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Abstract. Recentechnologicabhdvancesllow for turningpartsof our everyday
ervironmentinto so—calledsmartenvironments.In this paperwe presentthe
“SmartPlayingCards”application,a ubiquitouscomputinggamethataugments
aclassicakardgamewith information—technologicdlinctionality, in contrasto
developingnen gamesaroundthe abilities of availabletechnologyFurthermore,
we presentherequirementsuchanapplicationmakeson a supportingsoftware
infrastructurefor ubiquitouscomputing.
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1 Introduction

Recentechnologicahdvancesllow for turningpartsof our everydayernvironmentinto
so—calledsmartervironments,which augmentthe physical environmentwith useful
information—technologicdlinctionalityin anunobtrusve way, without destrging the
usual“look andfeel”. The mainchallengeof ubiquitouscomputing[13] is to ervision
suchunobtrusie smartervironmentsthat provide a reasonabledvantagefor people
usingit, withoutviolating socialandlegal rulesof our societyandlife.

The areaof gaminglooks promisingwith respecto ubiquitouscomputing,since
due to the entertainingnatureof the social interactionsusersare willing to explore
innovative metaphorsmodalities,andhardwareevenwhenthey arenot asapparenbr
fluid asthe designersnight have hoped[10].

In contrastto developingnew gamesaroundthe abilities of availabletechnology
we took the oppositeapproachby augmentinga classicalgamewith information—
technologicalfunctionality. Accordingto our vision, usersplay a classicalcardgame
with theusuallook andfeel” andcorrespondingocialinteractions Additionally, they
are equippedwith a small information appliance(ideally of the samesize asa play-
ing card)thatdisplaysgamerelatedinformation(score winner) andgiveshints (cheat
alarm,playinghints).

Besidesxploring possibleapplicationf ubiquitouscomputing designingandim-
plementingthe SmartPlayingCardsapplicationgave us someinsightinto the require-
mentson softwareinfrastructureshatwould be usefulfor building ubiquitouscomput-
ing applications.



Theremaindeof thispapemwill presentfirst prototypeof the SmartPlayingCards
application followed by requirementshis applicationmakeson a supportingsoftware
infrastructure.

2 Smart Playing Cards. Whist

In this sectionwe wantto give an overview of the SmartPlaying Cardsprototypewe
developedfor the gameof Whist. Beforegoinginto detailaboutthe prototype we will
presentherulesof thegameof Whist andmotivatewhy we choseéWhist.

2.1 The Game of Whist

Theclassicgameof Whist[1] is a plain—trickgamewithout bidding for four playersin
two fixed partnershipg‘teams”) usinga standard2 cardpack.

At first, all the cardsare dealtout so that eachplayerhas13 cards,the last card
indicateshetrumpcolor. Thegamethenstartswith the playerto theright of thedealer
layingdown ary card.Thegamecontinueslockwisewith eachof theplayersplayinga
cardto thetrick. They haveto follow thesuitif possible ptherwiseary cardis allowed.
Thetrick is won by the highesttrumpor by the highestcardof thesuitledif thereis no
trump. Thewinnerof atrick leadsto the next trick. Theteamwith the mosttricks won
winsthegame.

We choseWhist for our prototypeimplementatiorfor two reasonsFirst of all, the
RFID systemwe useto detectthe cardson the table canonly reliably detecta limited
numberof tagsatthe sametime (about12). In Whistthereareno morethanfour cards
onthetableatany time.FurthermoreWhistallowsusto implementarich setof features
in our information appliance,suchas scorecounting,determiningthe winner, cheat
alarm,andhintsfor beginners.

2.2 Prototype Description

The hardware setupof the prototypeconsistsof a Philips I-Code Radio Frequeng
Identification (RFID) [2] systemconnectedo a desktopPC and a standard52 card
deck,whereeachcardis equippedwith a unique RFID tag (in form of an adhesie
sticker). The RFID systemis usedto bridgethe physicalandvirtual worlds[12]. Each
tagholdsauniquelD, whichis usedto identify the cardto whichit is attached.

TheRFID systemconsistof anantennaywhich is mountedunderneattatable,and
areaderdevice. Theantennds connectedo the readerdevice thatpowerstheantenna
in orderto generatanelectromagnetifield thatprovidesthetagswith powervia elec-
tromagnetidnduction. Furthermorethe readerdevice implementsthe transcever for
communicatiorwith thetags.A PCis connectedo the readerby a serialconnection
andrunsthe RFID driver software.

