(Re)Meshing




Motivations

A key technique in many industrial applications
involving numerical simulation and geometric
modeling

e Think about the discrete harmonic mapping and
mean value coordinates

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

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




Related Work and Observation

Most remeshing techniques proceed by:
o simplification / refinement (adaptation)
e optimization
 resampling (point sampling)

Control over:
vertex density
shape of elements
etc.




Local Structure of Meshes

Local structure: described by the type, shape,
orientation, and element distribution:

OElement type: triangles, quadrangles...

dElement shape: isotropic (locally uniform in all
directions), anisotropic

O Element density: uniform distribution,
nonuniform/adaptive distribution

O Element alignment and orientation: sampling
sharp features, orientation of anisotropic
elements




Global Structure of Meshes

Regularity of meshes

OIrregular meshes:

0 Semiregular meshes: usually produced by regular
subdivision of a coarse initial mesh

dHighly regular meshes: most vertices are regular

dRegular mesh: can compactly be replaced as a 2D
array

OCan be generated only for a very limited number of
input models (topological torus)




Meshing Algorithms

Classified as: greedy, variational, and incremental
methods

d6Greedy (decimation): one local change (e.g.
vertex insertion) at a time until the goal is
satisfied

AVariational (relaxation): minimizing an energy
functional such that low levels of this energy
correspond to good positions of vertices

dIncremental: combines both above methods




Paper:
“Isotropic Surface Remeshing”

by Pierre Alliez, Eric Colin de Verdiere, Olivier Devillers, and
Martin Isenburg

IEEE International Conference on Shape Modeling and Applications,
2003

» Explore the problem of /sofropic surface
(re)sampling.

* Provide a new remeshing tool for geometric
modeling and simulation.




Previous work
Two different fields:

Finite Element community:
High-quality meshes
for simulation

Computer Graphics community:
Geometric modeling
for effective processing and fast display
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3. Flatteni

2. Measure density
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4. Express density funct

parameter space

5. Resample this function




More precisely...

» Resample
e in accordance with a density function
e isotropic

* Match sample budget

Solution
 resample in parameter space
e use good parameterization
e compensate for distortion




Remeshing Pipeline

Sample repartition: Parameterization:
1. calibration — 1. [cutting]
2. error diffusion 2. conformal

Meshing
[constrained] Delaunay triangulation

l

Sample placement
centroidal VVoronoi tessellation

performed in
parameter space

\_

Lifting
(back to R3)

A




Remeshing Pipeline

Sample repartition: Parameterization: .
L . Lifting

1. calibration — 1. [cutting] (back to R?)

2. error diffusion 2. conformal

Meshing
[constrained] Delaunay triangulation

l

Sample placement
centroidal Voronoi tessellation (CVT)

performed in k/\/
parameter space link with isotropy?

\_
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Preliminaries




Input

* Triangle surface mesh with:
 tagged feature edges
e tagged corners

e density function on:
feature edges (sharp,boundary,cut)
facets

» Vertex budget (#samples)

e Note:
* the user specifies a density function
» we focus on resampling & remeshing




Feature (edges) skeleton
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Feature skeleton

Parameterization and tagged edges

backbone: feature edges chained together

Original model
corners

O-manifolds:
1-manifolds:

feature skeleton: corners + backbones




More feature skeletons
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e
Example of density function

1. Curvature related density function
Discrete Differential-Geometry Operators

K for Triangulated 2-Manifolds.




Algorithm

1. parameterization

2. sampling

3. meshing

4. sample placement
-> slow, precise




Motivation
Previous work
Contributions
Algorithm
- parameterization
- sample repartition
- meshing
- sample placement




Parameterization
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Parameterization

Motivations:
* Map signals
e modulation
e enrich geometry (GPU)

* Algorithms in flatland
e analysis
e sampling
* meshing
e etc.




