Shape Descriptors |l

Thomas Funkhouser

CS597D, Fall 2003
Princeton University

Taxonomy of Shape Descriptors




Statistical Shape Descriptors

Statistical Shape Descriptors




Alignment

Alignment

PCA Principal Axis
Computation Alignment




Alignment

Alignment

Need heuristics to determine positive axes!




Alignment-Independent Descriptors

Three mugs aligned automatically with PCA

Gt

Shape Histograms iralnte’s 4

Radius

Shape Histograms (shells)
(Ankherst, 1999)




Shape Histograms M heha Kazflban

3D Model Spherical

Decomposition Descriptor

Shape Histogram Experiment

153 dining chairs 12 dining tables

8 chests 28 bottle 39 vases 36 end tables




Shape Histogram Retrieval Results

Shape Histogram [Ankerst et al.]
EGI [Horn]

Moments [Elad et al.]

Random

Precision




3D Model Harmonic Shape

Decompositions Descriptor

Step 1. Normalization

3D Model




Step 2: Voxelization

3D Voxel Grid

Step 3: Spherical Decomposition

Spherical Functions




Step 4: Frequency Decomposition

Spherical Functions

Step 4: Frequency Decomposition

SpENEal
Fuieiiey

Spherical Functions
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Step 4: Frequency Decomposition

Spherical
Function

Harmonic Decomposition

Step 4: Frequency Decomposition

Spherical
Function

Constant 1 Order 29Order
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Step 4: Frequency Decomposition

Amplitudes are
Invariant to rotation

Spherical
Function

Frequency Decomposition

Step 5: Amplitude Computation

Harmonic Shape Descriptor
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Matching Harmonic Descriptors

Harmonic Shape Descriptor

2048 bytes per model
(16 frequencies x 32 radii x 4 byteg)
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Polygons

Voxels

Spherical
Decomposition

Frequency
Decomposition

Harmonic
Shape
Descriptor

Polygons

Voxels

Spherical
Decomposition

Frequency
Decomposition

Harmonic
Shape
Descriptor
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Harmonic Shape Descriptor

Rasterize polygon surfaces
(no solid reconstruction)

Harmonic Shape Descriptor

i Rotation

i Mirror

i Translation (w/ normalization)
i Scale (w/ normalization)
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Harmonic Shape Descriptor

0.23 seconds
to search
17,500 models

Search time (secs)

5000 10000 15000
Database size (models)

Harmonic Shape Descriptor

20000
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Harmonic Matching Results

2 345 36

N

25 livingroom chairs 16 beds 12 dining tables

153 dining chairs

N

8 chests

28 bottles

39 vases 36 end tables

Harmonic Retrieval Results

Precision

Harmonic Shape Descriptor
Shape Histogram [Ankerst et al.]
EGI [Horn]

Moments [Elad et al.]

Random

0.4 0.6 0.8 1
Recall
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Statistical Shape Descriptors

Shape Distributions

3D Surface

N

2D Contour 3D Volume
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Shape Distributions

3D Models D2 Shape Distributions

Which Shape Function?

D1 D2 D4
(distance)| (distance) (area) (volume)

[Ankerst 99]
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D2 Shape Distribution

D2 Shape Distribution

512 bytes (64 values)
0.5 seconds (EGamples)
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D2 Shape Distribution

i Translation

it Rotation

i Mirror

i Scale (w/ normalization)

AN

Normalized Means

D2 Shape Distribution
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D2 Shape Distribution

D2 Shape Distribution

1% Noise
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D2 Shape Distribution Results

D2 Shape Distribution Results

D2 shape distributions for 15 classes of objects
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D2 distributions for 5 tanks (gray) and 6 carsc¢kja

D2 Shape Distribution Results
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D2 Retrieval Experiment

2 345 36

N

153 dining chairs 25 livingroom chairs 16 beds 12 dining tables

N

8 chests 28 bottles 39 vases 36 end tables

D2 Retrieval Results

Harmonic Shape Descriptor

D2 Shape Distribution [Osada et al.]
Shape Histogram [Ankerst et al.]
EGI [Horn]

Moments [Elad et al.]

Random

Precision

0.4 0.6 0.8
Recall
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Shape Distributions

D2 Shape Distribution Results

Line Segment
D2 shape distributions for 18

26



D2 Shape Distribution Results

=

Circle

D2 shape distributions for 15 classes of objects

D2 Shape Distribution Results

Cylinder "\
.or 15 classes of objects
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D2 Shape Distribution Results

D2 shape distributions for 15 classes of objects

D2 Shape Distribution Results

Two Spheres
classes of objects
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Taxonomy of Shape Descriptors

Taxonomy of Shape Descriptors

<4—— Next Time!
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