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Abstract

In last few decades fietd like Intelligence Systems fobiosignas processing and
modeling hasdeveloped extensivelgnd this advancement has openeg many new
windows of opportunities. Brain Machine Interface (BMI) is one of such opportunities. It
is atechnology which connects brain and machines directly in order to command and
control the machines. This technology is about to revolutionize the health and
rehabilitation industry. BMI system acquires signals generated from the brain as input. It
then processes this signals to understand the user thought, intension, consequently
whichisused to generate command to operateachine. In this thesis, we explored the
BMI technology and aimed to develop a system that abte to distinguish different
human thaights anduse it asactionsor commands for playing computer games

At the first part of this thesis, we obtainditain signals and extracted featuressm this
signals. Thiseatures wereanalyzed to find out the informative patterns. We collected
training and tesdata fordesigningwo class classifier as well as for three class classifier.
Two-class classifier classifies from rigt#nd movement and steady states. Whereas,
three-class classifier classifies from rigf#nd movement, lethand moement and
steady states. At thesecond part of the thesis, we have worked with differten
classification methods includingOneR, Naive Bayesian, C 4.5, and CART. Falds®
classifier CART gave best performance, 91.3353% accuracy. But, C 4.5 did give very close
performance to it, 90.8917% accuracy. For thotess classifier C 4.5 gave best
performance, 65.6612% accuradyt the last part of the thesis, we have considered
overall performance andsed C4.5 model to make the targeted application system. We
made a virtuaball movement controlling game, in which we can control the direction of
movement ofa virtuatball usingorain signals ofoluntary movements

We used Emotiv SDK and Jdaaguageto develop a program to record the brain
signals. We have usedgRogramming and weka tool for data visualization and model
construction. We made an application system that carubed for rehabilitation as well

as improvement of user welleing. User can exercise his mind to recover from attention
deficiency. User can also increase his attention span via playing the game. It can be also
used for gaming and entertainment purposes
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Chapter 1: Introduction

1.1: Background

Bioengineering is an emerging field of science and teldgy of the 21st century. It
bases its application on the knowledgd biology, physicschemistry, as well as
mathematics and computer science. It integrat@mncepts and methods all over from
engineering, biological sciences as welkchsical medicine. It aims at sahg practical
issues of thdife sciences.

Disability is one of the most severe problems in human life today. It disarranges human
day to day life. Different discoveries from past bioengineering researches have made
some notable impact to improve health and enhanteing. Such discoveries include
battery powered cardiac pacemakeneural prosthetic device of cochlear implant or
bionic ear etc. he natural cardiac pacemake&an be replaced byattery powered
cardiac pacemaken order to helppatients who are suffering from dysfunctionality of
heart to improvetheir heart's electrical activityPeople who are suffering frodeafness

can recover their hearing sensation via the assistandeoofic ear1].

A huge range of bioengineering research is being conducted to enhance the knowledge
of the fidd to get outstanding results. Facebook is developing biyimg and skin
hearing technology using brasomputer interfacesin near future, augmented reality

as well awirtual realitycould be controlled and experienced via human mind due to the
advarcement in braiRcomputer interfaces.

1.2: Motivation

A huge and diverse amount of research is going on to develop tools and technology to
assist people with physical impairments and deficiencies, and also to enhance human
functionalities. Conventionallypeople have been trying different approaches to help
disable people to do things but that seems not good enough. Brain machine interface is
part of bioengineering technology that aims at developing products and services that
medicate and assist disablgukople to do tasks that they cannot do otherwise. It is a
research field which works on automating the interfacing system between human and
machine. And, this change in interfacing technology is going to make huge change in
fields like gaming, education,edication, and communication, etc [2]. The basic idea is
to get input information directly from human mind through some sensors and use that
information to run machines to get things done. Lately, there has beerfqgiaper that
studied to come up with ovel gadgets. The goal of these undertakings has been the
improvement of the life standard of impairedpeople by clinical and physical
intervention. We have studied some of those papers and got inspired to work on this
field.



1.3: Machine Learning

Machine learning isne of the most important partsf artificial intelligence. It is closely
related to data mining and statistics. It is focused on writing software that can learn
from past experience. Is practiced to set computers in a mode whereytcan learn on
their own. Thus, machine learning can make explicit programming redundant for the
learning purpose of a computeitComputer programsthat have utilized Machine
Learning toolsare capable oflearning and growing all by themselves while pretgeh

with novel data.Thus, machine learning enables computer program tcchangel as

well asdeveloped only by themselves, without the necessityiofolvement from any
outside agent.