Parameterization
-> simple domain
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Surface cutting
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More parameterizations

Tutte Shape-preserving Conformal
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Conformal: fixed vs free boundary

distortion
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Conformality

Angle-preserving + locally isotropic




Behavior w.r.t. sampling

Conformal




"A well-shaped element in parameter space will
not be deformed too much once lifted in
embedding space”




Motivation
Previous work
Contributions
Algorithm
- parameterization
- sample repartition
- meshing
- sample placement
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Error diffusion
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Sample repartition

ldea: generalize error diffusion over discrete surfaces

: N1o
rocessmg
direction . ) .
d1o
d-11 do1
. N-11 . N01

Model: triangle mesh + feature
skeleton




2D Error diffusion

» Compute processing path on triangles

 Coefficients for error diffusion: organize
fluency on triangles (edge lengths)

S S

trifluent (seed) difluent

0 ||

confluent cap (end)




1D Error diffusion

 Given processing path on backbones
e fluency on edges

T

|/

Feature backbone
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Motivation
Previous work
Contributions
Algorithm

- parameterization conformal

- sample repartition error diffusion
- meshing

- sample placement




Meshing
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in parameter space
solves robustness issues




Motivation
Previous work
Contributions

Algorithm
- sample repartition error diffusion
- parameterization  conformal
- meshing Delaunay
- sample placement




Sample placement

Given a bounded domain and a density function,

sampling

e partitioning the domain

* repartitioning the density function among a set
of samples




™~

Delaunay Triangulation and Voronoi Diagram

= Delaunay Triangulation
= Voronoi Diagram
= Centroidal Voronoi Diagram

= Centroids: o _ [, xp(x)dA
f,s. p(x)dA

- To minimize: [, p(x)|Ci — x/|?

= Can be computed by Lloyd's algorithm iteratively
/




Centroidal Voronoi diagram

Ordinary Voronoi diagram Centroidal Voronoi diagram
® sites Sites coincide with centroids
© centroids (center of mass)




Weighted Centroidal Voronoi diagram
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e

Sample placement

Two process sorted by increasing degrees of
freedom:

1. build 1D WCVD
2. build 2D WCVD via Lloyd relaxation

1 move to
1 centroid




Motivation
Previous work
Contributions
Algorithm
Results
Limitations
Conclusions
Future Work




Uniform vs curvature-adapted
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Gargoyle
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Example of extreme
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CAD models

Feature backbones:
e 1D error diffusion

* arc-length parameterization of backbones
« 1D WCVD
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Genus>0 model

e cutting -> cut graph
 add cut graph to feature skeleton
-> twin backbones associated pairwise
* synchronize sampling along twin backbones to

guarantee stitching
< ( N
\

cut graph parameter space
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: David model [Digital Michelangelo]
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curvature-adapted sampling
50,000 vertices

oy

AT
L

4

S

e b T o o]
v s
AWY
ORI

.

s,
O

AW

a

P

SR e AN

WD oy

A AL "v‘

LT

Fors T

AV,

Yy

74

AT T
Ry
AT ey e

i
R

VAN

-l
TATAVANG,
L=

YA
v

AV
S R SR = zyﬂ" t
COGRTo O A
OO ; T 2 st
v. 4,(& Pt
&m‘»" e

L -]

\\ 4 LA
SRR S A pithe
) T ‘iﬁ)‘ﬂiﬁ;‘%

N

oL ATy
*‘i ‘E"A%}‘ Fﬂ'ﬂﬁy‘w S
Nii”'{f‘}'%ﬁ%’e‘,

Vavii ":“ . | . ” ’
s S \ | )
: ) iy 1 Ik
i oﬂ" ' " !
oo ‘)
s ATy
i SRR y“ | (

A
A
g
ok
PANVAY

ook . s .-:."";P_*‘,-u SRR ) ‘ ‘
S Lo A “‘\\
e J v
KA NN DORELES - A AN,

oe

i

]
e

‘YA

HARA
uz‘«'"ﬁgé

Ay
vl

==




KA
CHARN

FAYA

TAVAYAY,
LTS
Syl

Y.

