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I NTRODUCTI ON

Ratherthanrenderingusinggeometricprimitives,image-based
renderingtechniquessynthesizenovel views directly from a
collectionof sampleimages.This approachhasproven to be
a powerful alternative to traditionalgeometry-basedmethods,
making it possibleto interactively renderviews of complex
scenes.

Thework describedhereextendstheconcentricmosaicrepre-
sentationdevelopedby ShumandHe[1] to sphericalmosaics
thatallow theviewer greaterfreedomof movement.Addition-
ally, by precomputingmapsfor diffuseand specularlighting
terms,we usehigh dynamicrangeimagedatato computereal-
istic illumination for objectsthat canbe interactively manipu-
latedwithin thescene.

SPHERI CAL M OSAI CS

Concentricmosaicsrepresenta sceneusinga seriesof sample
imagescapturedalongacircularpathlookingoutward.Spheri-
cal mosaicssimplyextendthis approachby usinga setof sam-
ple imagesthat are taken from locationsdistributed over the
surfaceof asphere.Within aninnersphere,whoseradiusis de-
terminedby thesamplecamera's �eld of view, any exiting ray
canbemappedto a locationin oneof thesampleimages.

The mappingis accomplishedby intersectingthe exiting ray
with the capturesphereto determinethe nearestsamplecam-
eras.A pointalongtherayataconstantdepthis thenprojected
backto the centerof projectionfor eachcamerato determine
theclosestpixelswithin eachimage.Linearinterpolationof the
resultingvaluesyieldsthevaluefor theexiting ray. If depthes-
timatesareavailable,they maybeusedto improvetheaccuracy
of theprojectioninto thesampleimages.Becausethesample
imagesform a four-dimensionalrepresentationof theexternal
light �eld, the virtual camerais affordeda full six degreesof
freedomwithin theinnersphere.

DI FFUSE AND SPECUL AR M APS

Oncea scenehasbeensampled,addingadditionalobjectsinto
the environmentrequiresrealistically replicatingenvironmen-
tal illumination when shadingthe new object. If the sample
imageshave high dynamicrangewith pixel valuesthat record
incidentradiance,thentheillumination at any point within the
inner spherecan be determinedfrom the sampleddata. Un-
fortunately, shadingcalculationsatapointonthesurfaceof the
new objectrequireexpensivesummationsoverall theincoming
raydirections.

To achieve interactive renderingspeeds,we move thesumma-
tions to a preprocessingstepandimplementthemby �ltering
the sampleddatato form diffuseandspecularmaps. Both of
thesemapsare storedas sphericalmosaics. A mipmap-like
structureholdsmultipleversionsof thespecularmapcomputed
with differentsizedkernelsthatcanbeusedfor differentspecu-
lar falloff parameters.Thediffusemapis indexedaccordingto
surfacepositionandnormal,while thespecularmapis indexed
by surfacepositionandthere�ectedviewing direction.Simple

ray-tracingprovidesa uni�ed way to renderboththespherical
mosaicenvironmentandtheaddedobjects.

RESULTS AND FUTURE WORK

Wedonotcurrentlyhaveaphysicaldevicefor capturingspher-
ical mosaicsof realenvironments,sowe have testedour meth-
ods using syntheticimagesgeneratedusing the RADIANCE
renderingpackage[2]. The �gures on this page(and the ac-
companying video)show imagesthatweresynthesizedfrom a
datasetconsistingof 9172small (256� 256) sampleimages
acquiredwith a 90° �eld of view. The useris ableto interac-
tively changetheview, addnew objects,movethenew objects,
andmodify their surfaceproperties.A 256� 256anti-aliased
imagewith exposurecompensationcan be re-synthesizedin
1:05secondson an SGI 350MHz R12000. Without anti-
aliasingonly 0:35secondsarerequired.

Theprimary futureextensionof this work would be to build a
physicalcapturedevice. Anotherareafor further investigation
is allowing theaddedobjectsto affect theenvironmentlighting
by castingshadowsor creatingre�ections.
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Image-based renderings showing inserted objects with different
surface properties.


