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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionIntrodutionObjet aquisition by a highpreision laser sannerGoal: aurate analysis of theobjet's geometryAppliation: automati objetssanning by losed loop dataanalysis
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Triangulation laser sanner: triangle formed by the amera optienter, the laser emitter and the impat point The result given by thesanner is a list of unoriented 3D points 3 / 413D Sale-spae for Point Sets
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The initial dataset is a set of positions with no onnetivity informationAdditional onstraint: holes should be deteted but not �lled, informationshould be given on the initial raw datasetLevel sets methods ([HDD+92℄,[Kaz05℄,[KBH06℄...) annot be usedIt leads us to a sale spae approah
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionOutline1 Previous Work2 3D Sale SpaeAnalogy in 2D image proessing3D equivalent evolution equation3 Appliation: Mesh reonstrution Problem
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionMultisale MethodsMost multisale approahes are de�ned on meshesIn [PKG06℄, a urvature motion is de�ned and a bak projeting operatoris assoiated
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionTriangulation MethodsTriangulation of a set of points by level sets method([HDD+92℄,[KBH06℄) (approximating methods):A signed distane funtion to the surfae is de�ned and its 0 level set issampled by the marhing ube algorithm for example
7 / 413D Sale-spae for Point Sets



Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionTriangulation by Voronoi/Delaunay methods (interpolating methods)Ball Pivoting Algorithm ([BMR+99℄): A triangle between three points isreated if the r radius sphere going through those three points does notontain any other point.
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionAnalogy in 2D image proessingEvolve 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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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem Conlusion
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 suh that ‖p − q‖ < r .TheoremIn the loal intrinsi oordinate system of a ontinuous and smoothtwo-dimensional manifold M, for p ∈ M the projetion p′ of p on theloal regression plane has oordinates xp′ = 0, yp′ = 0 andzp′ = Hr24 + o(r2), where H = k1+k22 is the surfae mean urvature at pand k1, k2 the surfae prinipal urvatures at p.
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionConsequeneH ≈
4〈p−p′,~n(p)〉r2It is a very stable estimate sine it relies on order 1 approximationThis yields our sale spae operator:TheoremLet Tr be the operator de�ned on the surfae M transforming eah point pinto its projetion on the loal 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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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionEstimated Curvature on a perfet torus

Figure: left: theoretial urvature, right: sale-spae estimated urvature
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionEstimated Curvature on various point sets
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionVisualization of sale spae e�ets
A good way of seeing the evolution of a surfae de�ned by a point loud isto wath the evolution of level sets and espeially positive and negativeurvature level setsAt �rst the level sets apture texture variations but when the surfae issmoothed, is aptures the objet's shape
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionVisualization of sale spae e�ets

Figure: �gs 1-4: 4 iterations of sale spae are applied, �g. 5: by reverse salespae points are moved bak to their original positions
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionPreproessing: Normal estimation
For eah point normal diretionis known by neighborhood PCAChoose a point in a �at area,pik one of the two possibleorientationsPropagate orientation inneighborhoods
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionAlgorithm
1 Iterate Projetion Filter and keep a trak at eah step of the pointdisplaement2 Mesh the resulting samples. The obtained mesh is singularity free;3 Projet the mesh bak to the original points.4 The result is an interpolating mesh whih preserves textures and details.
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Initial points
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Initial points and their projetions
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Projeted points
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Resulting mesh of the projeted points
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Bak projeted mesh of the initial points
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Top: same initial points with diret BPA triangulationBottom: same initial points with Poisson Reonstrution 25 / 413D Sale-spae for Point Sets
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionMesh obtained at a high resolution(bak-projeted)
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionComparison with other methods
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Figure: Diret meshing [BMR+99℄ 33 / 413D Sale-spae for Point Sets
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Figure: Poisson Reonstrution [KBH06℄ 34 / 413D Sale-spae for Point Sets
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Figure: Sale Spae Meshing 35 / 413D Sale-spae for Point Sets
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Every proessing step relies strongly on the hosen radiusEstimate the neessary radius r to have approximately n neighbors perpointr should be large enough to guarantee stability but small enough toguarantee mathematial onsistenyIn pratie we found that n = 20 is enoughSampling irregularities: in areas where the density is too low, if thedistane between points is more than 2r no triangulation is given
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionThe mesh allows to:detet urvature level lines as polylinesdetet hole borders as polylines
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Introdution Previous Work 3D Sale Spae Appliation: Mesh reonstrution Problem ConlusionConlusion
Thanks to a well de�ned urvature driven sale-spae, we obtained a newway of building a robust meshThis mesh interpolates points and preserves well details and texturesFuture Work will fous on using the sale-spae framework to deal withpoint loud registration, rest line detetion.
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