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ABSTRACT

Obesityis a serioushealthproblemglobally andit is on the increase. Half of the
adult US populationis expectedo be obeseby 2025if currenttrendscontinue. A

major causeof obesily is inactivity andit hasalsobeenlinked to playing computer
games As aresult,fitnessgamesandperipheraldor gamesconsolesare becoming
increasingly populaasa methodof exerciseandasaway tohelp motivatepeopleto

exercise A wide rangeof thesefitnessgamingproductsexist andstateof the art of

thesealong with research in this area discussed in this document.

This paperintroducesa gesturerecognitionsystemfor playing boxing gameson
gaming consas. Theaim of this interface isto provide amethodfor exercisingand
to providethe user with a moreintuitive andrealistic wg of playing boxng games.
This document describeshow the users movementsand a variety of different
punchesarerecognizedby the boxing interface This is achievedby analyzingthe
acceleratiorand Euler angledatafrom XsensMT9 sensorglacedin glovesandon
theuserschest The boxing interfaceis connectedo the games consoleia infrared.
This is doneby storingthe infrared signalsfrom the buttonsof gamecontrolless as
soundfiles. Thesesoundfiles are then played on a computerthrougha soundto

infrared converteto contol the game consale

User testingvascarriedout showing thatheinterface helpso motivatethe user and

that itis effective ad enpyable means of exercise.
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Chapter 1: Introduction

1.1 Overview

Obesityis on therise globally andin particularthe US. Oneof the main causeof
obesityis dueto inactivity. This inactivity hasbeenlinked to television watching
and computergameplaying especiallyin children. With a large numberof homes
today owning a gaming console,introducing fitness productsfor theseconsoles
offers peoplea greatopportuniy to get more active. Peopleare far morelikely to
exercisef they are motivatedandare havingfun while doing so. Computerfitness
productshelp toimmersethe user so that tgeareless aware that tlyeare rforming
exercisewhich helpsto motivatethem. Many fithessgamesare competitivewhich
pushesthe userto exerciseharderto achievea betterresultin the game.Fitness
gamesare particularl importantfor childrenwho seethe benefitsof staying healthy

as less important than adults aled would be more pay to play games

Using gamesfor fithnessandhealthis a growing areaof researchNumerousfitness
gaming productshave beenreleasedoy companiesn recentyearsin responseo
growing need for pople toget more active.These productare wide and/aried, and
rangefrom devicesto practiceyour golf swing to body building interfaceswhich

allow the user to play racing games.

This paperintroducesa fithess device for moderngaming consoles. This fitness
deviceis a boxing interfacewhich canbe usedto play boxing gameswithout using
the game consoles controller pad. The boxing interface consists of 3D
accelerometer/gyroscomensorsattachedto gloves and one attachedto the chest
which areusedto recognizethe punchinggesturesand movementgperformedby the
user. Therecognzedpunchor movements then performed by the userés character

in the boxing game. Otherboxing or fighting peripheralsfor gameconsoledo not



addresghe needsof modernboxing gamespnly supportingsomeof the movements
which can be performedin the game. The motivation for making this boxing
interfacewasto providethe userwith a morenaturalandinstinctiveway of playing
gamesotherthanusinga standardgamecontroller. The aim wasto createa boxing
interface which benefits the user by making them more physically active in an

enjoyable wayand would motivate them to exercise using the interface

A methodfor connectingthe boxing interfaceto a gamesconsolevia infraredredis
also describedin this document. This method involves capturing signals from
infraredgame controlleand soring themasWAV files. Whentheuser @rforms an
action and it is recognized a WAV file is played through a soundto infrared
converterwhich is directedat a infrared receiverconnectedo the gameconsole.
This methodcould be usedasa quick way of testingothergaminginterfaceswith a

games console.

Usertestingof the boxing interfacewas carriedwhich showedthatthe userreceives
an intenseworkout even after short periodsof playing. Userswho perfformed the
testingwere enthusiastiaboutthe interfaceandfelt thatit would motivatethemto

exercise.

Furtherresearchs proposedand additional featureswhich could be addedto the
boxing interface are also noted.

1.2 Background

In this sectiongameconsole salesstatisticswill be discussedalongwith computer
game usagestatistics. This will be followed by a discussionof obesity, injuries

caused as a result of game jphyand the benestof boxing.

1.2.1 Gaming Sales Statistics

Figure 1 below showsthe monthly consolesalesstatisticsfor the United Statedrom
November2005to April 2006[1]. Thesefigures showan extraordinarynumberof

salesof gamesconsolesandthis is just for a six month period. Thesesalestrends



have been continuing for mary yearswith most homesthat can afford a games
console havingt leastone ormore. Therefore tlere isa large numbeof people that
could potentially be reachedby introducingfithessgamesand peripheralsfor these

consoles.

Month PS2 Xbox GameCub(Xbox 360

November 200{531,000 |197,000 (272,000 |326,000

December 200/ 1,500,000 415,000 {606,423 |281,441

January 2006 |272,000 |89,000 |66,000 249,000

February 2006|299,000 |88,000 (67,000 161,000

March 2006 {273,000 |83,000 (63,000 192,000

April 2006 206,995 |38987 38,028 295,381

Figure 17 Monthly console sales stestics in the US, Nawvember 2005 to April 2006

All of the consoles represented in the chart above have EAGs Fight Night boxing
gamesavailable to them, making the boxing interface describedin this paper
availableto millions of homesif released.In March 2006 Fight Night Round3, the
latestincarnationof the Fight Night seriesshowedvery high salesin the US. In the
top selling console games by units [2], Fight NigbtRd 3 on the PS2 cam8 with
180,000so0ld, 9" with 149,000s0ld on the Xbox 360 and18" with the Xbox version.
The revenuegeneratedy this gamefor March 2006was6™, 8" and 19" overall for
the Xbox 260, PS2and Xbox respectively Thesestatisticsshowa greatinterestin
boxing gamesby game players and a large potential user basefor the boxing

interface.



1.2.2 Gaming Usage Statistics

Accordingto arecentstudyinto computergameusagen the United Stateq 3], 35%
of game userare unded 8 yearsold, 43%are betveen tle eges of 18and49 and he
restareall over50 yearsof age. The averageageof the gameplayer is 30 andthe
adultgameron averagehasbeenplaying gamesfor over 10 years. This is downto
the fact that these adults will have started playing gamesas a child and have
continued tado so ever sinceGamers on averag#ay games for 6.8ours per week
with 8 to 18 yearolds playingan averageof just under50 minutesperday[4]. The
survey reported that9% of game usersfall ages plsed ports foran averagef 20
hoursper month. This study showedthat of the consolegamespurchasedn 2004,
17.8 % were sportsgamesand 5.4 % were fighting games. That is over 20% of
games purchasedthat a fitness peripheral such as the boxing interface could

potentially be applied to.

