


Final Year Project (20:2011)
LYU1006 Unleashing Brain Powers: A Study Bevelopmenbf BCl-enhanced Computer Games

Spring 2011

Table of Contents

O Y o 13 1 = o! TP URT P PPPPPPPPP 3
Y [ 011 (0T [ B Tox i oo H PP PP TP PPUPPP 4
2.1, IMOUVALION ....ciiiiiieeeee e e bbb e e e s eeene e e 4
V2 = - ox (o | {0 U1 o 6
2.2.1. ResearchLevel VS Consumekevel BCISs............cccciiiiiiiiiieeeeiiiiiee 6
2.2.2. BrainrComputer Interface Selection............ccccceeiiiiiieeen e, 8
2.2.3. Game Industry Responses t0 BCl...........uuuviiiiiiiiiceeiiiiiiiiiiieeeeeeeeeeen 14

2.3, PrOJECE OVEIVIEW .. uuuiiiiiiiii e e e ettt e e e ettt e e e e e e et mmme e st e e e e eeseaaaeeeeenen 16
3. Summary on Our BCl AlQOrithm..........ouuueiiiiiii e eeeeee e 20
4. Building Our BClI Computer Game..........coeeeiiiiiiiiiiime e eeee e 21
4.1. Introduction t0 Game ENQINES..........uuuuuiiiiiiiiceeeiiiiiiiisee s e e e e e e e e e s amnnsanne s 21
4.1.1. What is the structure of a game engine?2............cccccvvvvimmmnniiinnnvennnne 21
4.1.2. Why even bothering using a game enging?............ccceeeeeevieeeeeeeeennnnn. 24

4.2. WHY UNrealENgINe B ........uuiiiiiiiiiiiiiiiie ettt 26
43. Speedy Guide to the UDK.........ooooiiiiiiiiieeme e 29
4.3.1. Primitive MOdeliNg........coeeeeiiiiiiiiiieeeee e 30
4.3.2. Asset Creation/Management and Lighting................eeeevivieesiiiiiiinnne. 31
4.3.3. Visual Programming and AniMation..........cccceeeiveeeeeeceeeiiiciiie e eeeee 33
4.4. Integration of UDK and MiNASEL............cccuiiiiiiiiiiieemiiiiiiieeeeeeeee e 38
4.4.1. Introduction to UNrealSCripl...........ccoouuiiiiiiiiiieemeiceiee e aeee 38
4.4.2. Communication between UDK and Mindset..........ccccccvvvviviceennnnnnn 41
4.4.3. Ways Of BCl CONIOIS........ccoooiiiiiiiiiiicee e 44
4.4.4. Demonstrating Active Contral.................uuiiiiiiccceeviiiiiieie e 46

5. Advanced BCl Game DeVelopmEeNt...........cccuuuuiiimiimmmniiiiiiiiieieee e eeeeeeees 49
5.1, INErOTUCTION. ...t et e e e e e e e e e e e e e e e 49
5.2, GAME Plan........ooiiiiiiiiiii e e 49

Individual Report by Jackie K.C. LIU
Department of Computer Science & Engineering, CUHK

Pagel



Final Year Project (20:2011)
LYU1006 Unleashing Brain Powers: A Study Bevelopmenbf BCl-enhanced Computer Games

Spring 2011

5.2 1. MAINTEA.......ci it ee et e e e e e e e e e e e e e 49
5.2.2. GAME PlOL...cciiiiiiiiiie ettt 52

5.3, WalKTRIrOUGN. ....cooiiiiieeeee e 53
5.3.1. SHB O/F ...t ——— 53
5.3.2. SHBS5/F QNd 6/F.......ccooiiiiiiiiiiii e 55

5.4, BCIINtEOIatiON.....ccceiiiiiiiieie e eeea e e e e e e e ean 56
5.4.1. Launcher Program..............uuuuiiiiiiiceeeieiiininss s eeernene e 56
5.4.2. Use of Mental State NUMBDEL..........oovviiiiiiiiiiieeee e 60

