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ABSTRACT

Virtualreality(VR)hasbeenaprominentideaforexploringnewworldsbeyondthephysical,andin
recentdecades,ithasevolvedinmanyaspects.Thenotionofimmersionandthesenseofpresence
inVRgainednewdefinitionsastechnologicaladvancestookplace.However,eventoday,wecan
questionwhetherthedegreesofimmersionachievedthroughthistechnologyareprofoundandfelt.A
fundamentalaspectisthesenseofembodimentinthevirtualspace.Towhatextentdowefeelembodied
invirtualenvironments?Inthispublication,theauthorspresentworksthatchallengeandquestion
theembodimentsensationinVR,specificallyintheartisticaspect.Theypresentinitialreflections
aboutembodimentinvirtualityandanalyzethetechnologiesadoptedincreatinginteractiveartworks
preparedforgalleriesandtheaterstage,questioningthesensationscausedbythevisualembodiment
invirtualrealityundertheperspectiveofboththeaudienceandtheperformer.
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INTRodUCTIoN

Presenceconceptisrelevantasamediatingvariablebetweenexperienceandinducedemotions,and
VirtualReality(VR)isaneffectivemoodinductionmedium,openingitspossibleuseindifferent
applicativeareasrangingfromthewell-beingindustrytoclinicalpsychology(Rivaetal.2007).Both
affectiveandimmersioncontentaffectthesenseofpresence,andthissenseinthenon-emotional
environmentdependsmainlyonimmersion(Bañosetal.2004).Evenifthesenseofpresenceisa
centralbutwidelycontestedconceptinVRandhasbeenthesubjectofsignificantdebate(McRoberts
2018),newadvancesintechnology,combinedwithhumanfactorsresearch,representnewpossibilities
totestnewexplorations.Itisoftenassumedthatgreaterimmersivequalitylevelselicithigherlevels
ofpresence,inturnenhancingtheeffectivenessofamediatedexperiences(CummingsandBailenson
2016).Embodiedawarenessisphysicaloremotionalandafusionofexperiencesthatculminateinto
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somethinglargerthanitsparts(Tantia2020).Thesenseofagencyisprovidedinvirtualrealitywhen
theparticipant’smotionismappedtothevirtualbodyinreal-timeornearreal-time(Kilteni,Groten,
andSlater2012a).Precisely,whatdistinguishesVRfromothermediumsandgivesitthisstatusas
suchisasenseofpresence:thefeelingof“beingthere”withinthevirtualexperienceproducedby
theartifact(Steuer1992).Inthissense,this“new”mediumcanbeconsideredquitedistinctfrom
othermediums,suchasvideo.Thus,thesedevicesallowustoconsiderthehypothesisthatmediated
perception(withatool)andnon-mediatedperception(withasensoryorgan)followsimilarmechanisms
ofappropriation(Auvrayetal.2005).SenseofembodimentinVRmeaninghasalsomaturedwith
theevolutionofinteractiondevicesthattransportuserstonewworldsbeyondtheirphysicalspace,
infieldssuchasmedicine(Riva,Wiederhold,andMantovani2019)(Alzayat,Hancock,andNacenta
2019),psychology(Slateretal.2010),ethics(Slateretal.2020),scienceandart(MouraandKolen’ko
2019),perception (WaterworthandWaterworth2014),andartisticperformance(Moura,Barros,
andFerreira-Lopes2020a).MelSalterstatesthatVRisatechnologythatseemsideallysuitedto
tackleresearchoninducedembodiment,wherethesenseofagencydependsonthesynchronicity
ofvisuomotorcorrelations(Kilteni,Groten,andSlater2012b).Whenthestimulusisperceivedas
directedtowardoneself,thebrainnetworkthatencodesthebodilyselfanditssurroundingspaceis
morestronglysynchronizedacrossparticipants(deBorstetal.2020).BecauseVRisabletoimmersea
usersofullyinanexperience,providingarangeofsensorystimuli,itisanidealplatformforrecreating
embodiedsituations,empoweringempathy(Wiederhold2020).ForthephilosopherDonIhde,the
relationsofembodimentoccurinacontextofuse,inwhichitispossibletoperceivetheworldthrough
theinstrument.Thistechnology’seffectsarerevealedinthealterationofhumanperception;itmustbe
technically(physically)transparent,integratingwiththebodilysensorium(Alves2009).According
toIhde(2002:xi),thebodymayhavethreemeanings,whichwewilltrytoconsider:Body First–in
phenomenology,Ihdesensitivebody,ofaperceived,emotionalandmovingbeing-in-the-world;Body 
Second-isalsonecessarytoconsidertheexperienceofthebodyinthesocialandculturalsense;and
Body Third–technologyisathirddimensionthatcrossesthebody firstandsecond.Expressingit
differently,thefirstbodyisthelivingexistentialbody,thehere-nowbodilyexperience,thesenseof
thebodydeducedbyHusserlasLeib,butmuchbetterdescriptivelydevelopedbyMerleau-Pontyas
thecorps vécu(Piresetal.2021).Thebody firstistheoriented,active,perceptivebeing-body,through
whichweexperiencetheworldaroundus.Experience-as-a-bodyisaconstantofallourexperiences
(Ihde2002:69).Asimportantasperceiving,fromthebody,thesurroundinguniverse,istonotice
thatthissameexperienceproducesself-perceptionofourselvesasazeropoint,coincidentwithour
bodyperception.AsIhdeexplains,phenomenologicallyspeaking,theinvariantperspectiveonthe
worldisreflexivelypointingoutthewaysinwhichthissameworld‘pointsback’tothenullpointof
eachperson’sbodyposition.ItisrelevanttonotethatIhdepointsouttheimportanceofolddevices,
suchasglasses,ahammer(Heidegger),orevenlong-featheredhats(Meleau-Ponty),productiveof
theextensionofthesensesofthebodyandself-perception.Inawaythequestionscurrentlyposed
byvirtualrealityandintelligentmachineswillnotbeverydifferent(Piresetal.2021).

