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Course Structure L SISGRARH2014

 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 + Exploration of Shape Collections

 Future Directions
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Organization & Exploration
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Motivation

Sketchup 3D Warehouse
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Motivation

Sketchup 3D Warehouse
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Motivation
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Sketchup 3D Warehouse
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Previous Work PSRN

» Shape Retrieval
— User has a desired model in mind and specifies a query

Text-based
Shape-based @®_ Moroso Fjord Armchair
| = g k [SketchUp Warehouse]

- ‘ =
[A Search Engine for 3D Models,
Funkhouser et al. 2003]

Sketch-based Shape Retrieval, Eitz et al. 2012
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Exploration LY S\aGRARH?

- Exploration Challenges
— User intent is not known a-priori
— User needs to understand the shape space

Shape Space
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 Categorization
— Organize based on keywords

folding

rocking
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Fine-grained Classification
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» Propagating the tags from annotated shapes

3D Warehouse SketchUp
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3D Warehouse Results
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Download to SketchUp 6
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Table Windsor chairs

by Asgeir83
Table Windsor chairs

Download to SketchUp 8

Thos. Moser Catena Side
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by thosmoser

Good design is ageless. The. ..

Download to SketchUp 7

windsor stool
by Kai

- sketch of a windsor stool

Download to SketchUp 8

windsor chair
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spindle back dining chair ...

Download to SketchUp 7
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Download to SketchUp 7
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Download to SketchUp 8
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by WindsorONE
Easy push & pull chair rail.

Dining Table,_ Shaker, 42" .
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Basic.solid, round dining...

Download to SketchUp 8

Google w»

Result Page: 12 Next

Sparse & noisy labels from uploaders

e

¥l by Kai

History _ )
Download to SketchUp 8

® | shaving horses

| shaving horses and...
Download to SketchUp 8

[Fine-Grained Semi-Supervised Labeling of Large Shape Collections, Huang et al. 2013]}
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Fine-grained Classification

- Analysis

/nput Shapes and Tags

1.3 24 23 1.4
- With-arms 2: Side

\Wlndsor 4: Rex /

[Fine-Grained Semi-Supervised Labeling of Large Shape Collections, Huang et al. 2013]}
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Fine-grained Classification i

- Analysis

/nput Shapes and Tags /Shape Matching \

1,3 2,4 23 1,4

- With-arms 2: Side

\Wlndsor 4: Rex /

[Fine-Grained Semi-Supervised Labeling of Large Shape Collections, Huang et al. 2013]}
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Fine-grained Classification

- Analysis

/nput Shapes and Tags

1,3 2,4 23 1,4

- With-arms 2: Side

\Wlndsor 4: Rex /

/Shape Matching \

with-arms windsor
Distance field

\ Spin imageS/

Vanceuver
SIGGRAPH2014
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[Fine-Grained Semi-Supervised Labeling of Large Shape Collections, Huang et al. 2013]}
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Fine-grained Classification

- Analysis

/nput Shapes and Tags

1,3 2,4 23 1,4

- With-arms 2: Side

\Wlndsor 4: Rex /

/Shape Matching \

with-arms windsor

Distance field

\ Spin images / @th-arms Winde
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/Graph-Based \

Classification

[Fine-Grained Semi-Supervised Labeling of Large Shape Collections, Huang et al. 2013]}
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Fine-grained Classification

Result
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[Fine-Grained Semi-Supervised Labeling of Large Shape Collections, Huang et al. 2013]}

Course: Structure-Aware Shape Processing SPONSORED BY @ ¢



VA
SIGGRAPH2014

Data Organization Cdicanan

- Part-based Exploration
— Navigate by deforming a template

[Exploration of Continuous Variability in Collections of 3D Shapes, Ovsjanikov et al. 2011]
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Part-based Exploration PP

- Key Ildea
— Models are linked by low degree of freedom / variations

Variations in position of wings

[Exploration of Continuous Variability in Collections of 3D Shapes, Ovsjanikov et al. 2011]
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Part-based Exploration PP

- Analysis

Descriptor space

1. Convert to descriptor space 2. Select Template

3. Deform template to fit curve 4. Generate morphable model

Course: Structure-Aware Shape Processing SPONSORED BY 6
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Part-based Exploration PP

