Smooth
Parametric Surface
Construction

Jorg Peters

Polar Structure
Smooth Parametric Surface Construction

Fast Parallel
Surface

JOI’g Pete Is Construction

High-quality

Surfaces

SurfLab, University of Florida

Tensberg 2008

joint work with K Karciauskas, A. Myles, U Reif, ...




.. In partes tres

» Polar Surface Structure
» Fast Parallel Surface Construction
» High-quality Surfaces

Smooth
Parametric Surface
Construction

Jorg Peters

Fast Parallel
Surface
Construction

High-quality

Surfaces

iality)

ransition)

egree Trade off

Fitting a Guide




Bi-3 spline

Smooth
Parametric Surface
Construction

Jorg Peters

Polar Sti

Bi-3 Spline

Fast Parallel
Surface
Constructi

High-quality

Surfaces

Finite
Quality vs Degr
Fitting a Guide




Bi-3 spline

Smooth
Parametric Surface
Construction

Jorg Peters

Polar Sti

Bi-3 Spline

Fast Parallel
Surface
Constructi

High-quality

Surfaces

Finite
Quality vs Degr
Fitting a Guide




Bi-3 spline

Smooth
Parametric Surface
Construction

Jorg Peters

Polar Sti

Bi-3 Splir

Fast Parallel
Surface
Constructi

High-quality

Surfaces

xamp
polar subdivision

Finite uction

Quality vs Degree Trade off
Fitting a Guide




Bi-3 spline

Valence # 4

Smooth
Parametric Surface
Construction

Jorg Peters

Polar Sti

Bi-3 Splir

Fast Parallel
Surface
Constructi

High-quality

Surfaces

xamp
polar subdivision

Finite uction

Quality vs Degree Trade off
Fitting a Guide




Bi-3 spline

Catmull-Clark

o Valence # 4
subdivision 7

Smooth
Parametric Surface
Construction

Jorg Peters

Fast Parallel
Surface
Construction

High-quality

Surfaces

transition)

c?

Finite Construction
Degree Trade off
Fitting a Guide




B I - 3 S p | I n e Paramser:‘?cogu rface

Construction

Jorg Peters

Fast Parallel
Surface
Construction

High-quality

Surfaces

transition)

c?

Finite Construction

Quality vs Degree Trade off

Fitting a Guide

Catmull-Clark

Valence # 4
subdivision 7 PCCM




Bi-3 spline

Polar
layout

Catmull-Clark

Valence # 4
subdivision 7 PCCM

Smooth
Parametric Surface
Construction

Jorg Peters

Fast Parallel
Surface
Construction

High-quality

Surfaces

transition)

c?

Finite Construction
Quality vs Degree Trade off
Fitting a Guide




B|'3 Spllne Smooth

Parametric Surface
Construction

Bi-3 polar Polar
subdivision layout
Ny

Jorg Peters

Fast Parallel
Surface
Construction

High-quality

Surfaces

iality)

mult

re do input data come

Finite Construction

Quality vs Degree Trade off
Fitting a Guide

Catmull-Clark

Valence # 4
subdivision 7 PCCM




Bi-3 spline

Bi-3 polar Polar NURBS
subdivision layout capping

Catmull-Clark

Valence # 4
subdivision 7 PCCM

Smooth
Parametric Surface
Construction

Jorg Peters

Polar Str

Bi-3 Spli

Fast Parallel
Surface
Construction

High-quality
Surfaces

ere do input da
om?

polar subdivision

Finite Construction

Quality vs Degree Trade off
Fitting a Guide




Polar structures appear naturally

Eye courtesy of "Blender: Noob to Pro”
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Remove those unsightly wrinkles
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Modeling challenge

Pre-polar (CC only)

1. Align control mesh along features.

2. Use only quads.

3. Keep valence low.
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Modeling challenge

With polar
1. Align control mesh along features.