Inavirtualembodiment,attheunconsciouslevel,memoriesandmentalrepresentationsmaybe
extendedoutfromthephysicalbodyontotechnology,blurringthephysicalandthemediated(Bailey,
Bailenson,andCasasanto2016).VRismoreradicalbyexchangingthenormalperceptualenvironment
withacompletelyvirtualone(deGelder,Kätsyri,anddeBorst2018).Ofthedefinitionsfoundin
thelastdecades,VR,generally,canconsistofthreetypesofsub-systems:a)virtualenvironments
presentedonthescreen,b)environmentsbasedonmulti-projectionrooms(CAVEsystems),andc)
visualizationdevicesplacedontheheadsofpeopledesignatedasHeadMountedDisplays(HMDs)
(Steuer1992)(Gigante1993)(Cruz-Neira,Sandin,andDeFanti1993)(Swanson2007)(Mazurykand
Gervautz1999)(Grau2016).Inthe1960s,MortonHeilig(1962)createdtheSensoramadevice,a
machinethatisoneoftheearliestknownVRtechnologyexamples.Inthelasttwentyyears,immersive
visiondeviceswithsufficientresolutionhaveemergedtovisualizegeneratedworlds.Wewillprobably
witnessarevolutioninhumaninteractionwithVRtechnologyandtheenvironmentinthenextdecade
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(Shietal.2020).However,thistechnology’sfoundationsaremorethan50yearsold,asthereare
referencesin1938totheterm“La realité virtuelle”byAntoninArtaudintheatercontexts(Jamieson
2008).Thisemergingmedium’simpactisnowbeginningtobefeltmoreinsocietyingeneral,and,
accordingtoIhde,theultimategoalofVirtualRealityistobecometheperfectsimulacrumoffull,
multisensorybodilyaction(Ihde2002:7).

THE MISSING Body IN VIRTUAL REALITy

CurrenttechnologiesinVR,fromdifferentmanufacturers,haveincommonanimportantaspect:the
participant’sbodyisforgotten.Whenweuseaheadset,oureyestransmittoourbrainsnewworlds,
butourbodiesareusuallynotrepresentedinthisworldinfullness,mainlybecomingobliterated.
Since the first commercialVRheadsetsappeared, likeOculusRift,hands’positioncanbe seen
in Virtual Reality, represented by the hand controllers’ position. HTC Vive system, using base
stations,achievesahighlyaccuraterepresentationoftheheadandhandslocations.TheLeapMotion
system,whenattachedtoVRHMD,reachesagoodvisualizationoffingersinsideVR(Wozniaket
al.2016).OculusrecentlyintroducedHandTrackingtechnologytoitsQuestdevices,usingvideo
camerasbuiltintotheheadset,providinghigherpresenceandhigherrealism(Voigt-Antonsetal.
2020).Googleintroduced,in2019,anewcomputervisionframeworknamedMediaPipetobetter
understandhandmovementsusingartificialintelligenceandcomputervision(Zhangetal.2020).We
canalsousemanyViveTrackerstolocateourbodies’partsinvirtualspace(Casermanetal.2019).
Therearemultipleapproachestotheproblemofrepresenting,withinadigitalcomputer,information
concerningandrelatedtothemovementofthehumanbody,beingthetargetofmanyquestionsfor
manydecades(BadlerandSmoliar1979).Allthosetechnologiesarepushingthefutureofvirtual
realityinteractions.Theneedforitsrapidcommercializationreinforcedessentialinnovationssuchas
6DOFthroughcamerasusinginside-outtracking,bringingheadsetcoststoimpossiblevaluesoffive
yearsago.Mostdigitalrepresentationtechniquesinmotionrelyonpointmapping,motiontracking
suits,orcomputervisiontechniquestodetectthebody’smainpointsinaction.Evenifmotioncapture
(MoCap)systemsarevaluabletoolstogeneraterealistictrajectoryprofilesforhuman-mimicking
(Schlagenhauf,Sreeram,andSinghose2018),thosearemerepointsinspaceandtime,thenadapted
intoavatarriggingsystems.

VirtualRealityishereandnow,moreaccessiblethanever.Thisnewgenerationofdeviceslets
usenternewworlds,andtermslikeimmersionarecommonlyusedtodescribethefeelingtheycan
offer.Nevertheless...isitreallyimmersion?Weallgenerallyagree;however,wecanalwaysquestion
towhatextent.BasicexperiencesincurrentVRdonotletusseeourownbody,andthisdifficulty
leadsustowritethispublication.Istherepresentationoftheparticipantrelevantforanimmersive
experiencetobemorecomplete?Dousers as owners of avatarsrepresentindeedembodiedsensations?