5.5, FRAIUIES.....ceiiiiiiiiiii e 64
5.5.1. INtEractive MEeNU.........ccccooiiiiiiiiiiiice e 64
5.5.2. TextTo-SPeech SUPPOLL.......covviiiiiiiiiiiiiiieeee e 69
5.5.3. ReAlIStIC SCENES......ciiiiiiiiiiiiee e 71

5.6. BCI-Driven Game PUZZIES..........coooviiiiiiiiiiia e 75
5.6.1. Teleporter ACHVAtION...........ccuuuiiiiiiiiiiieccee e emme e 75
5.6.2. Mind Shi€ld.......cuiiiiiiiiie e 78
5.6.3. TeleKiNeSIiS EIBVALON.............uuuiiiiiiiiiiieeeiiiiiee ettt 81

6. CONCIUSION ....eiiiieiiiitie it r ettt rmm et e e e e e e e e 84
7. Limitation & DIffICUIIES ... 85
7.1, Getting StUCK iN UDK ......oouiiiiiiiiie e eeeer s a e 85
7.2. Poor signal from MINASEL..........cooiiiiiiiiiiieeer e 86
7.2.1. EXPlanation........cooouuiiiiiiiiiiieee e 86
7.2.2. Relation with the BCl Game..........ccoooiiiiiiiiiiie e 86

8. DIVISION Of LAbOr... ...t 87
9. RETEIENCES. ... e 88

Individual Report by Jackie K.C. LIU
Department of Computer Science & Engineering, CUHK

Page2



Final Year Project (20:2011)
LYU1006 Unleashing Brain Powers: A Study Bevelopmenbf BCl-enhanced Computer Games Spring 2011

1. Abstract

From keyboard and joystick, Wii-remote and Kinect motion detection, new controllers
have always been fuels to bring about new generations of video games. However, when
possibilities of motion sensing entertainment are gradually exhausted, one may wonder:

what would come next?
We beleve BrainComputer Interface (BCI) might just be a potent candidate.

Our project starts off by studying the consistency and effectiveness ofiavasive
consumetlevel BCI, Neurosky Mindset. Afterwards, we attempt to devise a way to
improve the BCI combl, namely by introducing a way for the users to train themselves to
maintain a better control over the brainwave states. In this process, we shall propose our

customized algorithm to approximate the attention meter.

Finally, utilizing the modern 3D comper game engine Unreal Engine 3;amplete

BCl-enhanced dvent ure game titled APsionescapeo i S
puzzle elements drén by oumewly develope®Cl algorithmat the baclend, and this

shall further strengthen the belief thafBenhanced gaming will be a feasible game

genre in the future.
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2. Introduction

2.1. Motivation

No one knows what the first digital game was, since it is debatable upon
how one defines a fgame eSincedlemeentierof one
digital games, human has been actively pursuing new kinds of interfaces which
enable communication lveeen the games and the playersatdeast, enable

oneway input from the players to the

games.

In personal computers games,
keyboard was one of the first interfaces,
where early games usually used the

arrow keys (e.g. DOOM, a first person

shooter game, usédy Y ior

Figure 2-1. For PC games, they
started with a keyboard

movement). With the introduction of
mouse and trackball as pointing devices,
they seved as an additional interface when combined with the keyboard, or
sometimes control games even without

the keyboard.

Not long after the popularization

of the mouse, the game industry evolved
to create different controllers to suit
di fferent gamesd n |BENN

In the past 10 years, the gaming Figure 2-2. A mouse wasiecessary
industry has been a growing multi to play Warcraft Il (1995)

billion-dollar business, this shows that the demand of videos games has been
growing, and this rocketing demand also attracts a vast investment on new
gaming interfaces, such as Dance PalayStation and Wii controllers in Wii,

which furthered feedback to the snowball (i.e. the demand) positively.
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1999 2000 2001 2002 2003 2004 2005 2006 2007 2008
B Games total B Music DVD sales W DVD rentals

Figure 2-3. The video gaméndustry has been growing at lightning spee:
even exceedingncome generated by the music industry.
(Arthur, 2009)

However, while new interfaces foonsole games (e.g. touch screens for
NDS and remote motion sensors for Wii) has been developed, emergence of new
gaming interfaces for PC games seem to slow down after the introduction of
game pads, and we think a new
gaming interface could perhaps give
birth to a new genre of games in the
big PC games market, where PCs

are very widely owned in almost

every family in developed countries.

