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Course Structure Z)siccraproor

 Introduction to Geometric ‘Structure’

 Extracting Structures
— Analysis of Individual Models
— Analysis of Shape Collections (co-analysis)
— Encoding Structural Hierarchy

- Manipulating Structures
— Modeling as Structural Variations
— Structure-guided Design
— Organization and Exploration of Shape Collections

 Future Directions
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Structure

a considered
from the point of view of the
rather than of any single part

anything
together in some way
an organization
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On Growth and Form
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NATURALLY DIGITAL

For it is not a bundle of parts but an
organization of parts, of parts in their

. the coordinated
parts, now as related and fitted to the end or
function of the whole, and now as related to
or resulting
inherent in the entire system of forces to
which the whole has been exposed.

Chapter XVI [Thompson 1892]
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Structure in Shapes

‘ \/4 SIGGRAPH2014

NATURALLY DIGITAL
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NATURALLY DIGITAL

Structure in Acquired Geometry
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‘structures’ as captured
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NATURALLY DIGITAL

Structure in Synthesized Geometry

back to the physical world

‘structures’ as captured
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Shape Synthesis Z)sicerapnzot
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and much much more ... Z ) siccraprzoi

» Model retrieval
» Reconstruction
» Deformation

« Synthesis

» Form-finding

» Design exploration

structure of individual shapes and shape collections
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Structure-aware Shape Processing Zsisarapnzo
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Encoding Structure g siccraprzons

What are the ?
How do the parts iInfacross models?
How do the parts across the models?

(a) a piece of geometry S
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New Sources of Data Z)siccrapizor:
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Why Structures? Zysicernpoor:

relation graph + variations ~ captures semantics?
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Historical Perspective

 Mechanical assemblies

» CAD community: constrained editing

» Compositional modeling

. Symmetry analysis A

» Co-analysis of model collections, etc.
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Discovering Structure ZJsicarapnzon

What are the parts (and their parameters)?
Segmentation

How do the parts relate in/across models?
Correspondence

How do the parts vary across the models?
Deformation
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lde ntifyi ng Parts ~ 3 ) SIGGRAPH2014

« User annotated
» Template fitting

» Learning

— supervised learning
(e.g., classifiers on labeled parts)

— unsupervised learning
(e.g., spectral clustering)
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Extracting Part Parameters Z)siceraprzons

» User specified parameters

» Model fitting
(e.g., RANSAC, primitive fitting)

« Learned from data
(e.g., PCA, manifold learning, etc.)
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Extracting Relations 4 SIGGRAPHO1
» User specified relations
(e.g., constrained-modeling)

 Relations are specified apriori
(e.g., manually authored, physical laws)

» Discovered from data
(e.g., learned across abstracted geometry)
— supervised
— unsupervised
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Mathematical Tools
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Background Tools Z)siccrapzoi

* Principal component analysis (PCA)
» Shape features (extrinsic vs. intrinsic)

» Basic geometry processing (e.g., mesh stitching)
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Parts
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» Modeling and Detecting Parts

— User defined parts
- Manual segmentation
— Fixed models
» A priori segmentation model

— Data-driven segmentation
» A priori: meta-model
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User Defined Parts Z)siceraprzon
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 Traditional Modeling

— Scenes assembled out of primitives
— Hierarchical organization in scene graph

|

SceneGraph: update
Name ICIass ’
2-E3 root SGListNode

= unnamed SGListNode
@ objl SGObjectNode
@ obj2 SGObjectNode
- () Eransform SGTransformationNode
523 list SGListNode

=@ animl  SGRelativeTimeAnimation...
@ pcl SGObjectNode
@ pc2  SGObjectNode

SGObjectNode
i anim2  SGRelativeTimeAnimation...

[Jain et al. EG 2012]
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» Modeling and Detecting Parts
— User defined parts
- Manual segmentation
— Fixed models
» A priori segmentation model

— Data-driven segmentation
» A priori: meta-model
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Fixed Models ZJsiccrapnzois

» Fixed Models
— Feature detection
— Shape segmentation (local)
— Symmetry-based segmentation (global)
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Curves as Primitives Z)siccraprzors

» Example
— Sharp ¢
— Detecti
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Curves from Point Sets 7 ) SiGGRaPH20

NATURALLY DIGITAL

Detection
— Local maxima of principal curvature

[Bokeloh et al., Eurographics 2009]
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Shape Segmentation Z)siccraprzov

+ Shape Segmentation

— Well-established field
— Plenty of models

» General Strategy
— Local evidence for part labels
* For each primitive

— Coherent neighborhoods
» Consider pairs of adjacent primitives

— Markov random field (MRF) model
» Optimize assighment
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Markovian Graphical Model GRAPHZ014

‘ pi(l) (xi)

Different labels for each
triangle, pixel, eftc.
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Optimization: loopy belief propagation, (iterated) graph cuts
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Symmetry-based Segmentation GRAPH2014
Split Model into Symmetric Building Blocks [Bokeloh et al. EG 2009
* Group repetitive elements ~ng
» Discover redundant instances # i i )

)
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Symmetry Hierarchies ZJsiccrapoot

[Wang et al. EG 2011]
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» Modeling and Detecting Parts
— User defined parts
- Manual segmentation
— Fixed models
» A priori segmentation model

— Data-driven segmentation
» A priori: meta-model
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Learning Parts ZQsiccrapizor:

» Approach

— Supervised

» Training data: Example Segmentations

» Learn model parameters

» Apply to more, unknown data after training
— Unsupervised

* No training phase

» Clustering: Maximize coherence

- Co-segmentation
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SIGGRAPH2014

Supervised Learning 4 SIGGRARH?

