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Abstract

The reconstructionof objectsfrom data in practical ap-

plicationsoftenleadsto surfaceswith smallperturbations
andotherartifactswhich malethedetectiorof their ridges
andgenerlizedaxesdif cult. We proposean appoad to

smoothingsmall structueswhile preservingridgeswhich

is basedon the medial axis structue of the surface The
medial axis of the surfaceis organizedas a graph struc-

ture andtheclosenessfthemedialaxisgraphto pointsof

instability (transitions)is usedto identify thosestructues
which are mostlikely dueto perturbations. Theremoal

of thesestructuresis our approad to regularizingboththe

medialaxisandthe surface Thispaperfocuseson a sub-
setof medialtransitionsarising from protrusionsand the

methods illustratedfor a few syntheticandrealimages.

1 Intr oduction

The needfor smoothingsurfacesarisesin numerousar-
eas.Thereconstructiomf objectsfrom laserrangescanner
data,computerizedomographydatasetsyideoor multiple
views,amongothersoftenleadsto surfaceswith relatively
small variationsfrom the ideal surfaces. Theseperturba-
tions interferewith the extraction of abstract-lgel struc-
ture which is neededfor further analysis. First, the col-
lection of ridgeson an objectis a very usefulfeature-set
usedin numerousapplications. However, the extraction
of salientridgesis overwhelmedy the presencef those
pertainingto noiseor small deformationsge.g., Fig.1.@).
Traditionalsmoothingmethodssuchaslinear Itering [9],
mathematicamorphology Iters [12], or curvature-drizen
o ws [2] smoothsmall featuresaway but also round off
cornersand ridges. Anisotropic methods[11, 6] were
developedto turn smoothingoff or reducethe effect of
smoothingnear discontinuities. However, coarse-scale
ridgesmay not locally be even presentat the ne scale,
so their detectionwithout smoothingis not possible,a
“chickenandegg problem.” In addition,evenif they are
presentat ne scales,their strengthmay not exceedthe
thresholdusedin thesemethods.The roundingof coarse-
scalediscontinuitiesn smoothingshapesiasbeenrecog-
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Figurel: Examplesof our automaticsurfacerecovery basedon

the medialaxis[7]: (a) potterysherd(39,736point generators);
(b) humanaorta(7,691pointgeneratorsfrom [16]).

nizedby Pauwelsetal. asasigni cant problemin theuse
of currentsmoothingtechniqueq410]. A secondabstract
descriptorof surfaceswhosecomputationis affected by

noiseandsmalldeformationss agenemlizedcylinderaxis

usefulin numerouspplicationg16], e.g., Fig.1.(), where
smoothingcannotrevealthe senseof smallaxes“hanging

off” largeroneswithout usinganexplicit model.

As an alternative to boundarysmoothingmethodswe
considerregularizingthemedialaxis( ) [1, 15]. While
this is generallynot usedto smooththe surface,theregu-
larizationof the canimplicitly inducea surfaceregu-
larizationmethod.The majority of the regularization
methodsassigha measureof salienceto a medial point
andprunethe point whenits saliencefalls below athresh-
old, eitherin the detectionof the [14], or asa post-
processingstep[13, 5]. This paperproposesa structural
smoothingof the 3D which prunesentire structures
basedon a notion of transition.In the processt inducesa
surfaceregularizationmethodcapableof both preserving
coarse-scaleidgesand highlighting the generalizecaxes
of complex surfaces.

2 ShockScaffold and Transitions

We now review two conceptswhich are key to our ap-
proach,the shok scafold which identi es a qualitatve
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Figure2: Let denote(a) a circle in 2D or (b) a spherein
3D osculatingaboundaryelementat  distinctpoints,eachwith
degreeof contact.In 3D thereare5 possiblecontacttypes
for points: (i)  : aspherewith 2 ordinary  contacts
whosecenteris partof a medialsheet (i)  : limiting caseof
2 pointscomingin unison;it correspondé 3D to rib curves
associatedo ridges on the boundary (iii) . contactsphere
with 3ordinary  contactsvhosecenteris partof acurvewhere
3 sheetscometogether (iv) . limiting caseof centersof
sphereshaving contactwith the surfacein 2 places,onenearan

point and one neara point; this is wherean curne
“terminates’togethemwitha  curwe.(v) :thecontactsphere
has4 ordinarycontactsandatits centerpasseg  cunes.

structureof the , andthe notion of transitionswhich
allows for a sequencef discretetransformationof this

structure.
The is the closureof the loci of centersof max-

imal balls tangentto the object surfacein two or more
points.We have previously proposecda graphstructurefor
the basednaclassi cationof thelocal form of con-
tactof the ball of tangeng leadingto v e principaltypes
of shockpoints[3]: . and , Fig.2.
Theshodk scafold is ahierarchicalktructurebasedn this
classi cation[7, 8]: medialsheetsare viewed as “hang-
ing off” ascafold madefrom medialcurves( and )
andmedialpoints ( and ). Theshockscafold is
representeds a directedgraphwherethe medial points
arenodesandthe medialcurvesarelinks in the structure;
the medial sheetsarethenrepresentedby hyperlinks. In
thispaper and curvwesareshovn in blue andred,
respectiely.!

