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Abstract

This paper describes a novel telepresence system which
enables users to walk through a photorealistic virtualized
environment by actual walking. In this system, awide-angle
high-resolution video is projected on an immersive multi-
screen display and a treadmill is controlled according to
user’s locomotion. Calibration and motion estimation of
a camera system are performed to enhance quality of pre-
sented images. The proposed system provides users with
rich sense of walking in a remote site.

1. Introduction

Techndogy thatenalbesuserdo expeiiencearemotesite
virtually is calledtelepresenceA telepresenesystenusing
real ervironmert imagesis expectedto be usedin a num-
berof fieldssuchasentertaiment,medicire andeducaion.
The telepresencaystemespeciallyusing an imagebased
techrique attractsmuch attentionbecausét canrepresenh
compex scenessuchas outdwr environments. Our ulti-
mateform of telepreseneis animmeisive systemin which
userscannaturdly move andlook anywhereby theiractions
in a virtuaized ervironment repralucedfaithfully from a
real ervironment. However suchanideal systemdoesnot
exist today

Corventional telepresencesystemshave two importart
prablems. Oneis that high human costis required to ac-
quire imagesand to geneate virtualized ervironmentsin
the caseof large-scaleoutdoor environments. The other
is concenedwith presentatiorf virtualizedervironmerts.
Chen[1] hasdevelopedan imagebasedtelepresece sys-
tem: QuickTime VR that gereratesa virtualized erviron-
mentaspanoamicimages. In thissystemusersanseeary
directimsandmovetheirview positionsin theervironmert
throughastandardlisplay Panoranic imagesaregeneated
from multiple standardstill imagesby using a mosaicing
techrique. Theimageacqusition tasktakesmuchtime and
effort to enableusersto move their view positionsin awide

area.Moreover, standardlisplaysarenotsuitablefor giving
thefeelingof virtually walking in remotesites.

In somerecen works suchas[2], omnidrectionalvideo
camerasystemsare usedto acquie paroramicimagesat
various positionsandthey have reduce human costin ac-
quisitionof images.In atelepresenceystemdevelopedby
Onoe, et al. [2], multiple userscanlook arownd a scene
of remotesite in real time. They usedan omnidirectional
cameraconstruted of a standardsinglelenscameraanda
cunedmirror. A partof omndirectiond videois displayed
to usersaccordng to their view directions through a head
mounteddisplay

Someothemworks [3, 4] have improved the resoldion
of omnidirectionalvidecs usingmultiple camerasKotake,
et al. [3] developed a telepresene systemusing a multi-
camerasystemandanimmersiethreescreerdisplay They
useda multi-camea systemradially arrargedon a moving
carto acquirehigh—resolutionpanaamic videcs of an out-
doa scene.In theimmersive display userscanseea wide
field of view directionto getthefeelingof high presenein
remde sites. However, a gamecontrdler is usedto move
theview position Thissystenprovidesuserswith thesense
of riding a carriageratherthanthe senseof walkingin avir-
tualizedervironmentof arealoutdwr scene.

In this paper, we proposea novel telepresece system
andamethodto geneatevirtualizedenvironmernsfromreal
images. The systemconsistsof a multi-projection display
and a treadnill. It is designé to enablea userto move
his view point freely by his actualwalking in a photae-
alistic virtualized ervironment. For this system,the vir-
tualizedervironmer is geneatedasvideo streamsby us-
ing compuer vision technigesfrom realimagesacquied
by an omnidirectionalmulti-canmerasystem(OMS). In this
methal, shale effect andreplayspeedf videoarecorrected
to improve the senseof walking. For thesecorrections cal-
ibration and motion estimationof the OMS are performed
in advarce.
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Figure 1. Compon ents of the proposed sys-
tem. (a)Locomadion interface (b) graphcs PCclus-
ter, (c) immersive display

2. Immer sive Telepresence System with
L ocomotion I nterface

This sectiondescribesa systemto presenta virtualized
ernvironment, as shavn in Figure 1. Our systemis com-
posedof (a) aloconotioninterface (b) agraphcs PCclus-
ter and (c) an immersive threescreendisplay The loco-
motion interface detectsusers locomdion as input data,
and sendscalculateddisplacemehinformation to the PC
cluster The PC clusterdraws twelve imagessynchonized
with the speedof users walk becauseachscreernimageis
gereratedby four projectas. As outpu data,theseimages
aredisplayedaccordirg to the users motion. The scenen
presetedimagess apprriately changdaccordng to the
users walking. The systemcompmnentsare descrited in
somemore detailbelow.

