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ABSTRACT: Brain Computer Interface (BCI) is communication system for the people who lost their ability of
speaking and cannot move their left and right hands due to some cord injury. BCI uses Brain rhythm as input for BCI
system. Brain rhythm is an Event Related Potential (ERP) which is generated in human brain during some imagination
of task (left hand movement, right hand movement). In this paper, we analyze the ERP feature for both Left Hand
Movement and Right Hand Movement and compare them using EEGLAB toolbox. Comparison is done on the basis of
Event Related Synchronization (ERS) and Event Related Desynchronization (ERD). EEG signal for both Left Hand
and Right Hand movement are downloaded from physioNet.

KEYWORDS: Brain Computer Interface, Event Related Potential, Event Related Synchronization, Event Related
Desynchronization, EEGLAB.

I. INTRODUCTION

BCI system work as an interface between its user and devices. BCI uses EEG signal to communicate with devices
and this EEG signal is captured by human brain using EEG devices. BCI technology defines in two ways: invasive and
non-invasive. Nowadays, non-invasive technology is mostly used in BCI research because it does not require
implanting electrodes directly into brain. EEG signal is type of potential which is generated during some imagination of
task (left hand movement, right hand movement). ERP is a method that measure electrical activity of brain with respect
to time using EEG electrodes which is placed on the scalp.

Il. RELATED WORK

User brain produces many events at a single time instance. Hence for a single trial, response of an event is not visible
in EEG recordings, to measure the response of an event user takes many trial and average the results of all the trial.
This process is called Event Related Potential (ERP). ERP image is generally two dimensional representations of data
using event time with respect to number of trials. So in our work, we analyze the EEG data using ERP image.
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Fig 1. Channel location map according to international 10-20 system
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We evaluate the ERP results from frontal lobe for channels FC1, FC3, FC5, FC2, FC4, and FC6. EEG signal
generated by left hand movement goes to Right motor cortex area of brain for desynchronization and EEG signal
generated by right hand movement goes to Left motor cortex area of brain for desynchronization. Channel position map
show in figure 1.

1. WORKING PROCEDURE

ERP Analysis of Left Hand movement and Right Hand Movement are done by EEGLAB. EEGLAB is an
interactive graphical user interface (GUI) tool which provide some standard inbuilt function such as remove artifacts,
baseline removal, data filtering, epoch extraction, data resampling, visualize epoch and event statics.

Signal Pre- Processing

v

Artifacts detection and Rejection
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Independent Component Analysis
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Fig 2. Block diagram of Working Procedure

Signal preprocessing is done by EEG LAB. Independent component analysis is performed before analyze the ERP
feature because it extract the feature in the form of single component so that we can evaluate the ERP feature
independently.

A. Signal Pre- Processing

It include Filtering of EEG signal, amplification of signal. EEG signal filtering is done by using the FIR filter of
EEGLAB. Signal pre- processing of EEGLAB includes importing of EEG data, and channel location files in different
formats including Matlab, Binary, Neuroscan, and ASCII.

B. Artifacts detection and Rejection
EEGLAB is a GUI tool which Provide option to detect artifact visually and remove it by selecting the appropriate area
of EEG scalp map graph.

C. Independent Component Analysis

Independent Component Analysis converts the high dimensional data space into low dimensional data space. It
maximizes the joint entropy and minimizes the redundant information. In EEGLAB, ICA is implemented by runica( )
function. It removes the artifact which is generated by the muscles and eye blink activity. It also filters the noise and
speech data.ICA is a linear decomposition data method which returns the output as a single component. If Y is the scalp
data matrix and P is the component activation matrix then ICA is defined by the following equation:

RY =P 1)
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Where R is matrix of spatial filter of EEG scalp data. Equation (1) describes that applying spatial filter R to data Y give
the result as an ICA process.

IV.EXPERIMENTAL RESULTS

EEG dataset is collected from PhysioNet. This dataset consists of two or three minutes of EEG recordings. The data
is in EDF+ format (European Data Format) which has 64 EEG channels as per the international 10-20 system. Data are
sampled at the frequency of 160 Hz. We have selected six channels FC1, FC3, FC5, FC2, FC4, and FC6 on frontal lobe.
After processing of data give the following result show in fig.3 and fig.4 respectively for left hand movement and right

hand movement
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Fig 3. ERP map for Left hand movement

1000

1500

From figure 3 it is observed that For channel FC1, FC3 and FC5 there is a continuous increment in amplitude of
EEG signal with respect to time and for channel FC2, FC4, FC6 there is continuous decrement in amplitude of EEG
signal. This results show that for left hand movement, Left area of human brain cortex is active.
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Fig 4. ERP map for Right hand movement

From figure 4 it is observed that for channel FC2, FC4, FC6 there is continuous increment in amplitude of EEG
signal and for channel FC1, FC3 and FC5 there is a continuous decrement in amplitude of EEG signal. This results

show that for right hand movement, Right area of human brain cortex is active.
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Fig 5. ERP comparison for Left Hand movement and Right Hand movement

(Blue represents the ERP of Left hand movement and Red represents the ERP of Right hand movement)

Finally we have done an ERP comparison analysis for left hand movement and right hand movement which is show
in figure 5. Red line represents the right hand movement activity and blue line represents the left hand movement
activity. from figure 5 it is observed that for right hand movement event related synchronization occur at channel FC2,
FC4, FC6 and event related desynchronization occur at channel FC1, FC3, FC5. For Left hand movement activity event

related synchronization occur at channel FC1, FC3, FC5 and event related desynchronization occur at channel FC2,
FC4, FCe6.

V. CONCLUSION

EEG is one of the hopeful technologies being able to record what activity is processed in human mind and to analyze
these activity we have EEGLAB as a Graphical User Interface Tool (GUI). So in our work we download the EEG data
from PhysioNet and analysis the data using EEGLAB toolbox. Event related synchronization correlated with the
activated cortex area of human brain during imagination of motor movement task. From our work it can be easily
shown that for left hand movement ERS is occur at Left area of human brain cortex and ERD is occur at right area of
human brain cortex. For right hand movement ERS is occur at right area of human brain cortex and ERD is occur at left

area of human brain cortex. The analysis is useful for developing the practical application in BCI mostly for robotic
arm control using human brain thoughts.
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