Machine learning hagrovideduswith many advance products and sexs. 8lf-driving
cars, pactical speech recognition, as well affective web searchetc are some
examples of the sophisticated feat that can be performed by machine learhihgs
also progressed the understanding of the human genome vastly. Itibasvederanging
applications in field such ascomputational finance, image processing, computer vision,
energy production, medical diagnosis, automotive and manufacturing.

1.4: Big Data

Developing applications using brain machine interface in mostheftime requires
manipulato/ 2F W. A3 5F0F Qd . A3 Ralsddbouthcamppxdtyi 2y f &
Volume is a very important property of big data, but the big data properties also
incorporatedata variety as well as velocity. Henate threeproperties of big data are

volume, velocity and varietyt 2 3STKSNJ 1 KSaS GKNBS LINPLISNIAS
data.

¢KNBS +Qa-2F oA3 RIGlIY

1) Volume,
2) Velocity,
3) Variety

The tracking of data or information from the real world is reéel to asvolume.
Velocity is the parameter that indicates tli@stness of the data availabilifypr analysis.
Data can be bothstructured and unstructuredSome examples of the data variation
could belog files audio data, text data, video data, transactiorievel data, etc. Variety
expresses the variation of the data.

The dataset we used was collect from a real time dataset. It had a large volume and
there were different types of data types like we already mentioned. So, we can say that
our dataset was a big data.



1.5: Data Mining

Data Mining ioone of the mospopular tools used nowadays for crucial decision making.
It utilizes large databases to find out intelligible information that has been previously
not known. The owner of the datsets the resulted information into action; which leads
to huge advantages fohim. Data mining makes use of knowledge andthods of
various fields like statistics, data analysis, and machine learpietc. in order to
manipulatelarge data sets. Data mining to@se now being increasingly used for future
prediction. It allowsits practitioner to make knowledgdriven resolutions Data mining
tools are very timeefficient. The problems that consumes tremendous amount of time
while using conventional methods and tools, can be solved very quickly by it.

Anythingthat can be procesed by a computer can be called data. It can be numbers,
images, audio, text, etc. Until now, the common ways in whdaka miningis used
involves sales forecasting, database marketing, basket analysis, and merchandise
planning, etc.Popular data miningnethods involves: classification, clustering, neural
network, association, estimation, visualization, etc.

1.6: Human Brain

The human nervous systerhas the human brainas its central organ The central
nervous systenms made of the brain as well as tlspinal cord. It could be called the
master of the body, because ast of the body activities are governed by. it is
responsible forwide range of tasks that are vital for the human bottyreceives from
the sense agans. It does therocessingof input information provided by the sense
organs. It also integrates and coordinati® information that it receives. It does all
these tasks so that it can generate decisions as wedleasd instructions to the rest of
the body.

Different part of the brain isaccountable for different tasks.h€ part that generates
movementandalso is in charge aontrolling themovemens is called motor system [3].
The movements generated by the motor system needs tpased from the brain to
motor neurons in the body inrder to controland commandhe action of muscleslThe
passing is done by the nerves. The corticospinal tract transfergements from the
brainto the torso and limbs. It does so via the spinal cord. [4]Mbgements related to
the eyes, mouth and facare carried by the cranial nerve

The movement of arms and le@gs generated in the motor cortex.n&€ motor cortex
consists othree parts. One of them is primary motor cortexhich is in the frontal lobe

of the brain The primary motor cortex is one tfe principal brain areas involved in
motor function. The role of the primary motor cortex is to generate neural impulses that
control the execution of movement.



1.7: Thesis Contribution

The overall research in this thesis are tbalecting data from kain signad, feature
extraction, feature selection, classification of EEG sigmiggelop a system that can
distinguish different human thoughts and take different actions based on these
identifications.

Collecting data from brain signals is difficmie used Emotiv SDK and Java technology to
develop a program to record the brain signals. We colle¢tathing and testdata for
two class classifier as well as for three class classifier.

We have applied several classification models ontauar class andhree class dataset
to find out the best classification model who gives maximum accuracy.

