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Improved Caps for 
Improved Subdivision Surfaces

Caps can assume 
less fluctuation than 
general n-sided 
surface models
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Reminder to Me

Show the Bezierview  of the Problem
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Overview

➢ Improved subdivision surfaces
○ PAS  (Point Augmented Subdivision)
○ QAS  (Quadratic-Attraction Subdivision)

➢ Improved caps 
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Splines on Meshes with Irregularities     Jorg Peters

Subdivision Surfaces       
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nested 
surface 
rings 
                 

refined meshes with

Per sector

Blender: Suzanne
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                               Subdivision Surfaces
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Splines on Meshes with Irregularities     Jorg Peters

New PAS, QAS  subdivision: 
➢ Same structure and layout as 

Catmull-Clark subdivision,
➢ but better shape due to 

baked-in “guide”

d =  A  dd
d



Improved subdivision via guides 
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Splines on Meshes with Irregularities     Jorg Peters

Guide-generation algorithm as (a  complicated 
but ) linear formula:  b = G c

BB-coefficient of 
patchesc b

Tools to build
a guide

➢ Sample total degree 
pre-guide

➢ Pre-solved G-constraints



Guided subdivision = guide surface + prolongation
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EG subdivision   

new

old

C2

parameterization!

Degree 4



Guided curve subdivision = guide surface + prolongation
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EG subdivision   

i-1

C2

Guide is offset for better 
visualizaiton



 Guided curve subdivision = guide surface + prolongation
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EG subdivision   

new

i-1

C2

C2

i

Guide is offset for better 
visualizaiton



Guided subdivision = guide surface + prolongation
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EG subdivision   

C2

i+1

i+2

C2

C2

Guide is offset for better 
visualizaiton



Tools and tricks of the subdivision maker

11

B-spline 
like prolongate

sample

EG subdivision   



Tools and tricks of the subdivision maker
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Splines on Meshes with Irregularities     Jorg Peters

Guide-generation algorithm as a ( complicated but ) 
linear formula:  b = G c

BB-coefficient of 
patchesc b

Bake  G  into the subdivision matrix A A



Improved Subdivision
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Catmull-Clark
Curvature 
bounded  (tuned)

oscillations

EG subdivision   

https://bitbucket.org/surflab/eg_refine

PAS
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Quadratic-Attraction Subdivision
                            Improved caps    KK and JPeters

https://bitbucket.org/surflab/quadratic-attraction-subdivision

guide surface built into stencils
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Splines on Meshes with Irregularities     Jorg Peters

Quadratic-Attraction Subdivision (QAS)

Bounded  curvature

Gauss curvature

Interpretation of control points
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Overview

➢ Improved subdivision surfaces
○ PAS  (Point Augmented Subdivision)
○ QAS  (Quadratic-Attraction Subdivision)

➢ Improved caps – one for each occasion
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Possible Caps in the Literature
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➢ Polynomial, C^2/G^2: [Loop, Schaefer, 2008]   [KP Minimal bi-6 2016] …

➢ Multisided, rational: [Hettinga, Kosinka, 2020], [Vaitkus, Varady, Salvi 2021] …

➢ Rational corner singularity: [Gregory 1074], [Loop, Schaefer, Ni, Castano 2009] …

➢ Curved knot lines: [Sabin, Fellows, Kosinka 2022]...

➢ Manifold Splines: [Gu, He, Qin 2005]...

➢ Polynomial G1: [Kapl, Sangalli, Takacs 2017], [Blidia, Mourrain, Xu 2020], [Marsala, Mantzaflaris, Mourrain 
2022], [Bonneau, Hahmann 2014]

➢ Polynomial almost G1: [KP 2015]

➢ …

Caps can assume less fluctuation than 
general n-sided surface models

Want same degree as subdivision rings
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Why new caps for new subdivision?
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New (good) 
subdivision + 
old cap

Old  (poor) subdivision
+ new cap

New subdivision +
new cap
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Cap without subdivision
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No subdiv step                    
New cap

bi-3

Unlike multi-sided surfaces, 
caps expect a few steps of 
subdivision  →  lower degree

One subdiv step
New cap
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Genealogy: a hat for each occasion
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Cap-aux: auxiliary base cap
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Cap-aux: auxiliary base cap
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Bi-4, Bi-3
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Tools and tricks of the cap maker
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➢ Prolongation
➢ Splitting
➢ Pre-solved G-constraints
➢ Sampling
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Choices of reparameterization
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Cap-aux: auxiliary base cap
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Cap-aux: auxiliary base cap
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Cap-aux: auxiliary base cap
                            Improved caps    KK and JPeters



28

Cap-aux: auxiliary base cap
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Cap-aux: auxiliary base cap
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Comparisons
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capG

cap9

GZ

Bi5 
multi-sided surfacebi-3

Many more comparisons in the paper
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Effect of a transition ring to accommodate
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= good multi-sided surface
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Effect of a transition ring to accommodate
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Implementation via explicit Tables
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Summary
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