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Context

Sensors
A Contact-> contactfree
A Short-> longrange sensing

Aerial Remote Sensing




Context

Sensors
A Structuredlight (infrared, active

A Passive stereo vision
A Digital cameras

Depthsensing Photomodeling
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Context

Instrumented sensors
A Accelerometer

A Gyroscope ,*
A GPS S
A Compass magnetometer
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Phatd Phoenix Aerial S)’/ste'ms

A Robotized platforms




Digitizing the Physical World

Data fro mNéVteq



Applications

Biology
Computational engineering Reverse engineering  Computeraided medicine zheng et akDReconstruction of Bloomifdowers.
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' Scene interpretation Underwater exploration CulturalHeritage
Choi et alRobusReconstruction of Indo&cenes. Geology / Archeology Datafrom Culture 3ICloud [De Lucal.
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PROBLEMTATEMENT



ProblemStatement

Input Qutput

Dense point sePsampled over surfac®@  Surface: Approximation &in terms of
topology and geometry

>

Reconstruction

#

Point set Reconstructed surface




Scientific Challenge

Transitions

A PhySicaI Physical
measurements

A Mathematical ( )

A Digital

Mathematical : S Digital
(continuous) (discrete)




RealWorld Problems

Input
Bensepoint setPsampled over surfacg

A Imperfect sampling

A Nonuniform

A Anisotropic

A Missing data (holes)
A Uncertainty

A Noise




RealWorld Problems

Input:
Bensepoint setPsampled over surfacg

A Imperfect sampling

A Nonuniform

A Anisotropic

A Missing data (holes)
A Uncertainty

A Noise
A Outliers
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SunKing's flagship, sank off the Toulon coastlir664.
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RealWorld Problems

Input: Qutput
Point setPsampled over surfacg Surface: Approximation &in terms of

. topology and geometry
A Imperfect sampling

Desired properties:
A Nonuniform Prop

A Anisotropic A Watertight

A Missing data (holes) A Intersection free

A Uncertainty A Data fitting vs smoothness

A Noise
A Ouitliers




lll-posedProblem

Many candidateshapes fothe
reconstructionproblem.




lll-posedProblem

Many candidateshapes fothe
reconstructionproblem.
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MAINAPPROACHES



Priors

Smooth Piecewise Smooth G{ AYLIX S¢

-



P
I lrrzia —

Surfacesmoothnes®riors

Local Smoothness \
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Localffitting
No control away from data
Solutionby interpolation
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Global: lineargigen graph
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Robustness to missing data

Piecewise Smoothnes

Sharp neafeatures
Smooth away from features
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DomainSpecifidlriors

Surface Reconstruction
by Point Set Structuring

[Lafarge A EUROGRAPHICS 2013

Reconstruction of Urban Scenes

[Verdie Lafarge A. ACM Transactions on Graphics 2015]




Priors

Smooth Piecewise Smooth G{ AYLIX S¢
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VoronoiDiagram& Delaunay Triangulation

Let & = {p1,.... Pn} be a set of points (so-called sites) in RY. We Delaunay t”angUlat'Ors'mp“C'alcompleXSUChthat
associate to each site p; its Voronoi region V' (p;) such that: k+1 p0|nt§0rm a Delau nay Slmplextﬁelr Voronoi
Vpi) = {x € R*: [x — pifl < x — pjl| . ¥/ < n}. cellshavenonemptyintersection.
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Delaunaybased Reconstruction

Keyidea assuminglenseenoughsampling
reconstructedriangles are Delaunay triangles.




Delaunaybased Reconstruction

Keyidea assuminglenseenoughsampling
reconstructectriangés are Delaunay triangles.

Firstdefine ?
A Medialaxis
A Localfeaturesize

A Epsilonsampling
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Medial Axis (2D)

) Figure from ODeuvillers
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Medial AxIs

Figure from ODeuvillers




Medial AxIs

) Figure from ODeuvillers
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VoronoiDiagram & Medial AXIs
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LocalFeatureSize

) Figure from ODeuvillers
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EpsilonSampling

) Figure from ODeuvillers
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CrustAlgorithm

) Figure from ODeuvillers
| &~ —



Delaunay Triangulation




Delaunaylriangulation &/oronoiDiagram
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) Figure from ODeuvillers
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VoronoiVertices




AugmentedDelaunay Triangulation
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Crust

) Figure from ODeuvillers
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Delaunaybased Reconstruction

Several Delaunay algorithrause provablycorrect

A Boissonnat

A Amentg BernEppstein
A Attali

A Dey Goswami

A Cazal& Giesen

A X

Dey Curveand surface reconstruction: algorithms
with mathematicabnalysis.
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Delaunaybased Reconstruction

Several Delaunay algorithms grevablycorrectX A y
the absence of noise anshdersampling

perfectdata ?
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Delaunaybased Reconstruction

Several Delaunay algorithms grevablycorrectX A y
the absence of noise anshdersampling

Motivates reconstruction by fitting approximating
Implicit surfaces

F(x)=0 iso-surface




Implicit Surface Approaches

Solve foiscalarfunction (IR-> IR) defined as
approximate

A Signed distanc® inferred surfac& o
[Hoppe92, Carret al. 01 Belyae\et al. 02]

A Unsigned distanc® S
[HornungKobbelt06]

A Indicator(characteristic) function of inferresblid
[Kahzdaret al. 06]
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Priors

Smooth Piecewise Smooth G{ AYLIX S¢
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IndicatorFunction

Compute indicator function from orientgmbints (points Aiormalg
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Poisson Surface Reconstruction

Compute indicatofunction fromoriented points

splatted normals
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Poisson Surfadeeconstruction
KazhdanBolithg Hoppe.
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2D Poisson Reconstruction
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3DPoisson Reconstruction

s

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