We made an application system that can be used for rehabilitation. User can exercise his
mind to recover from agntion deficiency andncrease his attention span via playing
the gameusing brain signals of voluntary movements.

1.8: Outline of the hesis

Chapter lintroduces the background, motivation and focus of this thesis.

Chapter 2gives a review of Human Machine Interface, Brslachine Interface and
description of neureheadset device available in the market.

Chapter Jjive overview of EEG signals, steps and technique of processing EEG signals.

Chapter 4describes the information and structure of our collected dataset. H&r8,Q @ S
also discussed about data visualization and showed some graphical representation of
the data.

Chapter 5provides a brief introduction of classification models and describes different
types of classification algorithms that have been used in macléaening to mine
information. Especially the chapter focuses on those classification models which we
have applied in our research and can be useful in the related field.

y it

Chapter 61 AYa (2 RS&ONAKRO6S (KS SELISNAYS
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the result comparison.

Chapter gives knowledge oémotiv gpoc+ headset configuration, recording of brain
signals usingmotiv epoc+ and emotive SDKs, and how to developibgain controlled
game

Chapter 8gives conclusianimitationand projection of our future works.



Chapter 2: Review of Brain Machine Interface

2.1: Human Machine Interface

Human Machine Interface (HMI) is a communication technology that makes it possible
to connect human with machines without the necessity of any conventional input
devices. It is a thrilling and promising research discipline of bioengineering which is
goingto reshape and transform our way of interacting with machines. This is also going
to improve human healthcare system and human functionalities.

Figurel: An abstract model dfluman Machine Interface

2.2: Importance of Humamachine Interface

According to World Health Organization M@) and World Bank Group, in our current
world, there are abouR00 million peoplesuffering fromdisabilityof various kindsThis
disability leads people to go througtonsiderablechallengesn functioning. And, in the
coming years, disabilitgituation is going to exacerbate. It is because the number of
ageing population is on the rise. In addition with that, the risk of disability in ageing
peopleis also increasing

There are various cause$ these disabilities. Some people get born with it. And, again
some people get it as a result of an accident or aging. No matter how the disability is
caused, it maims the person and makes him dependent on other people for care and
wellbeing. But, if HMld@chnology is used the person can take care of himself on his own.
He can do the entire necessary task by himself via the machine. Thought controlled
wheelchair, thought controlled robotic arm, thought controlled robotic legc. are
some examples of thisnd of technology.



Figure2: An example of Human Machine Interfa@erobotic leg.

HMI based robotic leg is used ascompensation of the original leg. This robotic leg is
used autonomously like the original leg using HMI. HMI uses biological signal generated
by the human body to accomplish it.

People may also lose their functionalities without losing any body pkds.example,
severe depression causes people immense loss of their functionalities. People may lose
sleep, attention, composure, memory, performance and peace of natwd,As a result

of scathing depression; which is an ever increasing phenomena amongjep&o
industrialized and urbanized society. There are BMI devices which help and train people
to meditate and tackle stress; and thereby to get rid of depression.

2.3: HMI Technology

Human machine interface can connect between human and machines twa diagst

way and mediate way. While connecting direct way, user intentions suchgasture,
speech, vision or physiological and neurophysiological signals are used as input. This
mode of connection is used to generate commands and services which coatpdos
physical impairment of the disabled people so that they can do their day to day tasks by
themselves. This kind of HMI is called assistive HMI. And, it is focused on restoring lost
functionalities of disabled people [5].
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Figure3: An overview of assistive HMI technoldgy.

Person connects with machines via HMI technology. A disabled person can connect with
a particular machine based on the nature of his disability and perform desired tasks.
Here, user intentions such as: gesture, speech, vision or physiological and
neurophysiologic signals are used as input.

HMI technology can also make connection between human and machine using virtual
environments, graphical user interfaces, and collaborative software agents. This is the
mediated way of communicating.

2.4: Brain Mache Interface

Brain Machine Interface (BMI) is a type of HMI that establishes direct communication
between human or animal brain and machines [6]. This technology is also known as
brain computer interface (BCI) or direct neural interface (DNI). BMI tecgpalee brain
generated complex neurophysiologic activity as input signal, which is later interpreted
into control commands to perform target tasks and actions. This field of research is
going to revolutionize the medical treatment of disabled individualsowcannot
otherwise physically communicate with their environment and perform essential day to
day chores.

