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Abstract - Brain Computer Interface enables the brains neural activity to communicate with external devices to control them 
like to control machines, artificial limbs and robots to control movements, to control functional electrical stimulators, etc. 
[1]. But the real challenges faced by the researchers are acquisition of the required signal according to the user intention. The 
feature selection for the classification is also very important. In this paper, the acquisition and analysis of EEG signal for 
BCI application is discussed. In our research work, we acquire motor imagery EEG signal from normal subjects and a 
number of features are extracted to find the best feature for classification of motor imagery. In that ERD features give better 
classification results compared to the other features.  
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I. INTRODUCTION 
 
Brain Computer Interface: A Brain Computer 
Interface measures Central Nervous System (CNS) 
activity and converts it into control output that 
replaces, restores, enhances or supplements natural 
CNS output and there by changes the ongoing 
interactions between the CNS and its external and 
internal environment. CNS activity consists of 
electrophysiological, neural, chemical and metabolic 
phenomena that occur continuously in CNS. These 
phenomenona can be quantified by monitoring 
electric or magnetic fields, hemoglobin oxygenation 
or other parameters using sensors on the scalp, on the 
surface of the brain or with in the brain. BCI records 
the brain signals, extracts specific features from them 
and converts into artificial outputs that act on external 
devices or on the body itself. BCI can be used for 
communication, computer access, or to control of 
devices such as wheel chair, can be used to control 
functional electrical stimulus system or prosthetic 
arm. It finds application as a rehabilitation device to 
help people regain motor skills who lost them 
because of stroke or accident as well as can be used 
as a prosthetic device to replace or compensate for 
motor skills that will never return. Thus BCI converts 
human intentions or thoughts into control signals to 
establish direct communication between the devices 
and brain [2].  There are 3 major types of BCI 
according to the CNS activity measuring techniques 
namely  Invasive BCI, Partially invasive BCI and 
Non invasive BCI. They are briefly discussed below:  
Invasive BCI: These are implanted directly into the 
brain and in direct contact with the brain. As they rest 
inside the gray matter, they produce the highest 
quality of signal, but are prone to scar tissue build-up, 
causing the signal to become weaker or even lost as 
the body reacts to foreign object in the brain. And the 
procedure is risky because of surgical procedure. [5] 

 
2. Partially invasive BCI: These are implanted 
inside the skull but rest outside the brain. It also 
involves surgical procedure. Signal strength using 
this type of BCI is weaker when compared to 
invasive BCI. They produce better resolution signals 
than noninvasive BCIs. Electrocorticography (EcoG) 
uses the same technology as noninvasive Electro 
encephalography (EEG) but the electrodes are 
implanted in a thin plastic pad that is above the cortex 
and beneath the dura matter. 
 
3. Noninvasive BCI: It has the least signal clarity 
compared to the previous two. But it is considered to 
be a safe procedure. Electroencephalography (EEG), 
Magneto encephalography (MEG) and functional 
magnetic resonance imaging (fMRI) are all type of 
noninvasive BCI. Since MEG and fMRI require large 
amount of initial investment and requires more space 
for the equipment, EEG based BCI are used in most 
of the BCI applications.  
 
Hence in this work, EEG from scalp is used as the 
signal of interest as it is a safe procedure not 
requiring  much subject preparation and it is totally 
non invasive. 
 
EEG based BCI: Electroencephalogram based brain 
computer interface has become popular in the brain 
research and rehabilitation. BCI device provides 
direct communication between the brain and the 
external world. EEG signal is acquired by placing 
electrodes on scalp. EEG signals are more thoroughly 
studied potentials interface and have the advantage of 
better temporal resolution.  
 
