations make
neurosurgery impractical except for some users who need a
BCI to communicate. Even then, some of these users may
prefer noninvasive BCI meets their needs. It is also unclear
intracortical recordings can provide stable and safe recording
over years. Long-term stability may be especially problematic
in the case of intracortical recordings. The tissue reactions can
be caused by the electrodes which are implanted into cortical
tissue which can lead to deteriorating signal quality or even
complete electrode failure. Invasive BCls is difficult because
of the cost and risk of neurosurgery.

B. Partially Invasive Brain Computer Interface

Partially invasive BCI is a type of BCI in which the
devices are embedded inside the skull but rest outside the
brain instead of the grey matter. The electrodes are embedded
in a thin plastic pad that is placed above the cortex, beneath
the dura mater. The signal strength of partially invasive BCI is
bit weaker when it compares to invasive BCI. But still, it will
generate better resolution signals than the non-invasive BCls.
The partially invasive BCIs have less exposure of scar tissue
formation as compared to Invasive BCI.
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Partially Invasive BCI requires surgery to implant the
mandatory sensors. This is a special type of surgery namely,
the craniotomy. The surgery comprises the opening of the
skull through a surgical procedure and cutting the membranes
which cover the brain. On the surface of the cortex, the
electrodes are placed, the signals from these electrodes are
recorded. The technique which is used to record the electrical
signals using invasive BCI is called
electrocortciogram(ECoG). ECoG wore the similar technology
as electroencephalography, in the case of the non-invasive
brain-computer interface. Electrocorticogram(ECoG)
technologies were first trade-in humans in 2004.

Sensory mnes BACiDr @res

Seengical CEneng

Electroocorticaographny

Figure 1. Electrocorticography (EEG)

ECoG does not damage any neurons because no
electrodes penetrate the brain. The ECoG records the
integrated activity of a much larger number of neurons that are
in the proximity of the ECoG electrodes. However, any
invasive technique has better spatial resolution than the EEG.
It is also unclear in the case of Partially-invasive brain-
computer interface whether it can provide safe and stable
recording over years.

C. Non-Invasive Brain Computer Interface

The third type of brain-computer interface is non-invasive
brain-computer interface. It has the least signal clarity but it is
recognized as very safest when compared to other types of
BCI. The non-invasive BCIs device is able to restore the
partial movement and give a patient the ability to move muscle
implants. Most of the BClIs are dependent upon the electrical
measures of the brain activities.

A Non-Invasive technique is one in which the electrodes
are placed directly on the desired part of the brain. The devices
or sensors are mounted on the headbands or caps which read
brain signals. The non-invasive BCI approach record signals
less effectively because electrodes are placed over the cap, not
on the desired part of the brain.

Electroencephalography (EEG) is very effective method of
recoding electrical signals from the scalp.

Electroencephalography(EEG) indicate that electrical
activity of the brain is recorded from the scalp with the help of
electrodes. It is capable of providing a good temporal
resolution. It is moveable, low-cost and easy to use. The types
of equipments used in electroencephalography(EEG) are
lightweight, inexpensive. A non-invasive BCI based on
electroencephalography(EEG) consist of a cap on which
electrodes are placed, cables which broadcast the recorded
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signals from the brain to the bio-signal amplifier, this bio-
signal amplifier is a device which convert electrical brain
signals from analog to digital format and a computer that
operate on the data and controls and run the BCI applications.

Cap +
Electrodes

Computer
+ DAQ

Amplifier

Figure 2. A Typical EEG based BCI

However, the EEG is not without disadvantages: The
spatial (topographic) resolution and the frequency range are
limited. The EEG is susceptible to so-called artifacts, which
are contaminations in the EEG caused by other electrical
activities. Examples are bioelectrical activities caused by eye
movements or eye blinks (electrooculographic activity, EOG)
and from muscles (electromyographic activity, EMG) close to
the recording sites. External electromagnetic sources such as
the power line can also contaminate the EEG. Furthermore,
although the EEG is not very technically demanding, the setup
procedure can be cumbersome. To achieve adequate signal
quality, the skin areas that are contacted by the electrodes have
to be carefully prepared with special abrasive electrode gel.
Because the gel is required, these electrodes are also called
wet electrodes.

The number of electrodes required by current BCI
systems ranges from only a few to more than 100 electrodes.
Most groups try to minimize the number of electrodes to
reduce setup time and hassle. Since electrode gel can dry out
and be wearing the EEG cap with electrodes is not convenient
or fashionable, the setting up procedure usually has to be
repeated before each session of BCI use. From a practical
viewpoint, this is one of largest drawbacks of EEG-based
BCls. A possible solution is a technology called dry
electrodes. Dry electrodes do not require skin preparations not
electrode gel. This technology is currently being researched,
but a practical solution that can provide signal quality
comparable to wet electrodes is not in sight
at the moment.