The secondnhotionrequiredfor our proposedapproach
is oneof medialtransitionssomeof which arewell-known
in 2D asthe classicalinstabilitiesof the : whenthe
shapeis slightly perturbedthe topology can experi-

1For color gures, referto the CD romfor theseproceeding®r to our
website:www.lems.bravn.edu/vision/researchAr@&ho&s3D/
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Figure3: From[4, Fig.1];  Thegrowth of anaxiswith small
perturbations( ) and the swapping of branches
) bothaffectthe topologywith slight perturbations.
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Figure4: From[15, Fig.1]; theoriginalsquarevaveis perturbed
at numerousplaces. Traditional smoothingmethodssmooth
away both the noiseand corners. Instead the iterative removal

of branche®f the graphsmootheghe shapewhile preserv-
ing its corner(only a subsebf thediscretespacds shawn).

encelargechangesi.e., thegrowth of anaxis,Fig.3.@), or

the swappingof branchesFig.3.(0). Theircomplete
setcanbefoundin [15]. Fig.4illustrateshow thoselong

branchesf the which correspondo a small pertur

bationof the shapecanbe removed (the transition,
Fig.3.@)), thusreversingthe effect of the presumedher

turbation. This operationcanthenbe iterated,removing

noisein the processut retainingthe “signi cant corners”
which are seento have a large distanceto the transition
point[15].

3 Regularizing surfacesvia Transitions

A similar processn 3D requiresa formal understanding
of thetransitionsof the 3D which wasrecentlycom-
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Figure5: lllustration of 3D transitions[4] dueto protrusions,
wherethe shapein eachrow deformsfrom left to right passing
throughatransitionin themiddle. Thetransitionsare: (a) -
1, (b) -1, and(c) -Il.



pleted[4]. In this paperwe only considerthosethreetran-
sitionswhich arisefrom surfaceprotrusions,namely the

-1, -l and -1, Fig.5. Ourinitial datasets
areunorganizedpoint generatorsamplingthe surfacesof
objects. We now describethe stepsrequiredto identify
transitionsin the shockscafold graphstructure,andper
form combinedscafold andsurfaceregularization.

First, we computethe shockscafold from point gen-
eratorssamplingthe surfaceof an object[7, 8]. Second,
symmetriepertainingto theinteractionof nearbysampled
pointsareusedto constructa surfacemeshapproximating
theoriginal object's surface andthecorrespondinghocks
areremoved from the scafold [7] (Fig.1). Third, in this
reducedyraphwe thenidentify loop structuresde ned by
an rib attachedo oneor more  curvesboundinga
single  medialsheetFourth,for agivenextractedoop,
“walking” alongthe  curves,weidentify pairsof contact
pointsonthesurfacewhich delimit a protrusion Fig.6.(c),
andpermit to build a smoothpatchto cut-off the protru-
sion and close-upthe remainingsurfaceFig.6.(d). Fifth,
the collectionof extractedloop structuresare orderedby
theirscale afunctionof theprotrusionsvolumeasde ned
by the cut-off patch. This permitsa scale-spacapproach
to surface (and scafold) regularizationstartingfrom the
smallerprotrusionddenti ed by eitherof the above three
transitions. Fig.6.(f-i) shav a deformedbox where the
threetransitionsarise aredetectecandremoved.

Fig.7 shaws a realistic datasetof the sherdshawvn in
Fig.1.@). Obsene thatall threetypesof transitionarise
and their removal reveal the salientstructures:long
ribsand axial curves(Fig.7.()). Thereconstructionn
Fig.7.(c) is hardto appreciaten 2D presentationandre-
quires3D visualization.Fig.8 shavs theregularizedscaf-
fold ontheright whichfeaturesothregularizedridgesand
regularizedgeneralizedaxes, while the regularizationof
the reconstructioris not possiblein a 2D presentationit
is clearfrom the scafold that the signi cant featuredike
thearmsandlegs areeffectively presentedvhile smooth-
ing thenoisystructuresFinally, Fig.9shavsaratherchal-
lengingexampleof atube-like structurearrangedn aknot.
Theiterative applicationof transitionsevealsthegeneral-
izedaxisasshavn in thezoomedbox on theright.
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Figure6: (a) lllustrationin 2D of the processof replacingan
-1 “protrusion” by a circulararc completionbetweencon-
tactpointsofthe  circle.(b)In3D,an and curwesjoined
atapairof verticesform alooparoundthesheetvhichcor
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replacinga “protrusion” by a seriesof circulararc completions
betweencontactpoints, indicated by V-shapedhinges (black)
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(golden)interpolatingandcutting-of the“bump” aboreit (d). (e)
Exampleof identi ed structuredor 2 bumpsdeforminga pair of
at surfaces. (f) Exampleof a rectangulaibox uniformly sam-
pled, but deformedby 5 protrusiong4 ontop, 1 on aside). (g)
Shockscafold left aftersuriacemeshing(shavn in (f)) hasbeen
performedwith thethreetypesof transitionsdueto surfaceper
turbations;in (h) areshavn the associatedcut off” patches.(i)
Regularizedshockscafold aftertransitionremoval.
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Figure7: Potsherdof Fig.1.@) andits scafold before(a) and
after(b) transitionremoval; (c) associatedicut off” patches.

Figure8: Femalebody datafrom Cybervarelnc. (30,432point
generatorsandits regularizedshockscafold.
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Figure 9: Knot data: 10,000point generatorsandomly sam-
pled. (a) and(b) Shockscafolds beforeandaftertransitionre-
moval. (c) and(d): zoomonthescafoldsin (a) and(b).
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