Forexample,inacurrentsocialapplicationcalledVRChat,usedbythousandsofparticipants
today,wefindthatbodiesarerepresentedbyvectorizedavatars(GaylorandJoudrey2017)whose
positionandrotationareobtainedfromthreepoints:twohandcontrollersandoneheadset.Yes,we
knowtheexperienceisinVR,andthereforeitismoreimmersive,butwecanminimallycompare
thisfeelingwiththeexperienceoflookingatascreeninSecondLife,morethanadecadeago.The
visuallogicisthesame.Onlythepointofviewischanged.ExperienceslikeSecondLifeare,infact,
revolutionaryandarepartofourcyberneticpath,havingbeenextensivelystudiedinresearchinthe
lastdecades(KaplanandHaenlein2009)(Boulos,Hetherington,andWheeler2007)(Hawkridge
2009).However,inthisessay,wewillfocusontheissueofcorporealrepresentation.Humanflesh
isessential inthehumancondition,andtheMasahiroMori(2012)UncannyValleyeffect isstill
presentinmostcomputerandinteractiveexperiencesnowadays(Lugrinetal.2018).Mori’soriginal
essayonuncannyvalleyimpliedthatnear-humanvirtualcharacterswouldinevitablyelicitnegative
affectivereactionscharacterizedbyeerinessandaversion(deGelderetal.2018).Aboveall,well-
designedvirtualcharactersvisuallyconsistofpointsandjointsinternallyrigging3Dobjectparts
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whenmappedareturnedintobodyrepresentations.Thesemappingsaresometimesnotenoughto
describetherichnessofdetailinthesubtleorevenartisticmovement.

Ifwetakephotorealisticadvancedapproaches,scannedavatarsappeartobemorehuman-like
andstimulatedhigherbodyownershipoftheartificial.Yes,butusers as avatar ownersconceptis
subjectivelyspeculative,andquestionsstillariseabouthoworifrealistichuman-likeappearances
ofavatarsreallycontributetothepsychophysicaleffectsknownfromVRexperiences(Latoschiket
al.2017).Interactiondesignersoftenstrivetocreatemore-realisticandnaturalinteractionsforVR
applications,butmoderatelevelsofinteractionfidelitycanresultintheworstuserperformances,
alreadyreferredtoastheuncannyvalleyofVR(McMahan,Lai,andPal2016).Evenifwehavewell
modeledandtexturedrigged3davatars,thoseconfigureapartialsenseofownership(Lugrin,Latt,
andLatoschik2015),andmerepresencesometimesisnotenough(Kaneetal.2012).

Thefollowingquestionseemstoosimple,butitfocusesonaverytransversalpointwhencreating
virtualrealityexperiences,wheretheparticipant’sbodyisusuallytransferredtoanentitythathewill
own.But...canwebemoreembodiedinthevirtualspace?

PhilosopherDonIhdegaveapresentationinMediaLabPradoatthe6thInternationalConference
OnThePhilosophyofComputerGames:TheNatureofPlayerExperience,inMadrid,in2012(Ihde
2012).Inhisspeech,Ihdeexplainedthegameexperience’sembodimentprocessandtalkedabout
multistabilitybetweenimage,movement,andtheparticipant.IhdeincorporatesMerleauPonty’snotion
oftheperceivedworldasthefoundationofallReality,referringtomultistabilityintheinteraction
(Komelsen1991).Itwasanexcitingpresentation,speciallytargetedtoamediaartaudience,andmany
questionsabouthowtheembodimentprocessoccursarose.Hementionedthatgamingexperiences
using characters controlledbyplayers arenot entirely corporeal.Multistability is to analyze the
conditionsunderwhichthisorthatstabilitycanbeexperiencedasgiven,astheinvariabilityofbeinga
humanbody–andnothavingahumanbody,butbeingahumanbody(AlbrechtslundandIhde2003).

Interactiveartisaprominentfieldtoexplorethiskindofembodied(dis)continuitybecauseartists
havethepropensitytoriskandfail,gracefullyincorporatingthisexperienceintheirwork.According
toNéBarros,thenotionofpost-phenomenologylaunchedanddiscussedbyIhde,asavariational
andmultistabletheory,seemstorefertotheontologicaldomainofthenotionofperformanceitself:
themovement of performance is incomplete, multifaceted, calls for anopening ofmeaning and
whenconsidereditsformasanartobject,itforcesitselfintoastateofsuspensionwiththereal.
Performance(inthebroadestsense)resultsfromaphenomenologicalreductionpracticebecause,by
reinventinganewreality,itcarrieswithitthesearchforanewpositioninwhatithasbeeninvolved
in(Barros2019:43).Therearestillgapsanddiscontinuitiesbetweenabstractconceptsofthebody,
embodimentexperiences,andthedynamicinteractionswiththefluxofwhichtheseareenculturated
expressions(Hayles2002).

