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 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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Manipulating Structures

Structure-guided Design
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Structure-Aware Deformation

physically motivated
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Structure-Aware Deformation

physically motivated

Q /
\

structure-aware

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




vancouver

Local Adaptivity 4 S\GaRAPH201

* Non-homogenuous resizing
— Elastic deformation model
— Introduce local ‘vulnerability’ term (parameters)
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[Non-homogeneous Resizing of Complex Models, Kraevoy et al. 2008]
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* Joint-aware deformation
— Joint-analysis using slippage direction
— Setup deformation cells
* Prefer motions along joints in deformation

¥ Revolute

[Joint-aware Manipulation of Deformable Models, Xu et al. 2009]
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Relations across Features

Detail-preserving deformation Speed x2

[IWIRES: An Analyze-and-Edit Approach to Shape Manipulation, Gal et al. 2009]
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 Primitives:
— wires, I.e., sharp-edge

- Relations:

— relations (single wires)
» planarity, straight line, circle, etc.

— relations (pair of wires)
» parallel, orthogonal, concentric, etc.
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Non-local Relations Z)siccraptzot
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Algorithm ZQsiccrapizor:

Speed x2

ﬁ

Handle
region

Compound wire
4 sub-wires
planar

4 equal anges

2 pairs of equal
lengths segments
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: [ grab-and-drag ] | Speed x3

Toy jeep model

574 wires

80 groups

208 components
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« PCA-based models

— Establish dense correspondences between
shapes from a database and a template shape

— Fit linear generative model to data
* Assume low-dimensional linear subspace

—

Face Space

-

[A Morphable Model for Synthesis of 3D Faces, Blanz and Vetter 1999]
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Modeling by Example

 User focused method

— User defines parts and accepts
suggestions from the database

* Method assists in composition

[Modeling by Example, Funkhouser et al. 2004]
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* Provide parts
* Find compatible boundaries
 MRF-based reassembling

[Example-based Model Synthesis, Merrell 2007]
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Fixed-sized Tiles A RIGGRARKZ0

synthesized
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» Cut model at symmetry boundaries
* Symmetric boundaries yield replacement rules
* Precompute shape grammar

Docking Sites

[A Connection between Partial Symmetry and Inverse Procedural Modeling, Bokeloh et al., 2010]
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Deformation Null Space |
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[An Algebraic Model for Parameterized Shape Editing, Bokeloh et al. 2012]
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Relations in Scanned Objects Z)siccrnerzons
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coplanar

orthogonal
faces

1) orthogonal/parallel relations, equal angle
Il) placement relation, e.g., coplanar, coaxial
i) equal length/radii relations

[GlobFit: Consistently Fitting Primitives by Discovering Global Relations, Li et al. 2011]
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Discover Global Relations ) SIGGRAPH204

near parallel parallel

near coplanar

RANSAC
near ...

near coaxial near orthogonal

point cloud primitives
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Consistent Primitive Fitting
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Structures as Features
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[Acquiring 3D Indoor Environments with Variability and Repetition, Kim et al. 2012]
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Constrained Meshes Z)sicerapnzons

* Explore shape space w.r.t. specific constraints (implicit non-linear constraints)

[Shape Space Exploration of Constrained Meshes, Yang et al. 2011]
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Constrained Shape Space Z ) sicerapzots

D
* mesh — point X — (Ul,...,vn) c R

« combinatorics remain fixed

» starting mesh x satisfies (nonlinear) constraints
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Each (face) constraint/relation

[, ={xeR”:Ei(x)=0} V i=1,...,m
d=xy+d

d(x1,X2) = ||x1 — X2|
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Osculant Surface
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Walking on the Tangent Space Z ) sicorapnzois

M

manifold
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Design Exploration Z)siccrapnzor

Flat Circular Mesh Exploration
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Structural Optimization Z)sicerapnzon

* Improve structural stability of 3D masonry buildings
— Apply local changes to stabilize

[Structural Optimization of 3D Masonry Buildings, Whiting et al. 2012]
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joint disconnect not durable not stable
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[Guided Exploration of Physically Valid Shapes for Furniture Design, Umetani et al. 2012]
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Guided Exploration
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“Forms are Force Diagrams” ZJsicerapzors

target weights
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stable and durafble shape physical prototype
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“Forms are Force Diagrams” Zsiceraprzons

Design window

nt)t duraple

51.450947kg

initial undo | add ‘ delete weight
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Geometry from Constraints 4 SIGGRAPH014

lowest 5 eigendirections
lowest 10 eigendirections
random

distance

[Generating and Exploring Good Building Layouts, Bao et al. 2013]
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Algorithm Steps

Input constraints:
parcel boundary,
floor area,

# courtyards, ...

generate
good layouts

digitize layout

' - create local
.y shape space

create local < >
shape space
| \ create
| portal graph

A

navigate
good layouts
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