Following the current trend,

we could see that the physical world :
has almost been captured by Figure2-4. Wi t h Mi cr osofti
interfaces like MicrosofKinect. no longer hold any sensaxsplay

Hence one may wonder if anything new would appear in the future gaming world,

and what that would be.
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Recently, brain computer interfaces for consumer level have been released
to the market (See session 2.2.2), making BCI entertainment possible. However,

no commercial game has been released onto the market.
Why is that so? Is it because of technical diffiies to utilize the BCI?

We would like to grab that very opportunity by studying the possibility of
developing a modern 3D computer game, which can utilize features of BCIs.

2.2. Background

2.2.1.Research-Level VS ConsumerLevel BCls

Some of th@ameinterfaces, sch as keyboards and gamepads, which
controls g@mes directly, includinghovement, rotation and inventory contrase
usually of high precision, i.e. you wouldrsee a mouse cursor shivering on the

screen or floating in random direction.

Research level BCls could also read the electroencephalography (EEG) in
a relatively accurate manner, allowing recognition of many different actions. For
example, the Department of Electronic Engineering of the Chinese University of
Hong Kong has been warlg on a BCI project, where the user could input
Chinese characters using oneds brain wave
1 minute per word and yields 75% accuré©yientatDaily, 2010) For a game
related example, Theepartment of Neurosurgery of Washington University in St.
Louis managed to control a classic game i
ship left or right (note that only 1D linear movement is allowed), where the
shooting behavior is governed by time auadically but not by the BCI. The
process time for this kind ofigame operation is shorter, and the player could

react to the bullets shot by the aliens on the top of the screen.

Individual Report by Jackie K.C. LIU Page6
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Figure 2-5 ResearchLevel BCl-controlled Space Invader

(http://www.youtube.com/watch?v=T3mxhDp-u8&feature=related )

However, consumeevel BClIs are currently not as precise, and are not
favorable to be used as direct controls; In addition is the slow recognition speed
relative to quick response needed to react to game events (such as shooting a

zombie which suddenly pped up in front of the player).

Yet consumetevel BCls also have their advantages. While a P300 system
(the researchevel BCI system developed by CUHK mentioned above) may take
from 20K to 50K HKD each, consuméavel BCls are more affordable (cost no
more than a few thousand HKDs) by ordinary players. Moreover, they are all very
portable and mobile, due to their wireless nature. Another big advantage is the
ease to wear the BCI, as they mainly use dry sensors and do not require a very
accurate positidng of each electrode (in contrast to resedesiel BCls which
need to position at least a few dozens of electrodes before use). Hereafter, the

BCls we talk about would be consunievel ones.

Individual Report by Jackie K.C. LIU Page7
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2.2.2.Brain -Computer Interface Selection

There are vast variety ohgieplayer interfaces in the market, such as
Wii-remote and Drum
Sticks, but very few of
them are intended for
personal computer
entertainment. However,
the consumer level BCls
in the market, up to now,
are for that purpose.

Therefore connections are

[ly involvi
Figure 2-6 Mindball was one of the firstonsumer casysually invoving a
level BCls USB plugandplay, and

those BCls are usually very light and portable.

Within the ranges of consumkavel BCIs, there are ones with very

specific uses.

For instancey years ago, a company called The Interactive Productline
which is bcated in Sweden produced one of the first consuewvet BCls, named
Mindball. A wirelessly controlled ball was place in the middle of a table, the
players first attach a BCI onto their forehead, and it will read the EEG of them. As
aresult,aballwimove from one side to the other
pl ayers6 focuses more intensively onto

| oserds si de.

