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Shape Descriptors



‘ What Is A Shape Descriptor

Shapes Shape Descriptor

‘ R Fi=[f4, fo, .., fn]
v e F2=[f1, fo, .., fn]
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\ Shape Distributions (D2)
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Probability
Density

Guess: A Line Segment?
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Distance Between a Pair




Spin Images

2-D points
o - radial dist. AP
B - elevation

spin-image
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2-D points
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‘ LightfieldDescriptor

10
Dy = min Y, d(Lg,Ix)
k=1

Image distances under
the best rotation




Shapematching



\ Registration

A Align two shapes/scans
given initial guesfor

relative transform
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\Shape matching

A Rigid matching-- how to generate the initial guess




\ Applications

Surface reconstruction
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Scan Kd Reconstruction

Template

Object completion Protein docking




\ Approaches-- point-based
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RANSAC Voting Spectral matching

Partial simitarity Stalble




\ Nonrigid registration




\ Applications

Dynamic geometry reconstruction Tracking
[Li etal 13] [Li et al. 09]
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Interpolation
[Kilianet al. 08] [Paulyet al. 05]




\ Application--- distance learning

Rigid Nonrigid

with-arms side windsor rex

“ Distance field Spin images

FineGrained Sembupervised Labeling of Large Shape Collections, Q. Huang, H>&bak.
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‘Non-Rigid ICP

A Compute closest point pairs
P = Tpig

m [(Psr )}
0

A Deform the source shape P

N 2 2 rest
P = fpig > P — il + Ade({pi}, {P]*'})
=1

W Distance term Deformation term
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\ Heat kernel map

Only need to match one point!

Heat Kernel Map kM (p, x)
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‘ Conformal mapping

Two easy subproblems

e Conformal map to a sphere
= Conformal map between spheres
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Conformal Map
is uniquely defined
by 3 correspondences
(Moebius Transformation)
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\ Mobiusvoting

Algorithm for Non-Isometric Shapes:
e Repeat for many triplets:
e Propose 3 correspondences

e  Compute a conformal map
= VOTE based on the area distortion




‘ Blended intrinsic maps

Blend conformal maps into a smooth map

= Mz‘.‘ L (]
Distortion of m; Distortion of m, Distortion of m,

Blending Weights for m; m,, and m; Distortion of the Blended Map




\ Functional maps

Ovsjanikov’12




Data-driven /matching



\ Plece assembly

o @




\Ambiguous matches
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\Additional data helps

C@Q




\Additional data helps

Blended intrinsienaps
[Kim etal. 11]

object

Composite




\ Cycleconsistency

A Maps are consistent along cycles

Consistent




\ Cycleconsistency

A Maps are consistent along cycles
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\ Cycleconsistency

Blended intrinsienaps
[Kim etal. 11]

Composite




\ Cycleconsistency

Blended intrinsienaps

. __—FCR\ [Kim etal. 11]

Direct
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Consistent

Composite




‘Joint matching formulation

A Input;
I Shapes
I Pairwise maps
(existing algorithms)




‘Joint matching formulation

A Input:
I Shapes
I Pairwise maps
(existing algorithms)

A Output;
I Cycleconsistent
ia/ f2aSe 02

NRcomplete [Huber 2002]




\ Pointmaps

> 0

o C«\ s
}J? — ; ’b\) (Positive)semidefiniteness
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‘ Convex program

(d i t
(i'j)ZEkxzjnpu i Xijk

subjectto  Xii=Im; 1-i- n

minimize

Xijl= L,X1=1 1-i<j-n
X° 0
X, 0

ADMM [Boyd et al.11]




\ Deterministic guarantee

A Exact recovery condition:

#incorrectcorres per point
<

algebraicconnectivity(G)/4




‘ Constrained optimization framework

Symmetric

matrices
minimize d(}(i”it7 X) minimize d(}{'mit7 X) —I—)\HXH*
Subjectto X > O Subjectto  Constraints orX

Constraints orX




\ Affordance




\ Finegrained analysis

Interaction pose is an intrinsic property of many shapes




Segmentation



‘Segmentation methods

[Shalfman et al. 2002] [Katz et al. 05] [Attene et. al 2006] [Lai et al. 08]

K-Means Core Extraction Fitting Primitives Random Walks

M
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[Golovinskiy and Funkhouser 08] [Shapira et al. 08] [Golovinskiy and Funkhouser 08]

Normalized Cuts Shape Diameter Function Randomized Cuts




Joint shape segmentation

Structural similarity of segmentations

A Extraneous geometric clues

Single shape segmentation
[Chen et al. 09]
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Joint shape segmentation
[Huang et al. 11]
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‘Joint shape segmentation

Structural similarity of segmentations
A Low saliency

Single shape segmentation Joint shape segmentation
[Chen et al. 09] [Huang et al. 11]
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‘Joint shape segmentation

(Rigid) invariance of segments
A Articulated structures

Single shape segmentation Joint shape segmentation
[Chen et al. 09] [Huang et al. 11]




Shape-classification

Bottle

Bowl

Cabinet

Camera

Car

4 Chair

- Style

Ball_chair

Barcelona_chair
Bar_stool
Bean_chair

| Butterfly_chair
Cantilever_chair
Chaise_longue
Deckchair
Eames_Lounge_C
Folding_chair
Morris_Chair

| No_14_chair




‘ Shape classification tasks
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Category level Finegrained




\ Category level

0 Relatively

clean labels @7 S S 4 ‘




‘ Similar shape voting




‘ Finegrained--- challenges

WEB  IMAGES VIDEOS MAPS NEWS MORE

b bing | windsor chair yol %E’g“g T8
_ Antique Chair ~ Windsor Chairs ~ Antique Victorian ~ American s Handmade Windsor Chair
3D Warehouse Signin  windsor chaie - Types for Sale Windsor Chairs ~ Chairs Windsor Chairs ~ Chair ~ Windsor Chairs  Slipcovers

Sparse and noisy labels Features




\ System overview

Graph-Based Classificatio
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Data-driven shapermodeling



‘ Shape grammar for a building

Extract a set of algebraic constraints

(a) input (b) regular patterns  (c) degrees of freedom




‘ Shape grammar for a building
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\ Understand variations

1000s
of
models!

Seats vary
in width

Kim'13




‘ Discrete probabilistic part relations

L ™ML T =prn
A= XXX

Kalogerakis'12




\ Shape synthesis
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‘ DataDriven Reconstruction

Combine data + priors (from existing shape




‘ Datadriven scene analysis

Retrieval

Input Scenes

Fisher et al. 2010
Synthesized Results

Fisher et al. 2012




‘ Sketchbased scene synthesis

Xu et al. 2013




Future Direction



30 Warehouse SO o
2,424,093 Results Sortsearch Resuks By [Tite (Ascending) ;
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\ Current status

102
1010
108

You ([T

Videos 3D Models

(Per minute)
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Similarity/Variability
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‘ Data management/visualization

Variability




