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Abdrad . This pgper dexaibes “The Tiid The Tral” awork of ingadivediama for a projedion-besd
virtud redlity sygem The prged maries avirtud redity authaing s/dam and an atificd intdligence
g/dem

1 Introduction

This pgper desribes The Tria The Trall, an interactive drama goplication for prgjection-besad virtud redlity
gydans achas CAVESL. Webdieveimmersve virtud redity offersauniqudy poweful new medum for ficiondl
exparience, asit mekespossble nat only firgt person pergpective but firgt person exparience Theuss' isinddethevirtud
warld with the ather charadiers; rather then outside, viewing the warld on a monitor and manipdlaing an avatar of
hardf. Thisfadlitatesthekind of psychologicd and catharticfidiond experiencestha weaeinteresed inproduang..

TheTrid TheTrall isawork in progressthet builds upon Andey and Papes previous exparience aredting an
interactive fidion goplication for VR, The Thing Growing, [1] and upon Shapiro's experiance devdoping intdligent
agats and cognitive robats [2, 3, 4]. Our man aess o research are evalving interadtive narrdive sraegies for virtud
redlity; and devd oping sucoessful intdligent agentsto adt as charadtersin the dramaand to guide a humen user through
virtud locations mord choices and emotiond dates

In stion 2, wegve an ovaview of theuseof egantsinvirtud driama. In ssction 3wedesribethe dramdic
conogat behind The Trid The Trall. In ssdtion 4 we discuss the organizing prindples and in sedtion 5 the
impemenidion of TheTrail TheTrall. In ssction 6weddal our progress o far, afirs usa-tedt, problems and posshle
lutions

2 InteradtiveDrama

In 1993, Laurd conoeptudized IF, an Interadtive Fantasy Sysem [5], whichwould useegantsto ovarsseplat
devdopmant and interact with the usr as charadters Howeve, thisidea has nat moved far from the conoeptud sege
Laud'sprgect PLACEHOLDER [6] wasan example of narraiveinavirtud environment (VE), but ahumen, natan
agat, improvisad the main ador. Other examples of suocesful immarsve, interective narrdives indude Disney's
AaddinsMagc Carpat Rde [7] and MIT's KidsRoom [8]. These prgedts have influenoad the narative Sralegieswe
use but adtor-agants were hardly used, cartainly nat to the extant enviseged by Laurd. Sevard research teams have
fooused on usng intdligant egents for interadive, narrative expariences induding the Virtual Theater for Children [9)],
the Alive Prget [10], and the OzPrget [11]. In theseworksthe user is often addressed cardardlly - invited to cregte
fidion with the agants to direct them, or to mavd & smulaions of autonomy and parsondity. The sydams are
impressve, the agants complex and bdieveble Howvever, the kinds of experiences thet they have produced do not
necessatily produce nal-aiting, ficiond experiencesfor auss.



Rraoddly the wark at USC Indtitute for Cregtive Techndlogies Soedificdly the Misson Renearsal BExerdse
Prgect hes gone furthest in integraling a dramtic narative, a VE, ad intdligat agents The god of the prgedt is
pedegogic; to provide animmearsvesmulaion of adfficult, red-warld, pesoe kegping Studion for an Amy lieutenant.
Theprgett usssavaidy of visudization todsfor the VE and the SOAR Al sydemfor theagants Thefird verson of
thisinteradtive scenario was vary Smple, however, the research team are planning asydem cdled goryNet, which will
indudeadrector agant to overssemorecomplex plot devdopmant [ 12).
Matess and Sem are currently working on acomputer-besad interactive drama, Facade, which promisesto
fulfill Laurd'svigon. Howeve, itisdesgnedfor adesktop. [13]

3 TheTrid TheTrall

The bedc conoat of The Trid The Trall is a tradtiond ques o joumney nardive On the way the user
encountersddradionsand chdlenges Inour current verson, the uss medisaguidewho hdpsher enter aweled zone
and explains thet e will reech her heart's desre in aroom a the oanter of this zone: The fird didracion the user
encountersisabed of resdsthat flaten as e moves through them, encoureging play (figure ). Thisisfdlowed by a
dhdlenge where the user has the oppartunity to rescue three imprisoned vidims which indudes bettling severd
momingdar-like crestures The trope of rescuing adamsd in didressis debunked by the outcome: Ingteed of rescuing
onedf thevidimstheuser encountasadinging cat-like aresture that does not wart to let her continue her journey. If the
use gelsawey shere-encountarsthe guidewho leeds her through an asandoned fadtary to an antechamber. Heare, there
aetordHike patide sygemsfar the usar to play with. We have Soryboerded but nat implemented two possible find
outcomes lifeor degth

