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Abstract

Gameenginesof cinematicquality, broadbandnetworking andad-
vancesin Virtual Reality(VR) technologiesaresettingthestageto
allow playersto have shared,“better-than-life” experiencesin on-
line virtual worlds.We proposea mechanismof merit-basedselec-
tion of players,asasolutionto thelong-standingproblemof limited
accessto VR hardware.

1 Games and Vir tual Reality: Worlds Apar t
Games,includingonlinevirtual worlds,populatetheentertainment
arenaof theconsumermarket. They areengaging,massproduced,
inexpensive, targetingwideaudiences.Visualrealismin gamesap-
proachescinematicquality. The amountof 3D contentavailable
onlinetodayexceedswhatcanbeexploredin asingleperson's life-
time. In contrastto gaming,VR systemsrequireexpensive hard-
wareandcustomizedsoftware.They areavailablefor limited audi-
ences.VR systemsaredif�cult to maintainandupgrade.Both the
visual quality andthe extent of virtual contentaretypically lower
thanin games.Nevertheless,VR hasonefeaturethatmakesit stand
out from all otherplatforms:theunmatchedsenseof presence,de-
liveredby immersionandbodytracking.Theability to make users
believe thatthey actually“are there”hasmadeVR a tool of choice
for medical,military, andextremeconditiontraining applications.
We discussa conceptof Virtual Reality Gamesthat will combine
the bestfeaturesof gamesandVR: large persistentworlds expe-
riencedin photorealisticimmersive settings. We suggestseveral
solutionsfor bridgingthegapbetweenthetwo platforms.

2 The Current State of Integration of Com-
puter Games and VR

Gamesarealreadyenteringwhat usedto be exclusively VR terri-
tory by incorporatingelementsof bodytrackinginto userinterface
controls. The remarkablesuccessof Nintendo's Wii underscores
the valueof physical interactivity in gameplay. Anotherexample
is theSony EyeToy camera,whichspawneda family of gamesthat
utilize userbodymotions.

VR technologiesarealsoexperiencingsteadygrowth in bothhigh
endandinexpensive systems.Optical trackersmaycostaslittle as
asingleweb-camera,andcoverafew feetof trackedarea.High end
trackers,suchasPPTfrom WorldViz arecapableof capturinguser
motionsin a 50 x 50 x 3 meterarea,with sub-millimeterprecision.
HeadMountedDisplays(HMD) arealsoadvancingrapidly. The
modelshown in Figure1 has1920x 1200pixelspereye and120�

�eld of view. It weighsonly 350 grams. More aboutwearable
headsetsmaybefoundin Rolf Hainich's book[2006].
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Figure1: UsinganHMD andmotiontrackers,playerswill beable
to literally walk into this3D scene, with 360� viewing. Imagecred-
its: CrytekGmbH(Crysisgame),SensicsInc (xSightHMD).

2.1 Several Examples of Augmented Reality Games

Advancesin VR hardwareandincreasedavailability of VR equip-
menthavestimulatedthecreationof novel gamingapplications,es-
pecially in the �eld of AugmentedReality (AR). In AR systems,
virtual contentis fusedwith realenvironments.Examplesare:Hu-
manPacmangame[Cheoket al. 2003],AR SecondLife Projectat
Georgia Tech,where3D avatarsarebroughtinto realscenes[Lang
et al. 2008]. In ARFaçadegame[Dow et al. 2008],playersarein-
teractingwith avirtual couplein aphysicalapartment,usingspeech
andnaturalbodymovements.

2.2 New Interface Devices for VR Games

In 2008,NeuroSky introducedMindSet,a wearabledevice which
maybecomeanicon for theintegrationof gamesandVR 1. Mind-
Set hassensorsthat readand analyzethe brain activity of play-
ersin real time. During thegame,Brain ComputerInterfacemod-
ule translatesuserintentionsinto gameactions.A similar product,
EPOCNeuroheadset,hasbeenannouncedby Emotiv Systems2.

To summarize:in the pastdecade,gamesand VR systemshave
beenincreasinglygrowing towardseachother, includingbothhard-
warecomponentsanduserinterfacetechniques.

Figure 2: Brain ComputerInterfaceheadsets:MindSetby Neu-
roSky (left), EPOCNeuroheadsetbyEmotivSystems(right).