1.2.3 Obesity and Gaming

Taking advantageof the popularity of consolegamesand in particular the Fight
Night series,Burger King have found their way into latestreleaseof Fight Night,
Round3 onthe Xbox 360. Thisis asa resultof Burger King pays to advertisan the
game. As partof BurgerKings additionto the game,it is possibleto hire the Buger
King charactemasthe trainerfor your fighter. Usingthe BurgerKing charactelasa
trainer givesthe usersfighter increasedstanina in the form of a fiheart boosto and
makesit easierfor the fighter to get up after being knockedout [5]. This is the
complete opposite of what fast food sashBuger King gives a persom recent 15
yearlorg study hasshownthat eatingfast food more than twice a week hasstrong
links to obesiy and diabetefg]. Thisconfirms he finding of the populafilm Super
Size Me by Morgan Spurlock where the director went on a McDonal dé only diet for
a nonthand siffered from health problemand weightgain. This sortof advertising
in gamessurely givesthe wrong impressionto usersmany of which areyoung and

impressionable.

Obesityis a diseasdhat hasbecomea worldwide epidemic. A personis considered
medically obeseif their Body MassIndex (BMI) is greaterthan30. The BMI is a



measure of a personds body fat based on their height and weight. The primary causes
for obesityare excessivecalorie consumptiorand a lack of physical exercise. In a
pressreleaseby the Departmentof Health and Children in May 2005 [7], the
following facts were released. The total number of people that were obese
worldwide in2000was 0 million and t is predidedthatasmuchashalf of the US
populationwill be obeseby 2025 if trendscontinue. The current prevalenceof
Obesity in tle USis that39.8 million adults(1 in 6 people)are obesand 57%of the
adult populationsareoverweight. Statisticsshowthat 18% of Irish adultsare obese
with 39%being overweight.Estimates § the Worldwide Health Oganizaton stated
that physicalinactivity resultedin 2 million deathsworldwide eachyear. Across
Europethe most prevalentchildhood diseasds being overweight. Obesiy causes
somevery serioushealthrisks such as heart attacks,strokes,respiratorydiseass,
diabeteso namebut a few. The recommendedolutionto obesityis a healthydiet
and exercisebut it is hader to treatonceit hasbecomeestablishedand so obesity
preventionespecialy during childhoodis recommended.Televisionand computer
gameshavebeenwidely blamedfor yearsasa contributionto the increasingobesiy
problemsworldwide. A recentresearchpaperfrom Canada[8] showedthat TV
watchingand computergameusagecausean increasedisk of becomingoverweight
of 17-44%, while there is an increasedrisk of 10-61% of becomingobese. It is
claimedthatthey encourageeopleto stay inactiveandstay sitting for long periods
of time. There are an increasingnumber of companiesin the gamesindustry
bringing out gamesand peripheralso encouraggeopleto get more active and get
off the cowch. S me of hese gameand peripheralare discussedithenextchapter

of this paper, state of the art.

1.2.4 Gaming Related Injuries

Therearesomerelatively commonproblemsassociateavith repeatedyameplaying.
A medicalpaperfrom Trinity CollegeDublin [9] discussesomeof theseproblems.
Usersplaying gamesexcessivelycansuffer from repetitivestraininjuries aswell as
wrist andneckpain. Neck paincanoccurwhenthe usersits hunchedover a control
pad for hoursat a time. Long repeatedyaming affects peopledifferently asthey

havedifferenttolerancedor the injuriesand the usersd posture during game playing



varies also. Problemsincurredby vibration feedbacksystemsare also disaussed
whereby the ugesuffersfrom locomotor prol#ms of he handsimilar tothosefound

in peopleusingpowertools giving suchaspneumatiadrills. Accordingto anarticle

on repetitivestraininjuries [10] dueto gaming wrist injuries arethe mostcommon
form of repetitive injuries. Carpal tunngirglrome, one of the more serious forms of
repetitive strain injuries occurs when the median nerve in the wrist is compressed and
resultsin problemsfor the wrist and hand such as tingling, pain, coldnessand
weakness ipartsof thehand [L0]. Studies mto this syndrome fave show that 10%

of frequentcomputeruserssuffer from this, and 3.5% suffer from nerve damage.
Otherproblemsreferredto in this article called computerrelatedinjuries arealsoa
concernfor gamers. Problemssuch as tendonitis, musculoskeletaproblemsand
overuseinjuries such as back and finger pain are examplesof this. All these
problemsintroducedfrom gamingare due to the useof a gamecontroller and the
userds posture during gane playing. Tle boxing interface takeaway these problems

as the interface allows the user to play games in a more natural way.

1.2.5 Benefits of Boxing

Boxing is one of the worldés oldest sports which provide may benefits to people and
it resultsin a great fithessworkout. Boxing is one of the bestways for relieving
stressand pentup aggressionlt hasthe benefitof keepingpeoplerelaxedand may
help to control oneGs life more efficiently [11]. Shadowboxing is a long used
method for boxing triaing and is the method for fitness training of efhthe Boxing
Interfaceis basedon. Shadowboxing is essentiallya form of sparringpractice
carriedout solo without a punchbagor an opponentjnsteadthe boxerjust punches
air.  Shadow boxing provides many benefits with little or no side effects.
Coordinationis improved after just a few rounds of shadowboxing and most
importantly in erms of finess ighat a cardiovascular workouts givenasaresultof

extended rounds of shadow boxiig).



Chapter 2: State of the Art

In this sectionpreviousresearchn the areaof fitnessin gamingis discussedand

fitness products currently available jaming consolearediscussedlsa

2.1 Related Research

Research in the area of fithess in gaming and fivirtual o fitnessis an active areaof
research.The generalaim of this reseach is to motivatepeopleto exercisethrough

the use of computer games.

