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Abstract

RecentlyS. Nayarintroduceda parabolidmagingsystem
thathasa field of view of a full hemispher@r more. When
usedwith a video camerathe resultis an omni-directional
video streamthat captureseverything going aroundit. In
the VAST Lab at Lehigh,we have beenexperimentingwith
these cameras,developing new variants, and developing
omni-directionalision applications.

We presentanovervien of omni-directionaimagingand
thentwo of our applicationswhich we will be demonstrat-
ing. Thefirst applicationis aframe-ratemulti-bodytracking
system. The systemusesan omni-directionalimageranda
standardPC to track multiple moving objectsin all direc-
tions. The systemis designedo provide perspectie views
of the mostsignificanttargets,eitherlocally or over a net-
work.

The secondapplicationis somethingve call RemoteRe-
ality, which providesan immersve ervironmentvia omni-
directionalimaging. It canuselive or pre-recordedsideo
from a remotelocation. While lessinteractive thantradi-
tional VR, remotereality hasimportantadvantagesthereis
no needfor “model building” andthe objects,texturesand
motionsarenot graphicalapproximations.

1 Omni-Directional Imaging

Recentresearch[?], hasrevolutionizedwide-field of view
imaging by introducingthe paracameraa systemthat di-
rectly capturesa full hemisphergor more)while maintain-
ing a single perspectie viewpoint. Becauseat captureghe
viewing hemispherdgor more)simultaneouslyt be usedfor
full motion video. Furthermore placingtwo paracamera
systemdack-to-baclkallows a true viewing spherej.e. 360
x 360 viewing. Unlike fish-g/e lenses,eachimagein the
paracameraystemcanbe processedo generategeometri-
cally correct perspectie imagesin ary directionwithin the
viewing hemisphere.

The omni-directionalimager combinesan orthographic
lensanda parabolicmirror, wherethe axis of the parabolic
mirror is parallelto the optic axis. Becausehe lensis or-
thographic,enteringrays are parallel. By definition, rays
parallelto the axisreflectoff a parabolicsurfaceatanangle
suchthatthey virtually intersectatthefocusof the parabolic
surface. Thusthe focus of the paracamerarovidesa sin-
gle“virtual” viewpoint. The singlevirtual viewpoint allows
for consisteninterpretatiorof the world in any viewing di-
rection. To generatea properperspectie imagefrom the
para-imagegonsidean“‘imagingarray”in thedesiredview-
ing direction. For eachpixel, it logically castsraysthrough
the focusandintersectgshe measuredmage. Theresulting
spatially varying resamplingcan be very efficiently imple-
mentedusingspatiallookuptables.

The parabolicmirror and orthographicimaging system
waspatentedby S. Nayaranda commercialversion,called
the paracamerais available from www.cyclovision.com
(with basicWindowsNT software). The stock paracamera
is self-contained.Smaller customdesignsfor camcorders
canbe produced We have built a few of our own for usein
ourresearclprojects.e.g.seefigure 1.

Figurel: Somecustomomni-directionatameragor vehicle
useandundervateruse.

Becausemni-directionaimagingcompressea viewing
hemispherento a smallimage, maintainingresolutionand
capturedimagequality is quite important. While the pro-
cessscalego ary sizeimagerthecurrentsystemsaiseNTSC
(640x480)or PAL (756x568)cameras.The spatialresolu-
tion alongthe horizonis % = 4.2323—225(5.1
for PAL). Note the “spatial resolution”of the imageis not
uniform. While it may seemcounterintuitive, the spatial
resolutionof the omni-directionalimagesis greatest along
thehorizon,justwhereobjectsaremostdistant.

2 TheRemote Reality System

The main componentsof the remote reality systemare
the omni-directionalcamera,video recordingsystems car
mountingbraclet anda head-mounted-displaiMD). Re-
moteReality, is avery simpleapplication.Theheadtracler
in the HMD providesorientationinformationwhich deter
mines the unwarpping map. As the HMD turns or one
“zoomsin” thevirtual viewpointis stationary;only the vir-
tual“imaging array”is moved. Making the systenfasttook
afew, but straightforwardtricks: fixed point mathfor most
computationsandtablelookup for expensve operations.It
alsousesanefficient4-caseactorof-2 bilinearbasednter
polationdonedirectly in RGB555color spacewith no mul-
tiplications.

The prototypesystembalancesostandquality. Our cur
rent datacollection systemwas approximately$4K (+$1K
for undervater)andthe computing/HMDplay-backsystem
wasabout$3K. The systemusesa 233MMX CPU (running
Linux) & videocapturecard. The systemcomputesnonoc-
ular SIF-resolutiorfull-rate“video” (320x24030fpsNTSC)



Figure2: Omni-directionatameraon carandRemoteReal-
ity Driver.

whichis reasonablyvell matchedo the Virtual I-O glasses.

