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Introdu
tion Previous Work 3D S
ale Spa
e Appli
ation: Mesh re
onstru
tion Problem Con
lusionIntrodu
tionObje
t a
quisition by a highpre
ision laser s
annerGoal: a

urate analysis of theobje
t's geometryAppli
ation: automati
 obje
tss
anning by 
losed loop dataanalysis
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Triangulation laser s
anner: triangle formed by the 
amera opti

enter, the laser emitter and the impa
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The initial dataset is a set of positions with no 
onne
tivity informationAdditional 
onstraint: holes should be dete
ted but not �lled, informationshould be given on the initial raw datasetLevel sets methods ([HDD+92℄,[Kaz05℄,[KBH06℄...) 
annot be usedIt leads us to a s
ale spa
e approa
h
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onstru
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lusionMultis
ale MethodsMost multis
ale approa
hes are de�ned on meshesIn [PKG06℄, a 
urvature motion is de�ned and a ba
k proje
ting operatoris asso
iated
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onstru
tion Problem Con
lusionTriangulation MethodsTriangulation of a set of points by level sets method([HDD+92℄,[KBH06℄) (approximating methods):A signed distan
e fun
tion to the surfa
e is de�ned and its 0 level set issampled by the mar
hing 
ube algorithm for example
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onstru
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lusionTriangulation by Voronoi/Delaunay methods (interpolating methods)Ball Pivoting Algorithm ([BMR+99℄): A triangle between three points is
reated if the r radius sphere going through those three points does not
ontain any other point.
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lusionAnalogy in 2D image pro
essingEvolve an image by a PDE (e.g. heat equation), perform treatment at alow resolution and propagate the results to the original image.
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3D equivalent evolution equationLet p be a point of a data set M and denote by Br (p) the set of allpoints q in M su
h that ‖p − q‖ < r .TheoremIn the lo
al intrinsi
 
oordinate system of a 
ontinuous and smoothtwo-dimensional manifold M, for p ∈ M the proje
tion p′ of p on thelo
al regression plane has 
oordinates xp′ = 0, yp′ = 0 andzp′ = Hr24 + o(r2), where H = k1+k22 is the surfa
e mean 
urvature at pand k1, k2 the surfa
e prin
ipal 
urvatures at p.
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onstru
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lusionConsequen
eH ≈
4〈p−p′,~n(p)〉r2It is a very stable estimate sin
e it relies on order 1 approximationThis yields our s
ale spa
e operator:TheoremLet Tr be the operator de�ned on the surfa
e M transforming ea
h point pinto its proje
tion on the lo
al regression plane. ThenTr (p) − p = −

Hr24 ~n(p) + o(r2). (1)Thus, this operator is tangent to the mean 
urvature motion.
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lusionEstimated Curvature on a perfe
t torus

Figure: left: theoreti
al 
urvature, right: s
ale-spa
e estimated 
urvature
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lusionVisualization of s
ale spa
e e�e
ts
A good way of seeing the evolution of a surfa
e de�ned by a point 
loud isto wat
h the evolution of level sets and espe
ially positive and negative
urvature level setsAt �rst the level sets 
apture texture variations but when the surfa
e issmoothed, is 
aptures the obje
t's shape
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lusionVisualization of s
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e e�e
ts

Figure: �gs 1-4: 4 iterations of s
ale spa
e are applied, �g. 5: by reverse s
alespa
e points are moved ba
k to their original positions
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essing: Normal estimation
For ea
h point normal dire
tionis known by neighborhood PCAChoose a point in a �at area,pi
k one of the two possibleorientationsPropagate orientation inneighborhoods

P1

P2

N1

N2

Points sampled on the surface

Underlying surface

Tangent Planes at P1 and P2
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onstru
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lusionAlgorithm
1 Iterate Proje
tion Filter and keep a tra
k at ea
h step of the pointdispla
ement2 Mesh the resulting samples. The obtained mesh is singularity free;3 Proje
t the mesh ba
k to the original points.4 The result is an interpolating mesh whi
h preserves textures and details.
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Initial points and their proje
tions
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Proje
ted points
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Resulting mesh of the proje
ted points
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Ba
k proje
ted mesh of the initial points
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Top: same initial points with dire
t BPA triangulationBottom: same initial points with Poisson Re
onstru
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m high tanagra
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Figure: Poisson Re
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Figure: S
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ussion: radius 
hoi
e
Every pro
essing step relies strongly on the 
hosen radiusEstimate the ne
essary radius r to have approximately n neighbors perpointr should be large enough to guarantee stability but small enough toguarantee mathemati
al 
onsisten
yIn pra
ti
e we found that n = 20 is enoughSampling irregularities: in areas where the density is too low, if thedistan
e between points is more than 2r no triangulation is given

38 / 413D S
ale-spa
e for Point Sets



Introdu
tion Previous Work 3D S
ale Spa
e Appli
ation: Mesh re
onstru
tion Problem Con
lusionThe mesh allows to:dete
t 
urvature level lines as polylinesdete
t hole borders as polylines
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lusionCon
lusion
Thanks to a well de�ned 
urvature driven s
ale-spa
e, we obtained a newway of building a robust meshThis mesh interpolates points and preserves well details and texturesFuture Work will fo
us on using the s
ale-spa
e framework to deal withpoint 
loud registration, 
rest line dete
tion.
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