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Remote Reality Demonstration
TerranceE. Boult, LehighUniv.

tboult@eecs.lehigh.edu
Abstract

RemoteRealityis anapproachto providing animmer-
sive environmentvia omni-directionalimaging.Thesys-
tem canusea live video-feedfrom a remotelocationor
canuserecordeddataandbe remotein both spaceand
time. While lessinteractive thantraditionalVR, remote
reality hasan importantadvantages:thereis little to no
needfor modelbuilding. In addition,theobjects,thetex-
turesandthe motionsarenot just realistic, they are re-
moteviewsof reality.

System Overview
The developmentof the RR systemwasmadepossi-

ble by recentresearch,[Nayar-1997], which revolution-
izedwide-fieldof view imagingby introducinganomni-
directionalsensor– a systemthat imagesa full hemi-
spherewhile maintaininga singleperspectiveviewpoint.
Unlikefish-eyelenses,eachimagein thenew systemcan
be processedto generategeometrically correct perspec-
tive images in any direction within the viewing hemi-
sphere.Unlike QuicktimeVR, it imagesthefull viewing
hemisphere(or more)at onceandcanhencebeusedfor
full motionvideo.Thecurrentsystemprovidesaviewing
volumeof

�����	���
��
. Placingtwo systemsback-to-back

(andusing2 cameras)wouldallow atrueviewing sphere,
i.e.

�������������
viewing.

The main componentsof the systemare the omni-
directionalcamera,videorecordingsystems,carmount-
ing bracket and a head-mounted-display(HMD). (See
www.cyclovision.comfor commercialPara-cameraswith
basicWindowsNTsoftware.)

The currentprototypesystemwas designedfor min-
imal cost while maintainingacceptablyquality. In to-
tal, our current data collection system was approxi-

mately$5K andthe computing/HMDplay-backsystem
wasabout$3K. Thesystemusesa 233Mhxbasedcom-
puter (running Linux) & real-timeframe capturecard.
ThesystemcomputesmonocularCIF-resolutionfull-rate
“video” (30 fps) (25fps PAL). This is reasonablywell
matchedto theresolutionof theVirtual I-O glassesHMD.
The HMD has a built in headtracker which provides
yaw,pitch an roll, with updatesto the viewing direction
at 15-30fps. The systemprovides (digital) zoom and
color/contractmanipulation. A mouseor joystick can
alsobe usedfor view slection. We arecurrentlyadding
GPSlocalizationto the collectionsystemto bettersup-
port augmentedrealityapplications.

Becausethe camerais compressinga viewing hemi-
sphere(or larger), maintainingresolutionand captured
image quality is quite important. While the process
scalesto any sizeimager, thecurrentsystemusesNTSC
(640x480)or PAL (756x568)videocameras. Thespa-

tial resolutionalong the horizon is
��� ��� ����� pixels����� degree or 4.2

pixels
degree (5.1 for PAL).

Omni-Directional Imaging
TheOmni-directionalimageris ancatadioptricsystem

(lensplusmirros), whichcombinesanorthographiclens
andaparabolicmirror. Theaxisof theparabolicmirror is
paralledto thecamera’s optic axis. To seehow it works,
let ustraceraysbackwardsfrom thecamera.Becausethe
lensis orthographic,theseraysareparallel.By definition,
raysparallelto theaxis reflectoff a parabolicsurfaceat
an anglesuchthat, if extendedto lines, they would all
meetat the focusof theparabolicsurface. (This is why
thatpoint is calledthefocus).Thusweseethatthefocus
of theparabolicsurfaceprovidesa single“virtual” view-
pointwhich is enablingmany novel applications,e.g.see
http://www.eecs.lehigh.edu/research/omni

This single virtual viewpoint is importantbecauseit
allows for consistentinterpretationof the world in any
viewing direction. To generatea properperspective im-
agefrom theparaimagewecanplacean“imagingplane”
in a viewing direction and sampleimage the location
wheretheraysthroughthefocuswould intersectthatim-
age. The result can be capturedin an inversewarping
tableandcomputedvery efficiently. As theHMD turns,
theviewpoint is stationaryandonly the“imagingplane”
is movedprovidingfor aconsistentandsmoothview vari-
ation.

[Nayar, 1997] S.K. Nayar. CatadioptricOmnidirectionalVideo
Camera. Proc. of DARPA Image Understanding Workshop,
May 1997.
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Figure1: Omni-directionalImagingGeometry
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Figure2: RemoteRealitySystemDiagram



Hardware/Softwareneeds:
ThesystemneedsPC’s, at leastK6233in power, runningLinux (thoughwe might have finishedthewindows Portby July). We

useVirtual I-O glasseswith headtrackers.If neededI will bringmy own PC’sand3 setsof HeadMountedDisplay.
During thepresentationI will needaVGA compatibleprojector, hopefullyonethatcansyncat at resolutionof both640x480and

320x240.(I cantuneto particularfrequenciesif it supportsanythingclose).

I would be very, very, interestedin takingpart in the Creative ApplicationsLab. The sketchwill explain how it works, but the
systemneedstheimmersive natureof theHMD to appreciatewhat it cando. Theparticipationwould bea runningRemoteReality
systemusingeithervideo-tapedtours(I’ ll bringa few) or a live camerasetupsomewhereat SIGGRAPH.Again I canbringmy own
hardware(3 units)if necessary.

I would be interestedin taking part in the SIGGRAPHTV Program. Thereare a numberof things we could do with omni-
directionalimaging. The simplestis thatwe couldsetup a Omnicamera“web-tv” sitewhereremoteviewerscouldeachcontrola
“virtual pan-tilt” camerasittingsomewhereat theSIGGRAPHconference.ThisusesasimpleJavaclientandpushtechnologysothat
endusersdon’t needanythingspecial.

A secondpotentialSIGGRAPHTV contribution would be to multi-caston MBONE (or at a lower bandwidthon the general
Internet)an omnivideo andprovide a streamingomni-movie-viewer that remotecomputersuserscould useto unwarp the image.
(Thisstreamingviewerdoesnotyetexist but is underdevelopmentandshouldbereadyby May.)

A final componentcould be the developmentof a RemoteReality Video Tapecapturingthe the SIGGRAPHExperience.This
would involve collectingandediting the video. Trying to capturea normal “eye-level” view is very challengingbecauseof the
nonstandardorientationof thecameraand,moresignificantly, thesuper-hemisphericalview which leavesthecameracrew nowhere
to hide.