The built in headtracker providesyaw,pitch androll, with
updatego the viewing directionat 15-30fps. (A mouseor
joystick canalsobe usedfor view selection.) We are cur-
rently adding GPSlocalizationto the collection systemto
bettersupportaugmentedeality applications.

A naturalapplicationof remotereality is in remotevehi-
cle operation. We have mounteda paracameran a radio-
controlled car and the remotedriver wearsthe HMD as
he/shedrives,seefigure/reff:RR.We arecurrentlybuilding,
andhopeto demonstratea wearableversionof the system
to allow thedriverto follow theremotevehicleasonemight
in adangerousituation.

3 Frame-ratetracking

A secondnaturalapplicationof an omni-directionalsensor
is for sunwillance. By seeinga full hemispherethereare
no blind spotsandno needfor panningbackandforth. This
malesit idealfor a backgroundsubtractiorbasedracking.
The difficult partof omni-directionakrackingis the resolu-
tion, sincethe full hemispheref view targetswill be quite
small; usingNTSC video, a human(2m by 1m) at 50 me-
terswill projectto 20-30total pixels. Thereforewe cannot,
asmary frame-ratetrackersdo, reducetheresolutionof the
image.

Our systermhas6 maincomponents:
backgroundhdaption
backgroundsubtraction
connectiorandlabeling
temporalassociation
significancesorting

6. targetdisplay
The backgroundadaptionis to help reducethe impact by
slowly varyinglighting changesA rapidadaptionasmary
systemause,reduceghe ability to track slowvly moving tar-
getsandtargetsthataredirectly approachinghesensarOur
backgroundadaptionis slow, usuallyaddingin 1/8 of anew
imageevery 16-128frames. Thusa targetwith anintensity
differenceof 64 gray levels would take 2-30 seconddo be
belown detectionthreshold. The infrequentupdatesot only
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allow detectionof more slowly moving tamgets, it alsore-

ducesthe computatiordemands.The backgrounds botha
meanandvariancefor eachpixel, andwe have beenexplor-

ing amultiple backgroundnodelaswell. Thisis still anarea
of ongoingdevelopment.

ThecurrentbackgroundubtractioralgorithmsuseMMX
to speedup theactualcomputation Eachdifferenceis com-
paredto the sumof its variancevalue and a uservariable
threshold.To handlerapid lighting changesthe systemde-
tectsif too large a fractionof the pixelsareabove threshold
and,if so,temporallyincreaseshethreshold.For speedwve
maintain,perrow, informationon thefirst andlastpixelsin
therow thatwereabove threshold.

Formingconnectedomponentandlabelsis thefirsttime
our systemreducegresolution,which is reducedby a fac-
tor of 4 in eachdirection. However, to maintainthe sensi-
tivity each“parent-pixel” in the lower resolutionlabel im-
agemaintainsa countof how. Sincemostof the pixelsare
notabove thresholdwe skip emptyrows, andfor non-empty
rows we useinteger pointers(4 bytes/piels at a time) un-
til we locateactualpixels that were above threshold. The
connectedness appliedat the lower resolution thussmall
gapsaregenerallyfilled. A secondpassrelabelstheimage
andremovesregionswhosetotal areaswvereout of range.

The temporalassociatiorhas3 components.The first is
done during the connectedcomponentabeling wherethe
label image from the previous imageis checled, per low
resolutionpixel, to make suggestedemporalassociations.
Then, for eachunassociatedegion, nearbyregionsin the
previousframearecomparedor similar sizewith the clos-
estmatchingobjectsbeingpostuatechsassociatedThis is
alsoasearcloverunassociatethrgetsin previousframesto
handleshort(temporally)occlusions.Thisis still anareaof
ongoingdevelopment.

Significancesorting is still being investigated,but for
now we take a weightedaverageof tamget age(in frames),
sizein pixels andtime sincelast “display”. In the current
GUI, boxessurroundeachtargeton the local displayof the
paraimage.In additionthe N mostsignificanttargetscan
thenbe perspectiely unwarppedanddisplayedin separate
windows.

We are currently working on distributed schedulingand
a display module where multiple omnidirectionalsystems
interact and sharea common scheduling/displaysystem.
The systemis parameterizedor both schedulingand dis-
play parameterandincludesnetwork bandwidthcomputa-
tions/limitations.

4 Conclusion

Omnidirectionalimaging has openednen doorsfor com-

putervision applications.This paperpresentech summary
of thetechniquesisedin two of our demonstrationsiemote
reality and frame-ratemulti-body tracking. Both of these
will beinteractve demonstrationattheworkshopon appli-

cationsof computervision.
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