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Project Summary, Group 16 

- Orthotics for cerebral palsy 
patients

- Fusiform developed a process to 
reduce waste, reduce time and 
increase efficiency of orthotic 
design/fabrication

- Currently: ~10 hour process to 
create orthotic in SolidWorks 

- Browser based software to add 
pre-designed orthotic components
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Browser Based Constructive Solid Geometry for Anatomical Models



Paper
 Cignoni, P., C. Montani, and R. Scopigno. "A Comparison of Mesh 
Simplification Algorithms." Computers & Graphics 22.1 (1998): 37-54. Web.

Goal of paper: 

- Characterization of fundamental simplification methods
- Comparison of six simplification methods using three sample surfaces

Application to project:

- Use method that will perform best on anatomical models for use in 
browser-based environment
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Simplification Methods
● Coplanar facets merging

● Controlled vertex/edge/face decimation
○ removal of vertices, collapsing edges/faces 

● Re-tilling

● Energy function optimization

● Vertex clustering
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Characterization of Algorithms
● Method Characterization

○ Optimization goal - min size given error or vice-versa
○ Incremental simplification - iterations 
○ Topological features - vertices, edges, faces, vertex pairs

● Approximation error
○ Local, global, other
○ Bounded (envelope)

● Preservation of mesh 
○ Preservation of global mesh topology (mesh decimation but not vertex clustering)
○ Relocation of vertices 
○ Preservation Solid/features edges or angles

● Multiresolution output
● Speed and availability
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Evaluation of Simplification Code 
● Meshes (3) - Bunny, Fandisk and Femur
● Simplification code (6) - Mesh decimation, simplification envelopes, 

multiresolution decimation, mesh optimization, progressive meshes, and 
quadric error metrics simplification
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Evaluation of Simplification Code - Metro Tool 
● Uniform and general tool to evaluate approximation precision 
● Gives surface at different levels of detail (number of vertices and 

triangles) 
● No knowledge of method used
● Finds the approximation error to evaluate differences

○ Definition: Mi and Mj are meshes. They are approximations of each other iff every point 
on Mi is within a distance e of some point of Mj and vice-versa 

○ Samples original mesh and computes pt-to-surface distance with simplified mesh

● Output to compare likeness
○  Nvertices           Ntriangles     Emax     Eavg       Time      Edge Length     Area  Mem (kb)
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Algorithm Characterization
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Mesh Decimation [2]

Decimation - Min e, incremental, v, local e, not bounded e, preservation,  no relocation v

1. Characterize the local vertex 
geometry and topology
a. Complex vertices not deleted

2. Evaluate using decimation criteria 
a. Vertex distance to avg plane (simple) or 

vertex distance to edge (boundary/interior)

3. Delete vertex (& all triangles) if less 
than d

4. Triangulate the resulting hole
5. Repeat
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Multiresolution Decimation [3]

Decimation-Min #/e, incremental, v, global/bounded e, multires out, preservation,  no relocation v

JADE (Just Another DEcimator) - enhanced decimation algorithm

1. Uses classification of vertex topology used by Shroeder 
2. Evaluate using global approximation error criterion
3. Vertex selection to reduce accumulated error 

a. min local and accumulated global errors on top

4. Vertex deletion and triangulation using edge flipping
5. Repeat
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Simplification Envelopes [4]

Decimation-Min #, v, global/bounded e, preservation, no relocation v

Surround mesh with two envelopes (inner & outer) 

User specific distance e from mesh

Perform simplification limited to envelope

Preserve global topology
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Mesh Optimization [5]

Energy Op - Min #, incremental, v/e, other e, no bounded e, preservation, relocation v

● Minimize energy function
● E(K V) = Edist(K, V) + Erep(K) + Espring(K, V) 

○ distance energy - sum of squared distance of the 
points from the mesh

○ representation energy - penalizes meshes with large  
number of vertices

○ spring energy - like placing on each edge of the mesh 

a spring of rest length 0 and tension k to regulate 
optimization to desired local minimum
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Progressive Meshes [6]

Energy Op-Min #, incremental, e, other e, no bounded e, multires out, preservation, relocation

● Add more terms to the energy function by Hoppe
● E(M) = Edist(M) + Espring(M) + Escalar(M) + Edisc(M)

○ preserve attributes of mesh
○ scalar energy - measures the accuracy of its scalar attributes

■ ie. diffuse color, normal, texture coordinates, and 
shading parameters

○ disc energy -  measures the geometric accuracy of its 
discontinuity curves

■ sharp edges
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Quadric Error Metrics Simplification [7]

Clustering-Min #/e, incremental, v-pairs, global e, not bounded, multires out, no preservation, 
relocation v
1. Compute the Q matrices for all the initial vertices

a. Q is the quadric error, sum of fundamental error quadrics
b. quadric error: ∆v = vTQv

2.  Select valid pairs
a. (v1, v2 ) is an edge, or ||v1 − v2||< t, where t is a threshold parameter

3. Compute the optimal contraction v’ for each valid pair
a.  error: v’T(Q1 +Q2 )v’  = cost of pair

4. Pairs ordered by cost → Min cost at top
5. Contract the pair of least cost
6. Update and repeat

Overview Methods/Char Algorithms Results Analysis Application Pros/Cons



Femur numerical output:
Nvertices Ntriangles
Emax Eavg
Time Edge Length
Area Mem (kb)

Errors as percentage of dataset 
bounding box diagonals

TIme in seconds
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Findings
● Mesh decimation and simplification error- failed to reach high 

simplification rates on femur data
○ Both remove vertices in random order
○ partial solution: iterate multiple times

● Progressive Meshes and Mesh Optimization- best average error 
● Simplification Envelope and Multires Decimation - best results when high 

accuracy needed
● Quadratic error 

○ fast speed and small error for Fandisk
○ fast speed and large error for meshes with open boundaries (femur and bunny) 

○ authors claim large error can be fixed - insert perpendicular planes at boundary edge and 
assigning large cost
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Analysis - Femur 
Femur mesh chosen

● Femur: 76k vertices, 153k triangles
● Leg scan: 47k vertices, 92k triangles 
● Both Anatomical Models

Simplification needed to run on browser: ~10k vertices

*Speed needed to load on browser: <1min

Preservation of mesht: preserve shape features needed in this medical 
application 

*Most important
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Emax Eavg Time Mem. kb

Mesh Decimation 5 6 1 1

Simplification Env. 1 (Best) 5 4 4

Multiresolution Dec. 2 3 3 2

Mesh Optimization 4 1 6 3

Progressive mesh 3 2 5 N/A

Quadric Error Metric 6 (Worst) 4 2 N/A

*Mesh Decimation and Simplification Envelope fail to reach high simplification. All compared at 10% 
simplification to keep simplification requirement in mind
** Nvert  and Area not considered because too similar, Edge Length not considered because too variable

Analysis - Femur
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Applications
Things to consider: Preservation of Mesh, accuracy and speed

Preservation of  Mesh -- not applicable to Quadric Error Metric code

Accuracy -- All methods had similar errors (slight differences)

Speed -- Very different times, most important quality

Top Pick: Mesh Decimation 
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Pros Cons
Thorough 

Good overview of methods

Detailed tables

Simplification codes cover range of 
methods

Too broad - needed clearer focus

Crowded/confusing tables - hard to read

Characterization explanation

● Why is it important? Only explained for 
preserving mesh topology

Methods of simplification codes not summarized

Summary table of  findings

Lack of analysis of results 
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