Chapter 8

Conclusion and Future Work

8.1. Introduction

This chapter summarizes the attention racer system. It was hypothesized that human
attention can be used as input for game controlling. In order to prove this hypothesis
NeuroSky mind wave mobile headset was used for EEG data acquisition and an artificial
neural network was utilized for data classification. The report elaborated in detail about the
existing systems, approach of the proposed system, design, implementation and finally the

evaluation.

8.2. Conclusions

It was hypothesized that human attention can be used as an input parameter to control an
aspect of a racing car game. For data acquisition NeuroSky EEG headset was utilized and
the EEG data acquisition process was successful. Then Artificial Neural Network was used
for data classification. ANN proved to be effective, efficient and most suitable machine
learning technique for data classification and it calculated the attention level swiftly in a

dynamic environment successfully.

Finally, agent based car game was developed and the users car speed was controlled by

human attention level. And this module was also implemented successfully as anticipated.

The evaluation results in chapter 07 proved that system was successful 70% in detecting

human attention level.

Thus, in a concluding note overall system development and evaluation was successful.
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Following objectives were asserted in the introduction chapter of the thesis and was

executed successfully in various stages of the research.

The goal of this project is to gain knowledge of the two domains, Brain-Computer
Interfaces, special methods for analyzing brain waves, and Al techniques for Game design.
From this research, a prototype software application should be implemented that is able to
read brain wave input from an EEG device, classify them, and make them be part of the,
or the only, user input to a game. This Objectives was successfully completed.

1. The EEG signals are commonly decomposed into five EEG sub-bands: delta, theta,
alpha, beta and gamma. Hence, the research seek to study about these wave forms
extensively to extract the human attention factor. This was successfully completed

in technology section.

2. Furthermore, Support vector machines, decision trees and artificial neural networks
are powerful machine learning techniques that can be used for EEG signal
classification. Among these classification techniques, artificial neural network is
one of the most popular technique for EEG classification Thus, the research focuses
on developing an artificial neural network for EEG attention classification. This
was successfully completed in Design and implementation of the system.

3. Moreover, Autonomous Agent and Multi-Agent Systems is the key in game
development. Thus the research seek to develop a car racing game on a multi agent
frame work using 3D gaming platform. This was also successfully completed in

Design and implementation of the system.

Thus, all the above objectives were met in the research as anticipated.
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8.3. Limitations and Future Work
There are several limitations in the system that needs to be addressed, Firstly, the NeuroSky
headset takes around 5 seconds to detect noise and notify the attention racer system that

user has detached the headset form his head.

Secondly, artificial neural network provided some anomalies 3/10 in detecting attention
level despite the effort to use accurate EEG data for training.

As future work, multi electrode headsets can be utilized for EEG acquisition in order

improve the accuracy of the output.

Furthermore, mediation, eye blink cognitive features can be used to control more aspects

of the game for instance eye blink for acceleration of the car or for braking etc...

8.4. Summary
The chapter summarized about the report and discussed about the evaluation results, and

how successful the research was. The limitation of the system was highlighted along with

future work. In a concluding not the overall system and research was a success.
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Appendices

Appendix A:

NeuroSky Mindwave Mobile Protocols

A.l Introduction

This section elaborates on NeuroSky EEG headset and its communication protocols

A.2 Technical Spec

The Mindwave Mobile safely measures and outputs the EEG power spectrums (alpha
waves, beta waves, etc), NeuroSky eSense meters (attention and meditation) and eye
blinks. The device consists of a headset, an ear-clip, and a sensor arm. The headset’s
reference and ground electrodes are on the ear clip and the EEG electrode is on the sensor
arm, resting on the forehead above the eye (FP1 position). It uses a single AAA battery

with 8 hours of battery life.
Adjustable Head Band

Power Switch

Battery Area

Sensor Tip/Arm

Flexible Ear Arm

Ear Clip

Figure A.1: NeuroSky Headset [38]
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A.3 Headset Measures

e Raw-Brainwaves

e Processing and output of EEG power spectrums (Alpha, Beta, etc.)

e Processing and output of NeuroSky proprietary eSense meter for Attention,
Meditation, and other future meters

e EEG/ECG signal quality analysis (can be used to detect poor contact and whether
the device is off the head)

A.4 EEG Data types
The below table illustrates different types of outputs from NeuroSky headset.

Key Description ?:I:Z
Time TimeStamps of packet received double
Raw Raw EEG data short
EegPowerDelta Delta Power uint
EegPowerTheta Theta Power uint
EegPowerAlphal  |Low Alpha Power uint
EegPowerAlpha2  [High Alpha Power uint
EegPowerBetal Low Beta Power uint
EegPowerBeta2 High Beta Power uint
EegPowerGammal |Low Gamma Power uint
EegPowerGamma2 |High Gamma Power uint
Attention Attention eSense double
Meditation Meditation eSense double
PoorSignal Poor Signal double
Strength of detected blink. The Blink Strength ranges from 1 {small
BlinkStrength blink) to 255 (large blink). Unless a blink occurred, nothing will be uint
returned. Blinks are only calculated if PoorSignal is less than 51.