Y,

NN,
Ay
b‘Fﬂ

%

i

i

YAy,
)‘A\'
A,

N

Iy
AN

A i
,&Y‘A‘ i
KA

K4
%Wy,
R

AV
SN

VaYi
TAVAN
%

A

1O

KKK

AVAVAY
V4

'Y
ORI
AYAY;

s
A
AVaVaY

¢\

Ay
I

sy
s A{g\/

)
aATATY
WA

]

N
XA

Vi

N ]
P Y
TAaat L

[

Aﬁmu«v

SN KB

Ao

A A
A I 2

S
N




SR SRR K ] PEERA
St i =y y RSN
S ﬂhﬁ{i;‘ﬁ%&?‘@%ﬁ%}‘{l k7 A
i S s TN
It 0. : VAN PR
s AT R
‘5:%:‘;&\\ - Y el L7 R g'mfé'ihgﬁhvﬁ%i'é‘ﬂh‘r‘ﬂﬂk i
Y & "

e N ' R T  7L i e 4}‘5‘“‘#’»‘
8
<] fﬂ%"‘km

e LA

e
S

SAVAN B

e
5N

i
v

i,

¥

)
i)
% [

s
L,

LA A
DA%

7]
O
il
A AT

) t;?;m&##"

'
ALy

i

‘gmib‘ ¥,
et

i i,
ey AU e
iy
radam

B
1
]

A
K

i
B
-

AT
By EE
T

R ST
RYAS ca¥iavy, S
h‘gﬂﬂg

T AT vl
LT AT
i

5
¥y

N AVAY,
.,A_Afﬁa"w’

A A
ﬁkyAYAVAY‘v‘IA'l “;{%@Il

e
it e =l §
b,.«mﬁl
H Lt
i ;,?"3"?,7}(
TAN g B _ Lot A
TR iy R P 7,
RN EEH v W

a
ST
H

LW

e |

Wy
YA

o s
3
. Ve :
TaraNsy s LA . A 7
KON R o
e SRt Tt
L7 ‘YA q‘ﬁ A 1 ol
' v)‘ ‘Y‘E?"s‘- "5 1 frlth
OO 2 IR e
A : I
PERE 2 Ry
) i &
5,

]
riNy
o
C
"‘bi Al

i
AT
s
2
i
T

7
Ty
AR

ks
Ty

o
Fof3
e
AT ORL s
S,

,.
SETE
!
A7

¥

28

AR
Uy e
VLA R
-
e
L WLV T
K,

B Co
|

A
e

Ay
AN

; Bl
s
e by
AL
e
N

i
g
i

)
F WY
4l
% ;V(
K
o

)

i
) o
i

i
““Q‘
IREES
RS
AT S
X
Vi
(L
1
)

5

£
ok

5
%

ok

AT
¥ava
VAV

§

i
IS

S AaNiy, . A; ! ﬁa‘%‘
#ﬁhss oy s

O e e
’ ')‘jh' / RO
L ; A o

TR
Al



Motivation
Previous work
Contributions
Algorithm
Results
Limitations
Conclusions
Future Work




Limitations
e Parameterization

* qua
qua
e stil

ity of sampling is very dependent on the
ity of the parameterization

some numerical issues for huge models

e Complex genus or closed surface
* requires surface cutting (difficult task)
e process "curve sampling " along the cut graph

» makes the implementation trickier (seaming
backbones, twin samples to synchronize for
stitching, branching vertices, etc.)




Limitations

The Camel

e Closed

e Genus O

» Sock-like shapes

how to cut it? ->

/
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Smart pelting & Parameterization
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Uniform remesh
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Same cut, fixed boundary ?




Remeshing with Free vs fixed boundary
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A naive cut...
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Numerical issues
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Conclusion

e Guarantee: vertex budget

 Centroidal Voronoi diagram: captures the
essence of isotropic sampling

 Flexible design through density
* Handle features

* Handle important area distortion
o Still some limitations




Anisotropic Remeshing

input mesh meshing output mesh after smoothing