However, this kind of BCI did not provide a general use for other

application, and is not viable for development of computer software or games.
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In March 2007, NeuroSky, a Usased company, released a headset
attached with an EEG sensor, which is
to be placed onto the ugerforehead.
The headset is called Mindset. This
should be one of the first BCls intended
for consumedlevel computer uses. The
single sensor used was a dry one, and |

nortinvasive (in contrast to medical

BCls which may require insertion of

_ ) Figure 2-7 Wireless witha dy sensor
electrodes intohe skull for superior - NeuroSky Mindset
accuracy). The device features a
decomposition of a whole range of raw brain waves data from the user, including
alpha, beta, gamma and theta waves (See Chapter 3 for explanation of brain
waves), and also algorithmic values représgriiAttentiond andfiMeditatioro,
consolidated by the raw brain waves darnxietyo andfiDrowsinese are also
supported usingarticularsoftware. The latest firmware even allows the detection

of eye blinks, but the underlying principles are not known.

A year later, OCZ Technology released the Neural Impulse Actuator
(NIA). The NIA is worn by putting it around the uéeforehead, and it is very
easy to do so due to the rubliramdlike structure (see Figure 24). The
communication between the NIA atite computer is established by a USB
connector (not wireless). There are a total of 3 sensors, which is more than that of
Neurosky Mindset. However, the device can only read alpha and beta waves,
although there is an overall motoeuronactivity (e.g. meing your jaw up can
increase its value). Moreover, unlike Neurosky Mindset, there is no processing of
raw data, so it is even difficult for developers to tell when the useritiantiono
state. Yet supposedly, the accurate nature of the 3 sensoysatdayore precise

brain waves which may be mapped to some keystrokes to play certain games.

Individual Report by Jackie K.C. LIU Paged
Department of Computer Science & Engineering, CUHK



Final Year Project (20:2011)

LYU1006 Unleashing Brain Powers: A Study Bevelopmenbf BCl-enhanced Computer Games

The Emotiv EPOC is the latest
BCI available came in December 2009.
This BCI has 14 electrodes and so far is
the BCI with the highest number of

electrodesThatis very comparable to

medicallevel BCls which usually has 19
electrodesThe vast number of electrodes
Figure 2-8 Easyto-put-on NIA covers different areas around the head, and
thus has a lot of features. Therefore it can
detect 12 kinds of movement and rotations (ugo, flefto, fiforwardd, fizoonD,
fiturn clockwis®, fiturnl e fndiféway righd) as supfemented by detecting
motor neuronactivities. Similar to
Neurosky Mindset, it can detect
emotions such a¥Excitemend,
AEngagememt fiMeditatioro and
fiFrustratio. Moreover, it can detect

facial expressions like laughing and

clenching. Another feature Emotiv
EPOC exclusively demonstrated is the
ability to make objectdisappeam
the demo. In addition to BCI features
it can also measure angular rotation OLigure 2-9 Highest number asensors
the read in 2 dimensions (i.e. yaw and=motiv EPOC

pitch, but not roll) as detected by the 2 gyros.
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To sum things up, wikave prepared a comparison table for the BCls mentiabede:

Mindball Mindset OCZ NIA Emotiv EPOC
Released March 2003 March 2007 May 2008 December 2009
SDK Available

Connection

Number of Electrodes
Sensor Type

Raw Data Collection
Attention/Engagement
Meditation/Relaxation
Anxiety/Frustration
Drowsiness
Excitement

Push

Pull

Lift

Drop

Push Left

Push Right

Rotate Forward
Rotate Backward
Turn Left

Turn Right

Tilt Left

Tilt Right
Disappearance
Facial Expressions
Motor Neurone Activity

Playing Music

Head Rotation Detection

Price in USD $18700.21 $159.20 $138.99 $299.00
Developer Edition (Free SDK) (Free SDK) $500.00

Table 2.2-1 Comparlson between BCls as of 28tbvember 2010

To select the most appropriate BCI for our project, we considered a lot of
different features of the above BCls with weighing.

Individual Report by Jackie K.C. LIU Pagell
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To begin with, Mindball does not really suit our need because it is of
specific use (i.e. for that ball game onlyhats more is the terrific price to own
one, i.e. $18700.21, which will make it not probable to become a home
entertainment trend. Moreover, there is no possible connection for personal
computers, and there is no SDK for development, so we cannottodwriitd our

game.