Specifically,indigitaldance,asamediatorofthevirtualenvironment,thebodyisthesystem’s
firstsignoperator,andweconsiderthisareaafieldofgreatexplorationregardingHCIandembodied
sensations in virtuality, as much like interaction, performance is about doing (Nitsche 2013).
The integration of VR and interactive technology in dance performances leads to new insights
andexperimentswithchoreographicmethods thatmayultimately takedance inanewdirection
(Cisnerosetal.2019).Oneofthemoststimulatingandchallengingissuesintheartsisthedebate
overitsmateriality.Thisissueisevenmorepressingforthoseartswholivewithinthelimitsoftheir
physicalexistence,namely,theperformingarts(Barros2019:27).Themicro,minimaldimension
ofagivenactionacquiresadeterminingfunctionintheperformativeobject’snarrativeconstruction
(Mouraetal.2020a).Notsurprisingly,weseeperformancestudiesrepresentedonpanelsonvideo
games,astracksindigitalartconferences,andinshowcasesatcomputerconferencessuchasCHI
orSIGGRAPH(Nitsche2013).Virtualreality/performanceworktendstoengageactivelywithopen
formsofaudienceparticipationandinteraction,site-specificresponsestospace(whethervirtualor
actual),andthepossibilitiesinherentindiscontinuous,gaming,interactive,anduser/participant-led
timeframes(DeLahunta2002).
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Inour long interaction testsanddance/performanceexperiences,we triedmultiple formsof
bodycapture,representation,andprojection,usingRGBFirewirecamerasinthe2000s,andsince
then,infraredlightingonstage,motiontrackingsystems,multiplestereo,anddepthcameraslike
theKinectorRealSense.Wemanagedtoprojectbodiesandgesturesthroughthevirtualspaceand
time,atthetheaterstageandgalleries(Mouraetal.2008,2011,2014;Moura,Barros,andFerreira-
Lopes2019;Moura,Canibal,andGuimarães2013;MouraandKolen’ko2019),concludingthereis
suchimportantinformationbetweenourbody’smanypartsthatpointmarkingsystemscannotcatch.
Inrecentexhibitions,weoptedtoexploretherawvolumetricdatafromdepthsensorswithvirtual
realityinthetheatertoachieveabetterphysicality,sensedbothfromtheperformersandtheaudience.

woRKS

Inthispublication,wepresenttwopiecesthatuseVR,andtowhichweassignothersensorstrying
tobetterrepresenttheparticipant’sbodyinmotion,overcomingtheavatarfeelingwementionedin
theprevioussections.Introducedin2018,VVisanartisticinstallationdesignedforanartgallery
thatexploresvirtualspatialityinvolvingitwiththeparticipant’sbody.Next,theperformancepiece
UNA,planedin2018andpresentedin2020,isaworkintotalimmersion,wheretheaudience(one
spectatoratatime)witnessesabodyinmovement,expanding.Inthefollowingtwosections,we
willanalyzethetwopieces.

VV (2018)
In2018westartedanexperienceofbodyteleportationtotheurbanspaceintheCityofBraga.Ittook
placeasanexhibitionatthegnrationgallery,framedinUNESCO’sBragaMediaArtsprogram.The
piece,calledVV,usedVRtechnologysothatparticipantscouldnavigatethecity,takingasastarting
pointoneroominsidetheartgallery.Oneoftheproblemswecameupwithwasthelimitationthat
thecurrentVRinterfacesdonotpresenttheuser’sentirebodyintheimmersedenvironment.This
piecealludedtoextrabodilyexperiencesinconfrontationwiththeurbanspace,usingVRtechnology
andparticipant’smovementcapturing.Theroomwas6x10m,waswell-positionedattheentrance
tothegallery,andwaschosenbecauseitwasaclosedspacewithlittlenaturallight(Figure1).Only
onepersoncouldenteratatimesothattheexperiencewasasprivateaspossible.Therewasonly
oneHTCViveProVRhelmetintheroom,whoseconnectioncablewasconnectedtotheceiling,
nothingmore.

Althoughsimple,thepiece’sconfigurationinvolveddepthsensorspositionedinthegalleryroom
(Figure2).Whentheparticipantwearsthehelmet,hisbodyisrepresentedinthevirtualworldina
perspectiveandaccuraterealscale.Depthcameraswerepositionedintheceilingtobettercoverthe
bodyfromthetop,andinthefirstweeksoftheexhibition,thebodywaspartiallycoveredoncewe
usedjustonecamera.Threeweeksafter,weaddedasecondcameratocoverthefullbody.When

Figure 1. VV, presentation at gnration gallery, in Braga, from July 21 to October 13, 2018. A) The exhibition room; b) participants 
waiting for their turn to experience c) the headset used in the experiment. Picture credits: Adriano Ferreira Borges / gnration.
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using two cameras, their positions were calibrated in the 3d space. Both VR and depth camera
systemswereconnectedtothesamecomputer,andinthisway,weobtainedlowlatency.Custom
softwarewascreatedtoplotthedepthbodyinVV,andthiswasnotachievedthroughthestandard
techniquesoftrackingbodyparts,butfromthepoint-cloudsensorsignalitself,andtheillusionthat
weestablishamentalconnectionwithourdigitalselfissignificantlygreaterthanintraditionalmotion
trackingtechniquesusedincinematocreateavatars(Menache,2000).Thisvisualconnection,and
consequentsensoryappropriation,happensandisaccentuatedduringfourminutes,enoughtimefor
theparticipant’smentalstatetocrosstheboundaryfromthephysicalitytotheimmaterialityofvirtual
space.Thefinalcountofthistimeinvolvedpreliminarytestingwith10participants(studentsrelated
toVRandgamming)andthegeneralpublic(thefirst50participantsoftheexhibition)duringthefirst
weekofthepiece’sexhibition,whichwasondisplayforaconsiderableperiod:fourmonths(Figure
1).Anassistantwasalwayspresentinalltheindividualexperiences.Throughher,onequestionwas
askedtotheparticipantsaftertheexperience:“did you feel your body present in the experience?”.
Inouropinion,theparticipant’sembodimentintheartifactwouldbeacriticalaspectsothatpossible
disembodimentcouldbefeltafterthefourthminute.ExperiencesconductedbyMelSlater(2014)
showedthatthebrainisapparentlyabletodriveattitudesandbehaviorofindividualsaccordingto
theirlevelofbodyownershipwithrespecttothetypevirtualbodyinwhichtheyareembodied.In
Slaterresearch,3Davatarmodelswereused.