Figured: An abstract model of BMI



2.5: Type of BMI

There have been three types of BMI [7]:
1) Invasive BMI

2) Non InvasivisMlI
3) Partially Invasive BMI

While using invasive BMI technology wires are placed inside the grey matter of the
brain. This technology measures from a single or a few neurons. While using non
invasive BMI technology electrodes are placed on the surfacthefscalp so that
activities could be measured from a huge group of neurons. In partially invasive BMI
technology wires are placed inside the brain but above the grey matter of it.
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Figure5: A picture showing both invasive andn-invasive BMI.

Invasive technology implements wire directly into the Grey matter of the brain.
NoninvasiveBMI technology put a set of electrodes on the surface of the scalp.

Invasive BMI technology generates better input signal. But, this technolsgy
sophisticated and sensitive which requires highly specialized people to manipulate with.
On the contrarynoninvasiveBMI technology does not generate input signal as good as
invasive BMI technology, but this technology is less sophisticated hence teasy
manipulate with.

2.6: BMI Technology

When we use conventional interface to connect and communicate with machines, we
use input device like keyboard, mouse, pen, etc. BMI system does not require this kind
of input devices, as it directly connects maasnwith thoughts. To read the thoughts

the neurosignals are monitored via sensors, and then these neurosignals are fed to

8



machine learning algorithm. Biosignals patterns are identified through decoding by the
algorithm to generate desired commands andwsees [8].

How Brain-Computer Interfaces Work

22007 HowStuffWorks

nThe patient mentally
visualizes the cursor
reaching the target

Target

Cursor

-

'@ The computer monitor
displays the interpreted
thought activity

9 The brain activity
is imterpreted by
computer software

Figure6: A user using BMI

A user, who is incapable of using a meugsescursor via BMI. User thinks of moving
the cursor, it generates brain signals, implanted electrode read the signals, and then
signals are fed to the machine learning algorithm in the computer, the algorithm
decodes and interpret the signals and generatesited actions. Thus, user thoughts are
executed directly using brain machine interface.

2.7: BMI Application

Applications using brain machine interface are being developed in wide range of fields,
such as- medical applications, educatioselfregulation, gamingentertainment, etc.



2.7.1: Thought Controlled Robot

Figure 7: A thought controlled robot

A thought controlled robot ig robotic agent which can be controlled and commended
by the thought of a human. Individual can control the movement of the robot his
thought. He can also make the robot to pick, move, bring or sort objects.

2.7.2: Thought Controlled Wheelchair

Figure8: A thought controlled wheelchair

A thought controlled wheelchair i@ wheelchair which can be moved by the thought of
user. This is a revolutionary technology for the people who cannot walk and move.

10



2.7.3:Neuroprosthetics

Figure9: A robotic hand

A robotic handcan be controlled via user thought. People who has lost hand or who
does not have a functioning hand can use this and does day to day chores like picking,
holding, movingplacing and sorting objects without help from anybody else.

2.7.4: Gaming

Figurel0: BMI Gaming

BMI technology is going to revolutionize the gaming industry. Here, in this picture, two
people are playing a game usingninvasiveBMI. A player can control his gaming agent
in the gaming environment using only his thought without any need of keyboard, mouse
or joystick. This is going to make gaming more fun and lively.

11



2.7.5: Sleeping and Dreaming

Figurell: A user wearing an Aurora dream headband

Aurora dream headband & BMI technology which is developed to enable sleeping, to
enhance and track the quality of sleep and to control dreams.

2.8: BMI Devices

There are so many brmimachine interface device in the market, which have been
developed to perform so many different tasks and to fulfill so many different purposes.
Here are some of them:

2.8.1: Star Wars Sciened-orce Trainer Game

Star Wars scienceforce trainer, is @aming device which is very fun to play. User wears
the headset; the headset has multiple electrodes placed onto it which collects signals
from the brain as input. This input is used to control a physical ball in the tube. The user
can move the ball up odown via his thinking. It was developed by Uncle Milton
Industries.

Figurel2: Star Wars Sciencd-orce TraineGame
12



Tablel: Star Wars Sciencd-orce Trainer Gamigescription.

