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Shape Descriptors



What Is A Shape Descriptor



Shape Distributions (D2)



Spin images



LightfieldDescriptor



Shape matching



Registration

ÁAlign two shapes/scans

given initial guessfor

relative transform

ICP 
[BeslŀƴŘ aŎƪŀȅΩфнϐ



Shape matching

ÅRigid matching --- how to generate the initial guess



Applications

Surface reconstruction Fragment assembly

Protein dockingObject completion

Scan

Template

Reconstruction



Approaches --- point-based

Spectral matchingRANSAC Voting

1 3 5 2 4

1 1 1 1 0 0

3 1 1 1 0 0

5 1 1 1 0 0

2 0 0 0 1 1

4 0 0 0 1 1

Partial similarity Stable



Non-rigid registration



Applications

Dynamic geometry reconstruction
[Li et al. 13]

Tracking
[Li et al. 09]

Interpolation
[Kilianet al. 08]

Shape completion
[Paulyet al. 05]



Application --- distance learning

Fine-Grained Semi-Supervised Labeling of Large Shape Collections, Q. Huang, H. Su, L. Guibas, 
{LDDw!tI !{L!Ω мо

Input Rigid Non-rigid



ÅCompute closest point pairs

ÅDeform the source shape P

Non-Rigid ICP

Q

P = f pi g

Q

P = f pi g

Distance term Deformation term



Heat kernel map



Conformal mapping



Mobiusvoting



Blended intrinsic maps



Functional maps



Data-driven matching



Piece assembly 

22



Ambiguous matches
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Additional data helps 



Additional data helps
Blended intrinsic maps
[Kim et al. 11]

Composite

Intermediate
object



Cycle-consistency

Consistent

ÅMaps are consistent along cycles



Cycle-consistency

Inconsistent

ÅMaps are consistent along cycles



Cycle-consistency
Blended intrinsic maps
[Kim et al. 11]

Composite

Inconsistent



Cycle-consistency

Direct

Blended intrinsic maps
[Kim et al. 11]

Composite

Consistent



Joint matching formulation

Å Input:

ïShapes

ïPair-wise maps 

(existing algorithms)



Joint matching formulation

Å Input:

ïShapes

ïPair-wise maps 

(existing algorithms)

ÅOutput:

ïCycle-consistent

ïά/ƭƻǎŜέ ǘƻ ǘƘŜ ƛƴǇǳǘ ƳŀǇǎ

NP-complete [Huber 2002]



Point-maps
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Convex program

X i i = I m; 1 · i · nsubject to

minimize

P
( i ;j ) 2 E

kX
i nput
i j ¡ X i j k1

X i j 1 = 1; X T
i j 1 = 1; 1 · i < j · n

X º 0

X ¸ 0

ADMM [Boyd et al.11]



Deterministic guarantee 

ÅExact recovery condition:

#incorrect corres. per point
< algebraic-connectivity(G)/4



Constrained optimization framework

minimize

Subject to

Constraints on X

Symmetric
matrices

minimize

Subject to Constraints on X

Asymmetric
matrices



Affordance



Fine-grained analysis



Segmentation



Segmentation methods



ÅExtraneous geometric clues

Structural similarity of segmentations

Joint shape segmentation

Single shape segmentation
[Chen et al. 09]

Joint shape segmentation
[Huang et al. 11]



Joint shape segmentation
[Huang et al. 11]

Structural similarity of segmentations

ÅLow saliency

Joint shape segmentation

Single shape segmentation
[Chen et al. 09]



ÅArticulated structures

Joint shape segmentation

Joint shape segmentation
[Huang et al. 11]

(Rigid) invariance of segments

Single shape segmentation
[Chen et al. 09]



Shape classification



Shape classification tasks

Category level Fine-grained

loungerocking

folding rex



Category level

Dense labels

Relatively
clean labels



Similar shape voting

Chair

Chair

Chair

Stool



Fine-grained --- challenges

Sparse and noisy labels Features



System overview

Graph-Based Classification

with-arms side windsor rex



Data-driven shape modeling



Shape grammar for a building



Shape grammar for a building



Understand variations



Discrete probabilistic part relations



Shape synthesis



Data-Driven Reconstruction

Combine data + priors (from existing shapes)



Data-driven scene analysis



Sketch-based scene synthesis



Future Direction



Big data



Current status
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Management

Data  qualityHuman factor

Visualization



Similarity/Variability

Intra IntraInter



Data management/visualization

Variability
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