
ABSTRACT
 Many people around the world suffer by mobility disorders, and most of them rely on power wheelchairs to move around 
them. However, most patients are not advised to use power wheelchairs because it requires more power and complex 
interface. In this paper, a Brain Computer Interface application is developed to operate on receiving EEG signals from the 
brain. Brainwaves are used to control the wheel chair operation in real time.  It helps physically challenged people to live a 
self-supported life. Brain computer interfaces are the systems that read brain wave signals from the human mind and pass 
it to the physical device with the help of Arduino processor. The signals from the brainwave sensor are processed using 
Matlab processing. Automation modules can be managed using the brain control interface system. Proposed technique 
assists and enhances the lifestyle of the disabled people. The goal of the brain-computer interface is to develop a fast 
and reliable communication between the brain waves of the disabled people and the personal computer.
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INTRODUCTION

Brain Computer interface communicates directly with the 
human brain and physical devices by transferring the brain 
signal as command in real time (ou et al. 2012). Brain 
Computer Interface (BCI) is the Mind Machine Interface 
(MMI). MMI is the direct communication path between 
the brain and the external device. BCIs are often guided 
by helping, improving, or repairing human cognitive or 
sensory-motor functions. The BCI randi field is focused 

primarily on neuroprosthetic applications with the aim 
of restoring damaged hearing, vision and movement. 
Electroencephalogram is a measurement of the voltage 
fluctuations of the brain found in the electrodes of the 
skull. It is an assessment of the cumulative electrical 
activity of neurons. Electroencephalography (EEG) is 
the most studied non-invasive interface, mainly due to 
its excellent temporal resolution, ease of use, portability 
and low setup cost. 

BCI system receives input from the human mind with the 
help of acquisition device. It is processed using the signal 
processing tool. Processed output is given to classifier; it 
makes a decision based on the input it receives. It will be 
given to the output device interface. Gamma, beta, alpha, 
theta and delta are the different states of brain wave 
which frequency value differs among different states. 
Amplitude value also deviates among different state. 
This differentiation helps to design a brain controlled 
interface. The neurosky Mindset is a brain wave sensing 
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headset that uses a medical grade probe to capture 
brain patterns and translate them into things you can 
do with a computer. Exploring neuroscience has greatly 
expanded our insight into the electrical signals emitted 
by the cerebrum, especially neurons. Examples of these 
electrical signals and frequency enzymes can be measured 
by inserting a sensor into the skull. The neurosky Think 
Gear Innovation Mindset contains simple electrical 
signals, usually excluding them as brain waves that make 
them a computerized symbol to access predictions for 
restorative applications. The Think Gear is a novelty in 
every neuroscience that empowers the gadget to interface 
with the clothing's brain waves. It includes a sensor that 
touches the forehead, reference points on the ear pad, 
and an on-board chip that processes all the data.

older people, injured people and the disabled people 
should be supported with the technology. robot can help 
them by following the instructions they pass (wolpaw 
& Mcfarland 2004). In 2014, united States national 
spinal cord injury statistical center (nSCISC) report says 
that 276,000 people are living with spinal cord injury 
(Cao et al. 2014; Boughner & durfee 2014; Perrin et al. 
2010). In 2002, Arnaud delorme et all developed an 
open source toolbox to analyze EEG signals (delorme 
& Makeig 2004). In 2001, furtscheller et all developed a 
communication model to communicate the brain signals 
with the imaginary motor direction. It matches the brain 
signal to rotate the motor in left, right, forward and 
backward (Pfurtscheller & neuper 2001). In 2002, J. del 
r. Millan et all proposed a neural classifier to distinguish 
the brain signals and achieved an accuracy of 70 % (del 
r Millan et al. 2002). In 2013, luzheng Bi et all designed 
a brain controlled robots to support the disabled person 
in the functional way. 

