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Surface Simplification
(Gueziec’s Method)
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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)
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Fundamental operation: Edge Collapse
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Priority Weighting
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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

Volume associated with edge star is sum of tetrahedra

v0 = vertex associated with simplified vertex star

g0 = centroid of edge star 
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Picking new vertex to preserve volume
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Volume of a tetrahedron

v0

v3
v2

v1
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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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Local enforcement of tight tolerance
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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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Simplest method to assign vertex 
tolerances 
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Subdivision Method
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Projection Method
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Boundary Collapse
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Buddah
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Lamp
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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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Engine noise data
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Terrain/humidity map (original)
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Terrain/humidity map (Simplified)

42



22

Copyright © CISST ERC, 2003 Engineering Research Center for Computer Integrated Surgical Systems and Technology

Terrain/humidity map (Simplified) 
preserving humidity attribute
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Bunny Simplification

Original
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Phone
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Phone
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