Motor Imagery: The portion of the cerebral cortex 
anterior to the central fissure and constituting the 
posterior half of the frontal lobe is called the motor 
cortex and is almost entirely devoted to control of 
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muscle contractions and body movements. Motor 
cortex is divided into two main areas namely primary 
motor cortex which is  posterior of the frontal lobe 
anterior to the central sulcus and somatosensory 
cortex which is anterior part of the parietal lobe. The 
primary motor cortex is further divided into two parts 
premotor area and supplementary motor area. 
Premotor area: It helps to guide body movements by 
integrating sensory information and it controls the 
muscles that are closest to the body’s main axis. 
Supplementary motor area: It is involved in planning 
complex movements and in coding the movement 
involved in both the hands.  .  
 
Sensory motor rhythms are oscillations in brain 
activity recorded from somatosensory and motor 
areas. Brain oscillations are typically categorized 
according to specific frequency bands which are, 1. 
Delta 0 – 4 Hz, 2.Theta 4 – 8 Hz, 3.Alpha 8 – 13 Hz, 
4. Beta 13 – 32 Hz and 5. Gamma >32 Hz.  Motor 
imagery is a common mental task in which the 
subjects are instructed to imagine specific motor 
actions (like imagining moving of hand / Leg) 
without a motor movement [4].  The frequency bands 
that are most important for motor imagery are called 
mu band and beta band in EEG signals. Both 
frequencies show activity with voluntary movement 
and motor imagery. In awake people, primary sensory 
or motor cortical areas often display 8-12 Hz EEG 
called Mu rhythm, [2] when they imagine motor 
movements 
 
The decrease of oscillatory activity in a specific 
frequency band is called event related 
desynchronisation (ERD). Correspondingly, the 
increase in specific frequency is called event related 
synchronization. 
 
Event-Related Desynchronization or 
Synchronization (ERD/ERS): They correspond to 
amplitude variations of EEG signals oscillations. 
ERD corresponds to thousands or millions of cortical 
neurons firing in a more desynchronised way than in 
the baseline namely the  rest condition where no 
event is occurring. This results in smaller amplitude 
oscillations in EEG signals [1]. On the contrary, ERS 
corresponds to cortical neurons firing synchronously, 
hence leading to resulting large amplitude of EEG 
signals. ERD and ERS have been suggested to reflect 
cortical activation and deactivation, respectively.  
 
An imagination of a left-hand movement leads to an 
ERD in the mu (8-12Hz) and beta (13-32Hz) bands 
during movement and to an ERS in the beta band 
after movement. Both the ERD and the ERS occur in 
the contralateral sensorimotor cortex area (in the 
hemisphere opposite to the hand being imagined to 
have movement). ERD/ERS can be observed during a 
number of different mental tasks, and can thus be 
used as a feature to drive a BCI. Feature extraction 

and classification of motor imagery from the EEG is 
a big challenge for the researcher. Nicolas Brodu et al 
[6] used Morelett Morlet wavelet on the raw EEG 
signals, with the time-frequency resolution for the 
classification motor imagery signals for hand 
movements.  
 
The Paper published by Anupama.H.S, and 
N.K.Cauvery [7] gives an over all types of BCI and 
methods available for the acquisition of brain signals 
and the application of BCI [6]. Cross correlation 
technique is developed by Siuly [8] for feature 
extraction and Least Squared Support Vector 
Machine is employed for classifying the obtained 
features. In this work signals were recorded from 118 
electrodes. In another method suggested by the 
authors Chih Yu Chen et al [9], common spatial 
pattern for feature extraction and linear discriminant 
analysis for the classification are studied.  The paper 
published by Xiu Zhang ang Xingyu Wang [4] 
suggested that EEG signal is recorded from subjects 
performing a four class motor imagery task left hand, 
right hand, foot and tongue. Energy in specific 
rhythms are extracted as temporal features. Features 
classified by Support Vector Machine with different 
Kernel functions and parameters with accuracy of 
82.8%. 
 
