






















3D Surfaces

source: 

http://iparla.labri.fr/publications/2007/BS07b/sketch_teaser.jpg









Implicit → Explicit 2D
(Marching Squares Algorithm)















Implicit → Explicit 3D
(Marching Cubes Algorithm)

















Surfaces

• What makes a good surface representation?

oAccurate

oConcise

oIntuitive specification

oLocal support

oAffine invariant

oArbitrary topology

oGuaranteed continuity 

oNatural parameterization

oEfficient display

oEfficient intersections

H&B Figure 10.46



3D Object Representations

• Raw data

oVoxels

oPoint cloud

oRange image

oPolygons

• Surfaces

oMesh

oSubdivision 

oParametric

oImplicit

• Solids

o Octree

o BSP tree

o CSG

o Sweep

• High-level structures

o Scene graph

o Application specific
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Polygon Meshes

• How should we represent a mesh in a computer?

oEfficient traversal of topology

oEfficient use of memory

oEfficient updates

• Mesh Representations

oIndependent faces

oVertex and face tables

oAdjacency lists

oWinged-Edge

oHalf-Edge

oetc.

Zorin & Schroeder, SIGGRAPH 99, Course Notes



Independent Faces

• Each face lists vertex coordinates

oRedundant vertices

oNo adjacency information



Vertex and Face Tables

• Each face lists vertex references

oShared vertices

oStill no adjacency information



Adjacency Lists

• Store all vertex, edge, and face adjacencies 

oEfficient adjacency traversal

oExtra storage



Partial Adjacency Lists

• Can we store only some adjacency relationships

and derive others? 
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Surfaces

• What makes a good surface representation?

oAccurate

oConcise

oIntuitive specification

oLocal support

oAffine invariant

oArbitrary topology

Guaranteed continuity

oNatural parameterization

oEfficient display

oEfficient intersections

H&B Figure 10.46



Subdivision

• How do you make a smooth curve?

Zorin & Schroeder
SIGGRAPH 99 

Course Notes



Subdivision Surfaces

• Coarse mesh & subdivision rule

oDefine smooth surface as limit of 

sequence of refinements 

Zorin & Schroeder
SIGGRAPH 99 

Course Notes



Key Questions

• How refine mesh?

oAim for properties like smoothness

• How store mesh?

oAim for efficiency for implementing subdivision rules

Zorin & Schroeder
SIGGRAPH 99 

Course Notes
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Subdivision Surfaces – A 3D example
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Applications: Mainly Computer 

Graphics / animation
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The basic idea

• In each iteration

oRefine a control net (mesh)

oIncreases the number of vertices / faces

• The mesh vertices converges to a limit surface

• Each subdivision scheme has:

oRules to calculate the locations of new vertices.

oA method to generate the new net topology.
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Subdivision schemes

• Catmul Clark

• Doo Sabin

• Loop

• Butterfly – Nira Dyn

• …many more

Classification:

• Mesh types: tris, quads, hex…, 
combination

• Face / vertex split

• Interpolating / Approximating

• Smoothness

• (Non)Linear

• …



Catmull-Clark scheme ’78
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Keep subdividing…

• After 1 iteration, Every new face is a rectangular.

• Extraordinary vertices are forever. Valence is retained.

• Ultimately, at the limit, the surface will be a standard bicubic B-spline 

surface at every point except at these “extraordinary points”, and 

therefore at all but extraordinary points.

• Catmull & Clark did not prove or guarantee continuity at the 

extraordinary points but note that trials indicate this much.

• Later on it was proven to be C1

)2(
C
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Catmull-Clark, special rules
Crease/body masks

Piecewise smooth

surface
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Loop’s scheme (‘87)
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Loop’s scheme - Boundary
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• The boundary is a cubic B-Spline curve

• The curve only depends on the control points on the 
boundary

• Good for connecting 2 meshes

• C0 for irregularities near boundary



Loop Subdivision Scheme

Zorin & Schroeder
SIGGRAPH 99 

Course Notes

Limit surface has provable smoothness properties!



Subdivision Schemes

Zorin & Schroeder
SIGGRAPH 99 

Course Notes
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Visual Comparison – Cont’



Subdivision Surfaces

• Properties:

oAccurate

oConcise

oIntuitive specification

oLocal support

oAffine invariant

oArbitrary topology

oGuaranteed continuity 

oNatural parameterization

oEfficient display

oEfficient intersections

Pixar



Subdivision Surfaces

• Advantages:

oSimple method for describing complex surfaces

oRelatively easy to implement

oArbitrary topology

oLocal support

oGuaranteed continuity

oMultiresolution

• Difficulties:

oIntuitive specification 

oParameterization

oIntersections


