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Context

Sensors

ÅContact -> contact-free

ÅShort -> long range sensing

LaserContact Remote SensingAerial



Context

Sensors

ÅStructured-light (infrared, active)

ÅPassive stereo vision

ÅDigital cameras

Photo-modelingDepth sensing



Context

Instrumented sensors

ÅAccelerometer

ÅGyroscope

ÅGPS

ÅCompass / magnetometer 

ÅRobotized platforms
Photo Phoenix Aerial Systems



Digitizing the Physical World

Data from Navteq



Applications

Cultural Heritage
Data from Culture 3D Cloud [De Luca].

Computer-aided medicineReverse engineeringComputational engineering

Scene interpretation
Choi et al. Robust Reconstruction of Indoor Scenes.

Underwater exploration
Geology / Archeology

Biology
Zheng et al. 4D Reconstruction of Blooming Flowers.



PROBLEMSTATEMENT



ProblemStatement

Input:

Dense point set Psampled over surface S

Output: 

Surface: Approximation of Sin terms of 
topology and geometry

Point set Reconstructed surface

Reconstruction

Laser scanning



Scientific Challenge

Transitions 

ÅPhysical 

ÅMathematical

ÅDigital

Physical
(measurements)

Mathematical
(continuous)

Digital
(discrete)



Real-World Problems

Input:

Densepoint set Psampled over surface S:

Å Imperfect sampling

Å Non-uniform

Å Anisotropic

Å Missing data (holes)

Å Uncertainty

Å Noise



Real-World Problems

Input:

Densepoint set Psampled over surface S:

Å Imperfect sampling

Å Non-uniform

Å Anisotropic

Å Missing data (holes)

Å Uncertainty

Å Noise

Å Outliers

ά[ŀ ƭǳƴŜέΥ 5ŀǘŀ ŦǊƻƳ 5ŀǎǎŀǳƭǘ {ȅǎǘŝƳŜǎΦ
Sun King's flagship, sank off the Toulon coastline in 1664.



Real-World Problems

Input:

Point set Psampled over surface S:

Å Imperfect sampling

Å Non-uniform

Å Anisotropic

Å Missing data (holes)

Å Uncertainty

Å Noise

Å Outliers

Output:

Surface: Approximation of Sin terms of 
topology and geometry

Desired properties:

Å Watertight

Å Intersection free

Å Data fitting vs smoothness



Ill-posedProblem

Many candidate shapes for the 
reconstruction problem. 



Ill-posedProblem

Many candidate shapes for the 
reconstruction problem.



MAIN APPROACHES



Priors

Smooth Piecewise Smooth ά{ƛƳǇƭŜέ



Surface SmoothnessPriors

Local Smoothness Global Smoothness Piecewise Smoothness

Global: linear, eigen, graph 
ŎǳǘΣ Χ
Robustness to missing data

Sharp near features
Smooth away from features 

Local fitting
No control away from data
Solution by interpolation
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Domain-SpecificPriors

Surface Reconstruction 
by Point Set Structuring

[Lafarge - A. EUROGRAPHICS 2013] [Verdie, Lafarge - A. ACM Transactions on Graphics 2015]

Reconstruction of Urban Scenes



Priors

Smooth Piecewise Smooth ά{ƛƳǇƭŜέ



Voronoi Diagram& Delaunay Triangulation

Delaunay triangulation: simplicialcomplexsuchthat
k+1 points form a Delaunay simplex if their Voronoi 
cellshave nonemptyintersection.



Delaunay-based Reconstruction

Key idea: assumingdense enoughsampling, 
reconstructedtriangles are Delaunay triangles.



Delaunay-based Reconstruction

Key idea: assumingdense enoughsampling, 
reconstructedtriangles are Delaunay triangles.

First define

ÅMedialaxis

Å Local featuresize

Å Epsilon-sampling

?



MedialAxis (2D)

Figure from O. Devillers



Medial Axis

Figure from O. Devillers



Medial Axis

Figure from O. Devillers



Voronoi Diagram & Medial Axis



Local FeatureSize

Figure from O. Devillers



Epsilon-Sampling

Figure from O. Devillers



CrustAlgorithm[Amentaet al.]

Figure from O. Devillers



Delaunay Triangulation

Figure from O. Devillers



Delaunay Triangulation & VoronoiDiagram

Figure from O. Devillers



VoronoiVertices

Figure from O. Devillers



AugmentedDelaunay Triangulation

Figure from O. Devillers



Crust

Figure from O. Devillers



Crust

Figure from O. Devillers



Delaunay-based Reconstruction

Several Delaunay algorithms are provably correct

Å Boissonnat
Å Amenta, Bern, Eppstein
Å Attali
Å Dey, Goswami
Å Cazals& Giesen
Å Χ

Dey. Curve and surface reconstruction: algorithms 
with mathematical analysis.



Delaunay-based Reconstruction

Several Delaunay algorithms are provablycorrectΧ ƛƴ 
the absence of noise and undersampling.

perfectdata ?



Delaunay-based Reconstruction

Several Delaunay algorithms are provablycorrectΧ ƛƴ 
the absence of noise and undersampling.

Motivates reconstruction by fitting approximating 
implicit surfaces



Implicit Surface Approaches

Solve for scalar function (IR3 -> IR) defined as 
approximate

Å Signed distanceto inferred surface S
[Hoppe 92, Carret al. 01, Belyaevet al. 02]

Å Unsigned distanceto S
[Hornung-Kobbelt06]

Å Indicator(characteristic) function of inferred solid
[Kahzdanet al. 06]



Priors

Smooth Piecewise Smooth ά{ƛƳǇƭŜέ



Indicator Function
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Compute indicator function from oriented points (points + normals)

???



Poisson Surface Reconstruction

Compute indicator function from oriented points

0
0

0

0
0

0

0

0

variational 
calculus

splatted normals

sparse linear system

Poisson Surface Reconstruction.
Kazhdan, Bolitho, Hoppe. 
EUROGRAPHICS Symposium on Geometry Processing 2006.



2D Poisson Reconstruction



3D Poisson Reconstruction

Oriented point set (data from CNR Pisa) Reconstructed surface (via CGAL library)