Hence , it is inferred that the acquisition of EEG 
signal from motor cortex area gives the information 
regarding the motor imagery.BCI based EEG signal 
with visual cue and auditory cue have been acquired 
from normal subjects, using standard EEG machine 
and anlaysed [10]. This shows that mean and ERD 
features give better classification for motor imagery 
of hand movements. This present work describes the 
acquisition and analysis of the EEG signal for on line 
BCI application with two channel EEG acquisition. 
Different features are extracted and classified and 
compared.  

 
 
II. METHODOLOGY 
 
Initially, EEG signals from all 19 locations as per 10-
20 system are recorded using standard EEG machine 
[10]  but the signals under consideration are mainly 
from C3-Cz and C4-Cz as they are in the motor 
cortex area of the brain. From the above mentioned 
method, it is inferred that C3, C4, Cz locations give 
precise information about motor imagery. Hence it is 
decided to design indigenous identical 2 channel EEG 
acquisition system and two identical EEG amplifiers 
are developed. Electrodes are placed according to 10-
20 electrode montage in C3, C4 and Cz locations for 
motor imagery where C3 and C4 act as active 
electrodes, Cz reference and ear lobe as ground. 
Hereafter C3 refers to one channel of signal formed 
between C3 and Cz and C4 refers to that between C4 
and Cz with ear lobe as ground.  
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The block diagram of the developed hardware is 
shown in the fig 1 
 

 
Fig 1. Block Diagram 

 
The preamplifier is an instrumentation amplifier of 
gain 50. The amplified signal is filtered by a second 
order high pass filter with a cut off frequency of 4 Hz 
which is followed by a second order low pass filter of 
40 Hz. The filtered signal is amplified further by the 
post amplifier with variable gain. Thus a 2 identical 
channel EEG amplifiers each with a total gain of 
10^6 is designed and tested.  
 
The pass band of the amplifier designed is 4 – 40 Hz 
because of our interest is in the mu and beta bands of 
EEG. The analog signal is digitized by NI DAQ 6008 
with the sampling rate of 100 samples/sec. The 
resolution of DAQ is 12 bit and the maximum input 
range it can accept is from -10 V to +10V.  The 
developed system uses 9V battery for power supply 
and the laptop is used for digital signal acquisition 
and analysis being connected to the developed EEG 
acquisition system through NI DAQ 6008 is also 
disconnected from the mains supply while recording. 
Hence the total system is electrically safe.  

 
III. EXPERIMENTAL PARADIGM 
 
The proposed system is approved by Institutional 
Ethics Committee-Clinical Studies, Apollo Hospitals, 
Chennai Initially 10 healthy subjects participated in 
this study with the age group of 22 to 25 years. The 
experimental procedure is clearly explained to the 
subjects and then EEG is recorded.  
 
The scalp of the subject is prepared by cleaning it 
with skin preparation gel and the EEG electrodes are 
placed on C3, Cz, and C4 location by applying EEG 
electrode gel and right ear is taken as ground location. 
Then the electrode leads connected to the developed 2 
channel EEG system and the amplified signal is 
digitized and recorded using LABVIEW 
environment. As the system has to be a dedicated and 
portable system, it has been decided to use auditory 

cue instead of visual cue.  The protocol for the 
acquisition is given as in fig 2. 
 

 
Fig 2. Cue for motor imagery based BCI system 

  
An Auditory cue based approach is used in this work. 
The subject is made to sit in a comfortable position 
and initially asked to be in relaxed condition for 10 
sec. Then the subject is asked to imagine right/left 
hand movement for the next 10 sec.  
 
EEG signals are recorded during both the relaxed 
state and imagery state. The test has been carried out 
on normal subjects. The recorded EEG signal consists 
of 10sec rest condition and 10 sec of imagery 
condition wherein the subject be asked to imagine 
right or left hand movement. The cue is given in a 
random order and no specific sequence of 
imagination of hand movement is followed.  
 
