
11

Shape Descriptors IShape Descriptors I

Thomas Funkhouser

CS597D, Fall 2003
Princeton University

Thomas Funkhouser

CS597D, Fall 2003
Princeton University

3D Representations 
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Intuitive specification Yes No No No
Guaranteed continuity Yes No No No
Guaranteed validity Yes No No No
Efficient boolean operations Yes No No No
Efficient rendering Yes Yes No No
Accurate Yes Yes ? ?
Concise ? ? ? Yes
Structure Yes Yes Yes Yes
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Shape Analysis Problems
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“How can we find 3D models best matching a query?”“How can we find 3D models best matching a query?”

1)

2)

3)

4)

Query

Ranked Matches

Shape
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Shape
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Example Distance Functions

�� �����

3������� �
�����	�

4��	���'��5��	�(�	��6)

( ) pp

ii baBAd
1

),( � −=

( )),(
~

),,(
~

max),(

minmax),(
~

ABdBAdBAd

baBAd ii
BbAa

=

−=
∈∈

Shape Matching
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Are these the same chair?
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Shape Retrieval
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Is this blue chair 
in the database?
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Shape Retrieval 
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3D Query

3D Database

Best Matches

Challenge
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Challenge
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Challenge
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3D Database
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Challenge
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Different Transformations
(translation, scale, rotation, mirror)

Challenge
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Scanned Surface

Image courtesy of
Ramamoorthi et al.



1010

Challenge

*		������	��	���
����������
��

� "���
�	��������	

� :
�&���������	

� ���
�
	�����������

� #
���
�
���
��

� /����
������������������
���

� /��	��
�
�	������
�	

Ø /��	��
�
�	������������

�  ���������	�	�	���
	�

Images courtesy of 
Viewpoint & Stanford

Different Tessellations

Different Genus

Challenge
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Taxonomy of Shape Descriptors
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Taxonomy of Shape Descriptors
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Images courtesy of 
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Taxonomy of Shape Descriptors
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Taxonomy of Shape Descriptors
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Statistical Shape Descriptors
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Feature Vectors
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What feature vectors?

Voxels
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Voxels
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Voxels
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Voxel Retrieval Experiment
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Evaluation Metric
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Evaluation Metric
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Evaluation Metric

-�	�
�
��$�	��������	�

� -�	�
�
���0�7�F�D

�  	�����0�7�F�D

44 55 66

77

0 0.2 0.4 0.6 0.8
0

0.2

0.4

0.6

0.8

1

Recall

P
re

ci
si

on

1

11 22 33

9988

Ranked Matches

Query

Evaluation Metric

-�	�
�
��$�	��������	�

� -�	�
�
���0�H�F�I

�  	�����0�H�F�D

44 55 66

77

0 0.2 0.4 0.6 0.8
0

0.2

0.4

0.6

0.8

1

Recall

P
re

ci
si

on

1

11 22 33

9988

Ranked Matches

Query



2020

Evaluation Metric
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Voxel Retrieval Results
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Wavelets
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Image courtesy of
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Wavelets
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Truncated And Quantized to 5000

Truncated And Quantized to 1000
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Truncated And Quantized to 500

Truncated 100
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Truncated 50

Truncated 10
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Torus Example

Torus Truncated to 5000
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Torus Truncated to 1000

Torus Truncated to 500
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Torus Truncated to 100

Torus Truncated to 50
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Wavelets
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Wavelets
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Moments Retrieval Experiment
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Moments Retrieval Results
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Extended Gaussian Image
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EGI Retrieval Experiment
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EGI Retrieval Results

0 0.2 0.4 0.6 0.8

0

0.2

0.4

0.6

0.8

1

Recall

P
re

ci
si

on

1

Voxels

Moments [Elad et al.]

EGI [Horn 84]

Random

Extended Gaussian Images

-���	��
	�

ü /��	��
�
�	������������

ü :
�&���������	

ü ���
�
	�����������

ü "���
�	��������	

J /��	��
��	������
�	

J  ���������	�	�	���
	�

J /����
�����������������

J #
���
�
���
��



3636

Other Rotation-Dependent Descriptors

Spherical Extent Functions
(Vranic & Saupe, 2000)

Shape Histograms (sectors)
(Ankherst, 1999)