(a) Locomotion Interface

The locomotion interface is compaed of a treadnill
(WalkMaster),a cougde of 3-D positionsensorgPolhems
Fastrak)anda contrd PC (Intel Pentium4 2.4 GHz) asil-
lustratedin Figurel. Users loconmotion is detectedy two
3-D positionsensordixedon users legs (Figure1(1)). The
treadnill is contolled by the contrd PC basedon position
informationfrom the sensorgFigure1(2)). Thebelt of the
treadnill is automaically rotatedsothatthe centerof grav-

ity of two sensorgoincideswith the centerof the beltarea
[5]. Thisvirtually realizesaninfinite floor. Although auser
canwalk in ary directionon this device, only the forward
andthebackward direction areusedfor the preseihsystem.
The contwl PC calculateghe displacemat of users posi-
tion andsendst to the graphics PCcluster(Figure 1(3)).

(b) Graphics PC Cluster

The graphics PC clusteris compsed of twelve PCs
(CPU: Intel Pentium4 1.8 GHz, Graphics Card: Geforce4
Ti4600). Eachgraphcs PCis networked through 100Mbps
LAN andis contrdled by the contrd PC. The contrd PC
sendsrameindexesto twelve PCsusingthe UDP protocol
simultaneasly (Figure1(3)). EachPCdraws synchonized
frameimagesaccordirg to the users motion (Figure 1(4)).
Note thatthe imagesareaccumiatedin local harddisk in
adwarceandonly theframe index is carriedvia network.

(c) Immersive Display

Theimmeisive displayis compsedof threeslantedrear
projection screengSolidray Visual\Valley) andtwelve pro-
jectors. To obtdn a wide field of view, the screensarelo-
catedin users front, left andright sides. To realizehigh-
resolution image projection, each screenimage is made
by four projedors. The resolution of each projecta is
1024x 763 (XGA) pixels. Becausaherearesomeoverlgp-
ping areasprojectal by multiple projectorsandsomeareas
arenotprojectedonthescreentheresolutionof eachscreen
is potertially abou 2 million pixels.

3. Generation of Virtualized Environments

This sectiondescritesa methal to geneateavirtualized
ervironmert imagesaccoding to the shapeof the immer
sive screendescribé in the previous section. This methal
is basedn re-prgecting calibratedomnidrectionalimages
to a virtualized image surface which correspads to the
shapeof immersive screenslin thisimagegenersion, shale
effect of theacquiredvideosandvariation of cameraspeed
arereducel by usingextrinsic camergparanetersof OMS.
The following paragraphsdescribeacquisitionof images,
the estimationof extrinsic camergparametes of OMS and
thegeneation of virtualizedervironmen videos.

Acquisition of Images

An OMS hasan important advantag that human cost
in acquisitionof imagescanbe reducel becase OMS can
captue wide field of view with high resolution. For the
acquisitionof images,an OMS : Ladyhug [6] is employed
andmouwntedon a moving electricwheelchair, asshavn in
Figure2. This camerasystemobtairs six 768x1024images
at 15 fps; five for horizontal views and one for a vertical



Figure 2. OMS mounted on an electric

wheelc hair.

view. In this work, the heigh of an OMS’s view poirt is
fixedto be almostsameheigh with eyesof a standinghu-
man and the speedof the wheel chair is kept as constanh
aspossiblefor simplificationof the processof presetation
to usersbecase presetation of virtualized ervironments
shoud be contwolled accordng to userslocomotian regard-
lessof variationof thecarspeedn the presenttion process.
However, it is difficult to contol the position oriertation
andspeedf anOMS precisely So,someof correctimsare
necessary

Estimation of Extrinsic Camera Parameters

In this step, position and direction of an OMS are es-
timatedfrom input multiple videos. We assumehat rela-
tive positionsanddirectionsof cameaunitsin theOMS are
fixed Forthefirst steptheserelative paraméersandintrin-
sic camergparanetersof eachcameraunit aremeasuredy
usingour calibrationmethal [4]. Limb darkeningandcolor
balarceof cameraunitsarealsocorrectedin advence. After
thecalibratian of intrinsic paranetersof the OMS, extrinsic
camea parametes of OMS are estimatedy trackingboth
featue landmarksandimagefeaturesn inputvideostreams
autormatically [7]. Featurdandmarksmeanimagefeatues
whose3-D positiors areknown. In this methal, the posi-
tion and orientation of all the camerasare calculatedand
optimized simultaneasly, so that prgection errorsof the
featue landmaks and featurespointsin imagesof all the
cameasareminimized This methodmakesit possibleto
estimatecameramotion more predsely than conventioral
methals usinga single camerasystemsincethe motion of
OMS is constraird by featue landnmarks and naturalfea-
turesexistingin all thedirections.In thisestimationasmall
number of featue landmarks needto be visible andto be
specifiednanuallyin key framesfor minimizing accunula-
tiveerras.