- Analysis

Descriptor space

1. Convert to descriptor space 2. Select Template

3. Deform template to fit curve 4. Generate morphable model
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Part-based Exploration PP

- Analysis

Descriptor space

1. Convert to descriptor space 2. Select Template

3. Deform template to fit curve 4. Generate morphable model
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Part-based Exploration PP

- Analysis

k

c‘>5(|v|3)
Descriptor space
1. Convert to descriptor space 2. Select Template
3. Deform template to fit curve 4. Generate morphable model
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Part-based Exploration PP

- Analysis

/
“s(m,)
c‘>5(|v|3)
Descriptor space
1. Convert to descriptor space 2. Select Template
3. Deform template to fit curve 4. Generate morphable model
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Part-based Exploration PP

- Analysis

o
o c‘SS(l\/lg)
o Descriptor space
1. Convert to descriptor space 2. Select Template
3. Deform template to fit curve 4. Generate morphable model
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Part-based Exploration PP

- Analysis

o
o c‘SS(l\/lg)
o Descriptor space
1. Convert to descriptor space 2. Select Template
3. Deform template to fit curve 4. Generate morphable model
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Part-based Exploration PP

- Analysis

o
o c‘SS(l\/lg)
o Descriptor space
1. Convert to descriptor space 2. Select Template
3. Deform template to fit curve 4. Generate morphable model
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Part-based Exploration PP

- Analysis

o
o c‘SS(l\/lg)
o Descriptor space
1. Convert to descriptor space 2. Select Template
3. Deform template to fit curve 4. Generate morphable model
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Part-based Exploration P

- Analysis

/
c)O
o o
O
. “s(m,)
o ©s(M,)
O Descriptor space
1. Convert to descriptor space 2. Select Template
3. Deform template to fit curve 4. Generate morphable model
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Part-based Exploration PP

- Analysis

O
o C‘;S(Mg) /
© Descriptor space 4 |
1. Convert to descriptor space 2. Select Template
3. Deform template to fit curve 4. Generate morphable model
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Part-based Exploration

[Exploration of Continuous Variability in Collections of 3D Shapes, Ovsjanikov et al. 2011]
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Data Organization

- Part-based Exploration
— Navigate by selecting points in low-dimensional space

|

P N

. u\iaiolozhuli_.j

— y

Learning Part-based Templates from Large Collections of 3D Shapes, Kim et al. 2013
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Deformable Templates YRR

- Analysis ' -
— Learn deformable templates .

Learning Part-based Templates from Large Collections of 3D Shapes, Kim et al. 2013
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Deformable Templates YRR

- Analysis Step I:

— Learn deformable templates Create initial template

Learning Part-based Templates from Large Collections of 3D Shapes, Kim et al. 2013

Course: Structure-Aware Shape Processing SPONSORED BY 6 (/




\(
SIGGRAPH2014

Deformable Templates YRGB
- Analysis Step I
— Learn deformable templates _)g{ggtﬁ:i”i“a' template

e Fit template to some models

Learning Part-based Templates from Large Collections of 3D Shapes, Kim et al. 2013
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Deformable Templates L
° AnalySiS Step I:
. Create initial template
Learn deformable templates Step II:
Fit template to some models
——> Step lli;

Update template from good fits

Learning Part-based Templates from Large Collections of 3D Shapes, Kim et al. 2013
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Deformable Templates L
° AnalySiS Step I:
. Create initial template
Learn deformable templates Step II:
Fit template to some models
Step lli:

Update template from good fits

Learning Part-based Templates from Large Collections of 3D Shapes, Kim et al. 2013
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Deformable Templates L4 SicerapHz0

° AnalySiS Step I:

. Create initial template
Learn deformable templates Step II:

Fit template to some models
Step lli:

Update template from good fits

Learning Part-based Templates from Large Collections of 3D Shapes, Kim et al. 2013

Course: Structure-Aware Shape Processing SPONSORED BY 6 (/



Deformable Templates L4 Siscraprzor

° AnalySiS Step I:
. Create initial template
Learn deformable templates Step II:
Fit template to some models
Step lli:

Update template from good fits

\ |/
v
spawned template

!
~ £ \
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Deformable Templates

- Exploration Interface
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exploration view model view

[ShapeSynth:
Parameterizing Model Collections for Coupled Shape Exploration and Synthesis , Averikou et al. 2013]
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Deformable Templates

