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Motivations

ÅMulti-resolution hierarchies for 

ïefficient geometry processing

ïlevel-of-detail (LOD) rendering
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Complexity-Error Tradeoff

error

complexity
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Problem Statement

ÅGiven:  

ÅFind:                      such that

1. and                       is minimal, or

2. and         is minimal
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Problem Statement

ÅGiven:  

ÅFind:                      such that

1. and                       is minimal, or

2. and         is minimal

hard!

Ҧ ƭƻƻƪ ŦƻǊ ǎǳō-optimal solution

[Agarwal-Suri 1998]
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Problem Statement

ÅGiven:  

ÅFind:                      such that

1. and                      is minimal, or

2. and          is minimal

ÅAdditional fairness criteria

ïnormals, triangle shape, appearance attributes, ...
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ÅVertex Clustering

ÅIterative Decimation

ÅExtensions
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Vertex Clustering

ÅCluster Generation

ïUniform 3D grid

ïMap vertices to cluster cells

ÅComputing a representative

ÅMesh generation

ÅTopology changes
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Vertex Clustering

ÅCluster Generation

ïHierarchical approach

ïTop-down or bottom-up

ÅComputing a representative

ÅMesh generation

ÅTopology changes
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Vertex Clustering

ÅCluster Generation

ÅComputing a representative

ïAverage/median vertex position

ïError quadrics

ÅMesh generation

ÅTopology changes
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Computing a Representative

Å!ǾŜǊŀƎŜ ǾŜǊǘŜȄ Ǉƻǎƛǘƛƻƴ Ҧ [ƻǿ-pass filter
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Computing a Representative

ÅaŜŘƛŀƴ ǾŜǊǘŜȄ Ǉƻǎƛǘƛƻƴ Ҧ {ǳō-sampling
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Computing a Representative

ÅError quadrics
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Error Quadrics

ÅSquared distance to plane
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Å{ǳƳ ŘƛǎǘŀƴŎŜǎ ǘƻ ǾŜǊǘŜȄΩ ǇƭŀƴŜǎ

ÅPoint location that minimizes the error

Error Quadrics
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Vertex Clustering

ÅCluster Generation

ÅComputing a representative

ÅMesh generation

ïClusters  p{p0,...,pn},  q{q0,...,qm} 

ïConnect (p,q) if there was an edge (pi,qj)

ÅTopology changes



22

Vertex Clustering

ÅCluster Generation

ÅComputing a 
representative

ÅMesh generation

ÅTopology changes

ïIf different sheets pass 
through one cell

ïNot manifold



Simplification

ÅVertex Clustering

ÅIterative Decimation

ÅExtensions
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Iterative Decimation

ÅGeneral Setup

ÅDecimation operators

ÅError metrics

ÅFairness criteria

ÅTopology changes
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General Setup

Repeat:

ï pick mesh region

ï apply decimation operator

Until no further reduction possible
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Greedy Optimization

For each region

ï evaluate quality after decimation

ï enqueue(quality, region)

Repeat:

ï pick best mesh region

ï apply decimation operator

ï update queue

Until no further reduction possible
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Iterative Decimation

ÅGeneral Setup

ÅDecimation operators

ÅError metrics

ÅFairness criteria

ÅTopology changes
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Decimation Operators

ÅWhat is a "region" ?

ÅWhat are the DOF for re-triangulation?

ÅClassification

ïTopology-changing vs. topology-preserving

ïSubsampling vs. filtering
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Vertex Removal

Select a vertex to be 
eliminated
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Vertex Removal

Select all triangles 
sharing this vertex
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Vertex Removal

Remove the selected 
triangles, creating 
the hole
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Vertex Removal

Fill the hole with 
triangles
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Decimation Operators

ÅRemove vertex

ÅRe-triangulate hole

ïCombinatorial DOFs

ïSub-sampling

Vertex Removal

Vertex Insertion
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Decimation Operators

ÅMerge two adjacent triangles

ÅDefine new vertex position

ïContinuous DOF

ïFiltering

Vertex Split

Edge Collapse
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Decimation Operators

ÅCollapse edge into one end point

ïSpecial vertex removal

ïSpecial edge collapse

ÅNo DOFs

ïOne operator per half-edge

ïSub-sampling

Restricted Vertex Split

Half-Edge Collapse
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Edge Collapse
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Edge Collapse 
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Edge Collapse
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Edge Collapse
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Edge Collapse
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Edge Collapse
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Edge Collapse
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Edge Collapse
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Edge Collapse
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Edge Collapse
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Incremental Decimation

ÅGeneral Setup

ÅDecimation operators

ÅError metrics

ÅFairness criteria

ÅTopology changes
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ÅLocal distance to mesh [Schroeder et al. 92]

ïCompute average plane

ïNo comparison to originalgeometry

Local Error Metrics



Local Error Metrics

Volume [A. et al.]. Mesh Approximation using a 
Volume-Based Metric. Pacific Graphics 99. 



Local Error Metrics

ÅVolume preserving [Lindstrom-Turk]. Fast and 
memory efficient polygonal simplification. 
IEEE Visualization 98. 

Implementedin 
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ÅSimplification envelopes    [Cohen et al. 96]

ïCompute (non-intersecting) offset surfaces

ïSimplification guarantees to stay within bounds

Global Error Metrics
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Å(Two-sided) Hausdorffdistance: Maximum 
distance between two shapes

ïIn general d(A,B) Í d(B,A)

ïCompute-intensive

Global Error Metrics

A

B

d(A,B)

d(B,A)

Valette et al. Mesh Simplification using a 

two-sided error minimization. 2012.
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Global Error Metrics

ÅOne-sided Hausdorffdistance

ïFrom original vertices to current surface
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Global Error Metrics

ÅError quadrics [Garland, Heckbert97]

ïSquared distance to planes at vertex

ïNo bound on true error

p1 p2

solve v3
TQ3v3 = min

Q3 = Q1+Q2

Q2

Q1

v3



Error Quadrics
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Incremental Decimation

ÅGeneral Setup

ÅDecimation operators

ÅError metrics

ÅFairness criteria

ÅTopology changes
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ÅRate quality of decimation operation

ïApproximation error

ïTriangle shape

ïDihedral angles

ïValence balance

ïColor differences

ï...

Fairness Criteria
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Fairness Criteria

ÅRate quality after decimation

ïApproximation error

ïTriangle shape

ïDihedral angles

ïValance balance

ïColor differences

ï...
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Incremental Decimation

ÅGeneral Setup

ÅDecimation operators

ÅError metrics

ÅFairness criteria

ÅTopology changes
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ÅMerge vertices across non-edges

ïChanges mesh topology

ïNeed spatial neighborhoodinformation

ïGenerates non-manifoldmeshes

Topology Changes

Vertex Contraction

Vertex Separation


