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(a) object description

(b) aspect graph as found using the view sphere

(c) aspect graph as found using 3-D model of viewpoint space

top

front right

back
bottom

left

front
left

bottom

front
right

bottom

top
left

front

top
right
front

top
back
left

top
back
right

back
bottom
right

top

top
back

top
front

top
right

top
left

top
right
front

top
left

front

top
right
back

top
left

back

left
back

left
back

bottom

back

back
bottom

right
back

right
back

bottom

right
right

bottom
leftleft

bottom

left
front

front right
front

bottom

right
front

bottom

front
bottom

left
front

bottom

����E/C�$�% �����2 #,)% ] � E/$!.&,�+ 354���1�3 ] ; C) #����E >��	� %($�%(���"< 3�>�%(19 '354 G���% A ,)3/�����- #,). ] %�


4B%&.&��C�$�%& 354 6 .&�2. E/��G�%(�  ] .&1�% ] .&� �)% ��$!. ] %&> �). ] ; . ] $�3� � -.&1�1�1�3 A %($  ] .&1�%& � 0 ] .&C) �.&1����#@�8�
�
�� %& #%&.&$ ] + ���
��+��9 .&$�%&. A ./ 2,)3/,�C�19.&$���=(%&> ��@ � ����;������  2 ] .&1�%  #,). ] % .&�).&1�@� #�9 2354 ��+�% ����� % ] ����3/�) -354 . �����  #��E/�).&1�������� 


!



f (x,    )

X

σ
σ

����E/C�$�% � ���"+�%  ] .&1�%  #,). ] % $�%(,�$�%& #%(���!.&����3/� 354 .&� %���.&< ,�1�% �����  #��E/�).&1 


����� ] % ��+).&� ����< % ��+�%  ] .&1�%  #,). ] % ] 3/� ] %(,�� +)./ �)%(%(� .&,�,�1���%&> ��3 ��+�% ] C�$�G/.&��C�$�% 354�� ��� ] C�$�G�%& � ! *������
.&�)> � ��� ] C�$�G�%& ��������*"��+�% � ��� ������%(�) #���#@ < .&, � �/* � ! *���	�* H 	��2.&�)> � ��� 3���
 % ] �  #+).&,)% � ����* ��
�� 
 ���
./>�>�������3/�
*
. ��C�< �)%($ 354 3/��+�%($2$�%& #%&.&$ ] +�%($! +).(G�% >�%& ] $�� �)%&> 3/��+�%($ 0�+���%($!.&$ ] +�� ] .&198 3/$ 0�< C�1����	� $�%& #3/1�C�����3/�)8
$�%(,�$�%& #%(���!.&����3/�) *) #C ] + ./ ,�@�$!.&< �9>� *���+).&�-.&$�%  #��< ��19.&$'��3 ��+�%  ] .&1�%  #,). ] % ] 3/� ] %(,�� 


�
3 �)%(����%($'%���,�19.&��� ��+�%2.&,�,�$�3�. ] + A %-$�%(G���% A ��+�% �)./ #� ]  '354 � ����;������  ������  #��E/�).&1
.&�).&1�@� #�9 
��"+�%2F�C).&1����
�!.&����G�% � 3/$  #@�< �)3/1�� ] 