InVV,weusedtheparticipants’self-physicalpropertiestorepresenttheirbodies,presenting
pointcloudsandlines.Allthehardwareequipmentwashiddenintheceilingoftheroom.Thedepth
sensorwaspositionedtocapturearoom’sfixedarea,representedinacircledrawnonthefloor.In
thisarea,wehavematchedtheentiredepthcapturedintherealtothevirtualimagepresentedinthe
HMD(Figure3).Thescaleadjustmentwasprecise,sothattallerorshorterpeoplecouldseetheir
bodiescorrectlyadjusted(Figure4).

Asetofinstructionsisprovidedtotheparticipantinthefirstminute.Whenlookingaround,
theparticipantsrealizethattheyarestillinthesamespace,thistimevirtual.Forsecurityreasons,
participantsareaskednottoleavethecirclewheretheyare.Ifthishappens,theparticipantisprompted
toremovethehelmet.Somepeoplemightexperiencemotionsickness,nauseaordisorientation,blurred
vision,orotherdiscomfortswhenexperiencingVR,soweputawarningthatifsomeonefeelsany
ofthesesymptoms,theyshouldremovethehelmetorasktheassistantforhelp.

Duringthefirstfewminutes,participantsgetusedtotheexperienceofseeingtheirownbody,
andsomeabstractobjectswithspatialaudioappearinfrontofthemthattheycantouch,evenhear.
Audioassociatedwiththecityisalsopresentedthroughspatialsound.Thestreetisontheleftside,

Figure 2. One participant experiencing VV. a) an assistant helps the participant placing the headset; b) the participant’s body is 
captured and presented in VR. Picture credits: Adriano Ferreira Borges / gnration.
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sotheparticipantshearpeople,cars,andbusespassingbyonthatside.Softmusicstartstogrow.
Thisphaseisoneofhabituation,ofbodilyconnectionwiththedigitalimage.Afterthefourthminute,
theimagerepresentingtheparticipant’sbodyinitiatesaprocessof‘freezing’,andthisphenomenon
createsthedesiredsensationoftheauthorthatwillcausethedetachmentofitsphysicalbody.Avirtual
camera,whichprojectsbinocularimagesoneachparticipant’sretina,beginstomovesmoothlyfrom
thegalleryroom,overcomesthephysicalbarriersofthewalls,elevatestheparticipanttoarealityand
amentalstateoflightnessandfluidity,somethingshamanicthattranscendshumanbarriers(Eagar
2004).Atthismoment,lookingback,theparticipantsvisualizethebodythattheyleftbehind(their
body),inasuspendedstate,inthegalleryroom,andhismindbeginstomoveslowly(Figure5).

Figure 3. Participant perspective in Virtual Reality. Picture: João Martinho Moura.

Figure 4. A young participant experiencing VV. Picture: gnration gallery.

Figure 5. Body detachment in VV after the fourth minute. Picture: João Martinho Moura.
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Wecanconceptualizethisdetachmentasadisplacement,anawakedream,inwhichthesame
happensduetothementalconnectioninitiallyestablished.Atthismoment,theparticipantexperiences
momentsofconfrontationwiththecityanditsheritageinslowmovements.Hisbodywasleftbehind.
Thegallerywallsbecometranslucent,andthereisamovementtowardstheexplorationofspace,the
samephysicalspacethattheparticipantusedtoenterthegallery.Inthisdimension,theparticipant
hasnowthepowerofteleportation,anewdimensioninsensoryexperienceperception,reminding
thenotionofspacebyFoucault,fundamentalintheexerciseofpower(Foucault1984).

Forthisphenomenontooccur,theauthordidmanyexperimentstorepresentthephysicalspace
inthreedimensions,capturinggroundandaerialimagesandcombiningdifferentperspectivesusing
photogrammetry(Moura&Kolen’ko,2019).Thetechniquearosefrompreviousexperiencesinthe
areasofdistantmacrospace, inartisticcollaborations that theauthormaintainedwithESA, the
EuropeanSpaceAgency,between2013and2016,inthespaceexplorationofComet67P/Churyumov–
Gerasimenko, at the time located more than 500 million kilometers from Earth (Moura, 2016);
andinmicroandnanospace(Figure6),inartisticcollaborationswithINL-InternationalIberian
NanotechnologyLaboratory(MouraandKolen’ko2019)(Moura,Llobet,etal.2019).Pointclouds
areanefficientwaytorepresentphysicalspace,beinginthenano,regular,ormacroscale,especially
inVR,duetoitsparticularspatialdistributions,enhancingthethree-dimensionalperceptionofspace
whenwemove.

