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Review Surface MappinReview – Surface Mapping
A fundamental geometry problem with long history
A ubiquitous tool for many applications in broad areas

This class Remeshing
Study the mapping problem from aspects ofStudy the mapping problem from aspects of

Spring network
Distortion measurement



Remeshin  OverviewRemeshing Overview
A fundamental geometry problem with long history
A ubiquitous tool for many applications in broad areas

This week Remeshing
Study the mapping problem from aspects ofStudy the mapping problem from aspects of

Spring network
Distortion measurement



M tivati nsMotivations
Digital Mesh Processing:

Think about the discrete harmonic mapping and 
mean value coordinates

Recent efforts to handle arbitrary irregular / 
non uniform meshesnon uniform meshes.

Most scanned surfaces need undergo complete Most scanned surfaces need undergo complete 
remeshing before further processing.



Related W rk and Observati nRelated Work and Observation
Most remeshing techniques proceed by:g q p y

simplification / refinement (adaptation)
Demo: Using our available tools “Meshsimplify.exe + Filtermesh.exe” 

optimizationoptimization
resampling (point sampling)

Control over:
vertex density
h  f l tshape of elements

etc.



Paper:Paper:
“Isotropic Surface Remeshing”“Isotropic Surface Remeshing”

by Pierre by Pierre AlliezAlliez  Eric Colin de  Eric Colin de VerdiereVerdiere  Olivier  Olivier DevillersDevillers  and  and by Pierre by Pierre AlliezAlliez, Eric Colin de , Eric Colin de VerdiereVerdiere, Olivier , Olivier DevillersDevillers, and , and 
Martin Martin IsenburgIsenburg

IEEE International Conference on Shape Modeling and Applications, IEEE International Conference on Shape Modeling and Applications, 
20032003

Explore the problem of isotropic surface 

20032003

Explore the problem of isotropic surface 
(re)sampling.

Provide a new remeshing tool for geometric 
modeling and simulation.



Previ us w rkPrevious work
Two different fields:Two different fields:Two different fields:Two different fields:

Finite Element community:Finite Element community:Finite Element community:Finite Element community:
HighHigh--quality meshesquality meshes
for simulationfor simulation
HighHigh--quality meshesquality meshes
for simulationfor simulation

Computer Graphics community:Computer Graphics community:Computer Graphics community:Computer Graphics community:p p yp p y
Geometric modelingGeometric modeling
for for effective processing and fast effective processing and fast displaydisplay

p p yp p y
Geometric modelingGeometric modeling
for for effective processing and fast effective processing and fast displaydisplayfor for effective processing and fast effective processing and fast displaydisplayfor for effective processing and fast effective processing and fast displaydisplay



C ntributi nsContributions
New algorithm for isotropic surface remeshing

Resampling: Error diffusion for sample 
titirepartition

Optimization: Centroidal Voronoi tessellation 
for sample placementfor sample placement



Proposed technique

2.2. Measure densityMeasure density1.1. Original modelOriginal model 3.3. Flatten itFlatten it

4.4. Express density Express density functionfunction in in 
parameter spaceparameter space
5.5. Resample this functionResample this function



M re preciselyMore precisely...
Resample

in accordance with a density function
isotropic

M t h s mpl  b d tMatch sample budget

SolutionSolution
resample in parameter space
use good parameterizationuse good parameterization
compensate for distortion



Remeshing PipelineRemeshing Pipeline

Sample repartition:
1. calibration
2. error diffusion

Parameterization:
1. [cutting]
2. conformal

Lifting
(back to R3)

Meshing
[constrained] Delaunay triangulation

Sample placement
centroidal Voronoi tessellation

performed in 
parameter space



Remeshing PipelineRemeshing Pipeline

Sample repartition:
1. calibration
2. error diffusion

Parameterization:
1. [cutting]
2. conformal

Lifting
(back to R3)

Meshing
[constrained] Delaunay triangulation

Sample placement
centroidal Voronoi tessellation (CVT)

performed in 
parameter space link with isotropy?link with isotropy?