Name Star Wars Sciencd-orce Trainer Toy
Maker Uncle Milton Industries
Features A Bluetooth headset that read

and interprets your brainwaves

A Holograms featuring differen
Jedi Challenges from the St
Wars galaxy

A 10 levels of Jedi Training

A Music, sound effects, and
personal instruction  from
Master Yoda

A ¢KS C2NOSx ¢NI
Episode 7 Update

A Science learning poste
included
Required Works with most popular tablet device

including iPad (iPad 2- 2011 and newer
and Android devices (Samsung &l
Tablet 10.1 recommended).

2.8.2: Aurora Dream Headband

Aurora Dream Headband is a neuroheadset device which is made by iWinks; iWinks
makes products based on neuroscience and machine learning. The company is founded
by Daniel Schoonover and Andrewif, they made it mostly to study and manipulate
sleep. Aurora Dream Headband was first released on July, 2015. The device uses both
bio-sensors and motion sensors. It is a wireless device. It can be used for sleep tracking
purposes; it can identify diffent sleeping stages; it can keep track of the duration of
each stages; it can also record the data. Aurora Dream Headband can be also used for
sleep enhancement; it is a sleep enabler device. It can enhance and manipulate lucid
dreaming. It also supportalarm clock to wake user up. It is compatible with various
mobile phone applications and also supports internet of things.

Il dZNP NI 5NBIFY | SFRoFYyR GSOKy2ft23& dzasSa ! L
ai2NBa dzaSNDa af SSldakvays goikgion at@vinks. An indviludl NB & S
can learn about his sleep health by submitting his sleep stats to iWinks.

13



Figurel3: Aurora Dream Headband

Table2: Description of Aurora Dream Headband.

Name Aurora Dream Headband
Maker iwinks

Release Date July 2015

Sensor Bio Sensor:

A Brainwaves (EEG)
A Eye Movements (EOG)
A Muscle Tension (EMG)
A Heart Rate (ECG)
Motion Sensor:
3-Axis Accelerometer
3-Axis Gyroscope
Orientation Detection

Power /Connectivity USB rechargeable/updateable
Connects with modern smart devices

Built-in protection circuit

Free SDK Bio Sensor Data
Motion Sensor Data
Realtime sleep stages
Ambient Temperature

LED control

Too| Too To To Too Too| T T To| I T I

Uses Consumer Sleep Device

2.8.3: Muse Headband

Muse Headband is made by InteraXon. It was first released on April, 2014. It uses 7
sensors; it is a Bluetooth device. User can use Muse Headset as personal medication
assistant. Our mind is sometime calm and again active sometimes. Muse can lead our
mindinto calm states. While meditating, muse can evaluate if our mind is active or calm;
o0FlaSR 2y GKAA S@lfdz A2y adzaS ONBIFGSa FSSR
KSFNR LISFOSTdzZ 6SIFGKSN) a2dzyRad 2 KSy dza SND3
will intensify, guiding him back to a calm state.
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Figurel4: Muse Headband

Table3: Description of Muse Headband.

Name MUSE
Maker InteraXon
Release Date | April 2014
Sensor A 7 sensors; Sront (2 active, 2 DRL, 1 reference), 2 aci
behind ears
A Bluetooth
Uses A reduce stress and improve focus
Applications 1. control your iPhone or Android device with youwnind
power
2. MuselOMuselLahMusePlayerLibMuse

2.8.4: MindWave Headset

MindWave Headset is produced by NeuroSky. It was first made available to the public on
November22, 2012. MindWave offers EEG technology for home use. MindWave is a

very lightweight device; it is a wireless headset technology which uses safe and passive
biosensors. To detect states of attention and meditation, MindWave Headset is very
suitable. It ca safely measure brainwave data; it can also transfer and communicate

ONI Ay gl @S REGE G2 O2YLIWziSNE FyYRNBAR YR A2
real time. Using this technology, user can even monitor his level of attention and
relaxation in ral time.
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Figurel5: MindWave Headset

Table4: Description of MindWave Headset.

