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�rgr­VcedDcb£¯dD_pv�WYd.£j­+X�aecedD_pu§�xd�aeX,v�¢�g¶aeS�d��rh�¢ f�h8u§a�gi_�dk�VcehDsDcodtWYWnd�aegih8_¯�xdt_Vs3dtsDX8¥
RTSpXTvVX,uef&cegi­@X,v�dt_pdD�i£�ubgru%dt_+v�v�X:u§grsD_�ht�+abSVXT�rgi­Vcodtce£���h�f&�pubX,u�h8_\aeSVXTgi_pf�X���aegih8_kdD_pv\abSVX�X,�rdD­+h8cedtabgrhD_
�pSpdDubX,u6ht�²dD_�giabX�cod�aegi�8X\v�X,�DX��rhD�pWkX,_3a6­pd8u§X:vNhD_NabSVXkÁ}y2� ">°QabceX�WYXYyCcehDs8cedDWkWYgr_Vs3%��Vcbh�f�X,ueu4� ubX�X
! �5#&%�¥jRTS+d�a�WYX,dt_+u³abSpdta�abSVXY��h8�Vc��pdtcbaeu�hD�¤aeSVXnv�h�f&�VWYX,_8a
S+dDv¡­+X,X�_�gr_pf&ceX�WYX�_3aodt�r�i£�gr_3abcehQvV�pf&X:v
dD_pvÂcbX�¨p_VX:v aeSVcbh8�VsDSÂWndt_Q£BgiabX,cedtabgrhD_pu,¥ /�h�¢�X��8X�c:qCaeSVX��pdt�@X�c¯vVh3X:u§_ � a�vVX,dt��_pX�giabSVX,c¯¢�g¶aeS�abSVX
grWY�V�rX�WYX�_3aedtabgrhD_±v�X&aodtgr�ru�_VhDcT¢�giabS�abSVX�aeX,u§aeu��@X�cb��hDceWYX,v�d�aTabSpX�X�_pv�ht�%X,d8foSjgiabX,cedtabgrhD_F¥
��a��rd8u{a:q,aeSVX²v�X:u§grsD_
foSphDgxf&X,u�dtceX>X,ueu§X,_8aegrdD�i�r£}gxueu§�VX:v³��cbh8W y>dta§abX,cb_+uFv�X,uef&cegr­+X:v�gi_�! ��#µq.g1¥ XChD_�X,�iX,WYX�_3aeu
hD��cbX,�puedt­V�rX¯hD­Vz{X,f�ablmh8cbgrX�_3aeX,v«ubht�¬a{¢TdtceXD¥�RTSVX±v�cod.¢�gi_psNht��aeSVX�v�gxdts8cedDWnu
gxu\­pd8u§X:v«hD_ abSVX±¿}|NÀ
f�hD_Q�DX,_3abgrhD_F¥%RTSVX
v�X�¨p_VgiabgrhD_±ht�%u§h8WkX�¿6|NÀ«dtcbabX�� dDf�aouTWnd.£n­+X���h8�V_pv�gi_6! �$#µ¥
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RTSpX�sD�rh8ueubdDcb£¯v�X�¨p_VX:uTabX,cbWnu�d8ububh�f&gxd�abX:v¯aehYabSVX
vVX�_pubX
Wnd�aofoSVgi_psp¥²RTSVX:u§X
vVX&¨p_VgiabgrhD_+u�Spd.�DX�codtgxu§X:v
vV�Vcbgr_VskabSpX�cbX:�8�pgiceX�WYX�_3aou�ub�@X,f&gi¨+f,d�abgrhD_±dt_+vjaeSVX�£�dtceX³�+u§X:vjgr_�abSVX�¢�SVh8�iX�v�h�f��VWYX�_3a,¥
��¸ �t�:$����8���:$ ¼>& aeSVX��Vceh�f&X,ueu%ht�=ceX,uedtWY�V�rgi_Vs��pdDgicou>hD�=u§abX,cbX,h³grWndts8X,u>gr_YhDcov�X�c%aeh��Vcbh�v��+f&X�d��pdDgicChD�

�Vcehtz{X,f&abgrhD_pu�gr_Y¢�SVgrfoS�abSpX�X��Vgr�+h8�rdDc%�igr_VX,uCcb�V_k�pdDcedD�i�rX��3abh³aeSVXT°Qlµdt°Qgxu%dt_pv�Wnd�aofoS��V�Y­@X&a{¢�X�X,_
�QgiX,¢�u�¥ /}X�_pf�X\aeSVXkf�hDcecbX:u§�@hD_+v�X�_pf�X
­@X&a{¢�X�X�_¡d¯�Vgi°�X��.�¬°©q £ %�gr_NaeSVXYcbX���X�ceX�_pf�X\grWYdDsDXkdt_pvNd
�Vgi°QX,�
�¬° �rq £ � %�gi_�aeSVX�Wnd�aefoSpgi_VsYgrWndtsDX³gxu�sDgr�DX,_�­Q£ )�����
	 ����
����������������	 � � )�%