Only one examplewas found of researchin the areaof boxing being used for
exerciseduring a game. ShadowBoxer [13] was developedby the University of
Tampere Finland. It is a prototypefor a physically interactivefitnessgamethatis
controlledby dete¢ing body movementsusing a webcam. The researchersf this
project studiedthe effedivenessand playability of the gameasa form of exercise.
Results showed that the game increased the userGs heart rate to the optimal exercise
levelin mosttestcases, whiclshows that itis an effectivemethod offithesstraining.
Testswerecarriedfor 5 minutesand11 uses took part. Playing the gamewasalso
found to be enjoyableexperiencealso. The gameusedin ShadowBoxer is limited.
Only straight, hook and uppercutpunchesare availableto the userand theseare
performedwhen promptedby the gameto perform a task in the game. As the
Boxing Interface can be usedwith the latest boxing gamesavailablefor gaming
consoles,it providesthe userwith a richer experienceand more freedomduring
gameplaying . Futurework discussedn this paperinvolved connectinga heart rate
monitor to the systemsothatdatafrom it could be usedin the game. The benefitof
this would be thatthe gamecould adaptbasedon usersheartrate The rateat which
the userneedsto punchcould thenbe changedso that their heartrate stays at their

optimal exercise level.



Most other areasof researchuse cycling or jogging to demonstratefitness with
computergames. FitnessComputerGamewith a Bodily User Interface[14] wasa
projectintendedto mergeaspectof gamingandexercisingto motivatethe userand
give them a fisense of presenced while exercising. The bodily interface in the paper
consistsof an exercise bicycle which is steerableusing buttons and a virtual
environmentwhich was generatecdasedon map data. The bicycle was placedin
front of a screenon which the environmentwas projected. The terrain in the
environmentaffectedthe amountof effort neededto pedale.g. whenthe terrainis
uphill pedallingwas harder. The aim of the gamewasto cyde aroundthe virtual
cour® againstthe clock. Heartratedatafrom the useraswell astheir elapsedime
was displayedon the screen. User testswere carried out using a mix of personal
trainersand studentswho exerciseregularly and havelittle experiencewith games.
Resultsshowedthat the test userswere more awarethat they were exercisingthen
playing a gamedue to the physical exertion neededto play the game. The users
foundit to be an enjoyableexperienceandthey alsofound themselvesmmersedin

the environment whdl playing the game.

The paper Ubiquitous Computingon the Run: Motivating Fithess by Computing
Technology][15] discusseghe currentuse of technologyin relationto fithessand
how it doesnot motivate the userenough. Equipmentsuch as exeacise bikes for
example requirethe userto enterinformation suchasweight and agewhich dueto
the size of the display meanspeoplenearly canseethis information. This leadsto
the motivation of the userbeingreduced. The authoraimsto developnew fitness
applicationswhich would be testedin real world conditionsaswell asresearching

how technology in current equipment could be improved.

Gamesfor healthare a communityof researcheranedicalprofessionalsand game
designerswhich work togetherto dewlop a fbest practices platform for the
numerousgamesbeing built for healthcareapplications [16]. It wasfoundedby
the SeriousGamesdnitiative [17] which coordinatesvork donein the gameindustry

and work done in the area gdmes for educatiotraining, health, and public policy



2.2 Gaming Fitness Products

The areaof fithessin gaminghas becomevery popular of late and there are an
increasing number of companieswithin the gaming industry releasing various
productsaimedat promotingfitness. The following is a descriptionof a variety of
gaming products promoting fitness.

2.2.1 Peripheralsfor Fighting Games

The first three | will mention are similar products to the Boxing Interface byiaitee
a more generaolutionand are used for alypesof fighting games. Theris afourth
device by Xavix pecifically for boxing which isnentioned later in thishapter The
first exampleis the BodyPad[18]. The BodyPadis a fighting simulatorfor usewith
the Playstation2 andthe Xbox. It works with mog fighting gamesand also some
sportsgamessuchastrack andfield games. The BodyPadusespressuresensoron
the kneesandelbowsto detectpunchesandkick. Whenthe kneeis fully bentor the
elbow s straightend a kick or punchis detected. It also hashandlesfor the hands
which have buttons and a directional control cursor for movementand other
functions. The BodyPad cannot recognizeindividual puncheslike the Boxing
Interface.Thetriggering of a pressuresensoron the kneeor elbow simply ads asa
single button on a gamecontroller. The BodyPad will not work with gameswhere
the analoguesticks of the controller are used, unlike the Boxing Interface. This
would be a problemespeciallyin the morerecentboxing gamessuchasFight Night
asthey are heavily reliant on the analoguesticks. It is also probablethat if using
boxing gameswith the BodyPadthat kicks would haveto be performedto do some
puncheswhich takesaway from the gaming experience. Puncheslike uppercuts
would haveto be performedlike a straight punch, further taking away from the
realism. Fromthis it canbe seenthatthe BodyPad while goodfrom a fitnesspoint
of view is not really suitablefor boxing games. The price of the BodyPadis around
$80.



Another peripheratlevice witha similarfunctionto theBodyPad islte Thrustmaster
Fighting Arena [19] which was releasedin 2001 for the Playstation. Like the

BodyPadit can de¢ct bdh punches andticks. Player novementsare cetectedusing

amatwith pressure sensons it and four infrared beams passed betwe&en\ertical

posts. Eachinfraredbeamcorresponds$o a buttonin the game,which aretriggered
when a beam is broken. Like the BodyPad this peripheral doesn@ actual recognize

the type of punch performed e.g. jab or hook, and it cannotbe usedfor games
needing thenalogue stiks suchasthe newer boxng games.Figures2 and 3 below

are pictures of the Boéad and Thrustmastegfiting arena.

d § L
=
7 { )
e
Figure 2 - The BodyPad Fighting System Figure 37 The Thrustmaster Fighting Arena

The third of the fighting systemss the BodyForceby ArcadeMX [20] which was
unveiled at the ConsumerElectronics Show at the in January2006, see figure 4
below. It is usedfor playing fighting gameson the PS2, Xbox and PC suchas
Tekkenor Streetfighter. Like the othertwo fighting systemsit canbe used to detect
punches and kicksThe gstem hagour sensorg21] which are strapped tihe hands
and feet and are used to detect the bodyG movements. Each sensor maps to one
buttonon the control padeg X, Circle, Triangleand Squareon the PS2. A pressure
sensing mais usedo perform theother novemers andfunctionsin thegame. Like

the other fighting systemsalready mentionedit is not ideally suited for boxing

10



games. This is becausedhe systemdoesprovide for the functionality of analogue
sticksfrom regularcontrol pads. As the newerboxing gamesare heavily relianton
the analoguestick for punchingand movement,this system cannotbe usedwith
them. The slightly older boxing gamessuch as knockout kings 2002 could be
partially used.The userwould not be ableto move dueto havingno left aralogue

