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2.5D Sketch

Motion Models

Object Models

Flow Of Computation

Scene Motion

Optical Flow, Point Tracking, ...
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2.5D Sketch

Motion Models

Object Models

Flow Of Computation

Optical Flow, Point Tracking, ...
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+ ��% !�&0%(4�% +�1 '�4 3*H '�<	%*- E�3;97%(4 ' (�1	3*4�+ � � ��5�� �	�"$ � � 3/! + ��% .�%�!-,�)*+�3*4�< 3*H '�<	% 'G1	. ' <	3;97%(4
9�3*%�0�(�1	3*4�+�- ��+ 3/! 0�%()*)!,�4�1�0�4 + ��'�+ � 3/! 4�1	+ �43 �"- .���%(.�%D'G1	.�%*5>+ ��% 3*4697%(.%!-% 11'�� +�17%�! 4�1	+ %
��3/!-+�-
� ' 1	4�% H ' ,7%�!�3*4G'G%(.�%(4�&0%�!�' , 1	,�+�+ ��% !�&0%(4�% , '"!-%�+ 1	4 ' !-3*4�<	)*% 3*H '�<	%*5�3*+�H ,#!-+�'"! !-,�H %�+ + ��'�+�+ ��%
(�.�1 , ' , 3*)*3*+-5 3/! )*1�0 + ��'�+�H 1	.�%�+ ��'�4 1	4�% !�&0%(4�%�&01	4GF2<	,�.�'�+�3*1	4 &01	,�)/+ <	3;97%�.�3/!-%�+�1 + ��% !�'�H %�3*H '�<	%*-
.���'�+�3/!45�<	3;97%(4 ��N�'�4#+ ��
�� ��5�3*+�H ,#!-+ , % '"! !-,�H %�+ + ��'�+�+ ��% (�.�1 , ' , 3*)*3*+-5 + ��'�+�� �	��N4$�� � �	��
4$�3/!
)*1�0 -�"�,�.�+ ��%(.�H 1	.�%*5�3*+�H ,#!-+ , % '"! !-,�H %�+ + ��'�+�'�4�5 &01	4�&0)*,#!-3*1	4#!�H '"+�% 'G.�1	H � �	�(B&$�� � ' , 1	,�+�+ ��%
!�&0%(4�% .�%D'G%(.�+�1 + ��% H 1	.�% (�.�1 , ' , )*% !�&0%(4�%*-�.���'�+�3/!45�3 '���N�3/!�+ ��% H 1*!-+ 3:)*3 ,7%()*5 !�&0%(4�% &01	4GF2<	,�.�'�+�3*1	4<5
3*+�H ,#!-+ , % '"! !-,�H %�+ + ��'�+�'�4�5 &01	4�&0)*,#!-3*1	4 H '"+�% 'G.�1	H ��N�� � '	&0+�,�'�)*)*5 .�%D'G%(.%!�+�1 ��N�'�4#+ 4�1	+���
�-

">3*<	,�.�% � � , $�!?��1�0�! + ��% H '�()(�3*4�< 'G.�1	H + ��% !-%(+�11' '�)*)	!�&0%(4�% &01	4GF2<	,�.�'�+�3*1	4 1�97%(.�+�3*H %*5���5C+�1
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+ ��% !-%(+�11' '�)*)>3*H '�<	% !-%��7,�%(4�&0%�!45 � -�� .�%�(�.�%�!-%(4�+%!�+ ��% (�.�1 � %�&0+�3*1	4 (�.�1�&0%�! ! 'G.�1	H + ��% !�&0%(4�% +�1 '�4
3*H '�<	%�!-%��7,�%(4�&0%*-@.���%�.�%�!-,�)*+%!>11' + ��3/!>!-%�&0+�3*1	4 !?��1�0 + ��'�+ � 	 �>3*4697%(.�+�3 , )*%*-<271)5 'G1	.�'�4�5 � � � 5 � �

N �	�?$
3/! ,�4�3��7,�%()*5 +�%DF24�%�+B->.���%(.�%D'G1	.�%*5�3*+�H ,#!-+�4�1 )*1	4�<	%(. , %���56(�1	+ ��%�!-3;:(%�+ + ��'�+�'�4�5 &01	4�&0)*,#!-3*1	4 H '"+�%
'G.�1	H '�4 3*H '�<	% !-%��7,�%(4�&0%�.�%D'G%(.%! +�1 + ��% +�.�,�% !�&0%(4�% &01	4GF2<	,�.�'�+�3*1	4<-�.���3/!�3/!�<	,�'�.�'�4�+�%(%�+ +�1 , % + ��%
&('"!-% , %�&('�,#!-%�� �

N �	�?$�!?(�%�&03 F2%�!�1	4�)*5 1	4�% !�&0%(4�% &01	4GF2<	,�.�'�+�3*1	4<-
�>%(. ��'�(#! %�97%(4 H 1	.�% 3*H (�1	.�+�'�4�+ + ��'�4 , %(3*4�< ,�4�4�%�&0%�! !�'�.�5*5�+ ��% .�%�&01�97%(.�5 11' !�&0%(4�% !-+�.�,�&0+�,�.�%

'�4#+ !�&0%(4�% H 1	+�3*1	4 3/!�'�)/!-1 ,�4#+�%�!-3*.�' , )*%*-�.���3/!�3/! , %�&('�,#!-% + ��% (�.�1�&0%�! !45�%�97%(4 0���%(4 0�%()*);3 (�1*!-%�+B5�3/!
,�4#!-+�' , )*% , %�&('�,#!-% 11'=4�1	4)3:)*3*4�%�'�. &01	4#!-+�.�'�3*4�+%! � � � 	 - ��4 (�.�'	&0+�3@&0%*5B!-3*4�&0% 26. 821�0 &0,�. 97%�!�'�.�% 4�1	3/!-5*5
,#!-3*4�< + ��%(H 1	.�'�4�5 .�%�&01�97%(.�%�+ 3*H '�<	%�H 1	+�3*1	4 .�%�(�.�%�!-%(4�+�'�+�3*1	4 0�3*)*)�.�%�!-,�)*+ 3*4 97%(.�5 4�1	3/!-5 &01	H (�,�+�%�+
!�&0%(4�% !-+�.�,�&0+�,�.�% '�4#+ !�&0%(4�% H 1	+�3*1	4<- .���%(.�%D'G1	.�%*5�.�'�+ ��%(. + ��'�4 ,#!-% + ��3/! ,�4#!-+�' , )*% (�.�1�&0%�! !45�0�%
, %()*3*%�97%�3*+�!?��1	,�)/+ , % '�971	3/+�%�+ '�)*+�1	<	%(+ ��%(.�- ��+ 3/!	(�1*! !-3 , )*%�+�1 '�971	3/+ 3*+ , %�&('�,#!-%�+ ��%�3*H '�<	%�3&!-%��7,�%(4�&0%
H 1	+�3*1	4 ,�4�3��7,�%()*5 .�%�(�.�%�!-%(4�+%!�+ ��% !�&0%(4�%*-

� )*+�%(.�4�'�+�3;97%()*5*5�1	4�% &01	,�)/+ ,#!-% '�4 ��'	&0+�3;97% 1 , !-%(. 97%(.�� '�()(�.�17'	&%� '�4#+ H ' ,7% + ��% (�.�1 , )*%(H !-+�'�3
, )*% ��� � 	 5 , ,�+�5�'�<7'�3*4<5�+ ��3/!�3/!�,�4�4�%�&0%�! !�'�.�5 'G1	.�+ ��% .�%�'"!-1	4#!�!-+�'�+�%�+ ' , 1�97%*-