I1l. MOTOR MOVEMENTS

Any natural form of communication or control
requires peripheral nerves and muscles. The process begins
with the user’s intent. The intent of the user triggers a complex
process in which certain brain areas are activated, and hence
signals are sent via the peripheral nervous system to the
corresponding muscles, which in turn perform the movement
necessary for the communication or control task. The activity
resulting from this process is often called motor output or
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efferent output. Efferent means conveying impulses from the
central to the peripheral nervous system and further to an
effector (muscle). Afferent, in contrast, describes
communication in the other direction, from the sensory
receptors to the central nervous system.

C. Maria, C. F. Claudia et al. [5], presents the
performance of a Linear Discriminant Analysis Classifier that
used EEG data from 3 different subsets of the signal, which
was gathered during the execution of 4 upper limb
movements. However, the results are promising and further
experiments are required to obtain better classification
accuracy and to generalize these conclusions.

For motion control, the motor (efferent) pathway is
essential. The sensory (afferent) pathway is particularly
important for learning motor skills and dexterous tasks, such
as typing or playing a musical instrument. Moving a limb or
even contracting a single muscle changes brain activity in the
cortex[20]. In fact, already the preparation of movement or the
imagination of movement also change the so-called
sensorimotor rhythms. Sensorimotor rhythms (SMR) refer to
oscillations in brain activity recorded from somatosensory and
motor areas. Brain oscillations are typically categorized
according to specific frequency bands which are named after
Greek letters (delta: < 4 Hz, theta: 4-7 Hz, alpha: 8-12 Hz,
beta: 12-30 Hz, gamma: > 30 Hz). Alpha activity recorded
from sensorimotor areas is also called mu activity. The
decrease of oscillatory activity in a specific frequency band is
called event-related desynchronization (ERD).
Correspondingly, the increase of oscillatory activity in a
specific frequency band is called event-related synchronization
(ERS). ERD/ERS patterns can be volitionally produced by
motor imagery, which is the imagination of movement without
actually performing the movement. The frequency bands that
are most important for motor imagery are mu and beta in EEG
signals. S. Kubra, A. Onder et al. [18], proposed a novel Fast
Walsh Hadamard Transform based feature extraction method
for classification of EEG signals recorded during right/left
hand movement imagery. It does not only provide well-
discriminative attributes but also the computational time of
extracting the features from a single EEG trial is fast. The
obtained satisfactory results proved that this method can be a
successful alternative to the existing feature extraction
methods. A. M. Javier, M. Luis et al.[1] shows that a decoder
can be constructed for the attempt to move the paretic arm of
chronic stroke patient, with the help of EEG activity of healthy
motor cortex.

Invasive BCls often also use gamma activity, which is
hard to detect with electrodes mounted on the head. ERD/ERS
patterns follow a homuncular organization. ERD/ERS patterns
produced by motor imagery are similar in their topography and
spectral behavior to the patterns elicited by actual movements.
And since these patterns originate from motor and
somatosensory areas, which are directly connected to the
normal neuromuscular output pathways, motor imagery is a
particularly suitable mental strategy for BCls. The way how
motor imagery must be performed to best use a BCI can be
different. For example, some BCls can tell if the users are
thinking of moving your left hand, right hand, or feet. This can
lead to a BCI that allows 3 signals, which might be mapped on
to commands to move left, right, and select. G. S. Soumya, A.
Sumeet et al. [7] record the imaginary movement of the
subject like thinking to move tongue, foot, left or right hand
and try to explore the variations that occur in EEG signals and
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to find out the regions in the brain where these variations are
mostly pronounced. The results show that the positions or
regions where these variations are pronounced are not fixed
but it varies from person to person.

Another type of motor imagery BCI relies on more
abstract, subject-specific types of movements. Over the course
of several training sessions with a BCI, people can learn and
develop their own motor imagery strategy. In a cursor
movement task, for instance, people learn which types of
imagined movements are best for BCI control, and reliably
move a cursor up or down. Some subjects can learn to move a
cursor in two or even three dimensions with further training.
O. Urra, A. Casals et al.[12] investigate whether visual
feedback can modify upper limb control structure. After
performing the experiment the result shows that visual
feedback can modify the control structure towards the
optimized motor patterns but the magnitude of the
improvement varied from person to person. S. Aigin, F.
Binghui, et al. [16], planned for the characters of EEG signal
due to motor imagery. And an online control system for upper
limb prosthesis based on motor imagery EEG is realized,
which consists of the brain-computer interface (BCI) unit, the
motion controller and the objective. The results provide a new
idea for designing the online robot control system based on
EEG, which can further promote the development and
application of EEG control technology in the field of
rehabilitative and service robot.