stick though and would have to perform half of the punches lkynkjc

Figure 4 - The BodyForceFighting System

2.2.2 Sony Eyetoy

The Eyetoy Play for the Playstation2 is one of the popular fithess devicesfor
gamingconsoles selling over 2.5 million copiesin Europesinceits launchin July
2003[22]. The Byetoy is the hardwarepartconsisting ofa camerathatsits on top of
thetelevisionandthe Playis the game p@rt consisting ofL2 mini games. The useis
displayedon the televisionusingthe Eyetoy cameraand vision detectionis usedto
detectwhenthe userperformsanactionin the game Dependingon the gamebeing
playedthe users action usuallyinvolves punchirg or slappingobjectson the screen
to play the game. This providessomephysial activity for the userasthey do not
spendtheir time sitting down while they are playing the game. Of the games
includedwith Playis a boxing gamecalled Boxing Chump. In this gamethe user
facesa computercontrolledopponenton the opposingside of the screen. The user
can movearound toavoid punches angunch bwards thescreen tdit the opponent.

This sortof game isaimed bwards theyoungergamer andhe useris limited to only

11



simple punchtypes. Othergameshavebeenreleasedor the Eyetoy since Play and
supportfor the Eyetoy has beenbuilt into other gamessuch as Harry Potterand
gamesusinga DanceMat. Figure 5 below is a screenshobf the Eyetoy with the

Boxing Chump game.

Figure 5 - The Eyetoyin action with the Boxing Chump game

2.2.3 Gamesusing Dance Mats

Another very popular type of game promoting exerciseis dancegamessuch as
DanceDanceRevolutionwherea dancemat is used. This type of gamehassold
millions of copiesand dancematsover the pastfew years. A dancematis a game
controller that consistsof pressuresensorswhich the userstepson to control the
game. Usually a dancegameinvolvessteppingon certainpadsin time with music.
Someof the moreadvancedlancegamesallow the Eyetoy to be usedwith it sothat
userscan perform dancemoveswith their handsas well astheir feet. Someother
gameshave an exerciseor work out mode which provides more exerting game
playing than the normal game modes. There have been numerousrepors of
significant weight loss after regularuse of dancinggames. They have evenbeen
introducedto fight obesityin someschoolsin the US whereit hardto getstudentgo

partake in sports and other physical activif&3.
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2.2.4 Game Bike

Anotherfitnesspromoting devicebuilt aroundcycling is the GameBike [24]. The
GameBike is a essentialf a regularbike machinethatcanbe foundin a gym which
hasbeenadaptedso thatit canbe usedasa gamecontrollerfor the PS2,Xbox or
Gamecube. It was designedto be usedmainly in placeslike gyms as a meansof
motivation during exercise. Up to four can be used simultaneouslyfor playing
racing games. The fasterthe usercyclesthe fasterthe car or other vehicle being
controlledwill go andthefact thatthe usercould be competingagainstotherplayers
would motivatethemto pedal qutker. Moveable handlebalow for steering and
the Game Bike also provides feedbackof statistcs such as heart rate data and

distancdravelled

2.2.5 Kilowatt Fitness System

Kilowatt[25] is a product sintar to the Game bike but it is usémt muscle fithess in
comparisorto the aerobicfitnessachievedusingthe GameBike. It works with any
majorgamesconsole PC or Mac andis bestusedwith driving, flying or first person
shooting games. The system(seefigure 6 below) is essentiallyan alloy steeltube
which connectsa controller on the top to a mat at the bottom and has a back
stabilizer. Technologyin the tube determineshow hard the useris pushingon or
pulling on thecontroller(no part of the machine actually moves thoudBy pushing
andpulling the controllerin certaindirectionsthe userscancontrol their characteior
vehiclein the gamethey are playing. The harderthey pushor pull the fastertheir
charactemor vehiclewill move. This methodof movementmimics the functionality
of the analoguestick of a gamecontroller. The technologyusedin the systemis
called ISOCORandis the result of threeyearsand millions of dollars of research
involving physiologists, materials scientists, electronics engineers, industrial
designersandvideo gamers. It usesfour semiconductostrain gaugesn the steel
tube to assesghe energyput into pushingand pulling in the X andY axis. Two
microprocessorsire usal to convertthe datafrom the strain gauge into an input
recognizedby gameconsoles. The systemallows the userto setthe level of effort
requiredandit is displayedon an LCD screenwhich alsodisplays the total workout
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time andthe weightlifted. The systemprovidesa mainly upperbody workout with

the quadsand gluts also being work out. The systemhas won mary awards
including the innovationof the year award 2006 at the consumerelectronicsshow
and has receivel excellent endorsementsby many leadng newspapersand

magazines.

Figure 6 - The Kilowatt exercise machine Figure 71 Qmotions Golf Game Controller

2.2.6 Qmotions Gaming Peripherals

The companyQmotiors [26] producesa range of interestingperipheralsto play
sportsgameson the PS2and Xbox. Of their rangeof peripheralghey havea device
similar to the game bike called the fiFun-Fitnessd which is being releasedn May
2006 and can be usedfor playing driving gamesby pedalling The secondof the
peripheralanadeby this companyandthe mostadvanceds their golf interface(see
figure 7 above) It is usedfor playing golfing consolegamesand replacesthe
consolesgypad. This systemconsistsof a golf ball attached t@ snsitive electronic
swing arm that converts the userés golf swing and the directional impact of a golf
club on the ball into the balls flight, speedand direction. Precisecalculationsare
carriedout by algorithmsusedby the system to give very accurateresultsfrom the
usersswing. Realgolf clubscanbe usedwith this peiipheralwhich increass the

realism of the systemand allows the userto practicewith their own clubs. The
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systemis also sensitiveto the head speedsof the golf clubs used, allowing for
different types of clubsto be used. The systemalso includesan online statistics
tracker which monitors the userés swings and can be used to improve swing
consistencyand precision. User datais representednline in the form of graphs
showing swing speed and accuracy.

The next of their systemsis the Xboard (seefigure 9 below) which is a boardused
for playing snowboardingand skateboardinggames. Sensorsn the boardmeasure
the usersshifting in weightandtheir foot movementavhile they are standingon the
board. The boarddetectghe users moveents ly the measuring théit of the board
Thesemeasurementarethentranslatednto movementsn thegame A controlpad
is still needsto be used in conjunction with the board to perform the more
complicatednovesandtrick movesin the games A reviewof theboard[27] talked
of the benefitsof the Xboardasproviding anincreasan balanceandstrengthin the

legs.

