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Abstract

RemoteRealityis anapproactio providing animmer
sive ervironmentvia omni-directionaimaging. Thesys-
tem canusea live video-feedfrom a remotelocationor
canuserecordeddataand be remotein both spaceand
time. While lessinteractve thantraditional VR, remote
reality hasanimportantadwantagesthereis little to no
needfor modelbuilding. In addition,theobjects thetex-
turesandthe motionsare not just realistic, they arere-
moteviews of reality.

System Overview

The developmentof the RR systemwas madepossi-
ble by recentresearch[Nayar1997, which revolution-
izedwide-field of view imagingby introducinganomni-
directional sensor— a systemthat imagesa full hemi-
spherewhile maintaininga single perspectie viewpoint.
Unlike fish-e/elenseseachimagein thenew systemcan
be processedo generategeometrically correct perspec-
tive images in ary direction within the viewing hemi-
sphere Unlike QuicktimeVR, it imagesthefull viewing
hemisphergor more)at onceandcanhencebe usedfor
full motionvideo. Thecurrentsystenprovidesaviewing
volumeof 360 x 210. Placingtwo systemsack-to-back
(andusing2 camerasyvould allow atrueviewing sphere,
i.e. 360 x 360 viewing.

Wl L

The main componentsf the systemare the omni-
directionalcamerayideorecordingsystemsgcar mount-
ing braclet and a head-mounted-displagHMD). (See
www.cyclovision.comfor commerciaPara-camerawith
basicWindowsNT software.)

The currentprototypesystemwas designedfor min-
imal costwhile maintainingacceptablyquality. In to-
tal, our current data collection systemwas approxi-

mately $5K andthe computing/HMDplay-backsystem
wasabout$3K. The systemusesa 233Mhx basedcom-
puter (running Linux) & real-timeframe capturecard.
The systemcomputesnonoculatClF-resolutiorfull-rate
“video” (30 fps) (25fps PAL). This is reasonablywell

matchedo theresolutionof theVirtual I-O glasse$iMD.

The HMD hasa built in headtracker which provides
yaw,pitch anroll, with updatego the viewing direction
at 15-30fps. The systemprovides (digital) zoom and
color/contractmanipulation. A mouseor joystick can
alsobe usedfor view slection. We are currentlyadding
GPSlocalizationto the collection systemto bettersup-
portaugmentedeality applications.

Becausehe camerais compressing viewing hemi-
sphere(or larger), maintainingresolutionand captured
image quality is quite important. While the process
scalego ary sizeimager the currentsystemusesNTSC
(640x480)or PAL (756x568)video cameras. The spa-

. . . . 2.m-240 pixels
tial resolutionalong the horizonis 360 degree O" 4.2

Bxe® (5.1for PAL).

Omni-Directional Imaging

The Omni-directionaimageris ancatadioptricsystem
(lensplusmirros), which combinesanorthographidens
andaparabolianirror. Theaxisof the paraboliamirroris
paralledto the cameras optic axis. To seehow it works,
let ustraceraysbackwardsfrom thecameraBecausghe
lensis orthographictheseaysareparallel.By definition,
raysparallelto the axisreflectoff a parabolicsurfaceat
an anglesuchthat, if extendedto lines, they would all
meetat the focusof the parabolicsurface. (This is why
thatpointis calledthefocus). Thuswe seethatthefocus
of the parabolicsurfaceprovidesa single“virtual” view-
pointwhichis enablingmary novel applicationse.g.see
http://www.eecs.lehigh.edu/researchfoim

This single virtual viewpoint is importantbecauset
allows for consistentinterpretationof the world in ary
viewing direction. To generatea properperspectie im-
agefrom theparaimageve canplacean“imagingplane”
in a viewing direction and sampleimage the location
wheretheraysthroughthefocuswould intersecthatim-
age. The resultcan be capturedin an inversewarping
tableandcomputedvery efficiently. As the HMD turns,
theviewpointis stationaryandonly the “imaging plane”
is movedproviding for aconsistenandsmoothview vari-
ation.

[Nayar 1997 S.K. Nayar CatadioptricOmnidirectionaVideo
Camera. Proc. of DARPA Image Understanding Workshop,
May 1997.



RemoteRealityvia Omni-Directionalmaging
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Figurel: Omni-directionalmagingGeometry
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Figure2: RemoteReality SystemDiagram



Hardware/Softvareneeds:

The systemneedsPC'’s, at leastK6233in power, runningLinux (thoughwe might have finishedthe windows Portby July). We
useVirtual I-O glassesvith headtraclkers. If needed will bringmy own PC’s and3 setsof HeadMountedDisplay

During the presentation will needaVGA compatibleprojector hopefullyonethatcansyncat at resolutionof both 640x480and
320x240.(1 cantuneto particularfrequenciedf it supportsanything close).

I would be very, very, interestedn taking partin the Creative ApplicationsLab. The sketchwill explain how it works, but the
systemneedgheimmersve natureof the HMD to appreciatavhatit cando. The participationwould be a runningRemoteReality
systemusingeithervideo-tapedours(I’ Il bringafew) or alive camerasetupsomevhereat SIGGRAPH.Again| canbring my own
hardware (3 units)if necessary

| would be interestedn taking partin the SIGGRAPHTV Program. Thereare a numberof things we could do with omni-
directionalimaging. The simplestis thatwe could setup a Omnicamerdweb-tv” site whereremoteviewerscould eachcontrola
“virtual pan-tilt” camerasitting somevhereatthe SIGGRAPHconferenceThis usesa simpleJava clientandpushtechnologysothat
endusersdon't needarything special.

A secondpotential SIGGRAPHTYV contritution would be to multi-caston MBONE (or at a lower bandwidthon the general
Internet)an omniideo and provide a streamingomni-maie-viewer that remotecomputersuserscould useto unwarp the image.
(This streamingviewer doesnot yet exist but is underdevelopmentandshouldbereadyby May.)

A final componentould be the developmentof a RemoteReality Video Tapecapturingthe the SIGGRAPHEXxperience.This
would involve collectingand editing the video. Trying to capturea normal “eye-level” view is very challengingbecauseof the
nonstandararientationof the cameraand,moresignificantly the superhemisphericatiew which learesthe cameracren nowvhere
to hide.