Thesetechniquesmapthespaceandcreatevirtualrepresentationsoftherealatpositionedpoints
(Figure7),agglomeratespigmentsthatconferthedesiredvolumetryandarewellperceivedbythe
participant.

Figure 6. a) (left) Spatial representation. Generated reconstruction calculated by SEM microscopy observations in the INL cleanroom, 
representing nanoparticle foam to produce clean hydrogen energy. Approximate scale: 10μm. Source: João Martinho Moura / 
INL. b) (right) ‘Comet 67p: an unexpected topological space’, João Martinho Moura, 2016. ‘View Rosetta’s comet’ João Martinho 
Moura et al. Comet data: ESA/Rosetta/MPS for OSIRIS Team MPS/UPD/LAM/IAA/SSO/INTA/UPM/DASP/IDA.

Figure 7. Tests on creating depth capture tool in a garden (top); in a fountain in Largo do Paço in Braga (bottom). Picture: João 
Martinho Moura, 2015.



International Journal of Creative Interfaces and Computer Graphics
Volume 12 • Issue 1 • January-June 2021

35

The result isanabstractcity thatappears transcendent, in translucent layers, sometimesnot
alwaysvisibleorconscientiousatthefirstvisualimpression.Incities,buildingsaccumulateoverthe
centuries,andtheactualoverlapofthebuildings,whetherculturalorurban,preventstheseimpossible
viewsoftheurbanlandscape.Thisvisualisolationconfinesasingularperceptionoftheexistingone
fromperspectivesthatwouldbeimpossibletoexperiencephysically.Inthisway,thegalleryitself
becomesadispositif,abuilding as aparatus(Leach2019).Thefollowingimagesrepresenttheauthor’s
viewwhendemonstratingthepiece,immersedinVR(Figure8).Whencombiningtheselfwiththe
surroundingknownspace,weeffectivelyaddanewRealitylayertothedigitalbody,thusmakingit
morecorporeal,playingwithspatialmemoryinourfavor.Thefactthatwedrawtheparticipantand
thesurroundingspaceinthesamegraphicwayallowscoherenceintheteleportationandout-of-body
experience.Thisway,theparticipants’ideatheyleavetheirbodyhappens,experiencingthecityspace
throughtheirvisualandauditoryreceptorsandinimpossiblemovements.Thisjourneyendswhere
itstarted.Thevirtualcamerareturnsslowlytothebodyitinitiallyleft(Figure9).

Fromthefirst50participants,directquestionsregardingthefeelingofpresence,morethan90
percentfeltgenuinelyembodiedbytheexperienceanddeeplyconnectedtothepiece’saudiovisual
apparatus.Someparticipantsexperiencednauseaordisorientationandgaveupinthefirstfewminutes.
Thosesymptomsaretypicalandcommonwhencomparedtodesktoporprojectiondisplaysystems
(Sharplesetal.2008).

This displacement, along with the confrontation with our digital body, and the following
detachment,arousesensationsofarealisticdigitalembodimentandsenseofpresencefarbeyond
thetechniquesthatwecurrentlyfindinrecentvirtualrealityequipment.Thefactthatweprovide
improved self-appropriation mechanisms during the initial four minutes leads the participant to
connectintimatelywiththefeltenvironment.Whenwedeactivatethismechanism,thesensationis
thelossofphysicality,notbeingtotalbecausethereareotherfactorsthatwesustain,suchasthecity
scenario,andthatstabilizestheparticipant,keepinghimconnectedonlywithhismind.

UNA (2020)
Wemovenow,fromthespacegallerytotheperformancestage.Inthepresentationsandrehearsals
ofpreviouswork:NUVE(Mouraetal.2011),in2010,andCO:LATERAl,between2016and2019

Figure 8. a) Participant’s perspective of the gallery in VV (2018); b) Flying over the city of Braga (“Braga, snapshots in virtual 
reality”, an image presented at Artech 2019). João Martinho Moura.

Figure 9. The participant in VV, having his digital body back (2018). Picture: João Martinho Moura.
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(Moura,Barros,etal.2019),Wepresentedthebodyinmotion,expanded,betweengraphicabstractions,
andacloserelationshipbetweenimageandmovement.InCO:LATERALseveralpresentationswere
madeindifferentcountries,usingprojectionsonatransparentscreen,placedbetweenthepublicand
theaudience(Figure10).ItsresearchwaspresentedattheISEA2019conferenceinSouthKorea,
wherewedeepenedconceptsconcerningthevolumetricbodyinperformanceatthestage,andwe
askedourselveswhatifwecouldseethatvolumetricbodyintotalimmersioninVirtualReality?