The lastof their systems ishe QmotionsBasebH system (seéigure 10 below)used
for playing baseballgames. The systemhas2 partsto it. Thefirst partis a sleeve
which can be placed on any 270 baseball bat. This sleeve contains a motion sensor
which is usedto accuratelymeasurethe batting swings performedby the userand
map it to the swing performed by the userGs character in the game. Therefore, the
usersown swing determineshow well their charactemperformsin the game. The
second part ofte ystemis ahome plate whiclthe user contile with their feet. It is
essentiallyjoypad buttonson a hard mat usedto control the functionsin the game

other than swinging the hatuch as running and swing selection.

These different peripherals represent some of the more advanced peripherals
promoting user activity available for game consoles. The cost of thyssenss is
relatively cheap considering a gamer spends on average $éa@ an games and
gaming hardwareaccording to an IGN surveylhe Fun Fitness and the Xboard are
available for uder $100 while the QmotiorBaseball gstem costs $150 and the
QmotionsGolf system costs $250. The latter two are for the more serious user
which is reflected by the price
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Figure 9 - Qmotions Xboard Figure 10- Baseball sptem

2.2.7 Xavix Fitness Gaming Console

Xavix Port[28] is a consolethatis basicby modernstandard$ut it wasdesignedas
a consolesolely for playing exercisegames. It connectso a TV and monitorsthe
caloriesburnedby the userafter they entertheir age sex,weightetc. An infrared
receiver on the front of the Port isagsto receive signals from tigames peripherals.
Six gamesreavailable br thismachine allof which comewith their own peripheral
to play the game. Thesegamesare golf, baseball bowling, tennis,Boxing and J-
Mat, an aerobicworkout game. The golf gameusesa motion sensormlacel on the
ground to detect the userés swing when it passes over the sensor. It issimilar ideato
the QmotionsGolf but seemsto be less accurateand generallymore basic. The
baseballgamehasboth a batanda ball peripheal allowing the userto both batand
pitch. Buttonson the batandball allow the userto chang optionslike pitch type.
The bat hasan accelerometein it which detectsthe swing speedand thereis an
infraredtransmitteron it which sendsthe datato the Xavix Port. The ball is heldin
the hand and the use goes through the motions of throwing the ball, an
accelerometer in thigall measurepitch speedand £nds itto thePort viaan infrared
transmitterin the ball. The golf clubsandbasebalbatare madespecifically for the
gamesandareplasticunlike the Qmotionsperipheralsvhich are usedwith real bats
andclubs. Their bowling gameperipheral(seefigure 11 below) worksin a similar
way totheir golf peripheal. The userswings thebowling ball over amotionsensing
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deviceplacedon thefloor andthis is relatedinto a swingingof the ball in the game.
The tennisgamecomeswith two wirelesstennisracquetsvhich areusedto play the
game. The speedof a usersswingis detectedby sensorsn the racketwhich is then
sentto the console. Thereis aninfraredtransmitterin the headof the racket,which
presumably endsthe swing datawhenit is pointing atthe consoleduring partof the

swing.

The last two gameswere unveiledin Januay 2006 at the ConsumerElectronics
Show in Las Vegasand have Jackie Chanin the gamesas part of a marketing
strategy. The J-Mat, an aerobicsstyle game is the mostexerciseorientatedof the
games. It comeswith awired matwith four pressuresensorsn it andhandweights.
Therearetwo differentmodesin this game.Thefirst is a workoutwherely the user
stepson certainpadson the matand movestherearmsto copy the instructor(Jackie
Chan)in thegame. This modecanbe setto differentdifficulties. Thesecondnode
is an actiongame where¢he user controls charactem thegame. The usemustjog

on the spot to run, jump to jump in the game, and step left or right to avoid obstacles.

The lastgameis a boxing onewhich is of mostrelevanceto this paper,a screenshot
of which can beseenin figure 12 below. The interfacefor this boxinggame consists
of two wireless gloves and the mat from the J-Mat can be usedto move also.
Sensorsn the glovesgatherdataon the punchesandsendit to the Xavix Portwhich
determines what movesnts were madelt is notvery clear how thigs doneor what
kind of sensorsarein the gloves,but consideringhe otherdevicesall seemedo use
anaccelerometein the peripheralhisis mostlikely. Thereis aso little information
on the type of punchesthat can be detectedby the system. Most likely only very
basicpunchescanbe used.From a review on the game[29], it is saidthatthe user
can dodge toheleft or right by leaning inthat direction sahere may bea basiogyro
sensorin the glovesalso, or elsethis is doneby standingon the padsof the mat.
Blocking is performedwhile the useris in a guardposition, how the systemknows
the useris a guad positon is also unknown. Ther are three modesin the game,
exhibition, training,andchampionshipwith differentlevelsof difficulties. Reviews
exerciselevel achievedof the gameare mixed, one review [29] said playing the
gamewasquite physicaly intense[29] while the anothersaidit adequateenoughto
get the heart rate up a bit but not enough for a propetonror
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The way the Port Consoleand its peripheralsdetermine the userés movements is
throughthe useof anaccelerometenyhich it is not enoughto propery measureghe

useré movements effectively, allowing for only basic movementdifferentiation

While the games are relatively good for fitness, it involves buying a console that only
has6 gamedfor it. The XavixPort costs$80 andthe peripheraldeviceswith games
rangein price from $50 to $90 and so are reasonablypriced. There are similar
devicesout for the major gamesconsoleshough,mostof which are betterandare
similarly priced. Consolessuchasthe Xbox now only costaround100 euro, SO
gamersarefar morelikely to buy themthanthe XavixPort. The gamesthemselves

are alsoratherlimited both in termsof grgphics and functionality comparedo the

games on the major consoles and will not appeal to core game players.