Name MindWave Headset
Maker NeuroSky

Release November 22, 2012
Date

Measures | w wBranwaves

w tNRPOSaaAy3a | yR 2dziLidzi
w tNRPOSaaAiAy3a | yR 2dzi Lzl
Meditation, and other future meters

w 99Dk9/ D aAIYylLft ljdaftAde ylFfeaaa

©

LJ

2F 99D
2F b SdzNP

Physical w 2SAIKAIY on3

w { Sy &az2NJ I NY dzwidth: K5Sndxdépwh: 92mnp YY E
w {Syaz2zN) ! N¥ R2gyY KSAIKGY HH
165mmHeadset Diagram

Bluetooth Version 3.0

Others w . ¢ aAyAYdzy x2fGF3ISY wmodn+
w . ¢ t26SN)/2yadzYLWiA2yY ynyY!
w [ 2 . FGOGSNE LYRAOFG2NI mom=

[7)
applications 1. TheArduinoProsthesis Using the NeuroSWindWave
2. OrbitHelicopter
3. Neuro Turntable Mobile
4. NeuroSkyindWaveControlled NXF2

2.8.5: Emotiv Insight 5 Channel Mobile EEG

Emotiv Insight &hannel is a popular mobile EEG headset. Itaderby Emotiv Systems;
it was first released on July 21, 2015. It can record user brainwaves; it can also extract
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useful knowledge utilizing these brainwaves. It is mostly used in research fields. It can be
used to make BCI applications. Emotiv Insightitaipes on advanced electronics. It
gives very transparent and robust signals. Emotiv Insight device has 5 EEG sensors as
well as 2 reference sensors. It is capable of gathering thorough information of user brain
activity using its high spatial resolutiol is a very lightweight device; it also designed to

be userfriendly.

Figure16: Emotivinsight 5 Channel Mobile EEG

Table5: Emotiv Insight 5 Channel Mobile EEG Device Description.

Name EMOTINnsight 5 Channel Mobile EEG
Maker EMOTIV Systems
Release datg Jul 21, 2015
Signals A 5 channels: AF3, AF4, T7, T8, Pz
A 2 references: In the CMS/DRL noise cancellation configurat
Signal A Data transmission ratet28 samples per secorpr channel
resolution A Minimum voltage resolutiond.51>V least significant bit
Frequency A 1-43Hz
response
Connectivity A WirelessBluetooth 4.0 LE (May requiEMOTIV Universal U
Receiver for certain devices)
A Proprietary wireless2.4GHz band
Power A Battery:Internal Lithium Polymer battery 480mAh
A Battery life:4 hours minimum run time
Applications 1. Mind Workstation
2. EMOTI\EmoBot
3. Cortex Arcade
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2.8.6: Emotiv Epoc + 14 channel mobile EEG

The Emotiv EPOC+ 14 channel is a research grade neuroheadset. It has high resolution. It
can do Neuresignal acquisition and processing. It is a wireless device. btils by

Emotiv Systems. It was first released on 21 December, 2009. A set of senssed by

it to tune into electric signals generated from the user brain. These signals are utilized to
ARSY(GATe dza SNIDa - thoBgftd, [feklings)B@sSians, i, THiskdpvie
connects wirelessly to most PCs. It has 14 saline sensors whtams offer optimal
positioning and accuracy. It is very good for research purposes.

Figurel7: Emotiv Epoc + 14 channel

Table6: Emotiv Epoc + 14 channel Description.

Name EMOTIV EPOC+ 14

Maker EMOTIV Systems

Release Date | 21 December 2009

Signals A 14 channelsAF3, F7, F3, FC5, T7, P7, 01, 02, P8, T8, F
F8, AF4

A 2 references: In the CMS/DRL noise cancella
configurationP3/P4 locations

Signal A Sampling methodSequentiasampling. Single ADC
resolution A Sampling rate128 SPS or 256 SPS* (2048 Hz internal)
A Resolution14 bits 1 LSB = 0.5¢

A Bandwidth:0.2 ¢ 43Hz,digital notch filters at 50Hz and 60H
A Filtering:Built in digital 5th order Sinc filter
A Dynamic range (inputferred):8400>V(pp)
Connectivity A WirelessBluetooth® Smart
A Proprietary wireless2.4GHz band
Power A Battery:Internal Lithium Polymer battery 480mAh
Applications 1. Brain Driver
2. Brain Controlled Wheelchair
3. Emotiv Epoc Brain Activity Map
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2.9:Conclusion

BMI allows a user to connect with machines directly, so that he can communicate with
the outside world and get things done controlling the machines. It makes the use of
conventional input devices redundant. It uses signal generated from tha bdivity as
input. It then feeds these signals to machine learning algorithm; which generates
command to be done by the machines. BMI could be very vital for rehabilitation
purposes. There are already several uses of BMI for rehabilitation purposesasuch
thought controlled wheelchair, thought controlled robot, bionic arm, etc. Aurora,
MindWave, Muse, Emotiv Epoc, Emotiv Insight, etc. are some of the neuroheadset
devices used in, while working with BMI technology. Among these Emotiv is the most
suitabk for research grade BMI activities.
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Chapter 3:Processing of EEG Signals

