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Abstract

We presenttwo extensiongo the SpaceCarving frame-
work. The r stis a progressiveschemeto betterreconstruct
surfaceslacking sufcient textures. The secondis a novel
photo-consistencyneasue that is valid for both specular
anddiffusesurfacesunderunknawn lighting conditions.

1 Intr oduction

Therehasbeena considerablemountof work on volu-
metricscenaeconstructiofirom multipleviews[22, 8, 9, 4,
1,15, 3]. Most of thiswork canbe consideredariationsof
the SpaceCarvingframewnork by KutulakosandSeitz[14].
Under this frameawork, an initial boundingvolume is di-
videdinto aregular3D voxel grid, theninconsistenvoxels
areremoveduntil theremainingvoxelsarephoto-consistent
with a setof inputimages.Thatis, renderedmagesof the
resulting voxels from eachinput viewpoint should repro-
ducetheactualimageascloselyaspossiblg22].

Becauseof the e xibility of the volumetric representa-
tion andthe elegant treatmentof visibility, spacecarving
approachebave beenusedto achiese strongresultsonava-
riety of bothnaturalandarti cial scenesHowever suchap-
proachesypically runinto dif culty whenappliedto scenes
with texturelessor speculasurfaces.For oneof ourdriving
applications—reconstructiaf realsuigical proceduresor
training, suchsurfacesarethe normratherthanthe excep-
tion. SeeFigurel.

At the heartof the spacecarvingalgorithmis the photo-
consisteng testto determinewhetheror not a voxel should
beremoved. Most methodamale this decisionbasedsolely
on the input imagecolor samplescorrespondingdo visible
voxels. In texturelesgegions,falsepositivesresultingfrom
ambiguitiesin front of the true surfacetypically resultin
extraneous/oxelsthat“f atten”the reconstructionThis ef-
fectis particularly pronouncedvhenthe modelis viewed
from anobliqueangle faraway from ary of theinput view-
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Figure 1. Top left: our one meter-cubed cam-
era rig with eight cameras looking down at a
human patient model. Top right: two cam-
era images. Bottom: two views of the recon-
structed voxel model. The white bounding
box shows the initial volume. Each voxel is
rendered as a simple point with color. No in-
terpolation is performed to Il holes.

points. Additional constraintsare often appliedin an at-
temptto resole the ambiguity For examplea typical ap-
proachin stereovision is to increasethe supportof the re-
constructionkernel. However the accompaying smooth-
ing effectundermines uniquefeatureof thesevoxel based
methods:the ability to reconstructhighly complex shapes.
Insteadwe wantto apply additionalconstraintsonly when
thereis ambiguity To this end, we presenta progressive
spacecarving scheme Startingfrom a few reliablevoxels
we incrementallyaddvoxels usingphotoconsisteng mea-
suresprogressiely updatedvisibility information,unique-
nessconstraintsandsmoothnessonstraints.

In addition,mostexisting spacecarvingmethodsassume
a scenewith Lambertiansurfaces.This limitation prevents
the applicationof thesepowerful methodsto sceneswith