8
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Figure 11 - Xavix Bowling System Figure 12 - Xavix Boxing System

2.2.8 Nintendo Wii

The Wii [30Q] is the latestconsolefrom Nintendowhich will bereleasedn thefinal
quarterof 2006. The control padusedwith the Wii containsa gyroscopeandis able
to detectaccelertion and orientation. This will be usedby the new consoleto
provide a much more active andintuitive way of playing games. The unveiling of
the Wii at E3 on May 9" 2006 showedthe control pad being usedto play a tennis
gameby actuallyperformingthe racketswingwith the controller. A swordfighting

game where the user had to perform the sword swings was also demonstrated

18



amongstother games. This marksa new agein gameplaying as no mainstream
consolemanufactureras releaseda controller anything like this. Therewill no
doubtbe a boxng title released soowhich canutilize this controller, butit may still
be insufficient to differentiatebetweenthe numberof punchegossiblein the newer

boxing games

Figure 13: The controller interfac e for the newNintendo Wii gaming console

2.2.9 Yourself Fitness Game

Yourself fithesg31] is avirtual fithesstrainer forthe PS2Xbox and PC. Thisgame
is gearedmainly towardswomen. Yourselffithesshasa virtual trainercalled Maya
who givesthe usera training regimeafter they provide somedataaboutthemselves
such as age and weight and what goalsthey hope to achieveduring this regme.
Maya performsthe exerciseroutinewith the usersimilar to an aerobicsvideo. The
game adapts to the users goals daily, soif the useris unableto performa full work
out one day, it will be takeninto accountto meettheir long term goals. This
flexibility of the gamewould help the userto keepinterestasit would allow the
routineto fit in betterwith everyday life. The aim of this fitnessaid is to help to
motivate the userto exerciseby providing dynamic workouts which changeeach

time with music to suit their mood.
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Chapter 3: Connection to theGaming Console

3.1 Introduction

The gaming console us#al connect the bamg interface tas the Sog Playstation 2.
This choice was made as there are various infrared controllers availablefor this
console Othermethodsof connectiorotherthaninfraredarediscussedt the endof
the chapter

The idea toconnecto the gaming console va infrared isbasedon an Engagefarticle
postedin 2004[32]. The article describesa methodof usingthe iPod asa universal
infrared remotecontrol. Infrared sgnals fromremotk controlsarecapturedusing the
Total Remote software with a PDA. The signals are then played through the
headphongack of the PDA and recordedon a PC as soundfiles which are then
storedon theiPod. The soundfiles arethenplayed out throughthe Total RemotelR

Donglein the headphongack of the iPod which convertsthem back into infrared
signals.

To connectto the PS2infrared signalsfrom anIR control padarerecordedusingan
iIPaqrunningGriffin Total Remotesoftware. The signalsarethenrecordedrom the
iPaqto a PCusinga 3.5 mm headphoneableandsavedasWAYV files. The Griffin
Total Remotedongleis then placedin the headphongack of the PC being used.
When theWAV files are then played, tiyeare converted back I signals ly thelR

dongle and are sent &m infraredreceiver connected tbe Playstation 2.
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3.2 Hardware and Sdtware Used

3.2.1 GameConsoles

For this projecta Sory Playstation2 (PS2)was used. This choice was madeas
variousinfrared control padsand dancematsare availablefor the PS2which were
neededto connectto the gaming system by the boxing interface. The Microsoft
Xbox only usesinfraredfor its DVD remotecontrol This remoteis of no usesince
thereare no buttonson it which are usedfor playing games If therewere,the IR
sigralsfrom the buttonscould havebeenrecorded for usewith the Boxing Interface.

It is possible to use thBoxing Interface with othegaming consoles besides the PS2.
A PS2controller adapter can be used that théBoxing Interface can plugto other

consoles like the Xbox, Sega DreamcagherNintendo Gamecube.

3.2.2 GamecControllers

A PSZ2infraredcontroller,dancemat or PS2infrared adapteris needed. Depending
on which is usedaffectsthe variety of punchesmovesand otherfunctionality that
canbe usedin the boxing game As infraredis pretty much obsoletefor usewith
gameconsolesit is very hardto find this equipmentNewerdevicesall use2.4GHz
RF for wirelessconnectionto the gamesconsoles Dependingon which deviceis
used depends dhegame you wanto usefor thePS2. Theolder titles such as EAG
KnockoutKings for the PlaystationOnewill work with all IR devicesas they dond
require analoguesticks and use a limited numker of buttons For the newe titles
such as EAGs Fight Night Series, devices need to have analogue functionaity asthe
control of the gameis centeredaroundthe use of theseanaloguesticks For the
projectthreeinfrareddeviceswereused. Thesewereaninfrareddancemat, infrared
remotecontrolwhich hasall the buttonsof a control padbarthe araloguesticksand
a Go Wirelessinfrared adapterwhich allows regularwired PS2 controllersto be
convertedinto infrared controllers. The dancemat allows the use of four action
buttonsand four directional buttonswhile the remoteallows the use of 10 action
buttonsandthe four directionalbuttons. The Go Wirelessadapterallows the useof

the samebuttonsas the remotebut main reasonto useit is thatit can be usedto
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convert awired aralogue 52 controller ¢ an infraredcontroller sathat the anabgue

sticks can be used for the latest boxing games.

A problem with using infrared remote controls is that althoughthey have more
buttons than the dancemat, alot of the actionsfrom the boxing gamesrequire
simultaneous button pressghich are nopossble using these remote controlBhis
makesthe remote controls only marginally more useful than the dancemat even

thoughthere aranoreindividual buttors which can be uderom it..

3.2.3 Pocket PC

Two Hewlett Packard iPag PDAG were used in the project. A neweriPaqh5500
was used witloscilloscope software toad IR sgnals so thathey could beanalyzed
and comparedto other IR signals. The device could also be usedto transmit
capturedR signalsto testif theywereworking properly.The seond Paqusedis an

older model h3970.An older modelis neededcirca 2002/2003as the total remote
dongledid not work with any of the morerecentiPagmodelsused. The quality of

the audioport on the iPaqis alsoimportantasthe Total Remotewill functionbadly
or not at all with iPagsthat have poor quality audio ports. This h3970iPaq has
Griffin Total remote softwareinstalled on it and is usedto capturethe infrared

signals from the game controllers which are used.

3.2.4 Laptop Computer

An Acer 5510laptopis usedto run the application. It has1.73Mhz Intel Centrino,
1Gb DDR2 Ram, 80Gb Hard Drive, 128mb X700 RadeonVideo Card and runs
Windows XP professional. This laptopwasfound to work bestwhenconnectingto
the consoleasopposedo otherlaptopsanddesktopsvhich wereunsuccessful.This
was due to the Total Remote which only tends to work with certain devices.
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3.2.5 Griffin Total Remote

Oneof the mostimportantdevicesusedfor communicationdbetweenthe laptopand
the gamesconsoleis the Griffin Totd Remote. It hasbeenobsoletefor the pastfew

yearsandthereforeit hasbecomedifficult to acquire. The Total Remoteconsistsof

an infrared dongle and softwae which is usedwith pocketPC such as the iPag.