Video Generation Using Camera Parameters

This stageis basedon re-projecting input imagesto a
virtual image surface which correspndsto the shapeof

immersie screendor presetation. Input imagesarethen
projectedon a prgjectionsurfaceby usingthe estimatedsx-

trinsic camea paranetersof an OMS. This sectionfirst de-
scribesreduction of shale effect of acqured videcs. The
correction of replayspeeds thendescribedFinally, theef-

fect relatedto the violation of singleview point constraint
of the OMS is describé.

Sake effect reduction: Shakirg effectof videois causedy
rotationandtranslationof acamerasystem.In this step,the
rotationfactoris canceledo redwcethis effect by usingthe
estimatedxtrinsic camergparanetersof anOMS.

Replay speed correction: Frameindicesof theinputvideo
arere-assignd sothatthe relationbetweenusers locomo-
tion andthedisplayedrameindex becomdinearin thepro-
cessof presentatiorio users.This correctioncanbe easily
perfamedby usingtranslatiorpartsof the estimatedxtrin-
sic camergparametes.

Projection of input camera Images. Thesingleviewpoint
perspetive projecticn modelis not applicalbe for this cam-
era systemsince the centersof projection of six camera
units of the OMS are different from eachother How-
ever, whenthe distanceof a targetfrom the systemis suf-
ficiently long, the centersof projectian canbe consideed
asthe same.Therebre, we assumehatthe target scenes
farenoudnh from the OMS andsetthe prgectionsurfacefar
enowgh from the camerasystem. A frame of a virtualized
ervironmert video is gereratedby projectirg all the pix-
els of all the six inputimagesonto the projection surface.
Although thereis no exact definition of resolutio for the
above reasonthe total horizortal resolution of an omndi-
rectioral video acqured by Ladybug canbe approaimated
asabou 3340 pixes, assuminga horizontal 13% overlgp-
ping region betweertwo adjacehcameras.

4. Experiment

We have acquiedrealimageshy usingLadyhugin aout-
doa ernvironmeri. They are showvn in Figure 3. Twelve
movies correspndirg to the projectorsare geneatedfrom
the acquiredimagesas shavn in Figure 4. The resolu-
tion of eachmovie is 480x 360. It hasbeenconfirmed that
the geometic andphotanetricdiscontinuties amoryg adja-
centcameramagescouldnotberecogrizedexceptin some
closesceneareasvery closeto the camerasystemdueto its
violation of singleview pointconstraint.

Next, the subjectve evaluationwascondwctedusingthe
proposedtelepresenceystemshownn in Figure5. The sys-
tem canrenderthe generatd virtualizedernvironment at 26
fps. We have confimedthatthe proposedtelepresece sys-
tem providesuswith the feeling of rich preserein remote
sitesin this experiment. We have also corfirmed that the
shale effect of the acquiredvideo andvariationof camera
speedare successfullyredwed. However, poor presence



of Ladybug.

Figure 5. Appearance of the system.

was felt dueto the limitation of users view positionin a
virtualizedervironmert : the usercannot movein two di-
mensimsin the presentaystem.We alsofelt unndural in
thecontol of thetreadnill whena userbeginsto walk, be-
causahemotionof upper partof thebody is notconsicered
in motion measuremdnthatis, the displayel imageis not
actually synchonizedwith headmotion but with leg mo-
tion.

5. Summary

In this paper a novel telepresece systemusinganim-
mersive display and a treadnill is propcsed. This sys-
tem caninteradively presenthe feeling of walking in re-
motesitesby shaving a virtualizedervironmen geneated
from real outdoa sceneimages. For corstructiona virtu-
alized ervironment,wide-angle high+esolutionvidecs are
acqured by an omnidrectionalmulti-canerasystem. The
experimenthasshown that the proposedtelepresencsys-

tem providesuswith the feeling of rich preserein remote
sites. In future work, we will relaxthe limitation in move-
mentof usersview in virtualizedernvironmentsusingmeth-
odssuchasnew view synthesis.
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