In our early prototype,the PC alsorunsthe SmartPlaying Cardsapplicationand
displaystheuserinterface.ln alaterversion the PCwill bereplacedy asmallembed-
dedPCthatrunsthe RFID driver software,anda PDA or evena dedicatednformation
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Fig. 1. SmartPlayingCardsprototype:two gamesituations

appliancethat runsthe SmartPlaying Cardsapplicationand communicatesvith the
embeddedPCyvia wirelessshortrangeradio.

Figurel shavstwo screershotof the SmartPlayingCardsprototypein two differ-
entgamesituations.The prototypehasbeenimplementedusingJava. The gamestarts
with dealingout the cardson the tablefour atatime (onefor eachplayer).The players
haveto take up their cardbeforedealingthe next roundof cards.Upondealingthelast
card,whichindicategrumpcolor, theapplicationdisplaysthetrumpcolorin themiddle
of thecross(2 in figure 1). Note thatthe SmartPlaying Cardsapplicationnow knows
thecardseachplayergot.

Now the SmartPlaying Cardsapplicationindicateswhich playerhasto lay down
thefirstcard(3in figurel). Theneachplayerplaysacardto thetrick, whichis automat-
ically displayedby the userinterface.If a playerdoesnot follow the suit althoughhe
could,acheatalarmis displayed4 in figure1), askingtheplayerto correctthemistale.
Uponcompletionof oneround,thewinner of thetrick is determinedandtheaccording
trick countis increasedn the upperright cornerof the userinterface(1 in figure 1).
Thewinnerof thetrick is thenindicatedandwaiteduponfor playingout the next card.
Upon completionof the game the gamecountof the winning teamis increasedn the
upperright cornerof theuserinterface(1 in figure 1).

2.3 Further Ideas

Futureversionsof the prototypewill additionally provide playing hintsfor beginners.
The simplestversionis to assesshe playerslast move by displayinga happy or sad
smiley. A moreelaboraterersionwould point out certaingamesituationsto the player
and make suggestionsAn interestingway of doing this would be to augmenteach
playingcardwith a so-calledvirtual counterparaspointedoutin [6]. A virtual counter
partessentiallyis a virtual representationf a playing card,giving eachcarda kind of

personality Over a seriesof gameseachcounterpart would remembetthe tricks the
accordingcardwasinvolvedin, togethemwith an assessmertf the trick. Thus,when
playinga cardto atrick, theaccordingcounterparts ableto “speak”to the playerlike



this: “Oh no, | don’t wantto join ugly spadeaceandvain diamondsjueen!”,or “Yes,
I like that charmingclubsking!” usingits pastexperience.One might even think of
supportfor enablingplayersto link personsor things and characteristic$o the cards
in someway. This way playing hints are mappedto relationshipsbetweenpersonal-
ities. We think this might help peopleimprove their playing skills, sincethinking in
relationshipsdetweerpeopleandthingsis very commonto humanbeingsarnyway.

A secondimportantareafor improvementsis supportingplayersin learningand
rememberingherulesof thegame For Whistthis mightnotbeanissue sincetherules
of the gameare reasonablysimple. However, thereare mary gameswith a hugeset
of rathercomplicatedrules. The supportingapplicationcould for exampleindicatethe
actionsstill possiblein the currentgamesituation.

2.4 User Experiences

Dueto theearlyversionof theprototypewe did not conducta broadstudyto gainexpe-
riencesfrom users However, we alreadydemonstratethe prototypeto sometechnical
andnon-technicapeople Duringthosedemonstrations/e just startedo playthegame
without explaining the technicalsettingat first. The first reactionwas always a great
surpriseof the spectatorssinceit is not obvious how the actionson the display are
technicallylinkedto the physicalgameplay.

Someof the spectatoralso playedwith the system.Although mary of them did
hardlyor notatall know therulesof Whist, they quickly learnedhow to play thegame
by exploiting the cheatalarm,which turnedout to be helpful in teachingplayersthe
rulesin atrial anderrorfashion.

Playerddid notlik e to beforcedby the systemnto play thegamein a certainunusual
(to them)way. For example,forcing the playersto take off the cardsfrom the table
beforedealingout the next roundof cards(seesection2.1) alreadyis ananng/anceto
somepeople A similar problemwascausedy a delay(dueto “flick ering”, seesection
4) of aboutonesecondetweerremoving cardsfrom thetableandthedisplayreflecting
thechangewhich confusedblayersalot.

Our obsenationsled us to the conclusionthat peopleseemto basicallylike the
ideaof ubiquitouscomputingin this specialsetting.However, when making artifacts
smartwithout visibly changingthem, peopleexpectto find the exact behaior of the
“dumb” artifactalsoin the smartversion.Already very subtlechangesn the behaior
known from the“dumb” artifactcancausealot of confusion Ontheotherhandit seems
possibleto introducenew functionality in the smartartifactwithout confusingpeople,
aslong asthis doesnot conflict with the classicabehaior of the artifact.