Thisquestionwasaleitmotivforcreatingourlastwork,UNA,planedatBalleteatroin2018,asa
trialintotalimmersion,andfirstlypresentedin2020(Figure11).InNUVE,performedbyNéBarros
in2010,therelationshipbetweenthechoreographicbodyanditsartificialdoublewasexplored,inthe
space-time,projected,andextendedinanintimaterelationshipwiththevirtual.InCO:LATERAL,the
immaterialspaceexpanded,theimagebecameclosertothepublic,andbetweenthemovingbodyand
theaudience,transparent,mixed,embodiedrealitieswerepresented.UNAwasacontinuationofthis
immateriality,thistime,intotalimmersion,wheretheaudience(onespectatoratatime)witnesses
thebodyinmovement,again,expanding.TenyearsafterNUVE,onegoesbacktotesting,tothe
laboratory,transformingandquestioningtheperformativeandembodiedspace,wherethespectator

Figure 10. CO:LATERAL performance. Presented at Teatro Virgínia, in Portugal, in 2018. Balleteatro.

Figure 11. UNA (2019). Né Barros performing in virtual reality. Balleteatro, Porto. 2019.
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isone,isnotintheaudience,butinthecenter,inaspacethatdoesnotexist,andwheredifferent
understandingsoftheperformativebodyarereflected.Inapreviouspublication,theartisticconcept
ofUNAisexploredindetail(Moura,Barros,andFerreira-Lopes2020b).Inthistext,wewillfocus
ontheprocedureswehadtodevelopandevolvethepiece.

TheUNAperformancewasannouncedasaVirtualRealitytrialinanexperimentthatlastedless
than10minutesperparticipant.Inthisway,thespectatorenterstheColiseudoPorto,staysinawaiting
room,anantechamber,waitingforhis/herturn.Whencalled,theparticipantmovedintothemiddleof
aselectedroom,beingreceivedbyanassistant,whoexplainedthattheperformancewouldtakeplace
intotalimmersionandaidedinplacingtheequipment.Inthisroom,choreographerandperformer
NéBarrosispositionedlaterally,serene,andcalm.Silenceistotal.Thereisnobigaudience,only
onespectatorandoneperformer,andaroomassistant.Headphoneswithnoisecancellationarealso
correctlyplacedintheparticipant’shead.Duringthefirstminute,theparticipantsseeavirtualspace,
andafter,theyaregentlyelevatedtoavirtualheightofabout1km.Thiselevationisaccompaniedby
wind.Weplacedafanonstagepointedtotheparticipant,triggeredattheelevationmoment.This
physicalsensationcausedchillsintheparticipant’sskinwhentheyfelttakentoimmaterialspace.
Indeed,thissmallelement,asimplefan,significantlycontributedtothesensorialexperience.

NéBarrosapproachesthecaptureareaandplacesherselfinthefetalposition(Figure12).Its
bodyshapebeginstoappearslowly(Fig13).Allmovementshappensteadilyastheparticipanthas
thefreedomtolookeverywhereandmaynotbeintheperformer’sfrontalposition.Tosolvethis
situation,auditorysoundambiancesinspatialsoundhelptheparticipantbetterorienthimself,as
audiocanbeparamountindefiningtheimmersionlevelinvirtualreality.

Figure 12. UNA (2019). Né Barros performing in virtual reality. Balleteatro, Porto.

Figure 13. UNA (2019). Né Barros performing in virtual Reality. Frontal view in virtual Reality. Balleteatro, Porto.
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NéBarrosgentlyapproachestheparticipantandbeginstogesture.Theparticipantrealizesthere
isabodynearby.Inthisscenario,thereisnotraditionalphysicalbarrierbetweenthestageandthe
audience,asinpreviousworks.Thenotionofperformativespaceischallenged.

Theparticipantscanalsomoveinanareaof3squaremeters.Furthermore,theycanapproach
afewcentimetersfromtheperformerorevenincorporateher,dependingontheirpositioninspace.
Theartisthugstheparticipants,touchingthemvirtually,positioningherselfinfrontofthedepth
sensor(Figure14).

NéBarros,positionedherselflaterallytotheparticipant,heldoutherhand.Theheadset’svirtual
cameramovessmoothlytoasidepositiontocaptureboththeparticipantandtheperformer’sbodies.
Sheapproachesveryslowly.Andthensomethingunexpectedhappens,handstouch(Figure15).The
feelingofphysicalbelonginghappens.Thisphysicaltouchwasnotexpectedatallbytheaudience.
Itwasasurprise,haptic.Bothappearintheimage,andtheparticipantsrealizethattheyarethere,
withinthevirtualenvironment.Informalconversationswithabout20participantsimmediatelyafter
theperformancepresentationshowthattheyallfeltembracedandbodilyinvolvedintheperformance
andthatthehapticexperiencecontributedtothefeelingofpresence.

Thisworkwaspresentedtwotimesin20201(Figure16),thelastonehappeningdaysbefore
theCOVIDpandemiclockdown.AfterMarch2020,allthefollowingexhibitionswerepostponedas

Figure 14. UNA (2019). View from participants’ perspectives in different positions. Balleteatro, Coliseu do Porto.

Figure 15. Rehearsals and experiences with participants in Virtual Reality. Touch sensations between performer and participant. 
Balleteatro. 2020.

Figure 16 UNA (2020). Experiences with participants in Virtual Reality. Tests with touch between performer and participant. 
Coliseu do Porto. Balleteatro.
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embodiedVirtualRealitybetweenparticipantsisveryintimate,notidealinCOVIDtimes.Afterthe
pandemicrestrictions,weplantoreturntonewexhibitions.

