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Model Simplification
• Models used in CIS must be 

guaranteed to be accurate within 
known bounds

• But 3D models from medical 
images often are very complex, and
require representations with large 
data structures.

• Algorithms using models are often 
computationally expensive, and 
computation costs go up with model 
complexity

• PROBLEM: reduce model 
complexity while preserving 
adequate accuracy

~350,000 triangles!
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Model simplification

• Problem is also common in computer graphics
– There is a growing literature
– But many graphics techniques only care about 

appearance, and do not necessarily preserve 
accuracy or other properties (like topological 
connectivity) important for computational analysis

• Broadly, two classes of approaches
– Top down 
– Bottom-up 
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Top down

• Active surfaces used in segmentation

• Deformable registration of an atlas to a patient
– E.g., skull atlas discussed in craniofacial lecture 

had about 5000 polygons (perhaps 15-20,000 
triangles)

• Recursive approximations
– E.g., Pizer et al. “cores”
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Bottom up methods
• Typically, start with very high detail model generated from CT 

images
– Large number of elements a consequence of small size of pixels 

& way model is created

• Then merge nearby elements into larger elements
– E.g., “decimation” (Lorensen, et. al.)
– E.g., “superfaces” (Kalvin & Taylor)
– E.g., Gueziec

• An excellent tutorial may be found in:
– David Luebke; A Developer’s Survey of Polygonal Simplification 

Algorithms; IEEE Computer Graphics and Application, May 2001
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Bottom-up merging

Source: David Luebke; A Developer’s Survey of Polygonal Simplification 
Algorithms; IEEE Computer Graphics and Application, May 2001
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Gueziec’s Method

• Reference
– A. Gueziec, “Surface Simplification inside 

a tolerance volume”, IBM Research Report 
RC20440, 5/20/97

• Essentially “triangle decimation” done 
correctly
– Preserves topology
– Preserves volume
– Provable error bound
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Simplified surfaces

Original   
(1747 vertices)

Shroeder 
(145 vertices)

Gueziec  
(145 vertices)
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Approximated bunny
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Building a vertex star
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Notation: “star” v* of a vertex v
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Notation: “star” (v1,v2)* of edge (v1,v2)

12



7

Copyright © Russell Taylor Engineering Research Center for Computer Integrated Surgical Systems and Technology

Fundamental operation: Edge Collapse
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Priority Weighting

   Vertex error weights ρi       

Edge priority weight 

wij =
!
v i −

!
v j + ρi + ρ j
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Algorithm outline
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Book-keeping to remember hierarchy
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Picking new vertex to preserve volume
*

1 2 3 n 12

* *
1 2

1 2 3

Given edge star ( ,v )  = { v , ,v }.  Let 

be the set of all triangles  in  and let
( ) { , , } be the set of verticies

associated with a triangle t.  Compute the centroid
t t t

i

v T

t v v
vertices t v v v

vg
n

∪
=

=

…

12

12

*
1 2

3

*
1 2

1,2 1 2 3

0

1

0 1 1 2 3
3

 of ( ,v ) .  Then the volume associated
2

with the ( ,v )  is

( , , , )

We want to pick v  such that

( , , , ) ( , , , )

n

i

tetra t t t
t T

n

tetra i i tetra t t t
i t T

v

v
V V g v v v

V g v v v V g v v v

=

∈

−

+
= ∈

−

=

=

∑

∑

∑ ∑

17

Copyright © Russell Taylor Engineering Research Center for Computer Integrated Surgical Systems and Technology

Picking new vertex to preserve volume

Volume associated with edge star is sum of tetrahedra

v0 = vertex associated with simplified vertex star

g0 = centroid of edge star 

18



10

Copyright © Russell Taylor Engineering Research Center for Computer Integrated Surgical Systems and Technology

Volume of a tetrahedron

v0
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v2

v1

0 1 2 3 1 0 2 0 3 0
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6tetraV v v v v v v v v v v= − • − × −
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Picking new vertex to preserve volume

• Volume preservation constraint defines a plane on which v0
must lie.

• Select the point on this plane that minimizes sum-of-
squared distance to planes of all triangles being collapsed
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Volume preservation results
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Triangle compactness improvement
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Triangle compactness improvement
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Basic idea of tolerance volumes

Original curve or surface

Simplified curve or surface

Tolerance volume
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Generate volumes from vertex 
tolerances

Original curve or surface

Simplified curve or surface

Tolerance volumes about vertices
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Error “tube” around an edge
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Triangle tube or “fat” triangle
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Error Volume & tolerance volume
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Error Volume & tolerance volume
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Merging Rule

When merge, assign (enlarge) vertex tolerances so 
that old surface shell is guaranteed to be completely 
inside the new surface shell
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Buddah
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Femur Simplification

Original (181 K triangles)

0.0 2.01.0

0.5 mm tolerance (26.8 K triangles)
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Femur Simplification

Original (181 K triangles)

0.0 2.01.0

1.0 mm tolerance (9,592 triangles)
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Femur Simplification

Original (181 K triangles)

0.0 2.01.0

1.6 mm tolerance (4,618 triangles)
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Femur Simplification

Original (181 K triangles)

0.0 2.01.0

2.0 mm tolerance (3,124 triangles)
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Carotid artery
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Carotid artery

Original (57 K triangles) Simplified to 0.8% tolerance 
(5.6 K triangles)
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Carotid artery

Original and simplified 
superimposed
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Bunny Simplification

Original
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