Pi(l) (x;)

Optimize the same function, buﬁow
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Unary and Pairwise Potentials GRAPH2014

Joint labeling Final result
Hd Ne Bd Bs Hd Ne Bd Bs Hd Ne BdBs Hd Ne BdBs
‘ FaE] K5 R =R
Classifiers applied on the mesh faces Q Q
Handle Neck Body Base - s i R

Probability vectors

p(2) — pairwise

Probability vectors

-
>

0 Probability 1 p( ) — unary

Probabilistic labeling
of the faces

[van Kaik et al. EG 2011]
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Unsupervised Learning 4 SIGGRARHZO1
- Approaches ~,
— Similar Markov-randon ,,
— Data-term: Clustering i g/
— Pairwise term: a priori 1 A&

N
\ '/‘
.
.

Sidi et al. SIGA 2011]
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Parameters ZJsiccrapnzois

» Modeling and Detecting Parameters of Parts
— User defined parameters
- Manual model setup
— Fixed models
» Predefined variables

— Data-driven-parameters ___'

 Discover and learn latent variables
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User Defined Parameters ZJsiccrapoot

[ | ~ [ SceneGraph: update
» Traditior 2ling Systems
/ A -3 root SGListNode
=23 unnamed SGListNode
n "y " @ objl SGObjectNode
— 4 . -
P a ra m ra d I u.bve - h e I g ht h B () ?ra:s?cfrm ggg)r?nigj:wgfionNode
23 list SGListNode
. . =@ animl SGReIgtiveTimeAnimati .....
— Variabl hiera . v ([R5 ame
( . ) nim2 SGRelativeTimeAnimation...
- width w
* Procedural Modeling

oooooo

— Scripts with local variables / arguments e
e.g. [Gervautz et al. 1996] ~ s o3

allocators SGAllocatorList@000000000S6EBAAD ¥ Edit ...

— Hierarchical model generaton e v
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Parameters ZJsiccrapnzois

» Modeling and Detecting Parameters of Parts
— User defined parameters
- Manual model setup
— Fixed models
» Predefined variables

— Data-driven parameters '

 Discover and learn latent variables
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Fixed Parameter Models 4 SIGGRARH2014

" Fixed Part Parameters
e Rigid/similarity-tr./affinl &

‘‘‘‘‘‘‘
.._..L._-I ..........
rrrrrrr

-
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h——

e General shape spaces EG T I
i
= Vertices move in R3" . e

e Constraint manifolds “

) [Yang et al. SIGA 2011]
= Vertices move on smooth

e

[Zheng et al. EG 2011] [Bokeloh et al. SG 2012]
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Parameters ZJsiccrapnzois

» Modeling and Detecting Parameters of Parts
— User defined parameters
- Manual model setup
— Fixed models
» Predefined variables

— Data-driven parameters '

 Discover and learn latent variables
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Learning Parameters Zsiccraprzovs

- Learning Parameters from Data

— No prescribed variables / mappings
— Discover latent variables

- Common Approaches o
— Principal component analysis |

» “Morphable Models” [Blanz et al. 1999, Allan et al. 20083,... |
» Kernel-PCA / spectral embedding for nonlinear models

— Independent component analysis

— |In general: latent variable models
(e.qg., latent variable Gaussian processes)
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Relations Z)siceraprzon

» Modeling and Detection of Relations

— User defined relations
» Traditional constrained modeling
— Fixed models

« Detect relations from
predefined classes

— Data-driven relations

» Discover new types
of invariants from data
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Manual Relations Z)sicarapnzors

- Constrainﬂs-Baseh’ -
— Specify desiredconsfaints: ror .j

° Pal’t para ' i |2  Align Left
_ : =  Align Left T
- Derived groperties & Align Center
_ ! 3| Align Right
— Constraintg-solver (hard/soft) e

#F  Align Middle

| Wt Align Bottom

Align to Slide

v | Align Selected Objects

View Gridlines

#  Grid Settings...

[IMS Powerpoint 2010]
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Relations Z)sicerapnzor

» Modeling and Detection of Relations

— User defined relations
» Traditional constrained modeling
— Fixed models

« Detect relations from
predefined classes

— Data-driven relations

» Discover new types
of invariants from data
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Predefined Classes of Relations iGRAPH2014

« Symmetry and Euclidec

— Detect symmetries

» Also: partial Euclidean ii
(parallelity, distances, al

— Build constraints (soft/
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Predefined Classes of Relations iGRAPH2014

» Exami
— Dete

» Fei

* Lin

[Gal et al. SG 2009]

Course: Structure-Aware Shape Processing SPONSORED BY €& (j




Physical Constraints ZQsiccrapizor:

» Physics

— Stability
- Stable standing under gravity
» Ability to withstand forces in use

— Functionality
» Transmission of forces, movements (rotational, translational)
- Movability

— Assembly

 Parts can be put together
» Accessibility (service)

— elc.
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Relations Z)siceraprzon

» Modeling and Detection of Relations

— User defined relations
» Traditional constrained modeling
— Fixed models

« Detect relations from
predefined classes

— Data-driven relations

» Discover new types
of invariants from data
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Learning Constraints Z)siceraprzors

« Constraints from Data
— Relatively new, unexplored area

- Latent parameter models

— Dimensionality reduction (PCA),
manifold learning (kernel-PCA, spectral embeddings) [Ovsjanikov et al. 2011]

» Shape assemblies
— Learning scene layout [Fisher et al. 2010-2012]

— Learning how to assemble shapes
[Kalogerakis et al. 2012]
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