For each of the subjects, the signal as the above 
protocol is acquired using the developed system for 
10 trials. From the acquired EEG signals, mean, 
standard deviation and ERD features for both mu 
band and beta band from both C3 and C4 are 
extracted and they are used for classification. 
 
IV. RESULTS AND DISCUSSION 
 
EEG signals from 20 volunteers have been acquired 
and processed. EEG signal is acquired with the help 
of two channel EEG amplifier designed and 
developed indigenously. The acquired EEG signal is 
digitized with100 samples/sec.  
 
The preprocessed EEG signal is shown in fig. 3 i.e) 
the acquired EEG signal is applied to the notch filter 
to remove the power line interference on both the 
channels C3 and C4. The following figures show the 
results for Left hand imagination of one such subject. 
The graph is plotted between number of samples in x 
axis and amplitude of amplified EEG in volt in y axis. 
Fig. 3 shows the raw EEG signal for the total duration 
of 20 sec (rest and motor imagery).    
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Fig 3 Raw EEG signal 

The raw EEG signal is processed and applied to notch 
filter to remove the 50 Hz power line interference and 
is shown in figure 4. The output of the same is 
applied to a band pass filter of 8-12 Hz to get mu 

(alpha) band and 13-30 Hz for beta band and are 
shown in Fig. 5(a) and 5(b) respectively. From the 
total 20 sec signal, the rest and active (imagery) EEG 
samples are separated and the features are extracted.  

 
Fig 4 Notch filtered EEG signal 

 

 
Fig 5 (a) EEG signal in mu Band for channel C3 and C4 
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Fig 5 (b) EEG signal in Beta Band for channel C3 and C4 

 
Fig. 6 (a) and fig.6 (b) show the rest alpha and beta band for initial 2 seconds. 

 
Fig 6 (a) Rest period mu band for channel C3 and C4 

 
Fig 6 (b) Rest period beta band for channel C3 and C4 
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From these signals, different statistical features such 
as mean and standard deviation in both the bands are 
extracted. Thus signal from 10 normal subjects have 
been acquired and the above features are computed.  
Fig.7 shows the scatter plot  of mean values and 
standard deviation values of  alpha and beta band 

obtained from the 10 volunteers for left and right 
hand movement  imagery  conditions for the channels  
C3 and C4  respectively. Fig.7(a) shows the mean 
values and fig.7 (b) shows the standard deviation. 

 

 
(a) Mean values of mu band and beta band for C3-CZ and C4-Cz for both right and left hand imagery 

(blue : left hand imagery, red: right hand imagery) 
 

                   
(b) Standard deviation of mu band and beta band signals 

Fig. 7 Scatter plots of various values during motor imagery 
 
From these plots, it is inferred that a threshold value 
cannot be specified for mu band and beta band for the 
classification of motor imagery.  
 
During motor imagery, the brain develops ERD effect 
which changes the characteristics of the EEG signal 
and contra lateral electrode position shows significant 
change in the mu and beta band. Hence it is decided 
to use ERD as another important feature for 
classification of motor imagery signal.  The ERD 
value is determined from the following equation, 

 
 

 
Where A - Band power of the imagery                                                         
 signal 
            R - Band power of the rest state                                            
 EEG                       
The ERD is extracted as below: The signal is divided 
into two portions such as rest period and imagery 
period of 10 sec each. Though the imagery period in 
the protocol is 10sec, the mid period of 4 seconds 
alone are considered, this is due to the reason that the 
subject may not imagine the correct movement for 
long time and the data during the initial 2 seconds are 
also left, because the subjects try to get their 
concentration at that time. In the imagery period, the 

ERD = A – R  
               R 
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features have been taken for the period from 12-14 
sec and 14-16 sec. the imagery period being for 10 
sec, after the 10 sec of rest period. The mu band and 

beta band for the mid period 12-14 seconds is shown 
in fig. 8 a and b respectively.     

