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Someday 3D models will be 
as common as images are today

Someday 3D models will be 
as common as images are today
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Images courtesy  of
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Future research will ask:
“How do we find 3D data?”
Future research will ask:

“How do we find 3D data?”
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Images courtesy of
Stanford & Utah

Previous research has asked:
“How do we acquire 3D data?”
Previous research has asked:
“How do we acquire 3D data?”
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Analysis algorithms also are needed to create 
“useful” 3D models from “raw” 3D data

Analysis algorithms also are needed to create 
“useful” 3D models from “raw” 3D data
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Lecture Outline
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“How can we find significant geometric features robustly?”“How can we find significant geometric features robustly?”

Shape Analysis Problems
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“How can we decompose a 3D model into its parts?”“How can we decompose a 3D model into its parts?”

Images courtesy of 
Ayellet Tal, Technion & 

Princeton University
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“How can we decompose a 3D model into its parts?”“How can we decompose a 3D model into its parts?”

Images courtesy of 
Ayellet Tal, Technion & 

Princeton University
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“How can we align features of 3D models?”“How can we align features of 3D models?”

Images courtesy of 
Emil Praun
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Shape Analysis Problems
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“How can we compute a measure of geometric similarity?”“How can we compute a measure of geometric similarity?”

Image courtesy of 
Ilya Vakser, GRAMM 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
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“How can we find a given 3D model in a large database?”“How can we find a given 3D model in a large database?”

Images courtesy of 
Florida State Univ. Shape Analysis Problems
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“How can we determine the class of a 3D model?”“How can we determine the class of a 3D model?”

Images courtesy of 
Darpa E3D Project
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“How can we learn classes of 3D models automatically?”“How can we learn classes of 3D models automatically?”

Images courtesy of 
Viewpoint Lecture Outline
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Shape Analysis Applications
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Shape Analysis Applications
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Image courtesy of 
Ayellet Tal, Technion & 

Princeton University Shape Analysis Applications
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Images courtesy of 
Bill Regli, 

Drexel University
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Shape Analysis Applications
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Shape Analysis Applications
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Images courtesy of 
Delson & Freiss Shape Analysis Applications
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Image courtesy of 
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Hippocampus-amygdala study in schizophrenia

Shape Analysis Applications

%&���
�'

( ,�������������

( "�������

( $
���������+"�

( +�
�����

( $�������

( !��
��������

( $��
������	��

( $
�����


Ø )��
�����

( "��

Images courtesy of 
Boeing

Shape Analysis Applications

%&���
�'

( ,�������������

( "�������

( $
���������+"�

( +�
�����

( $�������

( !��
��������

( $��
������	��

( $
�����


( )��
�����

Ø "��

Images courtesy of 
Stanford University Lecture Outline

 �����������

!��	�
�

"�����������

#���
�$�������



66

Shape

�
�������������$
����-�
	��
�.������������'

( � � ��
�����	�
��/
����������
������������
�������������
����/���������
�
��� �����������������������

Shape Matching

0

��������
��������
�����������1"�23�����'

( $����
��������������
���������������
����������

( +���	
�
������
��	���������
�

!
�����������
��������
�����������������	
���
����'

( 0��-�
�����
' �1"�23�≥ 4���������"�����2
(  �
�����' �1"�23�5�4����������������"52

( #�
���'� �1"�23�5��12�"3���������"�����2

( 6������
���
�������'� �1"�23�7��12�+3�≥ �1"�+3

Shape Matching Challenges

0

������
��
�������������������
������������'

( +�����
��������


( 8���/���������


( %�����
����������

( �������������

3D Query Shape
Descriptor

3D Database

Best
Matches

Shape Matching Challenges

0

������
��
�������������������
������������'

Ø +�����
��������


( 8���/���������


( %�����
����������

( �������������

3D Database

3D Query Shape
Descriptor Best

Matches

Shape Matching Challenges

0

������
��
�������������������
������������'

( +�����
��������


Ø 8���/���������


( %�����
����������

( �������������

3D Database

3D Query Shape
Descriptor Best

Matches

Shape Matching Challenges

0

������
��
�������������������
������������'

( +�����
��������


( 8���/���������


Ø %�����
����������

( �������������

3D Database

3D Query Shape
Descriptor Best

Matches



77

Shape Matching Challenges
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Different Transformations
(translation, scale, rotation, mirror)
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Scanned Surface

Image courtesy of
Ramamoorthi et al.
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Images courtesy of 
Amenta & OsadaTaxonomy of 3D Matching Methods
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Image courtesy of 
Mao ChenTaxonomy of 3D Matching Methods
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A3
(angle)

D1
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[Ankerst 99]
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D2 Shape Distribution
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D2 Shape Distribution
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D2 Shape Distribution Results
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D2 Shape Distribution Results
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51 potted plants 33 faces 15 desk chairs 22 dining chairs

100 humans 28 biplanes 14 flying birds 11 ships

http://shape.cs.princeton.edu/benchmark
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D2 Shape Distribution Results
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D2 Shape Distribution Results

Shape Storage Compute Compare Nearest Norm
Descriptor   (bytes) Time (s) Time (us) Neighbor DCGain DCGain

LFD 3.25 4,700 1,300 66% 64% 21%
REXT 2.22 17,416 229 60% 60% 13%
SHD 1.69 2,184 27 56% 58% 10%
GEDT 1.69 32,776 450 60% 58% 10%
EXT 1.17 552 8 55% 56% 6%
SECSHEL 1.38 32,776 451 55% 55% 3%
VOXEL 1.34 32,776 450 54% 54% 2%
SECTORS 0.90 552 14 50% 53% 0%
CEGI 0.37 2,056 27 42% 48% -10%
EGI 0.41 1,032 14 38% 47% -11%
D2 1.12 136 2 31% 43% -18%
SHELLS 0.66 136 2 23% 39% -27%
RANDOM 0 0 0 2% 26% -54%

Next Times …
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