Duringthepandemicandimposedpublicrestrictions,wecontinuedtheprojectdevelopment,
andaftertheexperiencewiththepublic,weoptedtodoquiettestsin-house,thistimewearingthe
helmetonthedancerasshemoved.TwoKinectAzuredepthcameraswereused,synchronizedvia
linkcable.The twodepthcameras’streamswerepositionallycalibrated tocoverasmuchof the
performer’sbodyaspossible.Wealsodidcolorextractionandtrackedbodyparts.Wejoinedthe
twomeshes(frombothcameras)intoasinglebody(Figure17).

Theextractionandvolumetricanalysisprocessesrequiresignificantdatabandwidth.Forthis
reason,weconnectedthecamerasdirectlytothesamecomputer,andsincethesignalissynchronized,
weobtainastableimage.Itwasnecessarytouseapowerfulgraphicsstationwithadedicatedgraphics
card,runningatitsmaximumpower.Weobtainedaframeratehigherthan30fps,attheminimum
limitoftheideal,beingthisthepricetopaytohaveareal-timeexperience.

Fromtheagglomerationsofvolumetricpoints,weextrapolatednormalizedvectors,whichexpand
thebodywithabstractelements,likewhitelinesfromthebody,movingaccordingtotheintensityof
thegesture(Figure18),orabstractlinesextendingthebody,followingelbow,arms,legs,andhands
positionsoverthetime(Figure19).

In this experiment,weverifiedmultipleperspectives inVirtualReality.Thatof anexternal
participantwhocontemplatestheperformancefromdifferentpointsofviewandtheself-perspective
oftheperformerherself.FromtheVRperformanceperspective,allbodyareasappearexceptthe
virtualhead,wheretheperformer’sheadislocatedwiththeHMD,toavoidcloserpixelsinfront
of eyes (Figure20). In this configuration,weapproachamorecorporealdigital embodimentof
ourselves.Theperformerseesherbodyinitsdigitalform,inwardlyinteractingwiththeflowofthe
virtualscene’sabstractelements,beinginsideandoutsidehervirtualbodyovertime.Wecanspeak
ofaformalandnarrativepaththatgoesfromexpansiontoembodiment,thatis,theexpansionis
theresultofaperformativeinteraction(anembodiedform).Here,thereisnospectator-actor,there

Figure 17. UNA (2020) Embodied Virtual Reality. Tests in real-time. 2020.

Figure 18. UNA (2020). Embodied abstractions. 2020.
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isnoscene,andoutofthescene,everythingtakesplaceatthelevelofthevirtualdimension,andit
isfromthisdispositifthattheinteractivitybetweentwopresencesisgenerated(Barros2019:157).

CoNCLUSIoN

In this publication, we present two projects that combine virtual reality and spatial capturing
technologies.Whenusedtogether,thesetwotechnologiespromoteabetterunderstandingofthebody
insidethedigitalspace.Inthisway,weopennewdiscussionsrelatedtotherepresentationoftheself,
andtheother,inthespaceofvirtuality.VVbridgesthegapsandconnectsthebrokenembodied(dis)
continuityinVirtualReality.UNAexpandsthatintoflesh,form,andtouch.UNAbreakswiththe
subject’sbarrierbasedonaprincipleofdoubleimmersionoftheperformerandthereceiverandthe
performerwithhimself.Inthisvirtualdimension,theperformer’sexperienceisitselfofembodiment:
theperformermovesthroughtheperceptionofthemovementhegenerates.

InUNA,thepossibilityofmappingtheballastofthedigitalgestureisachieved.Itisnolonger
thegesturegatheredbythememoryofanimagebutbyakinestheticexperienceofthemovement
reinforcedandofferedbyatypeofvisualizationthatthetechnologicaldeviceallowsperforming.There
isastrongrelationshipbetweenmicroandmacroandthepossibilityofworkingwiththegesture’s
memorythroughdecalageeffects.Alltheincursionsthattheseprojectspromoteputperformance
andperformativitynecessarilyintensionwiththenotionofpresenceorinteraction,preferringan
expandeddomainasaterritoryforexplorationandcontact.Webelievethat,inthenearfuture,these
embodieddigitalapproachesmayberelevant,notonlyinmediaartorperformativeprojects,wherethe
bodyisacrucialelement,butinthecasual,closerorremote,contactorintimateencounterbetween
humanbeingsinthespaceofvirtuality.Theseexperiencesplacetheparticipant’sbodyatthecenter
oftheaction.Theystillrequiresignificantexternalsensing,synchronization,andcalibrationthat
cannotbequicklybuiltathomeorinsmallstudios.Wetriedtostrikeabalancebetweenthenumber
ofexternalsensorsandthedemandforprocessingcapacity.Moreandmultiplesensingtechnologies
wouldbenefitalltheexperience,butnow,theywouldalsomakenearreal-timeprocessingimpossible
withourequipment.However,theseexperiencesrevealaconstructioncomingfromartisticactions,
demonstratingapossiblepathfortheBody,thought,present,andfeltinthespaceofvirtuality.We
willseesignificantadvancesinthefuture,and,undoubtedly,therewillbeanadvanceintheuseof
theserevolutionarytechnologiesinhumandigitalencounters.

Figure 19. UNA (2020). Embodied abstractions. 2020.

Figure 20. UNA (2020). Self-perspectives in UNA. 2020.
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