The OCZ NIA has the lowest price among the 3 remaining candidates, and
it employs the use of dry sensors, which makes the user comfortable with putting
this on. It enables raw data feedback to the computer / SDK, and that is useful for
customized signal processing. A point to note is that the wired nature of the
device may be speculated to reduce the comfort of prolonged use because it
hinders the usé& movement (e.g. for Mindset, you can go grab a cup of coffee
without taking it off). The critical reason for not using OCZ NIA is its failure to
detect cognitive states (e.g. Attention). In addition, while it may be possible to
detect motor activity, it cannot tell the difference between movingqae and
moving onés eyebrows, as compteed by the users on forurfisenner, 2009)

The Emotiv EPOC seems to be very competitive candidate, as it is not
only able to detect cognitive states like Neurosky Mindset does, it can also detect
motions, which is a very attractive feature for video games. However, while these
features are possibtkanks to the large number of sensors Emotive EPOC has,
saline sensors are employed (not dry). The users may find it troublesome to wet
the sensors or their head every time they use it, and it is not just a matter of
dropping a few salt solutions onto thensors but témake them dripping wel
Yet even with that, the connection may also be p@motiv-Administrator,
2010)Moreover, although motion detection is possible, the accuracy is not very
high, with some users statitigatfit can never follow my thougha!in addition,
while there seems to be multiple events to be detected, only a limited number of
events can be detected at the same time, and the user needs to explicitly address

them, making EPOC not a very suitabledaidate.(Emotiv-Administrator, 2010)

Individual Report by Jackie K.C. LIU Pagel2
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While NeuroSky Mindset is not the most accurate BCI (as it only got 1
peasized electrode), it still supports a number of detections such as Attention and
Meditation. Moreover, it allows a broader range of raw brain waves data, enabling
a more potent sital
processing to be carried out
ourselves. In addition, as a
benefit for gaming
experience, it igssentially a

wireless headset which can

play music, this might
enhance the gaming

Figure 2-10 Some people find it difficult to experience by providing
establish perfect connection

(Notice how the user holds the sensor closely surrounded sounaf better

towards the forehead) quality than ordinary
loudspeakers. Lastly, it has a
very low costs compared to other BCls except NIA, making it more easy to

popularize among families as it is more affordable.

However, it also has a drawback (which is also present in other BCIs)
Some people find it difficulto establish perfect connection between the sensor
and the usethead. This will be one of the limitations we would like to address

laterand perhaps during demonstration.

Individual Report by Jackie K.C. LIU Pagel3
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2.2.3.Game Industry Responses to BCI

The emergence of different BCls attracted some attention from the gaming
industry, with many of the released or potential
products relying on th@Attentiorno state. (See
Chapter 3 foreasons)

For example, Mattel Inc released a non _ ‘
digital game called MindFlex. In this game, the
players need to focus to increase their
concentration to raise the ball, and lower the ba
by lowering the concentration level, and use a =
knob to move a ball feor right, with the goal of

passing the ball through different obstacles. In #

fact, this game is using a lite version of Figure 2-11 MindFlex (Based on
Neurosky Mindset)

NeuroSky Mindsés chip (theiMind Forced

chip).

Now here comes a big question:

|s there any gamedevelopermade BCIl computer game®

The short answer is: No.

omrs -G For demonstration purpose, the

oBoy,
i w

MindSetZ £ v b il |§

a E{EDEH AP | BCI producers, of course, produced their

..n W(EA(E)S(&)D(B)DF—2#E>T, F+529—2BHLET, [
1 own game demos.

For example, NeuroSky, the same
company which developed the Mindset,
built a game calleéiThe Adventure of
NeuroBoy to demonstrate features of

Mindset. The game, which comes frefe

Figure 2-12 NeuroSkys own game The charge with the Mindset, has no story at
Adventure of NeuroBoy

Individual Report by Jackie K.C. LIU
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all, but let the player takes ol of a character walking around using WASD
keys and use the mouse to select an object for one of the 4 purposes: Attract
towards player, Push away from player, Levitate and Ignite, which are governed
by the 2 states (i.@Attentiond andfiMeditatiorD).