- Exploration Interface

[ShapeSynth:
Parameterizing Model Collections for Coupled Shape Exploration and Synthesis , Averikou et al. 2013]
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Organizing The Data

* Region-based Exploration
— Navigate by selecting regions of interest

pallh

\ *
(e
<>
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Region-based Exploration

» Common Approach
— Detect correspondences
— Find distances for ROl across the collection

Fuzzy Correspondences, Soft Maps Functional Maps, Shape Differences
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Fuzzy Correspondences

- Analysis
— Point-to-point correspondences do not handle ambiguity

S = {Sl,SQ,...,SN}

f(pz'apj) S XS -2 R

Fuzzy Correspondences, Soft Maps [Soft Maps Between Surfaces, Solomon 2012]

[Exploring Collections of 3D Models using Fuzzy Correspondences , Kim et al. 2012]
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Fuzzy Correspondences

- Analysis
— Point-to-point correspondences do not handle ambiguity
— Diffuse correspondences to leverage transitivity

-
-
"
”r
E

[Exploring Collections of 3D Models using Fuzzy Correspondences , Kim et al. 2012]

Course: Structure-Aware Shape Processing SPONSORED BY é» i)




Fuzzy Correspondences

- Analysis
— Point-to-point correspondences do not handle ambiguity
— Diffuse correspondences to Ieverag? transitivity

ﬁ—r
s

[Exploring Collections of 3D Models using Fuzzy Correspondences , Kim et al. 2012]
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Fuzzy Correspondences

- Analysis
— Point-to-point correspondences do not handle ambiguity
— Diffuse correspondences to leverage transitivity

sub-matrices

Sparse Correspondence
Matrix C(p;,p;)
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Fuzzy Correspondences

- Analysis
— Point-to-point correspondences do not handle ambiguity
— Diffuse correspondences to leverage transitivity

sub-matrices 1
N
g _
3
>
=
&0
L
P N3 o8 2 it
Sparse Correspondence Eigenvector 1 g
Matrix C(p;,p;) Spectral Embedding
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Fuzzy Correspondences

- Analysis
— Point-to-point correspondences do not handle ambiguity
— Diffuse correspondences to leverage transitivity

_, Right wing

sub-matrices

Eigenvector 2

L
ﬂ 4

Eigenvector 1

Matrix C(p;,p;) Spectral Embedding
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Fuzzy Correspondences

- Analysis
— Point-to-point correspondences do not handle ambiguity
— Diffuse correspondences to leverage transitivity

sub-matrices

.

Eigenvector 2

Sy
4 Q

Left wing
>

Eigenvector 1

Matrix C(p;,p;) Spectral Embedding
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Fuzzy Correspondences

- Exploration Interface
— Find Variations
— Align Viewpoints
— Sort by Similarity More variation

[Exploring Collections of 3D Models using Fuzzy Correspondences , Kim et al. 2012]
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Fuzzy Correspondences

- Exploration Interface
— Find Variations
— Align Viewpoints
— Sort by Similarity

[Exploring Collections of 3D Models using Fuzzy Correspondences , Kim et al. 2012]

Course: Structure-Aware Shape Processing SPONSORED BY @ "7




Fuzzy Correspondences

- Exploration Interface
— Find Variations
— Align Viewpoints
— Sort by Similarity

[Exploring Collections of 3D Models using Fuzzy Correspondences , Kim et al. 2012]
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Fuzzy Correspondences

Course: Structure-Aware Shape Processing

® | 3D Database Exploration: selecting(0)
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Fuzzy Correspondences

- Exploration Interface
— Find Variations
— Align Viewpoints
— Sort by Similarity

[Exploring Collections of 3D Models using Fuzzy Correspondences , Kim et al. 2012]
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Fuzzy Correspondences

# | 3D Database Exploration: selecting(0), mode(1)
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Region-Based Exploration

» Common Approach
— Detect correspondences
— Find distances for ROl across the collection

Functional Maps, Shape Differences

[Map-Based Exploration of Intrinsic Shape Differences and Variability, Rustamov et al. 2013]
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Shape Differences

- Analysis
— Functional maps approach

[Functional Maps: A Flexible Representation of Maps Between Shapes, Ovsjanikov et al. 2012]
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Shape Differences