Wearetrying to desgninterattive scanaiosthet will saveasindicators of the usar'spsychdogicd tratsthet will
then detemine the outcome she gais The didradtions tes whether the user is more intert on reeching the end, or in
expaienang the joumey. One of the purposss of the rescue Soaaio is to deiermine whether the user isoynicd o
romantic. Matess uggestsit isnat the absolute number of interadtive possihilities thet meke an interactive narrdive or
gamecompdling but the belance betwean the thingsyau can do, and good ressonsfar daing them [ 14]. Thevary smple
naraivedived our proedt The Thing GromMng severdy condrained the number of thingsthe usar could do, but aimed
to provide asatiying reeson for doing them. Our firgt ddlageisto kegp this belancein the more complex and gpen
eviroormat of TheTrid TheTrall.

4. Organizng Prinaples

Our bedc prooessisto dat with asmplenaraive arc that wewishthe user totravaerse Werdy onintdligent
agants to edadlish, populate and mantan that nardive, draw in the user, and, by Smulaing emation, simulae her
emationd and psydhdogicd regponses Usar testing tdlsushow to refinethe narative whereto add metenid tofadlitate
dtemate routes through the sary gpece and how to build and augment the agart’'s behavior and responses We will
dsoussour firg usr-tes insedion 6.



In order to kegpauthorid contral over pacingand thearedtion of suprisewebeseaur VR dramesonasaiesof
ones with a digind: beginning, midde and end. The baginning introduces the evironmant and charadters and an
inating inddant revedsthe protegonies dlemmes or gads In the midde the pratagonists must overcome abdades to
their gods Theend containstheresolution. The narraive movesfrom steneto soenedther asaresult of theusa'sadions
or becauseatimelimit hespessad. At afing granulaity thereare multiplewaysin which theuser caninteract with agarts
or smat evironmantsin eech siene. These may have thair own gods within the dramétic srudure They may act as
guidestotheuser, or asopponants Theuser hesacatanamount of agency, but not absolutefreawill.

Our indligent agentslactars must be bdievable dharactarsin theervironmant. Thismeans primarily, thet they
must be reppongveto the usar. But they can only berespondvef the goplication knowswid the userisdoing. In The
Thing Growing, dl the goplication knew about the user was informetion from thetracking sysem and contraller. The
naraiveinduded the Thing charadter teeching theusar adance Thetracking informetion wes interpreted to mean thet
the usr wastrying to dance, or nat danang, which in tum meart thet shewas abeying or nat obeying the Thing. Then
the dharecter regponded with praseor encouragamat, aitidsm or anger asthe soenario continued.

5. Implementation

Ou VR drama prgeds ae bult usng our VR authoring tod Ygdradl [19). This sydem is besad on the
OpenGL Pafome scenegrgph, and provides aframenwark far extendgon; goplicationtgpadific modules (plugring) may
be added to ddfine behaviars far dgedts o charadiers A text file sysem is ussd to assarble virtud soanes: dl the
modds ojets thar locations and behaviors are destribed in the sonefile dong with messeges to be pessed batween
ohjedts inresponsetoevents Y gdrasl dso trangoarantly incorporaiesthe neworking of virtud environments

The nardive srudure of our virtud drameas can be aested with the Y gdrasll soenefile Typicaly anarative
comprises suenoss that explicate the sary, periods of interadtive possihlity, and trangtions from soeneto some Each
e can be assambled under asmitdh; trangtions from soene to soene and interadtive events within esch soene can be
triggered by user praximity, the completion of gpadfic evants or atimer. Thetext file servees as produdion meneger for
thesory and caneesily beedited and chenged.
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Foadific modules were developed for the computer-contrdled dharadtersin The Thing Growing. The mogt
complex character, the Thing, had modulescontralling the behaviar of itsbody (animation, vaiceand navigetion) and its
bran. Itsphysca behavior invalved playing beck mation-cgptured animations and gooken phrases W e reoorded oot
500 shart phrases thet encompassad the narrdive possihilities of our story and induded redundandes to avaid exedt
repetiion. The Thing wasanimated inrdaion tothe phrasesit goesks sothat itshbody languege dso refledtsits mood and
the meaning of the phrasa When the godlication is ruming the Thing's brain picks the next gopropriate animation
suenceand phrase Whiletheagant isexecuting theadtion thebrain chedksthe environmant, the user, thenarrativeand
itsown mood in order to deemineits next adtion. If necessay it can intamupt its current adtion and sUbdtitute ancther
moregaproprigeone

