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Abstract—There are significant number of people suffering from 

severe motor disabilities due to various causes like high cervical 

injuries, cerebral palsy and multiple sclerosis. In these cases the 

communication systems based on brain activities can play an 

important role in providing a new form of communication and 

control to these people for interacting with their environment 

without a continued assistance.  

This work aims at providing a communication channel in the 

form of brain computer interface (BCI) system to people who 

undergo a severe loss of motor function as a result of various 

accidents and/or diseases, so that they can control and interact 

better with the external environment. In this BCI system Ag/Agcl 

electrode cap is fitted over the scalp on human subjects to record 

electrical activity of the brain and then RMS 32 channel 

Electroencephalographic (EEG) data acquisition system is used 

to amplify the biomedical signals. The signals recorded from 

different human subjects are converted into excel sheets using a 

software. These converted excel sheets are processed using 

similarity matching algorithm to compare event related potential 

pattern on MATLAB. Depending on this data, various action like 

switching ON and OFF of bulb or fan is performed using relays. 

Arduino microcontroller is used for controlling.  

Keywords—Brain computer interface, MATLAB, 

Electroencephalographic, Arduino, Similarity Matching 

I. INTRODUCTION 

hen India's disabled population is scanned it reflects 

that the number of disabled which was 2.19 crores in 

2001 rose in 2011 to 2.68 crores [1]. But even after the so 

many years of independence, there is no authentic data on 

percentage of population of disability. Therefore, disability is 

nowhere on nations radar screen. A brain-computer interface 

is a communication system for generating a control signal 

from brain which establish communication between the two 

essential parts brain and computer.  

 Many different disorders can disrupt the neuromuscular 

channels through which the brain communicates with its 

external environment. Amyotrophic lateral sclerosis (ALS), 

brainstem stroke, brain or spinal cord injury, cerebral palsy, 

muscular dystrophies, multiple sclerosis, and numerous other 

diseases impair the neural pathways that control muscles or 

impair the muscles themselves in the absence of methods for 

repairing the damage done by these disorders. The final option 

for restoring function to those with motor impairments is to 

provide the brain with a new non-muscular communication 

and control channel, i.e. Brain Computer Interface (BCI) 

which efficiently work for conveying messages and 

commands to the external world from brain signal.  

To measure and study the brain activity signals, there are 

different methods such as magnetic resonance imaging (MRI), 

computed tomography (CT), single photon emission 

computed tomography (SPECT), magnetoencephalography 

(MEG), but these signals are not practical to implement a 

human-machine interface. They only give anatomical 

information. Other techniques are very invasive and expose to 

lot of radiations and are very expensive in nature [2].  

At present, Electroencephalographic (EEG) which have 

relatively short time constants can function in most 

environments and require relatively simple and inexpensive 

equipment which in-turn offer the possibility of a new non-

muscular communication and control channel, i.e. an 

independent BCI system.  

II. LITERATURE SURVEY 

Various works have been carried out on Brain Computer 

Interface system. Since 1970, there is a rapid progress on 

system based on Event Related Potential (ERP). Therefore, in 

this section different system built on Event Related Potential 

are reviewed.  

The author in [3] developed a BCI speller using Independent 

Component Analysis (ICA). In proposed work ICA is used to 

detect P300, an Event Related Potential. Despite the system 

has an accuracy of 100%, it still has more number of trails on 

the human subjects for particular operation.  

Ulrich Hoffmann et. al. proposed a similar BCI speller which 

is developed on the basis of Bayesian Linear Discriminant 

Analysis (BLDA), over a single trial with an accuracy of 

100%.But, due to usage of large number of electrode the 

proposed system is not practically feasible. 

 A steady state Event Related Potential (SSVEP) is introduced 

in [5], consisting of usage of Visual Evoked Potential for the 

movement of ball in 2 dimension space. The system has an 

accuracy of 97%. However ocular artifact and uneven 
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variation in amplitude consequently after the performance of 

the system. 

L. A. Farwell et. al. again tried to improve the P300 speller 

using Xdawn algorithm which uses rare events in the oddball 

paradigm elicit the P300 component of the event-related 

potential and synchronous response occupies a small spatial 

subspace of space spanned by the recorded EEG as its main 

idea i.e. there exists a typical response synchronized with the 

target stimuli, and then this response can be enhanced by a 

spatial filtering. Though the system has good accuracy, it is 

performed only on the basis of two subject’s data. 

This paper proposes a BCI technology for disabled which 

yield an accuracy of 60% over four trails. The system uses 

Similarity matching algorithm, which makes it less complex. 

Usages of less number of electrodes and easy installation adds 

to simplicity of the system. 

III. BLOCK DIAGRAM of BCI SYSTEM 

 EEG based brain computer interface technology for disabled 

is an initiative to bring changes in the life of those who are 

severely suffering from any kind of movement disabilities. 

The block diagram representation of the proposed technology 

is shown in Fig 1. 

 

Fig 1: Basic Design Operation of BCI System 

Fig 1 depicts a generic BCI system in which a person 

controls a device in an operating environment (e.g., a bulb or 

a fan in a house) through a series of instantaneous thoughts. 

The electrodes placed on the head of the human subject's 

record the brain signal from the scalp, or from the surface of 

the brain and convert these brain activities into electrical 

signals. 

