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Abstract

We presenttwo extensionsto the SpaceCarving frame-
work. The�r st is a progressiveschemeto betterreconstruct
surfaceslacking suf�cient textures. Thesecondis a novel
photo-consistencymeasure that is valid for both specular
anddiffusesurfaces,underunknown lighting conditions.

1 Intr oduction

Therehasbeena considerableamountof work on volu-
metricscenereconstructionfrom multipleviews[22,8, 9, 4,
1, 15, 3]. Most of this work canbeconsideredvariationsof
theSpaceCarvingframework by KutulakosandSeitz[14].
Under this framework, an initial boundingvolume is di-
videdinto a regular3D voxel grid, theninconsistentvoxels
areremoveduntil theremainingvoxelsarephoto-consistent
with a setof input images.That is, renderedimagesof the
resultingvoxels from eachinput viewpoint shouldrepro-
ducetheactualimageascloselyaspossible[22].

Becauseof the �e xibility of the volumetric representa-
tion and the elegant treatmentof visibility, spacecarving
approacheshavebeenusedto achievestrongresultsonava-
riety of bothnaturalandarti�cial scenes.Howeversuchap-
proachestypically runinto dif�culty whenappliedto scenes
with texturelessor specularsurfaces.For oneof ourdriving
applications—reconstructionof realsurgicalproceduresfor
training,suchsurfacesarethenormratherthantheexcep-
tion. SeeFigure1.

At theheartof thespacecarvingalgorithmis thephoto-
consistency testto determinewhetheror nota voxel should
beremoved.Mostmethodsmake thisdecisionbasedsolely
on the input imagecolor samplescorrespondingto visible
voxels. In texturelessregions,falsepositivesresultingfrom
ambiguitiesin front of the true surfacetypically result in
extraneousvoxels that “f atten” thereconstruction.This ef-
fect is particularlypronouncedwhenthe model is viewed
from anobliqueangle,farawayfrom any of theinputview-
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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 sho ws the initial volume . Each voxel is
rendered as a simple point with color . No in­
terpolation is perf ormed to �ll holes.

points. Additional constraintsare often appliedin an at-
temptto resolve the ambiguity. For examplea typical ap-
proachin stereovision is to increasethesupportof the re-
constructionkernel. However the accompanying smooth-
ing effectunderminesauniquefeatureof thesevoxel based
methods:theability to reconstructhighly complex shapes.
Insteadwe want to apply additionalconstraintsonly when
thereis ambiguity. To this end,we presenta progressive
spacecarvingscheme. Startingfrom a few reliablevoxels
we incrementallyaddvoxelsusingphotoconsistency mea-
sures,progressively updatedvisibility information,unique-
nessconstraints,andsmoothnessconstraints.

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