Table A.1: NeuroSky Headset Outputs [38]
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A5 NET SDK

The below table A2 shows the API reference for .NET.

void Connect(string portName)

Attempts to open a connection with the port name
specified by portName.

void ConnectScan()

Attempts to open a connection to the first Device seen
by the Connector.

void ConnectScan(string portName)

Same as ConnectScan but scans the port specified by
portName first.

void Discount()

Closes all open connections.

void Disconnect(Connection connection)

Close a specific connection specified by Connection.

void Disconnect(Device device)

Close a specific device specified by Device.

void Send(string portName,
byte[byteToSend)

’S,end an array of bytes to a specific port.

Table A.2: NeuroSky Headset API Reference table
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Appendix B:

Attention Racer System

B.1 Introduction

This chapter elaborates regarding the attention racer system implementation.

B.2 Main Screen of the application

The Figure B.1 illustrates the main screen for attention racer system. Composed of EEG

data acquisition module, neural network module and racing game surface.

EEG Signal Strength

Excellent

Leading Driver - NJA

Capture Training Data Distance Travel - 0
Neural Network Trainer Speed Variation with Distance
Load Trained Network Feran

Attention Graph

Figure B.1: Attention Racer Game Screen
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B.3 EEG Data Acquisition Screen

The below screen Figure B.2 illustrates the EEG data gathering screen. This is used to
acquire and save EEG attention data.

-
EEE = ===y

o5 Training Data Capture Module L “ L ! I
-

: 1.06066]6 : 2264390 al : 0l a2 : 10.5931461 B1 : 13.230579 B2 : 381.2581771v1 : 516.606571|v2 : 0
176053720 : 85552817 al - Mla2 : 10.6356421 A1 : DIB2 : 634.0377190 1 : 31.935466] v2 : 46.502417
(77241418 : 357770875 ol : (a2 : 44 62535911 : 140.46291| B2 : 99.3475961v1 : v2: 0

: 50.28583710 : 51.1395451 a1 : a2 : 43.0640821 61 : 382.488783] B2 : 785.567848 v1 : 39.2215671 v2 : 43.590565
:10.0723316 : 6616748l al : 0l a2 : 11.3320821 31 : 60.6730991 B2 : 83.8536321 v1 : 130.911688] v2 : 48.580833
:1.5445441 6 : 4748575 a : 0 a2 : 10244239 B1 : 560.517643| B2 : 2850.002336] 1 : 574.814852] v2 : 43.321108
:1.459563] 6 : 6.839429 al : 0l a2 : OIE1 : 13.50901]| B2 : 25.657556]v1 : Olv2: 0

09.2463796 - 5163714 a1 - Ml a2 : 437232781 A1 : 16.0319331 B2 : 2867 64360 w1 1221.712306 v2 : 720372984
(000 : 4980263 al : M a2 : 11.8873081B1 : 13.2582521 B2 : 23.6005131v1 : 38.53732 v2 : 44.9930271

1 2.54511716 : 912718761 al : 8.5482111 a2 : 102.6417531 B1 : 253.693733| B2 : 2956.926814] v1 : 308.3049641v2 : 0
1 10.99736310 : 12650182 a1 : Ma2 : 01 p1 : 136.894515 B2 : 408.642709 v1 : 531.059526] v2 : 43.158225

1 19.345045 0 : 55.53474% a1 : M a2 : 46.7647291 (1 : 1241.3509511 B2 : 1095.4957321| v1 : 503.988915 v2 : 2291 257587

1 29.266356] 0 : 47725356l a : 75.921263| a2 : 47.088564] B1 : 15.463835| B2 : 1638.071749 w1 : 37.12123] v2 : 41.401661

m

RecordParameters

Duration i)

Figure B.2: EEG data gathering screen

B.4 Artificial neural network training screen

The blow Figure B.3 illustrates artificial neural network training module that is been
utilized for ANN training.

Attention Racer Artificial Neural Network Training Console

Training Data Train Output
e = C0:00: 00000
Momentum
Leaming Rate
tion Function
Leaming Algaorithm
Training Dataset - _

table Emor Rate 0.0001

i -
i -

Figure B.3: Artificial neural network training screen
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B.5 Console Logger

The below figure displays the console logger of the attention racer system which logs all
the messages.

i hl
o5 Application Qutput Elﬂlﬂ
Log Type : [,ﬂ.LL -
[11:10:28 AM] [Info] :Trying to Connect to Device Initating -

[11:10:28 AM] [Info] :Detected Inital COM PORT is : COM4
[11:10:28 AM] [Info] :Calling Connect Scan

[11:10-29 AM] [Info] -Validation Port Before Connect - COM4
[11:10:29 AM] [Info] :COM4 Status - False