detailed analysis is given in the perspective and 
operational modes of robots. Challenges and issues 
in the brain controlled interface are also discussed (Bi 
et al. 2013). In 2014, T Kaleswapnil et al. controlled a 
robot movement with the EEG signals. Interface uses 
fPGA Kit with mat lab environment (Kale Swapnil  et 
al. 2014). In 2015, kamalesh et al. designed a robot 
to help handicapped people. It uses the beta wave to 
communicate with remote device. In 2014, Siliveru 
ramesh, designed a robot which is controlled using 
brainwaves and it uses Bluetooth technology to 
communicate with them. In 2006,Katarzyna Blinowska 
et all explained the EEG signals ,its generation and how 
it is measured (Blinowska & durka 2013). In 2013, daniel 
Göhring et all , presented an approach to control the 
car with the brain signals. They analyzed the outcome 
by doing different experimentation. In 2011, luna wrote 
an article which explained the technique to control the 
machine using brain waves (nithya & ramesh  2020).

In 2004, fernando et all described the functional 
technique to map the brain signals. In 2013, kottimalai 
et all proposed a brain wave classification technique 
using neural network and also they analyzed the patterns 
of the brain signals. In 2015, Seungchan lee , designed 
an active dry electrodes to capture the brain signal for 

designing BCI System (Kottaimalai et al. 2013).In  2011, 
vangu Kitoko et all evaluated the performance of dry 
electrode with bristle to record the EEG data (Satpathy et 
al. 2020). In 2004, Millan et all controlled an advanced 
robot using the EEG signals. They achieved a performance 
ratio of 74% (lee et al. 2015). In 2017, Ganesan et all 
developed a robot to manage the warehouse products 
which uses motor controlled by processor (Kitoko et al. 
2011). In 2019, leo et all developed an IoT based traffic 
management system where they uses sensors with GSM 
technology to pass the information to the centralized 
server (Millan et al. 2004; rajendrakumar & Parvati 
2019; Prabu et al. 2019).

Figure 1.1: Brain MRI where stroke regions are present 

Figure 1.2: Functional Block Diagram of Brain controlled 
Wheel Chair 

Experimental Methods

neurosis device placed on the skull collects the brain 
waves from the human. These waves are analyzed and 
processed in the matlab environment. Preprocessed 
signals are given to feature extractor which is used to 
extract the important feature from the preprocessed 
signals. Extracted features are given to classifier module. 
Classifier module makes a decision and passes the 
commands to arduino Mega 2560. Arduino device is used 
as a wheel chair controller. The tool is programmed by 
matlab and controls forward, backward, left and right 
movements based on the concept of eye blinks. The 
EEG sensor available in the neurosis device separates 
and amplifies small electrical voltages produced by the 
mind cells (neurons). Typical frequency values of EEGs 
range from 1 to 40 Hz. 
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The EEG sensor records the "raw" EEG flag, the possibility 
of constantly switching between the positive and negative 
anode, and the product forms that flag the collection of 
computerized channels to the recorded flag with the 
end goal in mind. The EEG flag has different frequency 
groups. It includes delta band frequency range is  
(0.5-4Hz) which is also called as relaxation band, theta 
band frequency range is (4-8Hz) which is also called as 
laziness band, alpha band frequency range is (8 -13) 
Hz which is also called as preparedness and innovation 
band and beta band (13-25Hz). Changes in the alpha 
band imply decrease in fatigue energy variation and an 
increase in the theta, delta band. Brain wave sensors 
are used to capture the brainwave signals and it is 
transmitted to the signal processing unit with the help 
of Bluetooth. Here rAw data generated by sensors are 
transmitted using Bluetooth module available in neurosis 
device. In the wheel chair Bluetooth receiver receives the 
signal. It will be given to signal processing unit which 
is built on mat lab environment.  