A furtherlessonwe learnedduring demonstrationss that peoplearevery creative
in usingthe functionality of a systemin unforeseerways. Although the cheatalarm
washotintendedfor this purposeplayersusedit asa helpfor learningtherulesof the
game.

Notethatthe statementsn this sectionarevery preliminary, sincewe did not per
form arealusersurwey. For this we will wait until the moreelaboratdeatureqplaying
hints,ruleteacherpreimplementedwhichwill providearealadvantageof SmartPlay-
ing Cardsovertheclassicalgame.



Fig. 2. Detectionrangeof onelargeantennavs. anarrayof smallantennas

3 Technical Issues

As mentionedabove, we usethe Philips I-Code RFID systemwith an antennaof a
sizeof about70x50cm.The detectionrangeof suchan antennds abouta spherewith

a diameterof the length of the antennaasdepictedin the left handside of figure 2.

This givesusareasonablareaon the tablewherecardsaredetectedput playershave

to take careto keepthe cardsin their handsout of the detectionrange.Thereforewe

would prefera large but flat detectionarea,which can be achiesed with an array of

smallerantennassshavn in the right handside of figure 2. Experimentshavedthat
overlappingelectro-magnetidields of multiple readersio not causeseriousproblems.
Tagslocatedin overlappingregionsaredetectedy bothreaders.

A further advantageof an array of antennass the potentialability to detectmore
tagsat the sametime comparedo a single antennajn casethe tagsare equally dis-
tributedoverthe detectionareaof theantennasWhile suchanarrayis aneasysolution
from a hardware point of view, it providesus with a challengeon the software side,
becausenow we have to combinedetectionresultsfrom multiple antennasWe will
furtherdiscusghisissuein sectior4.

A differentproblemariseswhen placingtwo or more tagsexactly on top of each
other The RFID systemwe useis thennolongerableto detectary of thetags.Exper
imentswith our prototypesystemshaved thatthis happensometimesf onedoesnot
take carewhenplacingthe cardson thetable.A possiblesolutionto this problemis to
placetwo or moretagsrandomlyon eachcard as depictedin figure 3, suchthatit is
very unlikely if notimpossibleto placecardson thetablesuchthatall thetagson one
cardare“shadaved” by othertags.

4 Infrastructure Support

Although we implementedhe gameprototypefrom scratchwithout usinga software
infrastructurejt quickly becameclearduring developmentthat thereare several rea-
sonablycomplex tasksthatwill likely shov upin otherapplicationsaswell. Therefore
thedevelopershouldbe supportedy a softwareinfrastructureo handlethesetasks.In
this sectionwe wantto point out someof thesetasks.

First of all, eventbasedprogrammingis anadequatepproactto realizethe Smart
PlayingCardsandotherubiquitouscomputingapplicationshatarebasedon detecting
real-world eventsin the physicalenvironment(e.g.,a playing cardhasbeenput on the
table/ hasbeenremovedfrom thetable)aspointedoutin [6].



Fig. 3. Singletagvs.randomlyplacedmultiple tagson oneplaying card

In orderto suppordistributedapplicationdik ethe SmartPlayingCardsapplication,
wherea PDA is connectedo the RFID readewvia wirelessshortrangeradio communi-
cation,theinfrastructureshouldsupportad hoc networkinganddistributeddeliveryof
eventsfrom eventgeneratingentities(e.g.,the RFID reader}o eventconsumingentities
(e.g.,theSmartPlayingCardsapplicationrunningon a PDA).

Sinceplayersmay want to leave the table for a shorttime while taking the PDA
alongwithout stoppingthe gamethe infrastructureshouldprovide supportfor inter-
mittentdisconnectssuchthatthe PDA shavs whathappenedh betweeruponreturnto
thetable.

A naturalway to handlethe presenceand absenceof playing cardsin an event—
basedprogrammingmnodelis to generateentry andexit eventsfor eachcard.However,
the RFID readercanonly periodicallyscanfor tagsandreturnalist of IDs of detected
tags.Therefore scanlists have to be corvertedto correspondingntry andexit events.
While this seemsa simpletaskat first, it is complicatedcby the factthattypically the
RFID readerdoesnot detectall presenttagsin eachscan,an effect thatis probably
dueto the anti-collisionalgorithm,which enableghe readerto distinguishand detect
multiple tagsat a time. Evenwithout changingthe physicalsetting,thelist of detected
tagsis constantlychangingwith eachscan.To handlethis problem,the infrastructure
shouldprovide somemeansof compositesventfiltering, enablingthe programmeto
remove all leave eventsfollowed by an entereventfor the samecardwithin a certain
smallamountof time, thusavoiding “flick ering”.