However, not all hope is lost.

Announced at the 2008 Tokyo Game Show g@sdnews about
commercial BCl games. The Japanese game developer Square Enix, which is
well-known for its Final Fantasy
series, announced the
development of the first BEI
enhanceda@mputer gamé
Judecca(Fruhlinger, 2008)

Judecca is a firgberson
shooter game, iwhichthe

player is immersed in a world of

zombies. The game makes use 0 ~ EE— _ _ _

] . .. Figure 2-13 Judecca in actiomgvealing
NeuroSky Mindsék fAttentiond  ,ompies usingoncentration level
level. Up to now, the announced

BCI features are:

1. fAfter concentrating on a glyph that glows in direct relation to your ability
to concentrate, you will open up what 6
once you have attained a heightened state of concentration, will you be
abl e t o szembiedandlkd thema 0 s

2. fiThose who can tweak their concentration levels even further will be able

to walk through wall®

If that is not descriptive enough, the below is a screenshot which reflects what

happens if théAttentiond / iConcentration level is high enough in Judecca.

Individual Report by Jackie K.C. LIU Pagel5
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An important point to note is that the game is B@hanced but not
directly controlled by it, thenovement and shooting still relies on keyboard and
mouse. With a global game developing company like Square Enix still not
working on more BCI features or direct controls, this leads to our speculation that
the current game industry is still remain doutdat the accuracy of consumer

level BCls.

2.3. Project Overview

Chapter 2.2.1 gave us an insight on the current trend of consumer BCls

and also their limitations.

On one hand, we can see that BCls are rapidly being improved and
commercialized. With the lower sts and improving accuracies and features, we
predict that in the near future, there will be at least a small to medium sized

market for home uses.

On the other hand, we could see there are limitations for current BCIs. The
most important part is the diffulties in deciding detected states (e.g.

fiMeditatiord) and movements (e.§Move forward and Turn Led).

Chapter 2.2.2 concludes by stating that the current computer game
industry actually is at the beginningfifyingo to develop BCI games. With a
large company like Square Enix (a publicly owned multinational company with
thousands of employees), they still limit the game with very few BCI features,

possibly because of the limited accuracy for direct movement controls.
We speculate that thack of developers building BCl gameddise to:

1) It may be hard to make games which utilize BCI features

2) BCI may just unlock too few kgame features. (e.g. revealing zombies)

Therefore, we would like to see if we can tell a diffeitoty by dividing

our project into 2 phases, with each phase done within each semester.

Individual Report by Jackie K.C. LIU Pagel6
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Firstly, we will study the NeuroSky Mindset, to see how we could operate
it, and how we could get data from it. Moreover, we will try to see if there is any
trace of correlation between its claimed states (@&gentiond andfiMeditatiord)

and the usetdeedbacks.

On the other hand, we will study a game engine, Unreal Engine 3, to see if
it is possible to make a B&nhanced game (at this stage, we do not plan to build
a gameidirectly controlled by the BCI, as learnt from lessons of the Judecca). If
amodern 3D game engine can be modified to producedd@anced games, then
it would be like owning a factory to developers, and they can makeBi@Ginced

games pretty much like how they normally do it.

Unreal Engine 3
D
1 |l 11 N
Animate Meshes
\/ Triangulari >

o
> e

>onrer)
A

< A Graphics Render A
i 2\
Process BA Information <<extends>> w

O 4

1>

Figure 2-14 Use Case Diagram of Modified Unreal Engine 3

5es>>
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Moreover, we will study how BCI could hefacilitatesdifferent game

events or features.

For the first phase, we will first make a small demo in Unreal Engine 3
environment to demonstrate that it could actually work to combine BCI and an
ordinary game engine. Then proceed to demonstrate the possibilityvef ac
controls (See Chapter 4 for details about Active/Passive Controls) using
NeuroSky Mindsés eSenses (e.fAttentiord).