¢�SVX�ceX���h8c�d\sDgr�DX,_¯�Vgi°QX,� ��°©q £ %�q�u�gxu¤d�u§grsD_jfoSph8ubX�_¯ubh
abS+d�a�abSVX�v�gxu§�pdDcbgia{£Yv9�¬°©q £
%²gxu²�@h8ubg¶aegi�8XD¥
ÀFX�a
_Vhtaegrf�XYabSpdta�d±u§grWYgi�xdtc�X:�8�+d�abgrhD_«u§aedD_pvVu�­Q£NaecedD_pu§�@h8ubgr_Vs�abSVXY°Ql`f&hQhDcov�gr_pd�aeX,u³¢�g¶aeS�abSVX
£3lµf�h3h8cevVgi_pdtabX:u²gr_jaeSVX�X,�3�pdtabgrhD_ )8¥CR�hYv�gxu{aegi_Vs8�Vgxu§SjabSVX³a{¢�h��@h8ueu§gr­V�rX6ceX,f&abgi¨+f�dtabgrhD_pu�¢�X6Wnd.£
dt�V�p�i£�abh¡d ������� �!�"�!#%$&�!')(+*-,.�/��(+*/01$32�')# ,�')(4*5,.�"� �pdtgrc:q�aeSVX¯¨+ceu§a�� vVX&¨p_VX:v«­Q£ )$%�dt_+v�abSVX
u§X:f&h8_pv�ceX,f&abgi¨+f�dtabgrhD_pu�dDcbXkcbX:u§�@X,f&abgr�DX,�i£�ceX&��X,cbceX,vNabh�dDu6abSpXncbX:f�abgi¨+f,d�abgrhD_¡dDf,f&hDcov�gr_Vs�abh�abSVX
°Qlµdt°Qgxu�dt_+v¯aeSVX�£3lµdt°Qgxu,¥

6 $ ��6%����$�� ¹ � ��6 ,�X&a�ht�>v�gxu§�+dtceg¶a{£��.dD�i�pX,u�v9��°=q £ %/� ubX�X�X:�3�pd�aegih8_ )$%TdDueu§h�f�grdtabX,vjabh¯dnu§abX,cbX,hY�pdtgrc,q��������� ­+X,gi_ps6�Vgi°�X��xu%ht�VaeSVXTcbX���X�ceX�_pf�X¤grWndts8XD¥�RTSpXTvVgrub�pdtcegia{£³WndD��Wnd.£
dDu�¢�X��r�Q­+X�f&h8_pubgrv�X,cbX:v
dDu�dYv�X,��abS�Wndt�6� ubX�X ! 15#&%�¥

6 $ ��6%����$�� ¹ $ & � ¸ �"7V� ( )�RTSVX\WYgr_VgiWndD���rX�_pstabS�gi_3abX,cb��dD��¢�SVgxfoS�f�hD_3aedDgi_pu6dt�r��aeSVX�vVgrub�pdtcegiabgrX,u³dDueu§hDl
f&gxd�aeX,v�abhndkcbX:f�aeg¶¨pX:v��pdtgrc,¥

6 ¸'& � ¸ � ���:�"8 $ & ; )\y²cbh�f&X:ubu�hD�Ta{¢¤h±grWYdDsDX:u�q�abSVXnceX&��X,cbX,_pf&XY��codtWYX¯dD_pv�abSVX¯WndtaefoSVgr_Vs±��codtWYXDq
¢�SVgxfoSjX,u§abgrWnd�aeX,u²abSVX�v�gxu§�pdDcbgia{£Y��dt�r�VX6dta�X:dDfoS¯�Vgi°�X��@ht�FaeSVX³cbX���X�ceX�_pf�X���cedDWYXD¥>���xu§h+q�d\v�X,_pu§X
f&h8cbceX,ub�+h8_pv�X,_pf&X³�VcehQvV�pf&X:u�dkvVX�_pubX�v�grub�pdDcbgia{£¯Wndt�F¥

9 � � ��hDc;: gi_V_pX�cCR�dt®DX:u��}�i�m¥%]`_
aeSVX�f&hD_3aeX&°Qa�hD�VabSpXTvVX�_pubX�f&hDceceX,ub�+h8_pv�X�_+f&XDq,abSpX<: R���dt�rsDh8cbgiabW
dDueu§h�f�grdtabX,ukaeh«X,d8foS �Vgi°�X���aeSVX�v�X,_pubg¶a{£ÂdDueu§h�f&gxd�aeX,vBabh�aeSVX�WYgi_VgrW\�pW f�h8u§a¯�.dD�i�pX�h��DX�cndD�i�
v�gxu§�pdDcbgia{£¯��dt�r�VX:u�qVd8ubub�VWYgi_ps�aeSVX��V_Vgxf&gia{£¯hD��aeSVgru��.dD�i�pXD¥