 
Fig 8 (a) 12-14 sec of imagery mu band for channel C3 and C4 

 

 
Fig 8 (b) 12-14 sec of imagery beta band for channel C3 and C4 

 
It’s been inferred that during left hand imagination, 
there is a decrease in magnitude of mu band and beta 
band in C4 channel and increase in C3 channel and  

 
vice versa for right hand imagery. Comparison of 12-
14 seconds mu band of both left hand imagery and 
right hand imagery is shown in fig. 9 a and b. 
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Fig 9 (a) 12-14 sec mu band for Left hand imagery 

 
Fig 9 (b) 12-14 sec mu band for right hand imagery 

 
From these, the following features have been 
calculated in the 12-14 sec and 14-16seconds  
 

 
duration for both the bands and both channels. The 
features are mean, standard deviation, ERD for the  
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above said time period and for both the channels C3 
and C4 and for the bands. One such feature is shown 
in table 1 and table 2 for both left and right hand 
imagination. In the tables, std refers to standard  
deviation, bp refers to band power , f1 refers to  mu 
band and f2 indicates beta band From the tables 1 and 
2, it is inferred that the ERD is decreasing in alpha 
and beta band magnitudes during motor imagery 
period for contralateral electrode positions. Using 
these parameters classification has been done. ERD 
results of  Mu band and beta band of Left hand 
imagery are shown in fig 10 and  b respectively. ERD 
result of Mu band and beta band of right hand 
imagery are shown in fig 11 a & b. Though the ERD 
value is a single value at the duration of 
consideration, for easy understanding, the values 
during the segments of 12-14 secs and 14-16 secs are 
connected by lines in the fig. 10 and fig.11.   

 
Fig 10 (a) . ERD – Mu band value for Left hand imagery 

 

 
Fig 10 (b) . ERD – Beta band value for Left hand imagery 

 

 
Fig 11 (a). ERD – Mu band value for Right hand imagery 

 

 
Fig 11 (a). ERD – Beta band value for Right hand imagery 

These results are taken for classification and the 
classification is based on the difference between the 
band powers and hence the ERD values and this has 
been performed for another 20 normal, healthy 
subjects. 10 trials have been taken each one of the 20 
subjects and the accuracy is calculated which is the 
ratio of total number of correctly classified results by 
the algorithm to the total number of trials taken and 
the results are given in table 3. For example, the first 
row of the table shows that the developed algorithm 
classified 8 trials out of 10 trials for Subject 1. Thus it 
has been listed for 20 subjects.  
The average accuracy of classification is found to be 
65%. The difference in accuracy of classification is 
due to the variation in the concentration of the 
subjects during motor imagery. But for some of the 
subjects the accuracy is as high as 80% which means 
that out of 10 trials, they can imagine correctly for 8 
conditions.  
 
To further test the system, the EEG for a single 
person, is taken for more number of sittings and 
analysed. The training had been given for consecutive 
days and the results of classification accuracy are the 
results are shown in table 4 and plotted in fig 12. 
From that processed data, it is inferred that, the 
accuracy has been increased from 50% to 80%, if 
continuous training has been given to the same 
person. 
 

 
Fig 11 Accuracy improvement 

 
CONCLUSION 
 
A 2 channel EEG system is designed and motor 
imagery based EEG signal is acquired using the 
system. In this experiment EEG signal for rest and 
motor imagery period is recorded. The recorded 
signal is analysed. The experimental results show that 
the ERD feature gives the better accuracy for 
classification of motor imagery and it is also inferred 
that the consecutive training increases the 
classification accuracy. Since this system is a portable 
one and involves in less complex features, it can be 
used for real time applications.  
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Table 1.Features calculated for the Left hand imagination 
 
 
 

 
Table 2. Features calculated for Right hand imagination 
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Table3. Classification accuracy by using ERD estimation 

 
 

Training .No Accuracy 
I Day 40% 
II Day  60% 
III Day 80% 
IV Day  80% 

Table 4 Result for training 
 

 
 


