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Statistical Shape Descriptors
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Alignment
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Alignment
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Alignment
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Not very robust!
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Need heuristics to determine positive axes!
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Alignment-Independent Descriptors
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Three mugs aligned automatically with PCA

Shape Histograms
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Image courtesy of 
Ankerst et al, 1999

Shape Histograms (shells)
(Ankherst, 1999)

Radius
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Shape Histograms
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Image courtesy of 
Misha Kazhdan
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Shape Histogram Retrieval Results
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Harmonic Shape Descriptor
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Step 2: Voxelization
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3D Voxel Grid

Step 3: Spherical Decomposition

%��	��	�����������	������
�	�	�

Spherical Functions



1010

Step 4: Frequency Decomposition

,	
�	�	���	�����
�	�����*����������������
�*���������*�	7�	��	��(���	��+

Spherical Functions

,	
�	�	���	�����
�	�����*����������������
�*���������*�	7�	��	��(���	��+

Step 4: Frequency Decomposition

Spherical
Function
Spherical
Function

Spherical Functions



1111

,	
�	�	���	�����
�	�����*����������������
�*���������*�	7�	��	��(���	��+

Step 4: Frequency Decomposition

+ + += …
Spherical
Function

Harmonic Decomposition

,	
�	�	���	�����
�	�����*����������������
�*���������*�	7�	��	��(���	��+

Step 4: Frequency Decomposition

=

+ + +

+ + +

Constant 1st Order 2nd Order

= …

…

Spherical
Function



1212

,	
�	�	���	�����
�	�����*����������������
�*���������*�	7�	��	��(���	��+

Step 4: Frequency Decomposition

=

+ + +

+ + +

Frequency Decomposition

= …

…

Spherical
Function

Amplitudes are 
invariant to rotation

Step 5: Amplitude Computation
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Matching Harmonic Descriptors
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Harmonic Shape Descriptor
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Harmonic Shape Descriptor
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Harmonic Shape Descriptor
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Harmonic Matching Results
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Statistical Shape Descriptors
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Shape Distributions
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D2 Shape Distribution
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D2 Shape Distribution

���
	��	�

ü )����	��������	

ü 9����������
��	

Ø %����������������*����:

� #**�	�����������:

� %��	����	�������	:

� %��	����	������
����8:

� ,�������� �	�	�	���	�:

� -���������:

ü Translation
ü Rotation
ü Mirror{

Normalized Means

ü Scale (w/ normalization)

����	����� ������	

-�����	

�
��

�
�
�
�

�8

����	�����

D2 Shape Distribution

���
	��	�

ü )����	��������	

ü 9����������
��	

ü %����������������*����

Ø #**�	�����������:

� %��	����	�������	:

� %��	����	������
����8:

� ,�������� �	�	�	���	�:

� -���������:

������	



2222

D2 Shape Distribution
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D2 Shape Distribution Results
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D2 Shape Distribution Results

D2 distributions for 5 tanks (gray) and 6 cars (black)
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D2 Retrieval Experiment
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Shape Distributions
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D2 Shape Distribution Results
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D2 Shape Distribution Results
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Taxonomy of Shape Descriptors
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