For the second phase, we will try to analyze raw brain waves data to see if
we could devise our own algorithms to calcula&ieswhich representuman
emotions, and see if we could improve eSenses or develop other senses (e.g. the
state offiFean). And on the other hand, investigate the possibility of passive

controls by the BCI.

Last but not least, we are looking forward to creparsmalsized BCH
enhanced game by integrating different kinds of controls, and evaluate it to see if

the players find it more interesting than AB@I versions.

(Disclaimer)

Throughout our project, we may use the phf#&el-enhanced games
However, byfienhancedwe simply mean the games which are different
from those in the current game market in a way that BCI features are
absent in present games, we do not attempt to have a biaB@iat
enhancedimplies an positive impact on the gameplay expegener
flordinaryd games. In fact, the question whether games with BCI features
would offer a perceived better gameplay experience is exactly what we
would like to find out, after developing a smatlaled game featuring

some BCI features in the coming sestee.
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Fhn y FNasE
Research on Research on Analyzing the
Brain Waves video games limitation of
Mindset
Algorithms
Learning Learning UDK
Mindset API Editor
Validating "
Mindset’s .BU|Id|ng a
: simple level
consistency
Devising a
socket Better Way for
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Figure 2-15 Complete Project Overview
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3. Summary on Our BCI Algorithm

Thanks to my partner, Donald Cheung, we have a more controllable brain wave

state classification algorithm.

After a period otcalibration, the usé current brain waves can be classified into

one of the three types.

Type 1 =2 Type$

Figure 3-1Different Types of Classified Brain Waves

As seen in Figure-3, the Type 1 wave usually has a seakkigh magnitude

peaks, while Type 3 wave typically consists of a series of very low magnitude cycles.

This observation leads us to manipulate these three types of brain waves, by
assuming that theespedte typescould reflect the level diMind Poweb of the
BCl-enhanced game players. This finding is essential to the development of our BCI

game.
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4. Building Our BCI Computer Game

4.1. Introduction to Game Engines

This subchapter will briefly introduce different aspects of game engines.

4.1.1.What is the structure of a game engine?

In a nutshell, game engines are basically black boxes which utilize third
party software (which are callédmi d d | )ebwasingeespectiveAPls, to
enhance thé&nctionality of the engines(Gregory & Lander, 209).

The middleware can control a wide variety of things. For instance,
fiScaleform GFais a vector graphics rendering engine used to creajarre
Adobe Flash based graphical user interfaces (GUI) such as main menu and skill
selection GUKScaleform.com, 2010yvhile fiNvidia Phys> is integrated into
some gamergyines so as to boost the efficiency to render 3D scenes with preset
physical
properties such
as blowing a
piece of cloth up
with air.
(NVIDIA, 2010)
There are even
middleware
specifically
designed to ¢ rocksteady

draw dynamic Figure 4-1 In Batman: Arkham Asylumthe wing of Batman
and random is rendereaith ficloth physicé using Nvidia PhysX

trees (e.g. SpeedTree) so developers do not need to spend time on writing codes to

draw trees in different games.
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While the communication between the game and the operating sgstem
established by codes of the engine or its associated middleware, the developers
need to buildiLevelofiles to be fed into the game engine. The file should contain
utterly everything inside the game world on a particular level, including but not
limited to, object properties (e.g. coordinates, dimensions and textures), events
(e.g. spawning an enemy bot upon entering a room), animations and lighting
information. After that, the engine just waits for plasy@nput to trigger different

in-game events dagiated in the level data.

Middleware Middleware Middleware
A B 000] C

v

l I—) Game Engine f——

Inputs by

Figure 4-2 Simplified Context Diagram of Game Engines

00000

The developers using a game engine do not really need to consider the

hardware problems because they are in the scope theidmme engine.

