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Overview

This course section develops the background knowledge.

It motivates and defines 

Á surface smoothness vs position and normal channel

Á `exactô fitting vs approximation

Á splines in B-spline form vs Bernstein Bezier form

Á subdivision surfaces 

Á efficient substitutes: approximate and smooth
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Smoothness: Why do we want smooth surfaces?

ÁContinuously changing normals are important both 

artistically and to avoid errors in downstream algorithms.

ÁGouraud shading, Phong shading, silhouette

ÁBump mapping, Normal mapping, 

ÁDisplacement mapping,é 

Smoothness and creases Diagram of specular reflection

(Image courtesy of wikipedia)
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Surface smoothness = unique normal

Á Mathematically: smoothly 

connected patches
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Surface smoothness ïunique normal

circulant constraints:

Consistency of

vertex enclosure
Tricky !  (justification for approximate 

smoothness)

G^1 continuity

= equal derivatives     after change of variables



Efficient Substitutes for Subdivision Surfaces ïSIGGRAPH Course 2009

Filling the normal channel

Algorithmically:

ÁSeparation of the position and the normal channel

ÁFill normal channel with directions not necessarily 

orthogonal to the surface

(from PN triangles)
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Smoothness -- Summary

Unique normal 

Á Is needed for art and downstream processing

Á Mathematically: G^1 continuity

Á Algorithmically: position channel, normal channel



Efficient Substitutes for Subdivision Surfaces ïSIGGRAPH Course 2009

Overview

This course section develops the background knowledge.

It motivates and defines 

Á surface smoothness vs position and normal channel

Á`exactô fitting vs approximation

Á splines in B-spline and Bernstein Bezier form

Á subdivision surfaces 

Á efficient substitutes: approximate and smooth



Efficient Substitutes for Subdivision Surfaces ïSIGGRAPH Course 2009

Exact vs  approximate fitting 

ÁWhich polygon represents the circle better?

In Computer Graphics:

Ápixel level: bi-linear polygonalization

ÁTesselation: triangulation of surface

Interpolation
`exactô fitting at points

Approximation 
`midô-structure
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Exact vs  approximate fitting 

ÁWatertight (no pixel dropout):Two adjacent patches tessellated 

independently should yield the same boundary points in R3

Á Matter of convention!  Interpolation or approximation will do

Interpolation
`exactô fitting at points

Approximation 
`midô-structure
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Fitting (evaluation) -- Summary

Á Exact fitting (evaluation) is generally no better than 

approximate fitting

Á Consistent fitting is crucial
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Splines: B-spline form

Á Degree 2:   no inflections -- flat spots for higher-order saddles (Eulerôs Thm)

ÁCubic (degree 3) spline

Á

ÁFast stable evaluation=

ñknot insertionò 

= control point averaging

Áde Boorôs algorithm 

= depth first insertion at same parameter

Ásubdivision 

= breadth first insertion, uniform

Univariate uniform cubic spline

Subdivision
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Splines: B-spline form

ÁBi-3 splines

ÁgluNurbsSurface

ÁDe Boorôs algorithm

Ásubdivision

Commutativity
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Splines: Bernstein-Bezier form (BB-form)

ÁCubic spline

ÁglMap1

ÁDe Casteljauôs algorithm

ÁBi-3 splines

ÁglMap2

Á Bi-3 patch       rational Gregory patch expensive normal