The Total Remotewasdevelopedo be a universalremotecontrol that could replace
remotes from TV &, VCRGs, sound systems etc. Using this software, infrared signals

from remotecontrolsor otherinfrared devicescan be captured through the iPaqés
IrDA port. The softwarecanthen playback these signalsthroughthe IrDA port or

through the IR dongle which fits in the headphone jack of the iPaq.

The IR dongle is used in older models of pocket PCés to extend the range of the

infrared which is limited in these older models.The Total RemotelR Dongle can
alsobe usedasa soundto IR converterwhich is why it is usedin this projed. This

IR dongle consists of two infrared emitting LEDG side by side, with a 3.5 mm

headphone jack ptufor connecting intohte audigport of aPDA or otherdevice (see
figure below. The domle is now discontinuedasthe adequateange ofthe IrDA on

current models of pocket PCé makes it no longer necessary. The Total Remote was

originally designedor usewith the Apple iPod but Apple stoppedits releaseandit

was adapted for use with PDAGs.

Figure 14 - Griffin Total Remote Sound to IR converter
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3.2.6 Other Software

SonySoundforgeB.0 was usedfor recordinginfraredsignalsplayedout throughthe
headphone jack of the older iPagq.

The gamesusedare Electronic Arts Knockout kings 2000 for the PlaystationOne
and Fight Night Round 2 for the Playstation2. Note, that PlaystationOne games
also work on the Playstation 2.

Knockout Kings 2000 has much more limited controlsas it was designedfor the
earlier Playstion One whch does not use analogue stickBhere are omlfour basic
typesof puncheghat canbe used,left jab, left hook, right crossandright uppercut,
with harder fihaymakerd and body punch variations possible with each. Blocks and
limited bob and weavemovementsare also possible. This gameis usedwith the
dance mat implementationof the boxing interface which is discussedin the

Implementations chapter of this paper

Fight Night is one of EAG most recent boxing releases for the Playstation 2/Xbox. It

providesa muchgreaterrangeof punchesand movementshanearliergames. Most
of the punches and the playersdbmovements are done using the game controllerés twin

analoguesticks This gameis usedwith the implementationusing the go wireless
infrared converteras it allows the use of the analoguesticks. In this gamejabs,
straights hooksanduppercutsare possiblewith eitherhand.The powerof the punch
canbe alsobe controlledandmore extensivedefensivemovementsarepossiblethan

in earlier incarnations of the game.

3.3 How Infrared DevicesWork

Beforegoinginto how infraredis usedto connectthe boxing interfaceto the gaming
console,how infrared deviceswork will be briefly described. An infrared device
works by switchingan IR light transmitter, such as the LEDG on the Total Remote
dongle, on and off. This is called modulati®3][ Each time the IR source is turned
onit is in factturnedon andoff manytimesvery quickly. Thisis doneto makethe
signal more resistantto noise. The speed at which these rapid on/offGs occurs is

known asthe carrierfrequeng. The carrierfrequengy for infrareddevicesis in the
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36 KHz to 40 KHz range. EachlIR devicds receivermustbe setto the same carrier
frequencyas the transmittingIR devicein order for it to successfullyreadthe IR
beam. Datais sentthrough infrared by turning the IR transmitteron and off in a
particularpatternwhich correspondso binary numbers. On receivingthe IR signal
the IR receivercanthenretrievethe binary signalsent. This signalcould be usedto

perform a particular button press with an infrarechgaontroller for exaple.

3.4 How the Griffin Total Remote Dongle Works

The total remotedongleis placedin the audio port of a device,suchastheiPaqin
this case. The signal passingthroughmostaudio portsis only up to 20 KHz [34].
As the audioportis in ster®, two 20 KHz signalsfor the left andright channelsare
passedhroughthe audio port. The carrierfrequencyneededor infraredis between
36 KHz and40 KHz. Thetwo audiochannelsaresent,onethrougheachLED of the
IR Dongle. Whenthis is doneone channelis sentout of phasewith the other[34].
This produces the 40 KHz needed for ithieared carrier gjnal.

3.5 Capturing the IR Signals

The infrared signal for eachbutton on the gamecontrolleris capturedand stored
usingthe Griffin Total RemoteSoftware. To do this the softwareis startedandone

shot sampling is chosen. A button on the total remote software (e.g. TV channel 1) is
sdectedto storea particularbutton capturedfrom the gamecontroller. The older

iPaqis then placedwith its irDA port facing the infrared transmitterof the game
controller. The total remok software capturesand storesthe signal of the game
controlle buttonwhenit is pressed.This is repeatd to storeall the infraredsignals

of buttonsfrom the controller.

3.6 RecordingIR Signals on the PC

The infrared signalsfrom the controllermustnow be takenfrom the olderiPagand

the total remotesoftwareandonto the laptop. It is very importantthataniPaqcirca
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2002/2003 is used otheise the following will rot work. This is donéy connecting
one endf a 3.5mm ster® cable tothe headphongack oftheiPagand te otherend

to theline-in of thelaptg. The TotalRemotesoftware issetto sendinfrared sgnals
through the Total Remote IR Dongle which is usually insertedin the iPaqs
headphone jack. This tkne so that signals from the Total Remote softwareesute s
through the headphone jack instesd the IrDA port on the iPaq.

Audio recordingsoftwareis usedto recordthe signalssentfrom the iPag. Sory
Soundforge8 wasusedto do this. A soundfile is createdwith a samplingrate of
44,100Hz, 16 bit depthandstereochannels. The signalsentfrom the Total Remote
softwareon the iPaq after a button pressis recordedonto this soundfile andit is
savedasa WAV file. Theresultingsoundfile canbe seenin figure 15 below. This
WAV soundfile representghe infrared signal sentby the triangle button from an
infrared Playstation2 controller. The start of the signal is the preamble. The
preambleof the signalis a 500 MHz wavethatis out of phaseacrossthe left and
right channeld2]. Thepreambles usedto increasehe rangeof the signalfrom the
headphongack by boosting the power to it. After the preamblethere are four
repeatedsignals. Each of thesesignalsis madeup of a sequenceof on and off
pulses,which representghe infrared signal sentout by a particular button of the
gamecontroller. A closeup of one of thesesequencesof on andoff pulsescanbe

seen infigure 16.

