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Motivations

A Multi-resolution hierarchies for
I efficient geometry processing
i levelof-detail (LOD) rendering




ComplexityError Tradeoff

error
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Problem Statement
A GivenM =V, F)
AFindMm' = (V',F)  such that
1. V| =n< V| and M — M| is minimal, or

2. M —M <eand |V']is minimal




Problem Statement
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Problem Statement

A Given:M = (V, F)

AFind:Mm = (V,7) such that
1. VI=n<V| and M — M||is minimal, or
2. M -=M| <eand|V] iminimal

A Additionalfairness criteria
I normals triangle shapeappearance attributes, ...
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Simplification

A Vertex Clustering
A Iterative Decimation
A Extensions



Simplification

A Vertex Clustering
A Iterative Decimation
A Extensions



Vertex Clustering

A Cluster Generation

I Uniform 3D grid

I Map vertices to cluster cells
A Computing a representative
A Mesh generation

A Topology changes
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Vertex Clustering

A Cluster Generation
I Hierarchical approach
I Top-down or bottomup

A Computing a representative .
A Mesh generation
A Topology changes
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Vertex Clustering

A Cluster Generation

A Computing a representative
I Average/median vertex position
I Error quadrics

A Mesh generation
A Topology changes
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Computing a Representative
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Computing a Representative

AaSRAIY @SNI S Esamping A

17



Computing a Representative

A Error quadrics

18



Error Quadrics

A Squared distance to plane

p=(z,y,2,1)T, q=(a,b,c,d)T

dist(q,p)* = (¢" p)*
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Error Quadrics
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Vertex Clustering

A Cluster Generation
A Computing a representative
A Mesh generation

i Clustersp{p,... 0}, d{0,... 9w}
i Connect ,q) if there was an edgep(q)

A Topology changes
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Vertex Clustering

A Cluster Generation

A Computing a
representative

A Mesh generation
Ay

A Topology changes
I If different sheets pass
through one cell

I Not manifold
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Simplification

A Vertex Clustering
A Iterative Decimation
A Extensions



lterative Decimation

A General Setup

A Decimation operators
A Error metrics

A Fairness criteria

A Topology changes
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General Setup

Repeat:
I pickmesh region
I applydecimation operator
Until no further reduction possible



Greedy Optimization

For each region
I evaluateguality after decimation
I enqueudquality, region)

Repeat:
I pickbest mesh region
I applydecimation operator
I updatequeue
Until no further reduction possible



lterative Decimation

A General Setup

A Decimation operators
A Error metrics

A Fairness criteria

A Topology changes
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Decimation Operators

A What is a "region" ?
A What are the DOF for riangulation?

A Classification
I Topologychanging vs. topologgreserving
I Subsampling vdiltering



Vertex Removal

Select a vertex to be
eliminated




Vertex Removal

Select all triangles
sharing this vertex
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Vertex Removal

Remove the selected
triangles, creating
the hole




Vertex Removal

Fill the hole with
triangles
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Decimation Operators

A Remove vertex

A Retriangulate hole
I Combinatorial DOFs
I Subsampling

33



Decimation Operators

A Merge two adjacent triangles

A Define new vertex position
I Continuous DOF
I Filtering
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Decimation Operators

A Collapse edge into one end point
I Special vertex removal
I Special edge collapse
ANo DOFs
I One operator per halédge
I Subsampling
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Edge Collapse
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Incremental Decimation

A General Setup

A Decimation operators
A Error metrics

A Fairness criteria

A Topology changes
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Local Error Metrics

A Local distance to mesh
I Compute average plane
I No comparison tmriginalgeometry

AR




Local Error Metrics

Volume|A. et al.] Mesh Approximation using a
VolumeBased MetricPacific Graphics 99.




Local Error Metrics

A Volume preserving . Fast and
memory efficient polygonal simplification
IEEE Visualizatid®d8.




Global Error Metrics

A Simplification envelopes
I Compute (noAntersecting) offset surfaces
I Simplification guarantees to stay within bounds
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Global Error Metrics

A (Twosided)Hausdorffdistance: Maximum
distance between two shapes

i Ingenerad ( A, B) | d( B, A)
I Computeintensive

A
d(A,B)

B H(B,A)

. Mesh Simplification using a
two-sided error minimization. 2012.



Global Error Metrics

A OnesidedHausdorffdistance
I From original vertices to current surface
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Global Error Metrics

A Error quadrics
I Squared distance to planes at vertex
I No bound on true error
Q3= Q:+Q>

Q

Q,

solve ¥'Qsv3 = min
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Error Quadrics




Incremental Decimation

A General Setup

A Decimation operators
A Error metrics

A Fairness criteria

A Topology changes
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Fairness Criteria

A Rate quality of decimation operation
I Approximation error
I Triangle shape

I Dihedral angles

I Valence balance

I Color differences

|
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Fairness Criteria

A Rate quality after decimation
I Approximation error
I Triangle shape

I Dihedral angles

I Valance balance

I Color differences

|
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Incremental Decimation

A General Setup

A Decimation operators
A Error metrics

A Fairness criteria

A Topology changes
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TopologyChanges

A Merge vertices across needges
I Changes mesh topology
I Needspatial neighborhoodhformation
I Generatesnon-manifoldmeshes
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