The EEG Electrode cap is connected to the RMS 32 

channel EEG data acquisition system which consist of 

assembly of low-pass filter, notch filter and high pass filter. 

The recorded 

data is outgrowth into two sets i.e. training and test sets 

depending upon the manner in which these data's are collected 

from human subjects using RMS. 

The recorded data consisting of Event Related Potential is 

converted into excel sheet and processed using similarity 

matching algorithm in MATLAB. Arduino microcontroller 

uses this information to control a fan or a light using relay. 

IV. HARDWARE DESCRIPTION 

The non-invasive wired BCI system can be designed in 

variety of ways. The cost and the number of channels become 

the major considerations when choosing the hardware for the 

system. Best possible hardware components were chosen 

depending upon the efficiency, accuracy required by the 

application. A brief description of various components used in 

the EEG based BCI system for disabled is provided in the 

following sections. 

A. Electrode Cap 

In the work Ag/Agcl electrodes cap is chosen to tap signals 

from the scalp or from the surface of the brain. Though there 

are different electrode caps available in the market but due to 

its exclusive feature like conversion of ion current from the 

surface of human tissue to electron current and with less cost 

makes it a better choice for the BCI system. Using an 

adhesive like electrolytic gel which is conductive in nature, 

the electrode on the electrode cap is attached to the skin which 

reduces the risk of noise artifact being introduced by electrode 

movement [4]. Additionally, the electrode cap lowers the 

skins resistance and therefore it results into a better signal 

measurement. Fig 2 shows the snapshot of the electrode cap 

which was put over the subject's scalp.  

 

Fig 2: Ag/AgCl based electrode cap 
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B. RMS 32 Channel EEG System 

The device used for building a BCI system is RMS 

MAXIMUS 32 channel EEG system. It can record 32 

channels of EEG data from electrodes placed according to the 

international 10-20 system. The voltage generated by the brain 

cells are picked up by EEG is extremely small (between 10-20 

microvolt) and amplification is needed of the order of ten 

thousand times for successful recording of the EEG signal. 

The standard parts of the EEG hardware include electrode 

cap, head box, connecting cable and PC. The Head Box is 

used for connecting electrode cap from the scalp to the 

hardware unit. The signal generated is amplified and then it 

passes to the PC where it is displayed by RMS MAXIMUS 

software designed for display of EEG signals. 

The raw sampled EEG data file created by RMS 

MAXIMUS software at the sampling rate of 1024 Hz is then 

read continuously at the start of acquisition. The raw data is 

then processed using series of filters. The signal is fed to a 

band pass filter implemented using low pass fourth order FIR 

filter with cut off frequency of 99 Hz and high pass fourth 

order FIR filter with cut off frequency of 0.1 Hz to limit the 

EEG signal bandwidth between 0.1 to 99 Hz as EEG signals is 

found between 0 to 100 Hz frequency. A 50 Hz notch filter is 

used to remove power line interference and impedance was 

kept below 10 k. The raw data converted to excel from RMS 

32 channel data acquisition system is shown in Fig 3 will be 

analysed using MATLAB and after identification of action the 

action is switched using Arduino board and relay. 

 

Fig 3: RMS 32 channel EEG system 

V. RESULT                                                             

The offline brain computer interface system is implemented in 

real time using MAXIMUS RMS 32 channel data acquisition 

system [10]. The results of which are provided in the 

following section. Fig 4 shows the overall arrangement of the 

system. 

In order to evaluate the efficiency of the BCI offline system. 

Some experiments consisting of 3-4 trials were conducted 

over 5 subjects. To put in briefly maximum efficiency of 

about 100% is achieved by subject 2 over 4 trials, whereas 

efficiency of about 50% is obtained by subject 4 over 3 trials. 

On an average the efficiency for a single human subject is 

found to be 60 %. The efficiency of the BCI system for 5 

subjects is tabulated as shown in Table 1. 

 

Fig 4: offline brain computer interface system 

Table I 

The Efficiency of the BCI System 

 

VI. CONCLUSION  

EEG related BCI system offers the possibility of a new non-

muscular communication channel for those who suffer 

numerous neuromuscular disease for conveying messages and 

command to external world, i.e. practical BCI. The EEG 

based Brain Computer Interface for disabled was successfully 

implemented using RMS MAXIMUS 32 channel EEG 

system. 

Ag/AgCl electrode cap was used to tap signals from the scalp 

and thus recorded brain signal were converted to electrical 

subjec

t 

No of 

trial on 

each 
event 

Bulb 

on 

Bulb 

off 

Fan 

on 

Fan 

off 

Efficie

ncy in 

% 

1 3 2 2 3 1 66 

2 4 4 4 4 4 100 

3 3 3 1 2 1 58 

4 3 2 1 2 1 50 

5 4 3 3 3 3 75 
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signals. The recorded data was outgrowth into two sets i.e. 

training and test sets depending upon the manner in which 

these data's were collected from subjects using RMS data 

acquisition system. The test set data was given to MATLAB 

and the action was controlled using Arduino like switching on 

and off bulb or fan. 

This paper reflected that an individual thoughts can be 

converted into action after applying proper algorithm on the 

collected data of that particular individual. On an average the 

efficiency of human subject was found to be 60 %. 
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