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Re-Meshing Surfaces

Generate a better mesh
close to the original surface
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Motivation

A Numerical stability
A Easier modeling

A Quiality requirements
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~ NN

If Oh) are sets,
0@M) | ABER e
Hausdorff Metric:

~ NN Ve 7z

ooh) [ A@ 0 HO 0

On mesh approximate by
I measuring vertex to surface distance
| measuring vertex to vertex distance

A Computation complexity?




How to (re)mesh surfaces?

A Delaunay triangulation?

I What is Delaunay criterion on surface?

AOption 1: Use sphere instead of circle
I Works for volumetric meshes ( tets)

AOption 2: Use pairwise test only
I Theoretical Delaunay properties?

I Boundary recovery = Approximation quality




Approaches

A Mesh adaptation/Local Remeshing
I Locally update mesh while tracking error

A Reduction to 2D/Global Remeshing
| Parameterize in 2D
I Meshin 2D
I Project back



Local approach

Remove Remove Adjust vertex
short edges long edges valences
Edge Edge Edge

Collapse Split Flip
\J \J \/

M)
.

O

Smooth

l

Vertex
Relocation




Local approach

v1. Refine/Coarsen to satisfy sizing
2. Smooth mesh
3. Perform flips after every other operation
4.

Store original to
compute distance/error

w0 oew

Edge Edge Edg
C llapse Splt FIp Fl I t

& 4 b %




Edge Flip

Flip one diagonal if longer than the other
3D equivalent of Delaunay test in 2D

Track approximation error (why?)
I Approximate Hausdorff metric
ANormal error
ASmoothness

Test self - intersection
I Complexity? Maybe skip?

¢

Edge
Flip

Q.



Measuring Error

Hausdorff is expensive => cheat

ldea 1: Stay within an r-envelope




Measuring Error

Does not limit Hausdorff distance!



Local approach: Edge split

Reach desired sizing or element count

Strategy
Split long edges . insert mid - points

L g

Edge
Split

Project to original mesh

@4

Hard to achieve good spacing
I Improve by smoothing



Before (avg min 33)

After (avg min 33)

Second round of
flips (avg min 37)



Mesh Adaptation: Smoothing

Local Laplacian smoothing

Stay on the surface! lRQfEL‘Sé‘on

K




Pooall
Edge Collapse Algorithm

A Simplification
operation:

I Edge collapse (pair
contraction)

A Error metric:
distance, pseudo - global




Pooall
Edge Collapse Algorithm

A Simplification
operation:

=1 Where should we
place the vertex?

A Error metric:
distance, pseudo - global

17



Where to place the new vertex?

Edge Edge Vertex
Collapse Split Relocation




Projection to Original Mesh

Nearest point

I EXxpensive search
A Find original face closest to (estimated) new vertex

T Unlimited Hausdorff error



Vertex relocation

Project all adjacent vertices on a tangent
nlane

~Ind new location in the plane
Barycentric coordinates in the new mesh




Vertex relocation

Project all adjacent vertices on a tangent
nlane

~Ind new location in the plane
Barycentric coordinates in the new mesh

How to project to the original surface?




Vertex relocation

Which 2D triangle does it belong to?
fye zUijjonine GeUzZij
I triangle indices,
I barycentric coordinates
w/r to the original mesh




| ocal Parameterization

Compute a local parameterization
for the original mesh

N 7]
V&J\\V;%
\»'%\\ﬁA

A

Use the barycentric coordinates to
place the vertex in 2D

i

T
A
40

A
JERs

R
(SnsY

7 vt

ARV

Lift the vertex in 3D using the @4 A,

N




| ocal Parameterization

ldea:
use barycentric coordinates

Parameterize surface

o

i
I RE

Lift to 3D




. Project vertex v + neighbors to
tangent plane

. Move 0 in the plane

. FInd new triangle in which vertex
IS located

. Compute barycentric coordinates
In this triangle

. LIft back to 3D




Projection to Approximate Surface

i UijTijnon nNeyj odouoUCEHhijNdZzZeUy
surface
A Construct local approximation (e.g. quadric)

A Or use vertices + normals of triangle to define
patch

I Hermite, Bézier™ ~




Local approach: Edge collapse

Mesh simplification!

Operations:
I Vertex removal Y

| Edge collapse Colas
AProject new vertex to original surface 5
as in refinement
Approximation Error
| Quadrics ?

I Normal based



Before (avg min 30)

Smoothing + Flips
(avg min 45)



Michelangelo's David

Original: 350k faces
Remesh : 100k faces




Zoom In

Davi
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