Theagantsfor TheTrid TheTrail will beamilar totheagertsin The Thing Growing, dthough, inaccord with
the GLAIR architecture (described bdow), Y gdras! will teke care of the body's behaviors and SNePSwill hendethe
mentd fundions At thispaint we planto continue using pre-recorded phragesfar the voice, as currant Joesth gengating
oftware doesnot do agood jab of aeding gopropride emationd tone The phrasesthat the agent goeekswill condiitute
the srdles nardive fregmants of our gay. The job of the adtar/improvissr agant will il be to assarble these
fragmeantsinto acompdling dramatic form, with repadt to the usar's adtions and gpeech, theenvironment and thearc of
thenaraive Hgure2 honsasmplified dagramaof our fird planfor theagant onthe Y grasll sde

Wehave conogptudized, but not implemented, aperogation maneger thet will consdlidateinformetion coming
infrom theagentssanses Asye we have nat findized whet those ssses should be: Inour current verson of theagart,
messagestriggered by evantsin theworld areSmply pessad aorossthe sodket to the SNePs Sde Thesetriggarsindude
informetion about thepraximity of the user tothe agent, and whether the user hestteken some adtion thet ffecdtsthewarld
- for exampleopening the gateto rd essetheimprisoned vidims

GLAIR (Grounded Layered Architedure with Integrated Reesoning) isathreelevd ardhitecture for cognitive
robats and intdligent autonomous agents devel gped by Shapiro and hisresearch group [16, 18]. GLAIR hesbeenusd
in the desgn and implementation of asaiesof cognitive robais [3, 4, 17]. One df these hes been implemanted as an
actud hardware rabat, usng an enhancad commerdd Nomed robat. The athers havee been software-amulated robats
ading in smple virtud ewvironments The cognitive robats dl hed the falowing cgpehilities  neturd-anguege inpu,
recognizing afragmeant of English, besed on agrammer written by the resserch group; arepartaireof primitiveactsand



sy adliies a knowledgebese of beckground informnetion, domain knomedge, and adting plans reesoning to
ansve retura-languege questions and to decide wihet to do and when; neturd-language output to ansiver quetionsand
torepart onadionstaken

Thethree GLAIR levdsae theknomedgelevd (KL), implamentedin SNePS where™ constious’ ressoning
and action chaice takes place; the Rarogpiuo-Matar Levd (PMLL), which containsthe physicd-levd representations of
ohjedts and the routines for well-practiced behaviors induding those thet are primitive adts & the KL ; the Sensoni-
Adugtor Leve (SAL), which contrdsthe operation of ssnsorsand adtugtors (ather hardwareor samulated). The PVIL
IS intumn, divided into three sUblevds The highest sublevd (PMILa) has been implamented in Common Lisgp, ad
contansthe ddfiniions of the fundions thet implement the adtivity represanted by KL primitiveads Themidde sub-
levd (PMLw) containsaset of Common Ligp symbdsand fundions defined in the World packagewhich link to the
lowes sublevd (PMLO), which is implemented in whatever languege is gopropride for the hardware o software:
Smulated rabat body. Sockets, such asillugrated in Figure 2 are usad to connect the PMLw with the AVIL ¢, which, in
thecasedf TheTrid TheTrail isimpementadinY gorasl, dong withthe SAL andthevirtud world

Our fird exparimat in aregting aGLAIR-besed INGPS'Y gdrasl egart hesbeen avary smpleadtor-agant, the
princess who isone of the three vidimsthet the user cantry to hdp. Wewrdte an Y gdrasl module that adtsasa TCP
save a thebodyAirtud world end of the socketsand thet can ssnd and recavestings acrassthem asyndyonoudy. The
mind end of the sodkes can be different agants o processss represanting different moddlities of one egert, such as
Soesch, adion, vison, ec. A smple Common Ligp program for the ypper PML end of the socketsrecaives gringsfrom
the bodyAvirtud world and send rings bedk. Thiswes alogicd extenson of the Y garaal sysemi's messege sydem,
which uses drings to pass messages batween nodes The messages from the virtudl world come from evants thet hed
bem triggered - for exampleby thedidance of theuser from theagant, or the user pafarming someadtion. Weareded a
sies of nardive zones for the agant induding a zore for behaviar to entice the user dosar, a zore to explain her
predicament, azoneto react to threatening sounds from the bed guyswho haveimprisoned her; azoneto exdan how
the usr can hdp etc. Ineach of thesezoneswereadions thet the princess could pafarm. Theinitid NePSKL wasable
to revave parogptud messages from the AVIL, reeson upon them besed on the narrdive zone the princessiisin, and
intiate the gopropriate raiondl adts in the fom of messages These messages would contan informetion aoout the
nardive zone the agat wasin and the adtion within thet zonethat should be parformed. In some zoneswe wanted the
agenttodoonly anedf the possbleadions in ather zoneswewanted theagant to contiruefram oneadtionto thenext,