3.1: EEG Signals ProcessitgpS

There are several steps from taking row signals to the meaningful command. First we
record brain signalgrocess is called Electroencephalographgn electrophysiological
observhg method to record thebrain electrical activity Brain is complex organ
composed of numerous glial cells and neurambkich transportinformation using
electrical and chemicalsigrals. Braininterface technology using the electrical brain
signalsfor analyzing and makingxperimental applicationsElectrale for taking brain
signalsis the most important pariof recording neuralmovementsor in stimulating
neural cellslt is mainlynon-invasive where electrodes placed along the scalp. Invasive
electrodes are also sometimes used in experiment of neuralalSgEEG measures
voltagevariations as the result dbnic currentwithin thebrainQ & Y Slidzblpted 7

we will discussdetailsabout ourbrain signal recording. After recordingve processing
the signalsin this step we deoise thesignals, @move artifacts and simplify signals.
Then we extract featureA feature repreents acharacteristicproperty, an accredited
measurement and a functional componenacquired from a divisiorof a pattern.
Extracted features arshould be like that purposéo minimize the loss of important
information attachedin the signalln pattern recognition afeatureis a characteristioor
anindividual measurable propertyf a phenomenon beingerformed It is necessary to
keep the complexity minimum of implementation, to information processingost
minimum, andcompressthe information easily which need less potentied compress
Most recently, a various number ohethods have beemusedwidely to extract the
features from EEG signalich as &st Fourier Tansform (FFTEigenvector Methods
(EM), Time Frequencyidiributions (TFDQ)Wavelet Transform (WT) and Auto Regressive
Method (ARM)and so on.After extracting featuresywe minimize features and select
those features which are best suited for experiment.Then by using different kinds of
classification algorithim likedichotomiser 3 gini ndex,one R, bayesiamaive bayesian
and so onwe classify the signal and get meaningful command. In chaptere5yill
discuss aboutlassification methods we usdd classify brain signals and in chapter 6,
we will discuss about our resulh figure 18 showing the steps of signal processing.
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Figurel8: EEG Signal Processing Steps

3.2 Recording of EEGignals

In the EEG recordinggcorded waveforms reflectie cortical electrical activitjd1][17].
EEG activity is measured in microvolts (UWe main frequencies of the human EEG
waves are:

T

= =

Delta: has a frequency 0f1-4 Hz It hasthe highest inamplitude and the slowest
waves It occurs includeleep sleep, pathologies and comatose state

Theta has a frequency of 48 Hz It occurs includesleeping, abnormal in awake
adults

Alpha has a frequency between 812 Hz It appearswhen closing theeyes
thinking, calculatingandawake but relaxed

Mu: has a frequency betweenB Hz. It isensorimotor cortex activity

Beta has a frequency of 2380 Hz.It occurs includdrain processes, anxiety and
arousal.

Gamma:has a frequency of 3Q 90 Hz.It occurs includehigh mental activity,
burst of physical activity and anxiety.

Delta(0.1-4Hz) Theta(4-8Hz) Alpha(8-12Hz) Beta(12-30Hz) Gamma(30-90Hz)

Figurel9: Types of Brain Signals
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3.3: Artifacts

Insignal processingnd natural scienceanartifactis anyerrorin the observationor
representation of any informatiorjl6].We can classify artifacts in two major class
Biological Artifacts and Environmental Artifacts

1 Biological Artifacts:Electrical signals detected from scalp by an EEG but which
produce from norcerebral origin are calledbiological artifacts. Some of
biological artifacts include Eye Induced Artifacts, EQ€ardiac) Artifacts,
EMG(muscle activation) Induced Artifacts, Gloss Kingttdactg21] [23].

1 Environmental Artifacs: Electrical signals detected fromadg by an EEG but
which produce from outside the bodyy movement of patientsr just settling of
the electrodesmay causeelectrode popsspikess called environmental artifacts

[21] [23.
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Figure20: Brain Signals Artifacts

3.4: Artifact Correction

Figure21: Correction of Artifact$9]
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