Key idea

Centroidal Voronoi tessellation Centroidal Voronoi tessellation ≈≈ isotropyisotropy



P li i iP li i iPreliminariesPreliminaries



InputInput
Triangle surface mesh with:

d f dtagged feature edges
tagged corners
density function on:density function on:

feature edges (sharp,boundary,cut)
facets

Vertex budget (#samples)
Note:

th   ifi  d it  f tithe user specifies a density function
we focus on resampling & remeshing



Feature (edges) skeletonFeature (edges) skeleton

0-manifolds: corners0 manifolds: corners
1-manifolds: backbone: feature edges chained together

feature skeleton: corners + backbones



More feature skeletons



Example of density functionp y

1  Curvature 1  Curvature related density functionrelated density function1. Curvature 1. Curvature related density functionrelated density function

Discrete DifferentialDiscrete Differential--Geometry Operators Geometry Operators 

for Triangulated 2for Triangulated 2--Manifolds.Manifolds. [Meyer, [Meyer, DesbrunDesbrun, , SchröderSchröder, Barr], Barr]



Al rithmAlgorithm

1  l  i i1. sample repartition
-> fast (initial guess) fast (initial guess)

2. parameterization
3  m shi3. meshing
4. sample placementp p
-> slow, precise



MotivationMotivation
Previous workPrevious work
ContributionsContributionsContributionsContributions
AlgorithmAlgorithm

sample repartitionsample repartition–– sample repartitionsample repartition
–– parameterizationparameterization

hihi–– meshingmeshing
–– sample placementsample placement



Sample repartiti nSample repartition
Use core principle of Use core principle of error diffusionerror diffusionUse core principle of Use core principle of error diffusionerror diffusion

[[OstromoukhovOstromoukhov ‘01]‘01][[OstromoukhovOstromoukhov 01]01]



Error diffusion

Two main components:Two main components:
1.1.Processing path Processing path ((proximity+absenceproximity+absence of teleport)of teleport)

22 Coefficients of diffusionCoefficients of diffusion2.2.Coefficients of diffusionCoefficients of diffusion



Sample repartitionp p
Idea:Idea: generalize generalize error diffusion over discrete surfaceserror diffusion over discrete surfaces

Image ModelModel: triangle mesh + feature : triangle mesh + feature Image ModelModel: triangle mesh + feature : triangle mesh + feature 
skeletonskeleton



2D Err r diffusi n2D Error diffusion
Compute processing path on triangles

organize fluency on triangles



2D Err r diffusi n2D Error diffusion
Coefficients for error diffusion

edge length: simulate “aperture”



2D Err r diffusi n2D Error diffusion

Algorithm:Algorithm:



1D Err r diffusi n1D Error diffusion
Given processing path on backbones

fluency on edges

Feature backbone



diffuse along boundary diffuse along boundary 
backbonebackbone



MotivationMotivation
Previous workPrevious work
ContributionsContributionsContributionsContributions
AlgorithmAlgorithm

sample repartitionsample repartition error diffusionerror diffusion–– sample repartitionsample repartition error diffusionerror diffusion
–– parameterizationparameterization
–– meshingmeshing
–– sample placementsample placement



Parameterizati nParameterization

~remove embedding (back to manifold)~remove embedding (back to manifold)



Parameterizati nParameterization
Motivations:

Map signals
modulation

i h t  (GPU)enrich geometry (GPU)
Algorithms in flatland

analysisanalysis
sampling
meshingg
etc.



Parameterizati nParameterization
--> simple domain> simple domain



Surface cuttinSurface cutting



Convex embeddingg

[Tutte][Tutte]



More parameterizationsMore parameterizations
TutteTutte ShapeShape--preservingpreserving ConformalConformal

Texture mapTexture map [Eck et al. 95][Eck et al. 95][Floater 97][Floater 97][Tutte 63][Tutte 63]