Acquired EEG signals are given to the matlab interface. 
Think gear is a mat lab application which is used to record 
and decode the raw data collected from the acquisition 
device. Mind wave sensor placed in the skull captures the 
brain waves variation and it is given to the think gear 
module. Think gear module preprocess the acquired data 
and amplify the signal strength. Preprocessed signals 
are given to feature extraction module. It extracts the 
important features from the signal. Classifier generates 
the output based on the extracted features. Classifier 
output is given to arduino board which generates control 
the wheel chair to move forward, backward, left and 
right. Materials and Methods

receives   the signal transmitted by the  neurosis device. 
received raw data are given to matlab environment 
where Think gear application is used. Think gear can 
handle the EEG signals and analyzed it. 

Brain wave signals are varying in energy based on the 
action performed by the user. for example, if a user 
blinks eyes for single time, brain wave signal energy is 
less. If the same person blinks eyes for two times, brain 
wave energy signal is more compared to the previous. 
Brain wave signal for blinking the eyes for a time is 
shown in figure 1.3. EEG raw data are processed and the 
feature is extracted. features are the energy value of the 
signal. The main code for reading, analyzing, classifying 
and commanding brain waves is written in MATlAB. Mat 
lab code is used to read the brain waves attention level 
and Eye Blink Strength. Classifier generates the control 
signal and it will be passed to the Arduino board where 
program to control the motors are written. Classifier gives 
the output as A when eye blinks for a time. output B will 
be generated if the eyes blink for two times. 

Figure 1.3: Prototype model for Brain controlled wheel 
chair 

RESULTS AND DISCUSSION

Prototype model for controlling the wheel chair using 
brain waves are designed using the arduino processor 
and signals are processed in the matlab environment. 
Prototype model is shown in figure 1.2. Brain wave 
signals are captured using the sensors available in the 
neurosis device. Captured EEG signals are the raw data. 
raw data are transferred to interface module with the 
help of Bluetooth. Here the information is transferred 
from the head device to the wheel chair using wireless 
technology. wheel chair has a Bluetooth receiver which 

Figure 1.4: Brain wave signal 

Figure 1.5: Arduino Code for controlling the motors 

It gives output C when head moves from left to right. 
It gives output d when head moves from right to left. 
variation in the EEG value captured at the feature 
extraction module. Arudino program uses to control 
the motors connected with the wheels of the chair. If 
the classifier output is A then Arduino generates the 
control signal to the motor to move the wheel chair in 
the forward direction. for the classifier output B, Arduino 
generates the control signal to the motor to move the 
wheel chair in the reverse direction. received input is 
C then Arduino issue commands to rotate the wheel to 
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turn towards right direction. If the classifier output is 
d then Arduino generates the control signal to rotate 
the wheel to turn towards left direction. If the classifier 
output is E, then arduino stops the movement of wheel. 
It remains in idle position. In Arduino code is built for 
controlling the robot. Arduino (ATMega328) is used as 
wheel chair controller. fig.1.4 shows the sample code, 
with character "A" for forwArd, "B" for BACKwArd, 
"C" for rIGHT "d" for lEfT and "E" for SToP.

CONCLUSION

Brain controlled wheel chair is designed to help the 
people who uses the wheel chair. It can help them to 
control the wheel chair without using physical energy. 
wheel chair is controlled by brain waves. Eye blinking 
and head movement generates unique brain waves. It 
helps to control the device which is connected using 
Bluetooth. wireless connectivity ensures free physical 
action of the disabled people. designed prototype model 
is designed and tested. It works well and wheel chair is 
also controlled towards the command issued through the 
brain waves. This technique can be used to control remote 
devices effectively. Cerebrum wave Sensor collects EEG-
based mind markers of various frequency and amplitude, 
transmits these gestures to the level splitter section via 
Bluetooth media. The main difference between brain-
controlled frameworks and other personal-controlled 
gadgets is that these frameworks require a high level 
of safety because it helps the disabled people. research 
on Mind Control frameworks has been very successful. 
further operational and practice of this finding leads 
to the development of mechanisms that can be used 
by clients and consequently increases their expertise, 
independence and personal satisfaction. A standardized 
assessment methodology is needed to test the innovation 
functions of the BCI system. It can be used in medical 
applications to monitor the disabled and aged people. 
Monitor alertness, coma and brain death.
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