1NeuroSky Inc., http://www.neurosky.com
2Emotiv Systems,http://www.emotiv.com



However, VR equipmentstill costs too much to be a gaming
platform for generalaudiences,deterringgame developersfrom
addingsupportfor VR componentsto gameengines. For exam-
ple, CryENGINE-2by Crytek doesnot have an option for stereo-
scopicrendering,even for singleviewport con�gurationsusedin
mid-rangeHMDs (V8, eMagine,NVisor, etc). High-endHMDs,
suchasWide5 from FakespaceLabsandpSightandxSight series
from Sensics,requiremultipassor tiled rendering,which makes
themvery hardto integrateinto mostgamingengines.Thegapbe-
tweengamesandVR maystill betoolargeto justify effortsto make
gamesoftwareVR-compatible.

3 Making a Vir tual Reality Game

Gamingindustryoperatesunder“everyoneplays” businessmodel,
which createda standardplatform: a personalcomputeror a game
consoleanda TV set. In orderto bring VR into play, we propose
to extend this model to “everyoneplayson a console,advancing
playerscontinuein VR”. Acknowledging that making a full title
VR gamefor a generalaudiencedoesnot seemto bepractical,we
suggestreducingVR-playablecontentto shortepisodesandmak-
ing them available to selectedplayers. The key elementsof the
proposeddesignaredescribedbelow.

� VR Game Pockets, or selectedepisodesof thegamethat can
beplayedusingVR equipment:HMD, trackersandotherdevices.
For example,a gamemayhave a carnival scene,whereplayerscan
walk aroundandtry differentattractions.Someof theseattractions
mightbeVR-enabled,suchasa traditional“WhackA Mole” game
whichlendsitself exceptionallywell to implementationin VR (Fig-
ure3). This gamewasdescribedin “The IrresponsibleCaptainTy-
lor” animeseriesin 1993.

Figure 3: “Whack-A-Mole” VRGame:the�r st personview of the
�eld with poppingtargets(left), theplayer, wearinganHMD anda
trackedhammer(right). Imagecredits: www.tylor.com.

Figure4 showsamorerecentandmorerealisticexample.Thisgolf
gameis currentlyunderdevelopmentby Avatar-Reality3, asoneof
the attractionson Blue Mars Virtual World. Although Blue Mars
is designedfor non-VRplatforms,this episodeprovidesa goodil-
lustrationof whatVR pocketsmaylook like. VR Golf will require
trackingof userheadandbothhands,for makinga perfectswing.
Travel on thegolf coursecanbeconvenientlyimplementedwith a
virtual golf-car, usinga “point-and-go”steeringmetaphor.

� Merit-based Selection Among Players will balancethe de-
mandfor and availability of VR resources.The gamewill have
a speci�c scoringsystem.Progressof all userswill be monitored
andcomparedwith the numberandstatusof locally availableVR
stations. The numberof advancingplayerswho will be awarded
the“VR-status”will dependon availability of VR equipment.The
amountof time eachuserwill beallowedto spendin VR will also
bequanti�ed by thescoringsystem.

3http://www.avatar-reality.com

Figure 4: Snapshotfrom the golf course on Blue Mars Virtual
World. Credit: AvatarRealityInc.

� Access to VR Gaming Stations will be arrangedaccording
to the natureof the gameand the target audience.For example,
in �rst personshooters,playerswill begin thegameat home. Af-
ter earninga “VR status”,they will continuethe gameat their lo-
cal gamingarcades.Themerit-basedselectionmechanismwill en-
surethat therewill be no long lines at VR booths. In educational
games,developedfor schoolsandcolleges,advancingstudentswill
useVR stationsinstalledandmaintainedon campus.VR stations
may be also set up at conferencesand conventions,especiallyif
theseeventsareco-locatedwith tradeshows of VR hardwareman-
ufacturers.Governmentagenciesthathave their own VR research
andtrainingfacilities,suchasNASA andUS Army, might provide
supportfor developingandhostingVR gamesfor recruitmentand
training.

4 Conc lusion

GamesandVR have beenincreasinglyadoptingtechnologicaland
socialfeaturesof eachother. However, creatinga commercialVR
gamestill remainsproblematic,becauseit challengesconventional
businesspracticesof gameproduction. Intensecompetitionin the
gamingindustryallows little roomfor creatingapplicationsthatdo
notimmediatelyimprovethegameplayfor intendedaudiences.Per-
hapsamixtureof fundingstrategies,bothfrom governmentinstitu-
tionsandprivateinvestors,will provide the impetusfor additional
developmentof Massively Multiplayer VR Gamesthat will com-
binethebestfeaturesof traditionalcomputergamesandVR.
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