IV. DATA ACQUISITION

There are various techniques to acquire data from the
subject. In BCI the data can be collected in many ways but the
non-invasive way to acquire data is widely used. The data set
contains the multiple recordings from different subjects. Data
is collected for the hand movements which are:

e Steady state with eyes open: When the subject is not
making any movement but only the eyes of the
subject are blinking.

e Imaginary movement of opening and closing of
left/right fist: When the subject is thinking to make
movement in the left/right fist.

e Opening and closing of left/right fist: When the
subject is actually performing the movement that is
opening and closing of left or right fist.

Electroencephalography(EEG) data is collected by
placing various channels over the head. To get the consistent
recordings from the brain the electrodes are placed over the
specific area of the brain. Mostly scientist rely on the standard
system to place the electrode accurately. This standard system
is known as the 10-20 system. This standard system is widely
used in the clinical EEG recordings, Electroencephalography
and Brain Computer Interface research.

The name 10-20 system suggest the positions of the
electrodes which are most commonly used while EEG
recordings. These positions are 10, 20, 20, 20, 20 and 10% of
the total nasion and the inion distance. The buldge on the back
of the skull and just above the neck is known as the inion. The
intersection of the nasal and frontal bones at the bridge of the
nose is known as the nasion. The other electrodes are placed
over the same distance. The inter-electrode are placed at the
equal distance from front to back and from left to right.
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The study shows that the most prominent regions in the
brain are the regions where the variations in the electrical
signals occur. The positions where the variations occur are not
fixed but they vary from person to person.
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Figure 3. Standard 10-20 System

The label letters indicate the brain region where the
electrodes are placed. O- occipital, P- parietal, T-temporal, C-
central, F- frontal, Fp- pre-frontal. The electrode C3 record the
motor movements from the right hand and the electrode C4
record the motor movement from the left hand. The electrode
Cz record the motor movements from feet. But it is not
possible to distinguish between the left and right feet. Because
Electroencephalography(EEG) records the electrical signals
from the scalp which have the weak signal strength and also
the origins of the left and right feet movements are very close
to each other.

V. EEGDATA PREPROCESSING

Electroencephalography (EEG) is a non-invasive
technique for recording electrical cerebral activity from the
human brain. EEG is a very important tool to investigate
neurological disorder such as tumor, sleep disorder. But it
comes with some of the disadvantages. As the signals are
recorded from the scalp so the Electroencephalography
recordings are easily susceptible to the artifacts. The signals
which are not originated from the cerebral are called artifacts
like; eye blink artifact, muscle activity, eye movement, pulse
etc. Signals are corrupted by these types artifacts. Among all
the artifacts the eye blink artifacts the most prominent. There
are several techniques for the removal of the eye blink artifact
such as Principal Component Analysis, Independent
Component Analysis, Linear Regression Analysis, Wavelet
Transform, Canonical Correlation Analysis. The EEG data
should be preprocessed before using it for feature extraction.
X. Ran, D. Lei, et al. [21], presents study, to investigate the
topic using noninvasive human EEG. Several classifiers were
chosen to explore their capability in capturing the spectral PC
features to decode individual finger movements pair wisely
from one hand using noninvasive EEG, aiming to investigate
the efficacy of these spectral features in a decoding task. The
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data acquired using EEG can be used to classify the left-right
hand movement[19].

VI. RESULT

A. Mean

It refers to the central tendency of data. It is
calculated by dividing the sum of all the data items by the total
number of data items.

G Xitxa+.txn
X = ntettin (1)
X= data items

n=Total number of data items

Mean
14
E 12
= 10 N N e ithout
- / A I \ /\ movermet
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f_" 4 — %} \?‘ — % Actual
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Figure 4. Mean Result for Left Hand
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Figure 5. Mean Result for Right Hand

B. Root Mean Square

The RMS value can be defined as the continuously
varying function this variation is in the term of instantaneous
values square. To find the RMS value of given data firstly find
the square of data and then the arithmetic mean of data. It is
also known as the quadratic mean.