Animmediae problem thet arosewas how to time the SNePS indrudions The SNePS egant doesnat ned a
full-dlownmodd of time, but it doesnesd to wait whilethe adtionisbaing parformed beforeit sendsamessageabout the
next action. Therdfore weare currantly podulating thet the Y gdrasl Sdewill ssnd amessageto the NePS Sdewhenit
isreedy far anew action. When the SNePS Sde recavesthe messageit will become awvarg, by assarting mentd bdidfs,
thet the preceding adtion hes been competed and the next adtion can be initisted. We ds0 nesd to migrate more
knomedgeto the SNePS sde At presant, dthough it reesons based on the narrdive zong it is dill blindy paforming
adions thet it hes no knomedge about. It Smply hes a rule thet says “if | recaive this message, sand out an *adtion
messegewith numbarsrgresanting anarrative zoneand oedificadion”. At presantthe Y gras Sdesendsthemessege
ontothegpadficagat Imuldion

A next varsonadf the SNePSadeiscurently baing deve oped thet will containtwo inherent moddlities goesch
and animétion, which will be proocessed indgpendently of eech ather. Thisverson of theagant will beaware of itsovn
rgpertairect possble primitive adtions, such astalking, looking, waving, jumping, coveing etc, and ather marecomplex
ats such asgreding, interacting with the user elc. The agant will rqaresant the princesssralein aknomMedge bese ad
bessed on incoming informetion from the Y garadl Sde about the world, the user, and the princess: curent patt, it can
resson abaut thenext adiontoteke Theadion manege ontheY garasll sdewill be dumber, it wont know whet adtions
it can pafom, it will anly know to send information about the adions from the different moddlity-sodkets to the
animeion, navigationor voicesysams

Astheagat adhtedureevalveswe mus sdveseverd prodems Fre, what arethe senses of our adtor-agent”?



Clealy it nesdsto recaiveinformetion about the user’'s pogtion, arentaion and actions; in arder tomove abaut it nexdsa
sned the druduresand aurfacesinthewarld. Butinorder tofaalitate the dramait d o nesdsto haveasanse of whare
weaein the dary, and when that dhanges The new method of encoding avareness of completed actswill hdp with
this Ssoond, we nesd amodd of the user that will enadethe agent to interpret her enations and psydhdlogicd e a
ay gvenpantinthe narrdive, and moredffectivdly mald the narrdiveto give her aunique exparience Third, it nesdsto
beddetointeract with ather agents In The Thing Growing nonedf theagantsknew anything about any of theathars In
order to st up sceneswherethey gopearad tointeradt, we hed to st up extremdly inflexilde soripted ssequenceswhearedl
the agents parfarmed actionsin alodk-gtepped perdld fashion, and took turms to oesk besad ontime Onedof theman
mativationsfor moving to abetter Al sysamisto get round thislimitation. Fourth, the sygem hasto befast and fledble
enough to intermupt itsreesoning prooessif things dnange oruptly inthevirtud evironment. Findlly wewill nesd to add
Soesch recognition Software to the VR digdlay system. Although the primeary mode for the egant will beto underdand
the goaach input and reeson from it, it will o have methods far dedling with Spesch thet it does not undardand. The
aedion of a drong persondity for each character will hdp detamine character- and context-gopropriate way's for
coveing ladk of underganding.

6.FArd Uss Tet

This goring we condructed a firgt vargon of the virtud environmatt. In this vason threworld isa st of
increesngly amdl concentric drdes. The outemodt drdeisthewall around the zone ingdethisisanhilly, treecovered
aeg next adrde of reds then aniver battam, findly an idand with a fadtory building. On therr fird entry into this
building the usars encounter a cadtielike interior and the damed in didress soenario, on ther second antry they find an
abandoned fectary. Our deedlinefar thisverdon wasearly June 2003, aswehed scheduled atwowesk hon/use tetin
HalwalsContemparary ArtsCerter in Buffalo.

