Geometric Modeling

Summer Semester 2010

Introduction
Motivation - Topics: Basic Modeling Techniques

MexiP  UNIVERSITAT




Today...

Topics:
w Formalities & Organization
w Introduction: Geometric Modeling
w Mathematical Tools (1)
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Today...

Topics:
W Formalities & Organization

______________________________________________________

A Motivation

A Overview: Topics

A Basic modeling techniques
w Mathematical Tools (1)
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Motivation



Motivation

This lecture covers two related areas:
w Classic geometric modeling
w Geometry processing

Common technigues (math, models, terminology),
but different goals
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Geometric Modeling

Geometric Modeling:
w You start with a blank screen, design a geometric model

w Typical technigues:
A Triangle meshes
A Constructive Solid Geometry (CSG)
A Spline curves & surfaces
A Subdivision surfaces

w Goal iIgnteractive modeling
w Mathematical tools are designewth the user in mind
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Geometry Processing

Geometry Processing

w You already have a geometric model
A Typically from a 3D range scanner (read: not nice)
A You need to process & edit the geometry

A The original model has not been build with the user in mind
(stupid range scanner)

w Typical technigues:

A Noise removal, filtering

A Surface reconstruction

A Registration

A Freeform deformation modeling

A Statistical analysis (features, symmetry, hbleng etc...)
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Our Perspective

The perspective of this lecture:

w The basic mathematical tools for handling geometry
are the same

w Different usage, adaptation, specific algorithms

wWe will discuss

A The basic concepts and tools
(mathematical foundation, representations, basic algorithms)

A ...and applications in both areas.
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Examples:
Geometric Modeling



The Modern World...

designed on a computer
(the building)
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on a computer
(the trees)

(c.f Day Hillis, Sig‘raph 2001 keync
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Impact of Geometric Modeling

We live in a world designed using CAD

w Almost any mammade structure is nowadays planed and
designed using computers
A Architecture
A Commodities: Chairs, furniture, your microwave & toaster

A Your car (in case you have one, but probably the bike as well)
¢ spline curves have actually been invented in the automotive
iIndustry

A Typesetting
w <advertising=Our abilities in geometric modeling shapes
the world we live in each day/advertising>
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Different Modeling Tasks

CAD / CAM

w Precision Guarantees

w Handle geometric constraints
exactly (e.g. exact circles)

w Modeling guided by rules
and constraints
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Different Modeling Tasks

Photorealistic Rendering
wl Fa (2 atz221¢ 3J22R
w Ad-hoc techniques are ok
W L,Jsing textures &AshadevrsA
02 aFlF1S¢€ RSOGIFATL A
w More complexity, but
less rigorous

Just two examples, lots of
stuff in between...
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Examples:
Geometry Processing



Geometry Processing

A rather new area

w Motivation: 3D scanning

A You (your company) can buy devices that scan
real world 3D objects

A You get (typically) clouds of measurement points
w Many other sources of geometry as well:

A Science (CT, [F]IMRI, ET, cExb, ...)

A 3D movie making

A The design department of your company has dozens of
¢.80S 2F aLRfeéea2y az2dzi ddd

A Crawl the internet
w Need to process the geometry further
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Photoshopping Geometry

Geometry Processing:

w Cleanup:
A Remove inconsistencies
A Make watertight (well defined inside/outside, for 3D printers)
ASimplifyc] SSLI 2yt & GKS YIAYy aaiNd
A Remove noise, small holes, etc...
w Touchup /Edit:
A Texturing, painting, carving
A Deformation
A Stitch together pieces

w Lots of other stuff; similar to image processing
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Example

O9EF YL SY ¢KS {GlIyF2NR &'

[Levoy et al.: The Digital Michelangelo Project, Siggraph 2
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Scan Registration

[data set: Stanford 3D Scanning Repositc

‘ Geometric Modeling Summer Semester 20%0Introduction 18/93



Feature Tracking

Fully Automatic:

[Implementation: Martin Bokeloh (Diploma thesis
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Scanning the World....

ASEr s@nigers
3 Dfshegs%ef distance
measurments)

OEI YL SY

[Biber et al. 2005]

A pull-through measurement
device T can acquire complete
buildings in a few hours
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This is what you get...

Corridor¢ CS Building
University of Tubingen (6.5 GB)

lilding, Outside
nlcer colors )

..lots of artifacts
(the scanner does not really I|ke windows)
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Automatic Processing

Example: Automatic Outlier Removal
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Think Big

More Problems:

w Occluded areas, shiny / transparent objects
Y holes (lots of holes, actually)

w Huge amounts of data (really huge)

City Scanning
w There are big companies trying to scan large areas
w Think Google Earth in full resolution

w How about a virtual online walk through
New YorkTokyq Saarbrlckef

w Lots of open research problems to get there
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[data set:Institute for CartographyLeibnitz University Hannover



HUGE Data Sets

Data set:Outdoor Scan (structure from video) of a part of the UNC campu
(2.2:10 pts / 63.5 GR courtesy of IM. Frahm, University of North Carolina
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Hole Filling

Wel-Levoy Texture Synthesis Algorithm:

[Implementation: Alexander Berner (Diploma thesi
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Filling Holes

[implementation: Alexander Berner (Diploma thesi
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Filling Holes

[implementation: Alexander Berner (Diploma thesi
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Symmetry Detection

[data set: M. Wacker, HTW Dresdel
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