- Analysis
— Functional maps approach

- 41.00
- 10.50
- 40.00

- 1-0.50

I-1 00

F Is a linear operator (matrix)

F : L*(cat) — L*(lion)
[Functional Maps: A Flexible Representation of Maps Between Shapes, Ovsjanikov et al. 2012]
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Shape Differences

- Analysis
— Functional maps approach
— Measure distortions induced by a map

= V — area-based shape diff

- 41.00

- 10.50

- 1-0.50

I

R — conformal shape diff

- ¢ sl N i
F is a linear operator (matrix) linear operator (matrix) linear operator (matrix)
F : L*(cat) — L*(lion) V : L*(cat) — L*(cat) R : L*(cat) — L*(cat

Map-Based Exploration of Intrinsic Shape Differences and Variability, Rustamov et al. 2013

SPONSORED BY 4@ @2
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Shape Differences

- Analysis
— Functional maps approach

— Measure distortions induced by a map

[Map-Based Exploration of Intrinsic Shape Differences
and Variability, Rustamov et al. 2013]
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Shape Differences

- Analysis
— Functional maps approach

— Measure distortions induced by a map

[Map-Based Exploration of Intrinsic Shape Differences
and Variability, Rustamov et al. 2013]

Course: Structure-Aware Shape Processing SPONSORED BY G (7
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Shape Differences

- Analysis
— Functional maps approach

— Measure distortions induced by a map

[Map-Based Exploration of Intrinsic Shape Differences
and Variability, Rustamov et al. 2013]

Course: Structure-Aware Shape Processing SPONSORED BY G (7

Rustamov et al. 2013



Shape Differences

- Exaggeration of difference in ROI

ROI Output magmﬁed dlstoruon at ROI

[Map-Based Exploration of Intrinsic Shape Differences and Variability, Rustamov et al. 2013]
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Shape Differences

» Interpolation of difference in ROI

»
\/_,
»

®

Initial Output: interpolating poses on ROI ~ Final

[Map-Based Exploration of Intrinsic Shape Differences and Variability, Rustamov et al. 2013]
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Shape Differences

» Interpolation of difference in ROI

|| %q 1 i}l! Al ﬁlllil:
Also, Non-lsometric Case: ” B S S H R

mom
A1/ | 1] B

[Functional Map Networks for Analyzing and Browsing Large Shape Collections, Huang et al. 2014}
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Data Organization

» Exploration of 3D Scenes
— Structural variability of scenes .
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Scene Organization

- Analysis
— Context provides a lot of information

| \—-‘ — ‘ *'f-ii'e.".it'
-~ B S §

L Y Emny

pd

‘ : E !
y |
P
4
4
/

[Context-Based Search for 3D Models, Fisher and Hanrahan. 2010]
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Scene Organization

Analysis
— Context provides a lot of mforma’uon

Study
Computer Books

gw

— Scenes as graphs

Relations: /> § !
|

Containment v
Horizontal support Monitor o ’ = 4
Surface contact | o =4
-
:S {
A£ I |

Keyboa rd Book Book

[Characterizing Structural Relationships

|n SCeneS USlng Gl‘aph Kel’ne|3, FISheI‘ et al 201 1] —» Scene graph parent-child relationship «—» Surface contact relationship
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Contextual Focal Points

» Scene Exploration via Focal Points
— Leverage salient subgraphs

[Organizing Heterogeneous Scene Collections through Contextual Focal Points, Xu et al. 2014]
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Contextual Focal Points

» Scene Exploration via Focal Points
— Leverage salient subgraphs

Selected focal points

t
| Porcia®
. h | -
Scene viewer J \ W ! i. . 1R 4
a T ' . 3 000 (-D
h v .
. \ . (D
| >
r—f-
N u
— - :
L] =o— O = |
|

Focal point list

[Organizing Heterogeneous Scene Collections through Contextual Focal Points, Xu et al. 2014]
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Contextual Focal Points
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[Organizing Heterogeneous Scene Collections through Contextual Focal Points, Xu et al. 2014]
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Scene Hierarchies

- Hierarchical Analysis
— Learn interesting relations within groups of related objects
— Visualize and explore at different levels of hierarchy

Sleep area/ Bedroom
Bed and Window

supported group/
Curtain

(X2)
V} o torage R ‘
torage
Bed framg N '5 area e ' r]