(00 00: 00,000 I{)D:{)El:{){).l{)ﬁl I{)D:DD:{)EI.Z{)EI
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Figure 15- A raw infrared signal recorded as a WAV file from the iPaq.
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| D0:00:00.000 |D0:D0:00.005 |D0:00:00.010 |D0:D0:00.015
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Figure 16 - A WAV file repre senting the a/off pulses ofan infrar ed signal.

The raw WAV file recordedfrom the iPagneedsto be cleanedup beforeit canbe
used. The resultinginfrared signal after this WAV file is played throughthe audio
port of the laptop usingthe IR Dongle will not work. This is obviouswhen this
resuting signal is lookedat withan oscilloscopeunning on anPaq. The sgnal, if it
is evenpickedup by the oscilloscopejs nonsensicaht best. The reasonfor this is
that quality of the signalis somewhatreducedwhenit is recordel onto the laptop
from the iPaqg. A few different computerswith different standardf soundcards
usedto try andimprove the quality of the signalrecordings. MP3 playerssuchas
the iRiver andthe Philips HDD120 werealsousedto try andrecorda useablesignal
from the iPaq. Theresultsweremixed,the MP3 playersdid not recordany signalat

all and desktop computers gave similar if not worse results than the laptop.

By looking at the infrared signal given out directlythe infraredgame controller on
an ogilloscopewe can ®e thedesiredsignal. To try andachieve his desiredsignal,
processingof the signal in the WAV file must be carried out in Soundfoge.
Processingvasdonein an adhoc fashionwith the resultingWAV file signalbeing
comparedo the desred signalusingan oscilloscope On comparingthe two signals
in the oscilloscope,it is obvious which parts of the signal needto be further
processedor less processed. The types of processingused were mix of
normalization,increasingthe gain and enrancement. While some usele results
were achievedusing normalizationfollowed by a gainincreaseup to the maximum,
this would not work for everysignalthatneededo be processed.It wasdiscovered
that a level 3 enhancem to the partsof the signds with the sequencesf on/off
pulseswas mosteffedive. Theresultof alevel 3 enhancen to the WAV file in

figure 15 can be seenin figure 17. It is obviousthat the signal is must cleare
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comparedo the unprocessedignal. Figure 18 showsthe sequenceof on/off pulses
from figure 16 after processinghasoccurred. The level 3 enhancema only works
for signalsfrom certaindevices. The signalsfrom an infrared dancemat worked
very well using this technique as did the signals from various Sony TVG.
Enhancemenbn signalsfrom a GamerzPS2remotegave mixed resultswith some
signals not working when played back as WAV files and other signals working

sporadically.

L .
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Figure 17 - The same signal asifure 15 after a level 3enhancement using Sandfor ge.

| D0:00:00,000 | D00 00,005 |00:00:00.010 |00:00:00.015

Figure 18- The same signal asifure 16 after a level 3enhancement using Sandforge.

3.7 Making the signals shorter

As the boxinginterfaceis usedin realtime, the lag betweenthe actualpunchby the
userandthe punchby the userscharacteiin the gamemustbe keepto the absolute
minimum. With this in mind, ways were looked into to reducethe lag. It was
discoveredvhenlooking atthe WAV file thatthe only partof the whole signalwas
neededfor it to work. The preamblecould be removedand all but one of the
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sequencesf on/off pulseswereremoved. Oneof thefirst two sequences usedas
the quality of the later onesis lower. By reducingthe signalsdownto onesequence
of on/off pulses,this reduceghe lag greatly. Figure 17 showsthe whole signalin
the WAV file andfigure 18 showsthe sameWAYV file afterall but on sequace of
on/off pulsesareremoved. This resultsin the potentiallag of the signalbeingsent
from 0.3 seconddo under0.015seconds.This is a very substantiakeductionsince
mostpunchesareunder0.3 secondsaindthereis an overheadnvolvedin calculating
whena punchis thrown also. Thereare somenegativeeffectsof removinga large
part of the signal. The effective range of the digimaen by the WAV fik is reduced
significantly. Its effectiverangeis now only 10 - 20 cms,insteadof metres. It will
still work at a greaterrangebut the receiverwill pick up fewer signalsthe further
away it is from the IR Dongle sendingthe signals. The reducedrange is not a
concernasthe IR Dongle connectedo the laptop canbe placedright besidethe IR
receiverof the gamecontroller. Reducingthe length of the signal also leadsto
reliability issues. Signalswould occasionallynot work evenwhenat closerange. It
wasthereforedecidedto usethe full lengthsignalsin the implementationgo make
surethe signalswentthrougheachtime. The actuallag introducedis actuallymuch
lessthanthe lengthof the WAV file. Thelagis only aslong asthetime it takesfor
the receiverto successfily takein one signal of the repeatedon/off signalsin the
WAV file.

3.8 Using the WAV Files toConnect © the Console

After processinghe WAV files they cannow be used. Beforethey areused,it must

be ensuredhatthe volumeis at maximumon the laptopor whateverotherdeviceis
beingused. The Total RemotelR Dongle is placedin the audio port (headphone
port) of the laptop and is pointedin the direction of the IR receiverof the game
controller. As mentioned in thgrevious section, the distance between the IR Dongle
andthe IR controllerreceivermust be closerthan 20 cms, to avoid the risk of the
receiverlosing any of the IR signalssentto it. This is done whetheror not the
shorter WAV files are to ensure iadility. When a WAV file is plged on the laptop
the IR Dongle converts back to infrared and &R receiver picks it upnd thinks it

hascomefrom the gamecontrollerIR transmittere.g.a dancemat The laptopcan
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now act as the game controller, so whenevera punchis detectedby the boxing
interface progranmunning onthe laptopit can sehthecorresponding pwh sgnal to
the game controlleR receiver. Figure 19below $ows thesetup of he P52 andhe
laptop. An IR receiver carbe ®en inthe controllemportin thefront of the PS2. The
Total RemotelR Dongle can be seenin the audio port on the front of the laptop

facing the IR receiver on the PS2.

Figure 19: Connection of the Laptop tothe PS2

3.9 ProblemsEncountered

The Total Remotedoesnot work with the newer iPagé and so an older model of

iPaq (circa 2002/2003) must be used for réewy the infrared signals onto the iPag.

Thetype of computerfor which the signalsarerecordedrom the iPagalso matters.
Signalswere only successflly recordedas WAV files and played back using an
Acer5510. Attemptsto useotherlaptopsor desktopcomputerdo performthe same
tasksfailed. This doesnot meanthatit is impossibleusinganythingotherthanthis

laptop, just the methods descritaabve only workeduccessfuil with this laptop.

30