� � � �	� ���	�

��4 + ��3/!�!-%�&0+�3*1	4 0�% !?��1�0 &01	H (�,�+�'�+�3*1	4�'�)C.�%�!-,�)*+%!='G1	.�+ ��% F2.%!-+�!-+�%�(#!�11'=1	,�. +�5�4�'�H 3@&�(�%(.�&0%�(�+�,�'�)
1	.�<7'�4�3;:�'�+�3*1	4 '�()(�.�17'	&%�<- ��4 (�'�.�+�3@&0,�)@'�.�57+ ��%�&01	H (�,�+�'�+�3*1	4 11'F+ ��%�3*4#!-+�'�4�+�'�4�%(1	,#! H 1	+�3*1	4 11'H(�1	3*4�+%!
3*4 '�4 26. &0, , %�3/!@(�.�%�!-%(4�+�%�+B51'G1	)*)*1�0�%�+ , 5 + ��%�.�%�&01�97%(.�5 '�4#+ <	.�1	,)(�3*4�< 11'726. 821�0 &0,�. 97%�!4->$�%�!-,�)*+%!
!-,�&%� '"!�+ ��%�!-% &('�4 + ��%(4 , %�,#!-%�+ 'G1	. 'G,�.�+ ��%(.�&01	H (�,�+�'�+�3*1	4#!	!-,�&%� '"!�+ ��% &01	H (�,�+�'�+�3*1	4 11' .�%()@'�+�3;97%
'�4#+ &01	H H 1	4 H 1	+�3*1	4<-	27%(% � I D 	 'G1	.�H 1	.�%�%
��'�H (�)*%�!>11' + ��% &01	H (�,�+�'�+�3*1	4 11'A26. !-,�. '/'	&0% 821�0 '�4#+
!-%(% � I � 	 'G1	.�H 1	.�%�.�%�!-,�)*+%!�11'=&01	H (�,�+�3*4�< 26. 821�0 &0,�. 97%�!4-

">3*<	,�.�% � ��'*$ !?��1�0�! 1	4�% 'G.�'�H % 11' ' !-%�97%(4 'G.�'�H % !-%��7,�%(4�&0% 11' ' ()��1	4�% , 171�, (�'�<	% .�1	+�'�+�3*4�<
' , 1	,�+�'�97%(.�+�3@&('�)�)*3*4�%�+ ��.�1	,�<"� + ��%�H 3/+)+�)*%�11' + ��%�(�'�<	% '�+ D - D ��.�'"+�3@'�4#! �D'G.�'�H %�'�4#+ ' ()��1	4�% , 171�,
(�'�<	%�.�1	+�'�+�3*4�< ' , 1	,�+�3*+%! &0%(4�+�%(.�'�+ D - D ��.�'"+�3@'�4#! �D'G.�'�H %�!4-	.���%�3*H '�<	%�!-%��7,�%(4�&0%�0�'"!	!-5�4�+ ��%(+�3@&('�)*)*5
<	%(4�%(.�'�+�%�+ , 5 +�.�'�4#! 'G1	.�H 3*4�< ' (�)@'�4�'�. .�%(<	3*1	4 11' ' ()��1	4�% , 171�, (�'�<	% 1�97%(. ' )@'�.�<	%(. 3*H '�<	% 11' '
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+�' , )*% +�1"(<- .���% 3*H '�<	% !-%��7,�%(4�&0% 0�'"! !-H 171	+ ��%�+ ,#!-3*4�< ' � � E�'�,#! !-3@'�4)3 0�%(3*<"��+�%�+ ,7%(.�4�%()@0�3*+ � '
!-+�'�4#+�'�.%+ +�%�9�3@'�+�3*1	4 11' I (�3 ��%()/!4-

26. !-,�. '/'	&0% 821�0 0�'"! &01	H (�,�+�%�+ '�+ %�97%(.�5 'G1	,�.�+ � (�3 ��%()>3*4 %�97%(.�5 'G.�'�H %*- ">3*<	,�.�% � � , $�!?��1�0�!
+ ��%�.�%�!-,�)*+�3*4�< 26. !-,�. '/'	&0% 821�0 - � !-3*4�<	)*%�+�%(H (�1	.�'�)#!-)*3@&0% 'G.�1	H + ��%�H 3/+)+�)*%�11'F+ ��% 26. !-,�. '/'	&0% 821�0
F2%()/+ 3/!�!?��1�0�4<- .�3*H % 3/!�3*4�+�1 + ��% (�'�<	% !-1 + ��% 97%�&0+�1	.%!�!?��1�0�4 '�.�% + ��% .�%�!-,�)*+�11'A(�.�1 � %�&0+�3*4�< + ��%
26. !-,�. '/'	&0% 821�0 97%�&0+�1	.%!�3*4�+�1 + ��% !?(�'�+�3@'�)>(�)@'�4�%*- � 97%�&0+�1	.�!?��1�0�3*4�< 4�1 H 1	+�3*1	4<5�3&- %*-;5�4�1 !?(�'�+�3@'�)
&01	H (�1	4�%(4�+�5C3/!�1	.�3*%(4�+�%�+ !-+�.�'�3*<"��+ 3*4�+�1 +�3*H % '�4#+ '�()(�%�'�.%! '"! ' +�1	+�- .���% <	.�%�'�+�%(. + ��% !?(�%(%�+ 11'
' (�1	3*4�+�5>+ ��% <	.�%�'�+�%(. + ��% !?(�'�+�3@'�)�&01	H (�1	4�%(4�+ 11' + ��% 97%�&0+�1	. '�4#+ ��%(4�&0%*5C+ ��% )*1	4�<	%(. + ��% 97%�&0+�1	.
'�()(�%�'�.%!�3*4 + ��% !?(�'�+�3@'�)>(�.�1 � %�&0+�3*1	4<-�.���% .�%�!-,�)*+�3*4�< 821�0 'G1	.�%�'	&%� !-%��7,�%(4�&0% 0�'"!�&01	46971	);97%�+ 0�3*+ �
' ��� ��� � H %�+�3@'�4 F2)*+�%(. '�4#+ !-H 171	+ ��%�+ ,#!-3*4�< ' � � E�'�,#! !-3@'�4)3 0�%(3*<"��+�%�+ ,7%(.�4�%()@0�3*+ � !-+�'�4#+�'�.%+
+�%�9�3@'�+�3*1	4 D - ��� -