2Bed

. D t

piu;w" Pillows/ oor Sf /" Door set/
Ay I\Pillow N

or
Q/’/ \/ \ \
Bed Mattress Shelf Closet Closet

Cabinet
frame group/  group/ group/

¢ Closet group/
shel Closet Cabinet

Bed frame

[Creating Consistent Scene Graphs Using a Probabilistic Grammar, Liu et al. 2014 (conditionally accepted)]
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Other Interfaces

- Exploring Heterogeneous Collections
ol .
| X4 &

[Qualitative Organization of Collections of Shapes via Quartet Analysis, Huang et al. 2013]
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Other Interfaces

- Exploring Building Layouts

1 of 10 initial god IayOuts portal graph

[Generating and Exploring Good Building Layouts, Bao et al. 2013]
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Other Interfaces

- Exploring Cultural Heritage

Create account & Log in I

Article Talk Read Edit View history | Q |

Pantheon, Rome

The grgiﬁﬁgp{,ﬁ From Wikipedia, the free encyclopedia Coordinaes: (g 41.8986° N 12.4768°E
Not to be confused with The Parthenon or Pantheon. Paris.
Main page . . .
For otheruses. see Pantheon (disambiguation). o e .
Contents Rl P i
Featured content The Pantheon (pron.: 'Qee_nelan orus 'pee_nBI_ r__)_r_j_.-";[‘] Latin: ' ]
Curentovents Pantheon, [nb 1] [panth own] from Grook: MavBeov [Lepdv], an adjective ' Pantheon
Random.~icle understood as "[temple consecrated] to all gods") is a building in Rome,
o Aok “r.com=" =ioned by M~ = Agrippa during the reign of ~ugustus as ]

Cametti. ™=

On the first niche to the left of the entrance is an Assumpition 8) by

Andrea Camassei. Thefirst chapel on the left, is the Chapel of St Jos e oL T i el 5

the Holy Land, and is the chapel of the Confraternity of the Virtuosi at the o Ty e et T e x
Pantheon. This refers to the confraternity of artists and musicians that was

fomed here by a 16th-century Canon of the church, Desderio da Segnl, to ensure that worship was mailn the |

chapel. =

The first members were, among others, Antonio da Sangallo the younger, Jacopo Meneghino, Giovanni Mangone,
Zuccari, Domenico Beccalumi, and Flaminio Yacca. The confraternity continued to draw members from the elite of
Rome's artists and architects, and among later members we find Bernini, Cortona, Algardi, and many others. The
institution still exists, and is now called the Academia Ponteficia di Belle Arti (The Pontifical Academy of Fine Arts),

based in the palace of the Cancelleria. The allar in the chapel iM:e of
St Joseph and the Holy Chila==sy=rTCenZs de Rossi.

To the sides are paintings (1661) by Francesco Cozza, one of the Virtuosi: Adorationror e shepherds on left side and < %
Adoration of fthe Magi on right. The stucco relief on the left, Dream of St Joseph, is by Paolo Benaglia, and the one on
the right, Rest during the flight from EgypX, is by Carlo Monaldi. On the vault are several 17th-century canvases, from
leit to right: Cumean Sibyl by Ludovico Gimignani; Moses by Francesco Rosa,; Eftemal Father by Giovanni Peruzzini,
David by Luigi Garzi;, and Entrean Sibyl/ by Giovanni Andrea Carlone.

The second niche has a statue of St Agnes, by Vincenzo Felici. Tha bust on the left is a portrait of
Peruzzi, derived from a plaster porirait by Giovanni Duprz. The tomb of King Umbert 1Is wife Margherita di

Savoia is in the next chapel. The chapel was oriainallv dedicated to St Michae the Archanael. and then to St. Thomas E

a—

[3D Wikipedia: Using Online Text to Automatically Label and Navigate Reconstructed Geometry
Russel et al. 2013]

Course: Structure-Aware Shape Processing SPONSORED BY 0




Other Interfaces

» Exploring Functional Shapes

Query Mo_st "&/
@a Similar ]’;\/ L, !?i\\: ;ZQ/?_

> l
L A %‘ 3 A

[Shape2Pose: Human-Centric Shape Analysis. Kim et al. 2014]
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