 #��$�C ] ��C�$�%-354 . �����  #��E/�).&1 ] .&� �)%2E/��G�%(� ��� ��%($�<  �3547��+�%-1�3 ] .&����3/�) '3547���! :����� % ] ����3/�
,)3/�����! 
 �"+�% � ���  ] .&1�%  #,). ] % 354 . �����  #��E/�).&1"�9 2>�%(G�%(1�3/,)%&> ��@ ������$�3�>�C ] ����E .  #% ] 3/�)> >���< %(�) #��3/�
*��:*
$�%(,�$�%& #%(��������E2��+�%2 #��=(%-3547. �2.&C) � #�9.&� ;�%($���%(1�C) #%&> ��3  #< 3�3/��+ ��+�%-3/$���E/���).&1D #��E/�).&1 
:��� ��+��9 :3/��%2,).&$!.&< %(��%($
4?.&< ��1�@ 354 �����  #��E/�).&19 -. G/.&1�C�% 354�� � 	 @���%(19>� "��+�% 3/$���E/���).&1: #��E/�).&1�* A +���1�% � � � < %&.&�) ��+�%  #��E/�).&1:�9 
$�%&>�C ] %&> ��3 . � .&�"1�����%�
��"+�%2 ] .&1�%2 #,). ] %-354 .&� %���.&< ,�1�%  #��E/�).&1D�9 ' #+�3 A � ��� ����E/C�$�%�� 
��-%($�%�*�. ,).&$���� ] C�19.&$
����� % ] ����3/� ��+).&�:%����9 #�! :.&�:3/��% G/.&1�C�%"354�� < .(@��)% ��$!. ] %&> 3&G�%($���� ] $�%&./ #����E2G/.&1�C�%& �354�� C�������1������9 �%(G�%(����C).&1�1�@
.&������+���19.&��%&> � < %($�E/%&> A ����+ . ��%(��E/+ �)3/$�����E ����� % ] ����3/� 
�
:��� ;�%(%(,�����E A ����+ ��+�%-< 3/��3/��3/��� ] ���#@ $�%&F�C���$�%(< %(���(*
����� % ] ����3/� ,)3/�����! ] .&� 3/��1�@ �)% .&������+���19.&��%&> ./ � ��� ] $�%&./ #%& *)��%(G�%($-E/%(��%($!.&��%&> 
 �"+�C) 2��+�% G/.&1�C�% 354  ] .&1�%
.&� A +�� ] + .&� ����� % ] ����3/� ] %&./ #%& "��3 %����9 #� �9 . < %&./ #C�$�%2354 ���!  #��$�%(��E/��+ 3/$ ��< ,)3/$��!.&� ] %�


�



��3/$ � ��� .&�)> � ��� ] C�$�G�%& *D #��< ��19.&$2.&�).&1�@� #%& �)./ #%&> 3/� ] C�$�G/.&��C�$�% .&�)> ��3/$! #��3/� 354 ��+�%  #��E/�).&1 ] $�%&.&��%
� ��� .&�)> H ���  #,). ] %& *�$�%& #,)% ] ����G�%(1�@�*&��� A +�� ] + ��+�% ] C�$�G�% ,�$�3/,)%($�����%& '< .(@ �)%2%���.&< ����%&> 
�� +�%(� .&,�,�1�@�����E
��+�% ] 3/� ] %(,��:��3  #C�$ 4?. ] %& *� #C ] + ./ �� ��� ������%(�) #���#@ ��< .&E/%& :.&�)> 3���
 % ] �' #C�$ 4?. ] %2>�%& ] $���,�����3/�) */��+�% ] +).&��E/%-���
��3/,)3/1�3/E/@ ./ < %&./ #C�$�%&> ��@  #3/< %  #@�< �)3/1�� ] $�%(,�$�%& #%(���!.&����3/� �9 "%���.&< ����%&> 
:� 3/$�% A ��1�1 �)%  �.&�9> ] 3/� ] %($�������E
��+�%& #% .&,�,�$�3�. ] +�%& ��� 19.&��%($- #% ] ����3/�) "3/� ������%($�,�$�%(�!.&����3/�) '354  ] .&1�%�


� � � � � ��� ��� � � � ��� � 	
� � �-� � �
� � �

� � ��+��9 ",)3/�����(*)��+�% +���E/+�� 1�%(G�%(1 ] 3/� ] %(,�� 354 . ������������������� �����������
 �!�����"  #+�3/C�19> �)% $!.&��+�%($2.&,�,).&$�%(��� 
��"+�%
%& � #%(� ] % 354 ��+�%  ] .&1�%  #,). ] % ] 3/� ] %(,�� �9 ��+).&� . 3/��% ,).&$!.&< %(��%($ 4?.&< ��1�@ 354 ���) #�!.&� ] %& 354  #3/< % %(�������#@ �)%
] $�%&.&��%&>D*�.&�)> ��+).&� ] +).&��E/%& 2��� ��+�% F�C).&1����!.&����G�% ] 3/< ,�1�%������#@ 354 ��+�% %(�������#@ .&$�% %(G��9>�%(���-3&G�%($ ] +).&��E/%& 2���
 ] .&1�%�
��"+�% ./ #,)% ] � E/$!.&,�+ �9 "��3/��+�����E < 3/$�%-��+).&� . F�C).&1����!.&����G�%2>�%& ] $���,�����3/� 354 ��+�% C��)>�%($�1�@�����E  #��$�C ] ��C�$�%
354 ��+�% ,).&$ ] %(1�19.&����3/� 354 G���% A ,)3/�����- #,). ] % ������3 E/%(��%($!.&1
G���% A  
��"+�%($�% 4B3/$�% ���-�9 .&,�,�$�3/,�$��9.&��% ��3 ] 3/�) #�9>�%($-.
,).&$!.&< %(��%($���=(%&> 4?.&< ��1�@ 354 ��+�%& #% ,).&$ ] %(1�19.&����3/�) ./ "��+�% �)./ #�9 4B3/$-��+�%  ] .&1�%  #,). ] % ./ #,)% ] �-E/$!.&,�+�


�-��G�%(� ��+��9 �)./ #�9 *" ] .&1�%  #,). ] % �9 >�%$# ��%&> ./ . < C�1����	� >���< %(�) #��3/�).&1" #,). ] % ,).&$!.&< %(��%($���=(%&> ��@ �)3/��+
G���% A ,)3/�����21�3 ] .&����3/� ��>���$�% ] ����3/� 
-.&�)>  ] .&1�% G/.&1�C�%�
 �"+��9 ] 3/$�$�%& #,)3/�)>� 2��3 . H ��� �&%('�)�'�*�' � 
  #,). ] % A +�%(�
��+�% ,)%($! #,)% ] ����G�% ,�$�3 
 % ] ����3/� G���% A ����E < 3�>�%(1-�9 ./ � #C�< %&>D*-.&�)> . � ��� �&+,'�-(' � 
  #,). ] % ��� ��+�% ] ./ #% 354
3/$���+�3/E/$!.&,�+�� ] ,�$�3 
 % ] ����3/��
 .'. ] + G��9 #C).&1'%(G�%(���  #C�$ 4?. ] % �9 2��3 A . 4BC�� ] ����3/� 354 G���% A ,)3/����� .&�)>  ] .&1�%�
 � �
� � 	2��+�%-,).&$ ] %(1�19.&����3/� 354 ��+�%-G���% A ,)3/�����' #,). ] %�*�.&�)> ��+�C) :��+�%-./ #,)% ] �'E/$!.&,�+
*��9 �%���. ] ��1�@ ./ ] 3/< ,�C���%&> ��@
 #3/< % ;���3 A � .&1�E/3/$�����+�< 
��2 � ��� ] $�%&./ #%& *���+�% ,).&$ ] %(1�19.&����3/� 354 G���% A ,)3/�����- #,). ] %  #+�3/C�19> >�% 4B3/$�< ���  #C ] +
. A .(@ ��+).&�2.&� ] %($��!.&��� >��9 ] $�%(��%2G/.&1�C�%& "354  ] .&1�%2��+�% ./ #,)% ] �-E/$!.&,�+ �)% ] 3/< %& " #��< ,�1�%($ � +)./ 4B% A %($ ��3�>�%& �
�


�"+�%($�% .&$�% ��.&� 1�%&./ #� 
2� A 3 .&1���%($��).&����G�% $�%(,�$�%& #%(���!.&����3/�) 354 ��+�%  ] .&1�%  #,). ] % ./ #,)% ] � E/$!.&,�+�
 ��� ,).&$��
��.�
 354 ����E/C�$�% ��*D���-�9 2>�%(,�� ] ��%&> ./ 2.&� %���,�1�� ] ���  #%&F�C�%(� ] % 354 ] 3/��G�%(������3/�).&1:./ #,)% ] �2E/$!.&,�+) *D%&. ] + %(1�%(< %(���
$�%(,�$�%& #%(��������E . $!.&��E/% 354 � 3&G�%($ A +�� ] + ��+�% ./ #,)% ] � E/$!.&,�+ +)./ . ] 3/�) #�!.&��� F�C).&1����!.&����G�%  #��$�C ] ��C�$�%�
 �"+��9 
4B3/$�< �)%&.&$! ] 3/�) #�9>�%($!.���1�% $�%& #%(< ��19.&� ] % ��3 ��+�% /�01��2,���3��4�����5,�&06���:354 .&$���� ] C�19.&��%&> ./ � #%(< ��1���%& >�%(G�%(1�3/,)%&>
��� ����� 
 ��� ��+�%(��$ $�%(,�$�%& #%(���!.&����3/�  #%(,).&$!.&��% ���) #�!.&� ] %& 354 ��+�% ./ #,)% ] � E/$!.&,�+ .&$�% $�% ] 3/$!>�%&> 4B3/$ G/.&$�@�����E
.&$���� ] C�19.&����3/� ,).&$!.&< %(��%($ G/.&1�C�%& 354 .&� 3���
 % ] � � 4B3/$ ���) #�!.&� ] %�*"��+�% .&��E/1�% 354 $�3/�!.&����3/� 3/� . +�����E/%�
�
 � �
] %($��!.&��� ] $������ ] .&1DG/.&1�C�%& 354 ��+��9 ] 3/�7# E/C�$!.&����3/� ,).&$!.&< %(��%($ ��+�%  #��$�C ] ��C�$�% 354 ��+�% ,).&$ ] %(1�19.&����3/� �9 ] +).&��E/%&> 







cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

cell of
general

viewpoint

0  <=  σ  <  σ_1  σ_1  <=  σ   <  σ_2

(a) complete aspect graphs across discrete ranges of scale

(b) interconnected cells representing general views in scale space
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(a) ‘‘bowtie’’ shaped object

side view

(b) views after ‘‘dynamic shape’’ smoothing
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(c) views after ‘‘range’’ smoothing
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(a) merging of views on either side of 
       face visibility boundary on cube

(b) merging of views on either side of triplet 
       interaction boundary for three edges

one face view accidental view two face view

composite view

accidental viewbefore alignment after alignment

composite view
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(a) original parcellation (b) parcellation after narrow edge view eliminated

(c) parcellation after wide edge view eliminated (d) parcellation after four edge view exists
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1

2

3 4

5

6

Vertex Coordinates (x,y)

1
2
3
4
5
6

(-1, 1)
(-1, -1)

(-0.25, -0.25)
(0.25, -0.25)

(1, -1)
(1, 1)

A
B
C
D
E
F

6-1
5-6
4-5
3-4
2-3
1-2

G
H
I
J
K
L
M
N
O
P
Q

2-3-4
3-4-5

2-3-4-5
1-2-3
4-5-6
5-6-1
6-1-2

1-2-3-4
1-2-3-4-5
3-4-5-6

2-3-4-5-6

Real edges Vertex endpoints

Pseudo edges Vertex chain

X

Y

(a) nonconvex polygon

(b) vertex coordinates

(c) actual edge definitions

(d) pseudo edge definitions

Corner type

concave
concave
concave
convex
convex
convex
convex
convex
convex
convex
convex

Subedges

E D
D C

G H, G C, E H
F E
C B
B A
A F
F G
F I

H B
I B
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E

F

GH I

J K

LM

NO P Q

F+D
F+C

F+H

D+B
E+B

G+B

single letters indicate visibility boundary, + indicates occlusion boundary
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(a) visual angle = 0.0

(b) visual angle = 4.0

(c) visual angle = 10.0
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(d) visual angle = 18.0 (e) visual angle = 23.6

(f) visual angle = 27.0 (g) visual angle = 30.3
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(h) viewing angle = 33.3
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(i) viewing angle = 36.0
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(j) viewing angle = 41.0 (k) viewing angle = 52.0

(l) viewing angle = 67.0 (m) viewing angle 75.7

(n) viewing angle = 76.8 (o) viewing angle = 84.0
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(q) visual angle = 120.0

(r) visual angle = 154.0 (s) visual angle = 187.0

(t) visual angle = 201.0 (u) visual angle = 214.0
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(p) viewing angle = 102.0
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(v) visual angle = 221.0 (w) visual angle = 239.0

(x) visual angle = 254.8 (y) visual angle = 260.0
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