">3*<	,�.�% � !?��1�0�!�+ ��%�.�%�!-,�)*+�3*4�< 26. 821�0 &0,�. 97%�! 'G1	. + ��%�3*H '�<	%�!-%��7,�%(4�&0%�3*4 ">3*<	,�.�% � -	.���% 'G.�1	4�+
'�4#+ +�1"( 9�3*%�0�!�11'=%�'	&%� 11'=+ ��% + ��.�%(% +�%(+�%�&0+�%�+ <	.�1	,)(#!�11'	821�0 &0,�. 97%�!�'�.�% !?��1�0�4<- � !�%
�6(�%�&0+�%�+B5
+ ��%(.�%�3/!�' <	.�1	,)( 11'<821�0 &0,�. 97%�! 'G1	.�%�'	&%� 1 , � %�&0+�'�4#+ 'G1	.�+ ��% , '	&�,�<	.�1	,�4#+B-	.���% 821�0 &0,�. 97%�!�4�%�'�.
+ ��% &0%(4�+�%(.%!�11'F.�1	+�'�+�3*1	4 '�.�% '�)*H 1*!-+�!-+�.�'�3*<"��+�'�4#+ + ��%(.�%D'G1	.�%�0�%(.�%�<	.�1	,)(�%�+ 0�3*+ � + ��% , '	&�,�<	.�1	,�4#+B-

