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ABSTRACT

Amethodispresentedthatextendstherealworldintoallbuildings.Thisbuilding-scalevirtualreality
(VR)methoddiffersfromaugmentedreality(AR)inthatitusesautomaticallygenerated3Dpoint
cloudmapsofbuildinginteriors.Ittreatsanentireindoorareaaposetrackingareabyusingdata
collectedusinganRGB-DcameramountedonaVRheadsetandusingdeeplearningtobuildamodel
fromthedata.ItmodifiestheVRspaceinaccordancewithitsintendedusagebyusingsegmentation
andreplacementofthe3Dpointclouds.ThisisdifficulttodowithARbutisessentialifVRistobe
usedforactualreal-worldapplications,suchasdisastersimulationincludingsimulationoffiresand
floodinginbuildings.3Dposetrackinginthebuilding-scaleVRismoreaccuratethanconventional
RGB-Dsimultaneouslocalizationandmapping.
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1. INTRoDUCTIoN

Augmentedreality(AR)technology,whichcombinesvirtualspace/objectswithreal-worldspace/
objects, has been attracting much attention as a way to “extend the real world.” There are two
approachestoAR:opticalsee-through(asusedinMicrosoft’sHoloLensheadset))andvideosee-
through(asusedinApple’siPhonewithARKit).Withbothapproachesallreal-worldobjectsthat
comeintoviewmustberecognizedinrealtime,whichrequiresmuchoverhead.

VirtualReality(VR)technology,ontheotherhand,isusedtocreateacompletelynewworld,
oneusuallyunrelatedtotherealworld.Room-scaleVRenablesuserstoroamaroundaroom,butit
doesnotworkwellunlessitcanreplicatesituationsintherealworld.

Weaddressedthisshortcomingbydevisingamethodforcapturinginformationaboutasituation
intherealworldandusingittobuildavirtualworldinwhichthingsunrelatedtothetargettaskare
removedfromview.Thismethodcanbeusedtomaketheentireinteriorofabuildingavirtualspacein
whichmultipleuserscanactnaturally,suchasmovingfromroomtoroom.Withthis“building-scale
VR”method,theenvironmentcanbechangedinaccordancewiththeintendedusageofthespace.

Building-scaleVRrequires theability tovirtualizea real-worldsituationat lowcostand to
accuratelytrackactionsinalargereal-worldspace.Furthermore,atechniqueisneededformolding
thecorrespondingvirtualspacesothatitsuitstheintendeduse.

Wepreviouslypresentedamethodforautomaticallygeneratinga3Dindoormapandconverting
it intoVRcontent thatcanbeused tosimulateadisastersituationforuse in training(Nagao&
Miyakawa,2017).Althoughstationaryobjectssuchaswallsandfloorscanbemodeledautomatically,
movableobjectssuchasdesksandchairsneedtobescannedmanually.Moreover,accuratelytracking
aperson’smovementsintheindoorenvironmentisimpossible.Ourproposedmethodovercomesthese
problemsbyautomaticallygeneratinga3Dpointcloudmap,detectingobjectsinthepointcloud,and
replacingthemwithmoreappropriaterepresentations(e.g.,3Dmodels).Apointcloudisasetofdata
pointsin3DEuclidianspace.Apersoncanbeaccuratelytrackedthroughouttheentireindoorareaby
usingdeeplearning.Theproposedmethodthuslaysthefoundationforachievingbuilding-scaleVR.

This foundation for building-scale VR incorporates results from several fields: 3D scene
reconstruction,3Dposetracking,and3Dscenesegmentation.The3Dscenereconstructionisdone
automaticallyusinganautonomousmobilerobotequippedwithinexpensivedevices,makingitsuse
lessexpensivethanusingtheconventionalmethod.The3Dposetrackingisdoneusinganextended
versionof outside-in pose tracking,whichhas alreadybeenput intopractical use.The result is
trackingwithalmostthesameaccuracywithinandbeyondtherangeofexternalsensors.The3D
scenesegmentationisbasedonconventionalsegmentationandusesadatabaseof3Dmodelstoalter
the3Dvirtualspaceinaccordancewithitsintendedusage.

Building-scaleVRhasawiderangeofpotentialapplications.Itcanbeusedforvirtualtraining
indisastersituations,inlinewiththeideaofNagaoandMiyakawa(2017).Thetrainingcouldbefor
notonlyevacuationincaseoffirebutalsoforvariousfirefightingactivities.Itcouldalsobeusedto
enablepeopletoexperienceofbehaviorsinafloodsituation.Otherapplicationsincludesupportfor
presentationsanddiscussionsinvirtualmeetingrooms.Specifically,athree-dimensionalmapofa
meetingroomintherealworldcouldbecreated,andpresentationslidesandothermaterialscould
bedisplayedonavirtualscreen,enablingameetingtobeheldinthesamewayasintherealworld.
Moreover,3Dobjectscouldbedisplayed,whichwouldhelpfacilitatethemeetingbyenablingthe
participantstorefertothem.Suchameetingcanbeheldonlyinaspacethatextendstherealworld.
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