2. Use quads and polar structures.

3. Keep quad-mesh valence low. High polar valence
OK!
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Model a face using polar structures and
multi-sided (in blender)
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Modeling with polar connectivity

1. keeps the Catmull-Clark valence low,

2. shifts high-valence connectivity to polar structures,
and

3. orients the control lines along model features
(e.g. mouth).
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Polar refinement
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Bi-3 Polar complements Catmull-Clark

— C1! with bounded curvature at the polar limit point.

» Verified using standard analysis tools from
subdivision theory.
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Polar structures can be C! capped by a

single NURBS patch

1. subdivide
radially

k-times subdivided mesh

‘ original control mesh
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Polar structures can be C! capped by a
single NURBS patch

‘ original control mesh

1. subdivide
radially
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Capping Polar with a single NURBS patch

— C1! with bounded curvature at the polar limit point.

» Singular parametrization analyzed by auxiliary
subdivision scheme!

Smooth
Parametric Surface
Construction

Jorg Peters

Polar Structure
s

NURBS C

Fast Parallel
Surface
Construction

High-quality

Surfaces

1ple construction: C2

Finite Construction
e Trade off

Fitting a Guide




Spline Models

Smooth
Parametric Surface
Construction

Jorg Peters

Polar Structure

Construction

High-quality
Surfaces

high-
blend

re do input da
from?

uctions

on by (trar

polar st

Finite uction

Quality Trade off
Fitting



Modeling with polar connectivity
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Motivation: Animation/Simulation

» Animation/Simulation: surfaces constructed from
sparse meshes or ‘skeletons’ on the fly;
discarded at > 30 frames per second.

Not A-class surface design!
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Motivation: Animation/Simulation

» Animation/Simulation: surfaces constructed from
sparse meshes or ‘skeletons’ on the fly;
discarded at > 30 frames per second.

Not A-class surface design!

» Graphics Processing Unit GPU: : >128 single
instruction multiple data streams.

» Mesh mutation on graphics hardware [Shiue, Peters

2003]: co-processor for (simple, parallel) algorithmic
tasks on meshes
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What is a (high-quality) multi-sided blend?

Primary surface, pairwise blend, multi-sided blend
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What is a (high-quality) multi-sided blend?

\ A

Shape Defects
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High-quality surface blend: working definition

Given input data to be matched,
a multi-sided surface blend is of high quality if

» it does not create curvature features not implied by
the input data
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High-quality surface blend: working definition |
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Where do input data come from?
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Construction: Smoothness not a challenge

GX: Matching derivatives after reparameterization

Hirmts W

Bézier and
B-Spline

Techniques

G? Polynomial [Hahn&Gregory 1988,9], [Ye 1997],
[Prautzsch 1997 &Umlauf 2000], [Reif 98],
[Gregory&Zhou 1999], [Peters 2002], [Loop et al 2004,8],
[Karciauskas& Peters 2004,6], ...

Rational [Loop& DeRose 1995] [Grimm 1997], [Cotrina et
al 2000, 2007], ...

non-rational [Ying 2004]....
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Construction: Shape is the challenge

> linear functionals: min [ 5 (d;x)?
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Construction: Shape is the challenge

> linear functionals: min [ 5 (d;x)?

» geometric diffusion (Laplace-Beltrami), thin plate,
total curvature, mean curvature, ...
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Construction: Shape is the challenge

> linear functionals: min [ 5 (d;x)?
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Construction: Shape is the challenge

v

v

v

v

linear functionals: min [ 5 (d;x)?

geometric diffusion (Laplace-Beltrami), thin plate,
total curvature, mean curvature, ...

but how to distinguish ‘ from L >

implicit or discrete x:
switching to parameteric surface is tricky!
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Construction: Shape is the challenge

> linear functionals: min [ 5 (d;x)?

» geometric diffusion (Laplace-Beltrami), thin plate,
total curvature, mean curvature, ...

» but how to distinguish ‘ from L 2

» implicit or discrete x:
switching to parameteric surface is tricky!

» Use shape hints (guide surface)
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Construction by rings
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Analysis
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