1
Xoms = [ G425 4+ 39) @

Where,

X,ms = Calculated RMS value

N  =Total number of data items
X = Data items
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C. Covariance
D. Variance

It performs analysis on two random variables for the
joint variability in the other words the covariance is the
measure of two random variables joint variability. It shows the
linear relationship between two random variables.it can be of
two types.

i) Positive covariance:
If the two random variable shows the similar behavior as the
greatervalue of one variable is correspond to the greater value
of another variable and the lesser value of one variable is
correspond to the lesser value of another variable.

ii) Negative covariance:
It is opposite to the positive covariance in which greater value
of one variable correspond to the lesser value of the another
variable and same hold for the lesser value of one variable.

Cov(x,y) = B, 20D ®)

Where,

X = Independent Variable

y = Dependent Variable

n = Total number of data items
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It is the central quantity in the field of statistics. It mainly
finds out how far the data is scattered out from the mean.

0.2 — (Zx_ﬂ)z (4)

n

x = Sum of data items

1 = mean of data items
n = total number of data items
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Figure 10. Variance Result for Left Hand
470



Tejinder Kaur et al, International Journal of Advanced Research in Computer Science, 8 (8), Sept—Oct 2017,465-473

Variance

§000.00
7000.00
6000.00

5000.00 A /
400000 - Y ﬁ‘i
300000 +— \%7
200000 +—4 @7

1000.00
0.00

m—rithout
movemet

= Imaginary

Actual
Movement

EEG data of Right Hand

Subjects

Figure 11. Variance Result for Right Hand

E. Standard Deviation

It can be calculated by squaring the variance. It shows
the dispersion of data set values. A low standard deviation
value indicates that the resultant value are closer to the
expected value a high value of standard deviation indicates
that resultant values are spread out over a wide range. Unlike
the variance, the standard deviation is expressed in the same
unit as of the data. It is commonly used to measure the
confidence in the statistical conclusion.
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M = mean of data items
n = total number of data items
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Figure 13. Result of Standard deviation for Right Hand
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T-test is used to compare two population and check whether
there is any significance or the reliable difference between the
means of two population.by simply looking at the means it
may show a difference but it is not sure that it is a reliable
difference. T-test is the inferential statistics which allows
making inference about the population beyond the data given.
For this two hypothesis are assumed.
i) Null-hypothesis:
Null-hypothesis assume that there is no
difference between the variance of two groups or
we can say that two groups are same. If the
calculated t-value is less then the critical t-value
we reject the null hypothesis and conclude that
there is no difference between the groups.

Ho: iy = (6)

i) Alternate- hypothesis:
In Alternate-hypothesis we assume that the two
groups are not same, there is difference between
the variance of two groups. If the calculated t-
value is less than the critical t-value we accept
the alternative hypothesis and conclude that there
is a significance difference between the groups.

Hytpy # Uy (M

e t-value:

In the t-test, t-value plays a very important role. It is
probability, which indicates that t-value is fallen under a
certain range. The t-value is very useful in the t-test because it
is used to determine if there is any significant difference
between two populations or it is just by chance. In this work t
value is check at the confidence level of 90%. The t- value is
calculated by the following formula.

Variance within the grou
t —value = — grop (8)
Variance between the group
X,—-X,
t === 9)
52+52
ng np

Where

X, = mean of sample 1

X, = mean of sample 2

n, = total number of EEG recordings in sample 1
n, = total number of EEG recordings in sample 2
S, =variance of sample 1

S, = variance of sample 2

_v\2
512 _ LX) (10)

ni

_ 2

nz
Where
x; = sample 1
x, = sample 2

x; = the mean of sample 1
X, = the mean of sample 2.
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Table I.  Result of T- Test for left Hand
Left Hand
Steady and Steady and actual Imaginary and
Imaginary movement actual movement
movement
H-Value 0 0 1
Calculated 1.964 2978 0.529
T-Value
Table Il.  Result of T- Test for Right Hand
Right Hand
Steady and Imaginary Steady and actual Imaginary and
movement movement actual movement
H-Value 0 0 1
Calculated 2.056 1.743 1.281
T-Value

The above table shows the result of t-test at Confidance
level of 909 and Critical t-value = 1.645

VIl. CONCLUSION

Brain computer Interface is a technique which enable
the paralyzed people to communicate with their environment.
It records the electrical signals from the brain and converts
them into the corresponding control command for the external
attached devices. Every movement of the body generates
corresponding electrical signals even if someone is thinking.
This paper tries to explore the variation with three different
activities of the hand. Which are a steady state of hand, an
imaginary movement for opening and closing of left or right
fist and opening and closing of left and right fist. The EEG
recordings are taken from hand movement. Various parameters
are applied on the EEG recordings and the result shows that
there is specific difference between the steady state of hand as
compared to the imaginary movement or actual movement of
hand while the imaginary movement and the actual movement
of the hand are similar to each other.
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