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Motivation 

This lecture covers two related areas: 

ωClassic geometric modeling 

ωGeometry processing 

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

Geometric Modeling: 

ωYou start with a blank screen, design a geometric model 

ωTypical techniques: 

ÁTriangle meshes 

ÁConstructive Solid Geometry (CSG) 

ÁSpline curves & surfaces 

ÁSubdivision surfaces 

ωGoal is interactive modeling 

ωMathematical tools are designed with the user in mind 
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Geometry Processing 

Geometry Processing 

ωYou already have a geometric model 
ÁTypically from a 3D range scanner (read: not nice) 

ÁYou need to process & edit the geometry 

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

ωTypical techniques: 

ÁNoise removal, filtering 

ÁSurface reconstruction 

ÁRegistration 

ÁFreeform deformation modeling 

ÁStatistical analysis (features, symmetry, hole-filling etc...) 
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Our Perspective 

The perspective of this lecture: 

ωThe basic mathematical tools for handling geometry 
are the same 

ωDifferent usage, adaptation, specific algorithms 

ωWe will discuss 

ÁThe basic concepts and tools 
(mathematical foundation, representations, basic algorithms) 

Á...and applications in both areas. 



Examples: 

Geometric Modeling 
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The Modern World... 

designed on a computer 
(the building) 

designed on a computer as well 
(the cars) 

fortunately, not (yet) designed 
on a computer 

(the trees) 

(c.f. Danny Hillis, Siggraph 2001 keynote) 
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Impact of Geometric Modeling 

We live in a world designed using CAD 

ωAlmost any man-made structure is nowadays planed and 
designed using computers 

ÁArchitecture 

ÁCommodities: Chairs, furniture, your microwave & toaster 

ÁYour car (in case you have one, but probably the bike as well) 
ς spline curves have actually been invented in the automotive 
industry 

ÁTypesetting 

ω <advertising> Our abilities in geometric modeling shapes 
the world we live in each day. </advertising> 
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CAD / CAM 

ωPrecision Guarantees 

ωHandle geometric constraints 
exactly (e.g. exact circles) 

ωModeling guided by rules 
and constraints 

Different Modeling Tasks 
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Different Modeling Tasks 

Photorealistic Rendering 

ωIŀǎ ǘƻ άƭƻƻƪέ ƎƻƻŘ 

ωAd-hoc techniques are ok 

ωUsing textures & shaders 
ǘƻ άŦŀƪŜέ ŘŜǘŀƛƭǎ 

ωMore complexity, but 
less rigorous 

Just two examples, lots of 
stuff in between... 

 



Examples: 

Geometry Processing 
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Geometry Processing 

A rather new area 

ωMotivation: 3D scanning 

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

ÁYou get (typically) clouds of measurement points 

ωMany other sources of geometry as well: 

ÁScience (CT, [F]MRI, ET, Cryo-EM, ...) 

Á3D movie making 

ÁThe design department of your company has dozens of 
¢.ȅǘŜ ƻŦ άǇƻƭȅƎƻƴ ǎƻǳǇέΦΦΦ 

ÁCrawl the internet 

ωNeed to process the geometry further 
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Photoshopping Geometry 

Geometry Processing: 

ωCleanup:  

ÁRemove inconsistencies 

ÁMake watertight (well defined inside/outside, for 3D printers) 

ÁSimplify ς ƪŜŜǇ ƻƴƭȅ ǘƘŜ Ƴŀƛƴ άǎǘǊǳŎǘǳǊŜέ 

ÁRemove noise, small holes, etc... 

ωTouch-up /Edit: 

ÁTexturing, painting, carving 

ÁDeformation 

ÁStitch together pieces 

ωLots of other stuff ς similar to image processing 
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Example 

9ȄŀƳǇƭŜΥ ¢ƘŜ {ǘŀƴŦƻǊŘ ά5ƛƎƛǘŀƭ aƛŎƘŜƭŀƴƎŜƭƻ tǊƻƧŜŎǘέ 

[Levoy et al.: The Digital Michelangelo Project, Siggraph 2000] 



Geometric Modeling Summer Semester 2010  ς  Introduction 18 / 93 

Scan Registration 

[data set: Stanford 3D Scanning Repository] 
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Feature Tracking 

Fully Automatic: 

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

9ȄŀƳǇƭŜΥ ¢ƘŜ ά²ŅƎŜƭŜέ Laser scanners 
(2D sheets of distance  
measurments) 

[Biber et al. 2005] 

A pull-through measurement 

device ï can acquire complete 

buildings in a few hours 



Geometric Modeling Summer Semester 2010  ς  Introduction 21 / 93 

This is what you get... 

...lots of artifacts  
(the scanner does not really like windows) 

Corridor ς CS Building  
University of Tübingen (6.5 GB) 

CS Building, Outside  
(nicer colors...) 
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Automatic Processing 

Example: Automatic Outlier Removal 
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Think Big 

More Problems: 

ωOccluded areas, shiny / transparent objects 
Ý holes (lots of holes, actually) 

ωHuge amounts of data (really huge) 

City Scanning 

ωThere are big companies trying to scan large areas 

ωThink Google Earth in full resolution 

ωHow about a virtual online walk through 
New York, Tokyo, Saarbrücken? 

ωLots of open research problems to get there 



[data set: Institute for Cartography, Leibnitz University Hannover] 
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HUGE Data Sets 

The Largest Data Set I have On My Hard-Drive... 

Data set: Outdoor Scan (structure from video) of a part of the UNC campus 
(2.2·109 pts / 63.5 GB), courtesy of J.-M. Frahm, University of North Carolina 
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Hole Filling 

Wei-Levoy Texture Synthesis Algorithm: 

[Implementation: Alexander Berner (Diploma thesis)] 
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Filling Holes 

[implementation: Alexander Berner (Diploma thesis)] 
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Filling Holes 

[implementation: Alexander Berner (Diploma thesis)] 
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Symmetry Detection 

[data set: M. Wacker, HTW Dresden] 



Geometric Modeling Summer Semester 2010  ς  Introduction 30 / 93 

Results 


