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Re-Meshing Surfaces

Generate a better mesh
close to the original surface



Motivation
ÅNumerical stability
ÅEasier modeling
ÅQuality requirements
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On mesh approximate by 
ïmeasuring vertex to surface distance 
ïmeasuring vertex to vertex distance

ÅComputation complexity?

If ὖȟὗare sets, 
Ὄ ὗ ÍÁØ

ᶰ
ÍÉÎ
ᶰ
ᴁὴ ήᴁ

Hausdorff Metric:
Ὄὖȟὗ ÍÁØὌ ὖȟὌ ὗ



How to (re)mesh surfaces?

ÅDelaunay triangulation?
ïWhat is Delaunay criterion on surface?
ÅOption 1: Use sphere instead of circle
ïWorks for volumetric meshes ( tets )

ÅOption 2: Use pairwise test only
ïTheoretical Delaunay properties?

ïBoundary recovery = Approximation quality



Approaches

ÅMesh adaptation/Local Remeshing 
ïLocally update mesh while tracking error

ÅReduction to 2D/Global Remeshing 
ïParameterize in 2D
ïMesh in 2D
ïProject back  



Local approach

Remove 
short edges

Remove 
long edges

Adjust vertex 
valences

Smooth



Local approach

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

Store original to 
compute distance/error



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

Track approximation error (why?)
ïApproximate Hausdorff metric
ÅNormal error
ÅSmoothness 

Test self - intersection
ïComplexity? Maybe skip?

Edge Flip



Measuring Error

Hausdorff is expensive => cheat

Idea 1: Stay within an ʀ- envelope



Measuring Error

Hausdorff is expensive => cheat

Idea 1: Stay within an ʀ- envelope

Does not limit Hausdorff distance!



Reach desired sizing or element count

Strategy
Split long edges  i˱nsert mid - points

Project to original mesh

Hard to achieve good spacing 
ïImprove by smoothing

Local approach: Edge split



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!



Edge Collapse Algorithm

ÅSimplification 
operation:
ïEdge collapse (pair 

contraction)

ÅError metric:
distance, pseudo - global
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Edge Collapse Algorithm

ÅSimplification 
operation:
ïEdge collapse (pair 

contraction)

ÅError metric:
distance, pseudo - global
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Where should we 
place the vertex?



Where to place the new vertex?



Nearest point 
ïExpensive search 
ÅFind original face closest to (estimated) new vertex

ïUnlimited Hausdorff error

Projection to Original Mesh



Vertex relocation

1. Project all adjacent vertices on a tangent 
plane

2. Find new location in the plane
Barycentric coordinates in the new mesh



Vertex relocation

1. Project all adjacent vertices on a tangent 
plane

2. Find 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?
ÎŲē źŮĳðŋĩńē ƓēŮźĳĉēŲ˽
ï triangle indices,

ï barycentric coordinates
w/r to the original mesh



Local Parameterization

Compute a local parameterization 
for the original mesh

Use the barycentric coordinates to 
place the vertex in 2D

Lift the vertex in 3D using the 
parameterization



Local Parameterization

Idea:
use barycentric coordinates

Parameterize surface

Place the new vertex in 2D using

Lift to 3D 



Cheap Local Parameterization

1. Project vertex ὺ+ neighbors to 
tangent plane

2. Move ὺin the plane
3. Find new triangle in which vertex 

is located
4. Compute barycentric coordinates 

in this triangle
5. Lift back to 3D



Projection to Approximate Surface

¡Ůĳĩĳŋðń ŊēŲį ðūūŮŒƕĳŊðźēŲ ˺ſŋŁŋŒƔŋ˻ ŲŊŒŒźį
surface
ÅConstruct local approximation (e.g. quadric)
ÅOr use vertices + normals of triangle to define 

patch
ïHermite, Bézier˜˝



Local approach: Edge collapse

Mesh simplification!
Operations: 
ïVertex removal 
ïEdge collapse 
ÅProject new vertex to original surface 

as in refinement

Approximation Error
ïQuadrics
ïNormal based



Before (avg min 30)

Smoothing + Flips 

(avg min 45)



Michelangelo's David

Original: 350k faces
Remesh : 100k faces



David: Zoom in

Original Remesh