[11:10:33 AM] [Info] :Binding DataReceived Event

[11:10:33 AM] [Info] -:EEG Device Connected on Port - COM4
([11:10:33 AM] [Statusinfo] :Signal Strength : 25 Good A
[11:10:34 AM] [Statusinfo] -:Signal Strength - 0 Excellent
"[[11:10:36 AM] [Statusinfo] -Signal Strength : 0 Excellent
[11:10:36 AM] [Statusinfo] :Signal Strength - 0 Excellent
[11:10:37 AM] [Statusinfo] :Signal Strength - 0 Excellent
[11:10:38 AM] [Statusinfo] -Signal Strength - 0 Excellent
[11:10:39 AM] [Statusinfo] -:Signal Strength - 0 Excellent
[11:10:40 AM] [Statusinfo] :Signal Strength - 0 Excellent
[11:10:41 AM] [Statusinfo] -:Signal Strength - 0 Excellent
[11:10:42 AM] [Statusinfo] -Signal Strength - 0 Excellent
[11:10:43 AM] [Statusinfo] :Signal Strength - 0 Excellent
[11:10:44 AM] [Statusinfo] -:Signal Strength - 0 Excellent
[11:10:45 AM] [Statusinfo] -Signal Strength - 0 Excellent
[11:10:46 AM] [Statusinfo] :Signal Strength - 0 Excellent
[11:10:47 AM] [Statusinfo] -:Signal Strength - 0 Excellent
[11:10:48 AM] [Statusinfo] -Signal Strength - 0 Excellent
[11:10:49 AM] [Statusinfo] -:Signal Strength - 0 Excellent
[11:10:50 AM] [Statusinfo] :Signal Strength - 0 Excellent
[11:10:52 AM] [Statusinfo] -:Signal Strength - 0 Excellent
[11:10:52 AM] [Info] :EEG Device Disconnected

m

1

Figure B.4: Console Logger of Attention Racer
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Appendix C:

Attention Span Test and Brain Game

C.1 Introduction

This chapter elaborates the details about attention span test and brain game used in

evaluation phase.

C.2 Attention Span Test
The attention Span test questioner can be obtained from the below link.

http://psychologytoday.tests.psychtests.com/bin/transfer?reg=MTF8MzM2MXwxMTEX
NTMyNHwwfDE=&refempt=

10 questions will be asked in 5 minutes and participants in evaluation are supposed to
answer them. Once the test is completed marks will be calculated and participants above
75% attention span level is selected for evaluation. Sample questioner is listed below.

Attention Span Test

10 questions, 5 min.

1. Do you get distracted easily (e.g. by background noise, other people's

conversations, etc.)?

O Yes
O Sometimes
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2.

5.

O No

How often are you late for work or an appointment?

Quite often
Often
Sometimes
Rarely
Almost never

CHCHCRONE

How often do you catch yourself daydreaming at work?

Quite often
Often
Sometimes

Rarely

OO0OO00O0

Almost never

Do you jump from task to task because you just can't seem to focus long enough

to finish one completely?

Yes
Sometimes
No

O OO0

How do you deal with boring, repetitive tasks?
O I'mfine with them; | have very little trouble getting them done.
O Idon't mind them, but | may end up needing a break from time to time.

O Ican't stand them - they bore me out of my skull.
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You're on the phone with a friend just as your favorite TV show starts. How difficult
would it be for you to pay attention to the conversation?

Extremely difficult
Very difficult
Somewhat difficult
Slightly difficult
Not at all difficult

O000O0

When reading a book or magazine, how often do you find yourself re-reading the same

paragraph or skipping ahead?

Quite often
Often
Sometimes

Rarely

OO0O0O0O0

Almost never

Do you have a knack for noticing details (e.g. typos in a document)?
@) Yes
O No

Do you lose your patience easily?

Yes

Sometimes
No

O OO
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10. How often do you interrupt people during conversations?

Quite often
Often
Sometimes

Rarely

OO0O00O0

Almost never

C.3 Brain game Design for attention data Acquisition

Brain game “The Squeaking Mouse” was developed by AARP systems and URL for the

game can be found in below link.

http://braingamesl.aarp.org/the squeaking mouse.html

The participants were requested to wear the NeuroSky Headset mobile and interact with

this game for EEG data Acquisition. Below figure illustrates the game Screens.

Brain Functions Trained 7

In this exercise, you are asked to match the
cries, songs or noises of animals with their
photographs.

You will be able to use the sounds in your
memory as well as the visual images of the
animals to help you match them.

You will see visual images of the animals on the
screen and hear a familiar cry, song, or noise.

Figure C.1: The Squeaking Mouse Intro Screen
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The below screen allows the user to perform required configurations to the system.

HAPPYneuron uses this information to scientifically calculate your game

performance.
Gender : Education :
Male Female HighSchool Some college College

Year of birth :
1986

————————

1900 1910 1920 1930 1940 1950 1960 1970 1980 1990 2000 2010

| =

Figure C.2: The Squeaking Mouse Configuration Screen

Click "Listen"” to hear the first sound.
Then click on the photo of the animal you have just heard.
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