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Abstract - Millions of people worldwide are permanently disabled either due to stroke or injury to the spinal cord. 
Rehabilitation of the disabled is one of the major challenges in the present world. There are many undergoing researches in 
the field of Brain Computer Interface (BCI) to establish an interaction between the human neural system and machine to 
enable the disabled to communicate and control devices for better living. Establishment of muscular movement in humans 
who have lost motor control due to injury or paralysis by the interpretation of brain rhythm is a very interesting and ongoing 
front end research. This paper proposes the use of EEG signals for controlling the movement of muscles and subsequent 
rehabilitation of the subject. Here the EEG signals from brain activity while imagining motor movements are captured. The 
required features for classification of motor movements is done using Independent Component Analysis by Entropy Bound 
Minimization (ICA_EBM), a method for finding underlying factors or components from multivariate (multi-dimensional) 
statistical data that are both statistically independent and non-Gaussian. The processed motor imagery signals are classified 
using feed forward back propagation Neural Networks (NN). The EEG processed and classified signals act as stimulus to the 
BCI, developed using Arduino, providing rehabilitation for the disabled. 
 
Index terms - Brain Compute interface, EEG, Artificial neural network, ICA 
 
I.  INTRODUCTION 
 
Brain is the vital organ for control and co-ordination 
of human body. Spinal cord is the pathway for 
impulse from the brain to the body as well as from 
bodies to the brain .However this pathway could be 
lost due to spinal cord injury (SCI) and that results in 
a loss of function especially mobility .Neurological 
conditions such as stroke and spinal cord injury 
leaves the affected individual with severe or complete 
paralysis .Hence affected individual loses motor 
movements .Acquiring EEG signal and application of 
these signals to the affected motor part through 
external stimulus is a method for rehabilitating the 
lost mobility .BCI (brain computer interface) serves 
as an interface between the human neural system and 
machines .It helps the disabled especially the “locked 
in” people to regain or recover their ability to control 
and communicate with external environment. EEG 
signals are chosen due to simplicity and non-
invasiveness .Required EEG signals are acquired 
using Electroencephalography (EEG) system. 
Lot of research is going on in the field of BCI. 
Various techniques have been used to develop a 
system which is more accurate in detecting motor 
imagery movements. In [2], it is listed that 
Independent Component Analysis technique of 
processing is preferred over other methods due to its 
high computational efficiency. It shows high 
performance for large sized data and decomposes 
signals into temporal independent and spatial fixed 
components so that they can be analyzed 
independently. In[4], EEG signals available on 
Physionet  are filtered to limit the signal frequency 
range from 0.5Hz to 90Hz .Artifacts are removed 
from filtered signal using AAR toolbox used as plug  

 
in to MATLAB .ERD (event related 
desynchronisation), MRCP (movement related 
cortical potentials) and ERS (event related 
synchronization) are extracted by epoch extraction 
.ICA (independent component analysis) algorithm is 
applied on processed signal for noise reduction 
.Mu/beta rhythms are isolated fromepoched dataset 
by the application of IIR band pass filter .Delta 
rhythms are isolated by the application of IIR low 
pass filter .Feature vectors are constructed by 
activation vector, product of ICA weights and ICA 
spheres for each dataset .These feature vectors act as 
an input to machine learning algorithms .Result of 
97.1% and 86.5% of accuracy was obtained for 
support vector machine and neural network algorithm 
respectively .In[7], ICA (independent component 
analysis) is a blind source separation technique (not 
knowing the source and channel characteristic), for 
the extraction of individual signals from mixture .It 
assumes that the different physical processes generate 
signals that are independent from each other. The 
observation signal is obtained by multiplying source 
signal with unknown mixing matrix, the aim of ICA 
will be to obtain un-mixing matrix so that original 
source signals can be reconstructed. 
 