Generatiorof entry and exit eventsbecomesven more complicatedwith the in-
troductionof an array of antennasspointedout in section3. First of all, we have to
remove duplicatedetectionsof the samecard by differentRFID readersagainusing
compositeeventfiltering. A more seriousproblemariseswhenwe have to determine
whethera leave eventgeneratedy onereaderthappenedeforean entereventfor the
samecardgeneratedy a differentreader For solving this problem,the infrastructure
hasto provide a meansof physicaltime syndironizationasdiscussedn [9]. But time
synchronizatiorns still not sufficientto solve this problem,sincedueto thedistributed-
nessof theantennasgventsmightnotarrivein temporalorder Considetthecasewhere
anentereventis recevedfrom onereaderHow cantheapplicationdecidewhetherthere
is anearlierleave eventfor the samecardgeneratedby a differentreaderin which case
boththeenterandleave eventhave to bedeletedo avoid flickeringasdescribedabove?
Justwaiting long enoughmight not be sufficient dueto the unboundedielaysresulting



from temporarydisconnectionge.g.,causeddy the PDA going offline). Onesolution
would bethe supportfor tempoal deliveryorder of eventsby theinfrastructure(i.e., if
thereis anearlierenterevent,it hasto be deliveredbeforethe laterleave event).

Ontheapplicationlevel, we needinfrastructuresupportfor compositesventdetec-
tion in orderto detectcertaingamesituations e.g.,the completionof oneroundof the
gamewhenfour cardsareonthetable.Thistaskis complicatedy thefactthataplayer
is allowedto changehis mind andtake backa cardhealmostputonthetable,replacing
it by adifferentcard(Notethat“almostplayed” cardsmight alreadybe detectechbove
thetable).

Althoughthereare mary eventdistribution servicessuchas[4] and[11], noneof
them providesappropriatesupportfor ad hoc networks, intermittentdisconnectsand
temporaldelivery order Likewise,therearesystemdor compositeaventdetection8],
but the detectionanguageshey provide aretoo simpleto accomplisithetaskspointed
outin thissectionWe arethereforenvorking onaninfrastructureor ubiquitouscomput-
ing applicationghatsupportsall therequirementgpointedout above. We areespecially
focusingon developinga compositeaventhandlingsystemthatis capableof handling
thecomple tasksdiscussedbove. Thesystemwill be coveredby alaterpublication.

5 Reated Work

Many of the documentedubiquitous computinggaming projectstake a technology
drivenappmoad: new gamesaredesignedaroundthe abilities of availabletechnology
Examplesinclude Pirates![3], which useslocation and proximity as new gameele-
ments,andthe MIND-WARPING gamesystem[10], which exploresaspectof wear
ablecomputingandaugmentedeality.

On the other hand, the gamedriven approach augmentsor transformsexisting
gamesaccordingo theabilities of availabletechnologywhichis theapproactwe took
for SmartPlaying Cards.Another exampleof this genreis PingPongPlug5], a ping
pongtableequippedwith ball locationandoverheadprojectionsystems.

Little focus has beenput on the distributed computing software infrastructure
neededfor developmentand deployment of ubiquitouscomputinggames,although
ubiquitouscomputinggamespresentsomeinterestingchallengedor suchinfrastruc-
tureaspointedoutin section4. The WARPING system[10] providesaninfrastructure
for developingpersonalintelligent,networkedgamesbut doesnot focusondistributed
computingssuesMEX [7] aimsatproviding aninfrastructurefor wearablecomputing,
but doesnot addressnary of therequirementpointedoutin section4.

6 Conclusion and Outlook

We presentedhe ubiquitouscomputinggame“SmartPlayingCards”,which augments
the classicalcardgameWhist with an unobtrusie smartervironmentproviding func-
tionality like scorecounting,winner determinationcheatingalarm,andplaying hints
while retainingthelook andfeel andsocialinteractionsof theclassicalgame.

We alsodiscussedometechnicalissuesrelatedto the detectionof cardsusingan
RFID systemandpointedout requirement®n supportingsoftwareinfrastructure.



Furtherresearchwill focuson new functionality of the smartgamingervironment
andon studyingwhetherour approacitanbegeneralizedo othercardgamesandclas-
sicalgamesHowever, the majortopic of our researclis the developmenbf a software
infrastructurefor ubiquitouscomputinggamesn particularandubiquitouscomputing
applicationsn general.
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