Individual Report by Jackie K.C. LIU Page22
Department of Computer Science & Engineering, CUHK



Final Year Project (20:2011)
LYU1006 Unleashing Brain Powers: A Study Bevelopmenbf BCl-enhanced Computer Games

Spring 2011

In each predesigned period of time, the game engine will update the game information

by consulting the game logics (e.g.

damage done toarticular NPC, Deaths,

double last = timeGetTime();
and destruction of objects) and for each | while (lendGame)

Department of Computer Science & Engineering, CUHK

(usually shorter) t if ( (timeGetTime()-last)>1/frequency) i T |

the game engine will visualize the ! e L)

changes to the player by rendering } last = timeGetTime();

accordingly. renderWorld();

renderCharacters();
Without a game engine, programmers
will have to explicitly type in codes into
. _ i Figure 4-3 Pseudacodes for a simple game

specific location of the source files to engine

update the game logic, and command the rendering engine inkaAlme manner

& Assignment 1 [=n (Instead Of Objeeby'
object). Moreover, the
control ower peripherals
(even I/O) is also needed to
be addressed ofi®/-one,
slowing down the
production process.
Moreover, it is difficult to
reuse codes of a previous
game and port into another
to-be game. In contrast,

Figure 4-4 Using OpenGL alone to create an interactivs developers sometimes iust

scene offered a taste of the principle of game engines, P J

codes are explicitly written to control objects in a create multiple gmes using

relatively lowlevel manneand hard to reuse onlv different artworks and

(CSC3260 Assignment 1 202910, done by K.C. LIU) y

in-game events by harness the power of game engines (See Figw®4.1.2

Individual Report by Jackie K.C. LIU Page23



Final Year Project (20:2011)
LYU1006 Unleashing Brain Powers: A Study Bevelopmenbf BCl-enhanced Computer Games Spring 2011

4.1.2.Why even bothering using a game engine?

In the early days of video games (arcade game era), the hardware
development was very rapid, and each game is programmed and built with their
own codes and models to maximize its attraction to gamers by catching up to the
latest technologies.
While, for exh game,

FYP_main()
programmers take {

. // codes for main menu
tremendous efforts just
to attach the game to // codes for levell
thekernelwith the /7 codes for level2
right drivers and to

// codes for level3
handle the memory, the

codes are all threw into // codes for end game credits
rubbish bins, because EOTO main menu

the latest hardware
would not be Figure 4-5 Monolithic Game Development
compatible with the

recycled codes. Weatl this kind of game development tilgonolithic

Approacio.

As each game and their levels were being programmedynae, this
encouraged creativity because the developers no need to reuse any of the codes
from a previously written game, and it wasl stiknageablér small teams at

that time (as the games themselves were also relatively small).

However, one may find it difficult to maintain the codes for different
levels, especially when those lines of codes were-amhpasted onto different
levels g.g. initialization of stats for the playable character). Moreover, it was

troublesome to divide work to different team members.

Since the late 198(%Vard, 2008) in-house game engines have been

developed to build multiple games. From software engineering points of view,
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software reliability should be enhanced by the reuse of codes written in the game

engine modules.

Moreover, the division of work could be spaguiby employing an game
engine. For example, artists could focus on character creation using artwork
modules from the game engine, while the programmers could foousting

in-game objects properties, and story writers could work on writing dialogues.

The number of game engines developed and employed has been growing.
And modern game engines could sometimes create different games by changing
only artworks and scripts (See Figure 4.2)2Moreover, development kits of
the game engines could be distriltlte the mod communities, so that new
contents could be added by the fans continuously, while the contents created may
attract more players to play the games, or keep the fans loyal to the game for a
longer period of time, thus boosting sales of the gaandgheir sequels.

Figure 4-6 Assassin Creed 2 (left) and Prince of Persia: The Forgotten Sanc
(Right) both used Anvil engine developed by UbisS&emingly only the
artworks and postprocessing filtdoe is blue and one is brickd) are
different.

Besides, game engines nowadays are usually-ptagsrm, meaning that the
games created are not just playable on PCs, but also on consoles like PS3 and
Xbox360. Therefore games could be launchediffarent platforms on almost the

same release dates.

Individual Report by Jackie K.C. LIU Page25
Department of Computer Science & Engineering, CUHK



































































































































































