II. METHODOLOGY 
 
EEG is a diagnostic tool that records the electrical 
activity of brain using numerous electrodes placed on 
the scalp. Electrical activity is produced by the 
neuron when they are active and these electrical 
potential is measured by EEG. The foremost step in 
the BCI is the signal acquisition. The variation of the 
surface potential distribution on the scalp reflects the 
functional activities emerging from the underlying 
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brain; these variations can be recorded in three 
different ways. Invasive, where electrodes are placed 
on the brain itself (grey matter of brain) during 
neurosurgery .Although these benefits create an 
effective system for neural activity detection, the 
dangerous procedure requires frequent medical 
check-ups, high cost and possibly long term damage. 
Non-invasive, where electrodes are placed on scalp 
and signals recorded in this way been used to power 
muscle implants and restore partial movement. The 
analysis of brain signals is complex due to the large 
amount of information received by every electrode. 
Signal is contaminated by various kinds of noises, 
electrode contact noise, artifact, muscle contraction, 
thus the acquired signal need to be processed. The 
goal of preprocessing is to reconstruct the original 
brain activity. Depending on the state of 
consciousness of an individual one frequency range 
may be more pronounced than others. Five important 
frequency ranges available are listed below. 
 

 

Alpha waves are responsible for the motor imagery 
task and retaining these waves all other frequency 
ranges is removed.  
In this paper we considered Right hand/Left hand 
motor imagery commands taken from the data 
already available on physionet. This data is 
considered in accordance with the annotation file 
available. According to the annotation file, the person 
rests for 4.1 seconds and imagines right or left hand 
movement for the next 4.1 seconds. This is procedure 
is repeated and recorded for a duration of 125 
seconds. 
A band pass filter of 8-16Hz range is designed in 
order to allow only a alpha frequency range of EEG 
and block other frequency range and hence noise due 
to artifacts is removed.  A further removal of artifacts 
is be done using Automatic Artifacts Removal 
algorithm available with the EEG tool box. 
Independent Component analysis by entropy bound 
minimization algorithm is used to extract features 
from the pre-processed EEG signals. It provides 
fundamental features for analysis by giving access to 
independent components in a linear mixture 
ofsignals. ICA method is based on the following 
principle assuming that the original (or source) signal  
have been linearly mixed and that signals are 
available. ICA, a statistical method, recognizes in a 
blind manner a linear combination of the mixed 
signals and recovers the original source signal, 
possibly rescaled and randomly arranged in the 
outputs. This is done by assuming that the 
subcomponents are non-Gaussian and that they are 
statistically independent from each other. Features 
like energy ,power ,rms(Root Mean Square) 
,variance, mav(Mean Absolute Value) , ssi(Simple 
Square Integral) and ieeg(Integrated EEG) are 
calculated to train ANN(Artificial Neural Network). 
Feed Forward back propagation neural network is 
used as algorithm to classify different kind of human 
information into motor imagery movements to control 
robotic system. The entire classification is repeated 
using support vector machine (SVM),supervise  
learning  model  with  associated learning algorithm 
that analyze data and recognize patterns used  for 
classification  and regression  
analysis. The simulated results are converted to 
control signals using Arduino board to control servo 
motor. The servo motor is controlled to move right or 
left depending on the right hand/left hand movement. 
 

 
Fig 1: Analysis of EEG signal 
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III. HARWARE SPECIFICATIONS 
 
Arduino microcontroller ATMEGA2560 will be used 
in this work to interface the commands detected to 
control the robotic hand. This board provides a total 
of 54 I/O pins and a memory of 256Kb 
 
IV. RESULTS 
 

TABLE 1: 

 
 
Processing and classification of motor imagery 
movements using ICA and feed forward back 
propagation gave an accuracy of 67.4% considering 
all parameters. Classification using support vector 
machine (SVM) proved that the accuracy was better 
(72%). 
 
CONCLUSION 
This paper aimed at designing a robotic hand for 
paralytic subjects to rehabilitate and restore their 
motor movements controlled only by their 
thoughts.Further improvement on this work could be 
to design a complete home automation system in 
which the disabled can control home appliances with 
their thoughts. This paper considered variation of 
amplitude of the features extracted for classification. 
Considering variation of frequency of the extracted 

data (non linear characteristics) may provide better 
accuracy. 
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