Weusad the Linux-besed VR sygtem from the Department of MediaStudy, UB, which conragsof abx7 foat
Sreen, passve Saren, atradking sydsemwith ssnsarson the heed and two hands and awand contrd device Usarscame
for anhour. FHrd they exparienced The Thing Growing prgject to get them usad to the VR sgtup, then they exparienced
TheTral TheTrall. Aftawardsweintavieved them informdly. I1dedly weweanted one parson & atimeto expaience
the VR dramas aswehave dosarved thet peodemay gt paformance axidly if they areinterading with our projedtsin
front of anaudience Occasondly two or three peoplewho knew each ather cametogether. A tatd of forty-threepeodle
attended the showitest over thirty haurs Two anly hed timeto expaience The Thing Groning. When peoplewerein
groups, one person wssthe tradked, main interactar, while the athers partipeted in the expearience, meking suggestions
about how tointeract to thet “ drver.”

The gods of this user tet ware two-fald; to test aut afird verson of our narrdive arc and the psychdogicd
ogaicswithinit; andto doaWizard of Oz expaimeant to flesh our thednaraderidics of themainguide dheracter ad
hdp usconceptudizehow to build theadtor-agants. Themain charadter, wasimprovised around abesc sript by Andey,
whowas networked into the evironment from asgparate desktop computer. Usarssaw an animded avatar of Andey in
the shared virtud eevironmant, and communicated with her over microphones During the tet period Angtey dhanged
the bedc sipt severd times, expaimenting with differat suggestions and drections to the user, to try improve her
undardanding of the narrdive. Other cheradters — the vidims bed guys fighting mominggars and dinging catike
aredure — weare computer-contrdlled, but rather Imply and within Y gdrasil. Due to the shart deeding and software
licensedifficuities wedid natindudeany agantsthet were contralled by SNePSfor thistest.

Our tet reved ed thet however freethe guide wasto improviss, rewesnat dbleto provokedramatictensonor
provide adear naraive arc without the effective suppart of the virtud ervironment. We learmed thet we nesd to meke
dnangestotheviads thenaraive the charadters and the undarlying srudureof thepsydologicdl soereriasto provide
thissuppart.



Our ggphicsmudt be sreamlined o thet they do nat contain visud duesindicating possble user adtions thet
aenat adudly implemented. An exarpleof thiswasthe prgject sused daw-like hendsto represant the user’ shands
inthevirtud environmant - chosen becausewe dready hed amodd. Thedaw warked vary well astheusarspushed the
rests aade However when they cameto thedamsd in didress soamanio some of the doars of thevidins: prison were
blocked with shestsof comugeted iron. Looking a thar dawsand theiron, someusarsconduded they could pull theiron
agde but they could nat. User tetshdp usidentify things pegplethink of daing, so that we can thenimplement themor
contrari-wiseremovemaaid which uggeststhey aepossble

Ovedl the naraive did nat wak in a way thet ssamed stidyingly taut and dradtic. In ader for the
psychdogicd soenaios to Suooead, we nead to meke the interactive patentid and significant chaloes of each sedtion
deare. For exanple, peopletended nat to goontaneoudy play with the dsracions such asthereads, dthough they said
they likethem. Our ddlengeisto produce agary where peodefed they havepermissonto play and wender, whilethe
dory dill impartssome urgancy. The demsd in disress scenario was not dear to people; some remarked thet they did
not know who was good and who was bed. This led same peopleto question whether they hould rdesse the vidims
whomay have bean locked up for agood resson. Because peode candrivewherethey want inthevirtud environmet,
ome paeopledid nat seethat when they gpened the gete of theprison, the vidims did not excape but were cgptured by the
bed guysand dragged further into the building. Wehaveto rethink how to communicatethedarylinetoan audiencethet
isfar fromcaptive Itisaudd thet wesrengthen underdanding of thestory becauseit providesmativationsfor theuser's
adions

In thisfird verson of the interactive drama, wee hed not evaved the behavior and persondlities of the virtudl
daadesvay fa. Thetes srangthened our bdidf that the addition of a dharade that we have garyboarded but nat
impemented will hdp usdaify the dory-ine Thisdharade, thefdlow traveler, tekestherdeof anather parsontrying
toreech thar heat'sdesre We can use conversations between this cheradter and the guide to communicateinformation;
wecan uethis daractar’s behavior to suggest different behavior then Smply fallowing the guidesinunctionss We are
congdaing working with actors on improvisations of these two main charadters The work of refining the virtud
dhaades rdesand the naraivewill go onin perdld with the devdl gpment and genard implemantaion of the SNePS
dde of the agats We look forward to assoond tes with an improved narrdive srudure, and inplemented SePS
agatsindl minorrdes
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