">3*<	,�.�%�! � D '�4#+ � � !?��1�0 .�%�!-,�)*+%!�11' &01	H (�,�+�3*4�< ��4�+�%(.�'	&0+�3;97% 
 1	+�3*1	4 3*4G'G1	.�H '�+�3*1	4 �&!-%(% ">3*<"3
,�.�% �*$%- ">3*<	,�.�% � D !?��1�0�!�+ ��% 26. 821�0 &0,�. 97%�!�'�4#+ + ��%(3*.�<	.�1	,)(�3*4�< 'G.�1	H ' � � � 'G.�'�H % !-%��7,�%(4�&0%
11' 1	4�% ! �7,�'�.�% !-,�. '/'	&0% +�.�'�4#!-)@'�+�3*4�< +�1 + ��% )*%D'G+�3*4 'G.�1	4�+�11' '�4�1	+ ��%(.�! �7,�'�.�% !-,�. '/'	&0% +�.�'�4#!-)@'�+�3*4�< +�1
+ ��% .�3*<"��+�-�.���% +�1"( '�4#+ 'G.�1	4�+�9�3*%�0�!�11' + ��% 'G1	,�.�.�%�!-,�)*+�3*4�< <	.�1	,)(#!�'�.�% !?��1�0�4<-�">3*<	,�.�% � � !?��1�0�!
+ ��% <	.�1	,)( ' 'G+�%(.�+ ��% !-%��7,�%(4�&0%�3/!�%
��+�%(4#+�%�+ +�1 � � D 'G.�'�H %�!4- ��4�3*+�3@'�)*)*5*57+ ��% 821�0 &0,�. 97%�!�'"! !-1�&03@'�+�%�+
0�3*+ � + ��% !-,�. '/'	&0% +�.�'�4#!-)@'�+�3*4�< +�1 + ��% .�3*<"��+ 0�%(.�% 3*4 + ��% &0%(4�+�%(.�<	.�1	,)( !-3*4�&0% + ��%(5 0�%(.�% !-)@'�4�+�%�+
+�1�0�'�.%+ + ��% .�3*<"��+�5A3*4#+�3@&('�+�3*4�< +�.�'�4#!-)@'�+�3*1	4 +�1 + ��% .�3*<"��+�- ��,�+ '"!�+ ��3/!�!-,�. '/'	&0% , %�&('�H % 1�&(&0)*,#+�%�+B5
+ ��% 821�0 &0,�. 97%�!�&%��'�4�<	%�+ !?��'�(�% '�4#+ , %�&('�H %�!-)@'�4�+�%�+ +�1 + ��%�)*%D'G+�- � +�+ ��3/!	(�1	3*4�+�+ ��% 821�0 &0,�. 97%�!
0�%(.�%�<	.�1	,)(�%�+ 0�3*+ � + ��%�<	.�1	,)( 11'B821�0 &0,�. 97%�!>'"! !-1�&03@'�+�%�+ 0�3*+ � + ��%�1�&(&0)*,#+�3*4�< !-,�. '/'	&0%*->.���3/!	!-+�'�+�%
11' + ��% H 1	+�3*1	4 <	.�1	,)(�3*4�< 3/!�!?��1�0�4 3*4 + ��% F2<	,�.�%*-
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">3*<	,�.�% ��� ��'*$�
 3/+)+�)*% 'G.�'�H % 'G.�1	H ' � 'G.�'�H %�!-%��7,�%(4�&0%�11'=' ()��1	4�% , 171�, (�'�<	% .�1	+�'�+�3*4�< ' , 1	,�+ '
97%(.�+�3@&('�)C)*3*4�% + ��.�1	,�<"� + ��% H 3/+)+�)*% 11'=+ ��% (�'�<	% '�+ D - D � .�'"+�3@'�4#! �D'G.�'�H % '�4#+ ' ()��1	4�% , 171�, (�'�<	%
.�1	+�'�+�3*4�< ' , 1	,�+�3*+%!�&0%(4�+�%(.�'�+ D - D � .�'"+�3@'�4#! �D'G.�'�H %�!4- � , $�26. !-,�. '/'	&0% 821�0 'G1	.�+ ��% H 3/+)+�)*% 'G.�'�H %*-
.���% F24�'�) 821�0 0�'"!�!-H 171	+ ��%�+ ,#!-3*4�< ' ��� ��� � H %�+�3@'�4 F2)*+�%(.�-
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">3*<	,�.�% ��� 26. 821�0 &0,�. 97%�! 'G.�1	H ' � � � 'G.�'�H % !-%��7,�%(4�&0%�11' ' ()��1	4�% , 171�, (�'�<	% .�1	+�'�+�3*4�< ' , 1	,�+ '
97%(.�+�3@&('�)C)*3*4�% + ��.�1	,�<"� + ��% H 3/+)+�)*% 11'=+ ��% (�'�<	% '�+ D - D � .�'"+�3@'�4#! �D'G.�'�H % '�4#+ ' ()��1	4�% , 171�, (�'�<	%
.�1	+�'�+�3*4�< ' , 1	,�+ 3*+%!�&0%(4�+�%(. '�+ D - D � .�'"+�3@'�4#! �D'G.�'�H %�!4- .���% 'G.�1	4�+ '�4#+ +�1"( 9�3*%�0�!�11'!+ ��% .�%�!-,�)*+�3*4�<
<	.�1	,)(#! '�.�% !?��1�0�4<- .���% 821�0 &0,�. 97%�! 4�%�'�. + ��% &0%(4�+�%(.%! 11' .�1	+�'�+�3*1	4 '�.�% '�)*H 1*!-+ !-+�.�'�3*<"��+ '�4#+
+ ��%(.�%D'G1	.�% 0�%(.�%�<	.�1	,)(�%�+ 0�3*+ � + ��% , '	&�,�<	.�1	,�4#+B-

� � 
 � ����� � ��� � � � � � ��� �
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