=¤¼ �D� ( � ¸ �!8 ¼ ½ v�X,_pu§X²WYdtaefoSVgr_Vs�WYX&aeSVh�v�¢�SVgxfoS³gxuFWndDgi_V�r£}Wnd8v�XC�V��hD�8a{¢�h�u{aeX��pu�)©aeSVXCWnd�aofoSVgi_ps
f&h3u{a²f�hDWY�V��aod�abgrhD_¯dD_pv�abSVX<>{¢�gr_V_VX,c>aedD®DX,u>dD�i�+hD��aegiWYg 0,dtabgrhD_�?/��: R�� %>h8��abgrWYg10:d�aegih8_Ydta²X,d8foS
�Vgi°QX,�1¥>�5�+h3ububgi­p�iX6gi_3abX,cbWYX:v�grdDcb£ku{aeX��¯Wnd.£k­+X³dDvVvVX,vngr_¯hDcov�X,c>abh\¨p�¶aeX�cou>aeSVX6f�h8u§aeu �1u§X,X4! �$#&%�¥

� ( ¼ �%� ( � ¸ ��8 ¼ ½ vVX�_pubX>Wnd�aefoSpgi_Vs�WYX�abSVh�v�¢�SVgxfoS�gru©s8X�_VX,cedD�i�r£���h8cbW��V�rdtabX:v6gr_�dt_�X�_pX�cesD£3lmWYgr_VgrWkg 0,dtabgrhD_
��cedDWYX�¢�hDce®@¥A@³�rhD­pdD�©WYX&abSphQv�Wnd.£jdD�rubhnv�X�_VhDabX�aeSVX�hD��aegiWYg 0,dtabgrhD_±dt�rsDhDcegiabSVW´�+u§X:vjaehnu§h8�i�8X
abSVX�WYgr_VgrWkg 0,dtabgrhD_±�VcehD­V�rX�W±¥
�5ubX&a²hD�Ff&h8u§aeu + � � v �¬°©q £ %&q8°©q £ %%­+X,gi_ps\f&h8Wk�p��abX:vnd��¬abX,c¤d�Wnd�aofoSVgr_Vs\f&h3u{a²f�hDWY�V��aod�aegih8_¯u{aeX��Fq
dnsD�rhD­+dt�FWYX&aeSVh�vNdtgrWnu}dta}X,u§abgrWnd�abgr_VsnaeSVX�vVgrub�pdtcegia{£�dDu�abSVXkdt�V�p�igxf�dtabgrhD_±¢�SVgxfoSNWYgi_VgrWYg10,X,u
abSVX�s8�ih8­pdt�©X,_VX�cesD£ ) �CB ����� 	 BEDGFIH�F �J�/�K��L BEMONQPRP�H�S �����BEDGFIH�F �J�/�T	 UWVYX[Z \&]�^_������� �R������������� �1� %
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¢�SVX�ceX³abSVX B MONQPRP�H�S X�_+f&h�v�X,u�aeSVX
ubWkhQhDabSV_VX:ubu�d8ubub�VWY��aegih8_puTWndDv�X�­Q£nabSpX
dt�rsDhDcegiabSVW±¥
RTSVX B MONQPRP�H�S aeX�ceW foSVh8ubX�_«gxu�vVX&¨p_VX:v«­Q£��>X,®�u§�rX�c�! +�#m¥�]µakf&h8cbceX,ub�@hD_pvVu�abh�aeSVXj�VgrX,f�X�¢�gxu§X
f&h8_pu{aodt_3a�dDueu§�VWY��aegih8_�dD_pv¯aodt®8X,uTdDv���dD_8aodts8X}ht��f&hD_3aeX&°Qab�pdD�=gi_���h8cbWndtabgrhD_j­Q£ngr_pf&ceX,d8u§gr_Vs�abSVX
u§WYhQhtaeSV_VX:ubu�f�h8u§a���h8c��ih�¢ gi_3aeX�_pubg¶a{£jsDcodDv�grX�_3a,¥BEMONQP P1H�S gxu�¢�ceg¶ababX,_9)

B MONQP P1H�S ����� 	 �VYX[Z \&]�� ��������������� ���������-�����R�%� � ��������������� �����K�R� ���!�R� � Z*%

¢�g¶aeS9)

� ���J�����K�R�.��� �����_�	�5�������A	 ��
 gi� ������������� ���������-�����
�	�

��� ��� �����K�����������������-�R����� � gi��_VhDa

���3%
� ubgrWkgr�xdtc³X&°��VceX,ueu§grhD_Nu§aedD_pvVu}��hDc � �R�������K�R����� ��������� ���!�R� ¥�RTSVXkf&hD_3aeX&°Qab�pdD��gr_���h8cbWnd�aegih8_
��� gru�v�X�¨p_VX:v�­Q£ )

� ������� 	 � L�� � gi� ����� 0�2 �"��
"2 �"!��L gi�%_Vhta �<0 %

¢�g¶aeS �$#%� dt_pv L&#�� ¥�RTSpX}�xdDu§a¤u§£�u§abX,W WYX:dt_puCabSVX³u§WYhQhtaeSV_VX,ueuCf�h8u§a¤gxuCgr_pf&ceX,d8u§X:vk��hDc²�rh�¢
gi_3aeX�_pubg¶a{£�sDcodDv�grX�_3a:¥

' ���,�"8%$ & ;«� ¼ ��� @³gi�8X�_jd�u{aeX�ceX�h
�+dtgrc¤hD�FgiWndts8X,u,q3d\Wnd�aefoSpgi_Vskf&h3u{a²gxu¤abSVX6cbX:u{aecbgxf�aegih8_Yabh �('*)+� N
ht��d�v�gxu{aodt_pf�XnhD_��Vgi°QX,�ru,q�¢�SpX�ceX �(' dt_+v � N dtceXncbX:u§�@X,f&abgr�DX,�i£�aeSVXn�Vgi°�X��xu�ht��abSVXjcbX���X�ceX�_pf�X
giWndDsDX�dt_pvBabSpX��pg¶°�X��xuYht�³abSpX�WndtaefoSVgr_Vs�giWndDsDXD¥�� Wnd�aefoSpgi_Vs«f�h8u§aY­@X&a{¢�X�X,_Ba{¢�h¡�Vg¶°�X,�ru
sDX,_VX�codt�r�i£nWYX:dDub�VcbX:u�abSVX�ubgiWYgr�rdDcbgia{£¯­@X�X�a{¢¤X,_�aeSVX�_VX�s8SQ­+h8cbSVhQh�v�ht��aeSVX�­@htabS±�Vgi°�X��xu�¥

� ¼ ���:� � �.6 � v�gxubf�cbX�abX�¨p_pg¶aeX�ubX&a}hD�>vVgrub�pdtcegiabgrX,u�­@X�gr_Vs¯s8gi�8X�_FqpabSVX
grWndts8X���hDceWkX:v�abhnaeSVX
¢�SVh8�iX
�Vceh��3gxv�X:v�v�gxub�pdtceg¶aegiX:uTWnd.£n­+X�ceX&��X,cbceX,vjabhndDu�aeSVX
f&h3u{aouTWndt�F¥

� 6 ��hDc��}­pu§h8�i�VabX��}g $=X�ceX�_pf�XD¥C|NdtaefoSVgr_Vsnf&h3u{a�¢�SVgxfoS±gru�v�X�¨p_VX:v�­Q£ )^_�����������G�!��� � ��� � �R� 	,� � ' ���������-�.� N ��� � �R� � ��� � 1*%
¢�SVX�ceX ���K�R��� dD_pv ����� �R���Y� dtceX��Vgi°�X��xu³¢�SVgrfoS�­+X,�ih8_Vs8u³ceX,ub�+X:f�aegi�8X��r£�aeh�abSVXkcbX���X�ceX�_pf�X�grWndts8X
dt_pv abSVX�WYdtaefoSVgr_Vs grWndts8XNht�\d u§abX,cbX,h �pdDgic:¥ � ' dD_pv � N dtceX�aeSVX�gr_3abX�_+u§giabgrX,uj���V_pf&abgrhD_pu
dDueu§h�f�grdtabX,vjabhkaeSVX�giWndDsDX,u,¥

/ 6 ��hDc ,V�8�+dtceX,vj�6g $@X,cbX,_pf&X8¥�0¤£�®DX,X��Vgr_Vs�abSVX�_VhDaedtabgrhD_puThD��abSpX
�}� vVX&¨p_VgiabgrhD_�q>,�� gxuT¢�cbgia§aeX�_9)^_�R���K�R���G����� � �R� � ��� 	 �1� ' ���������-�.� N ��� � �R� � �R�32 �m��%

/�� 6 ��h8c ,Q�pW hD�F��­pubhD�r��abX6�}g $@X,cbX,_pf&X:u�¥�0�£k®DX�X,�Vgr_Vs�abSpX}_VhDaed�aegih8_pu>hD�©abSVX}�6�¾v�X&¨p_pg¶aegih8_Fq',V�}�
gru�¢�cbgia§aeX�_9)

^_�R���K�R���G����� � �R� � ��� 	 �V54�Z 6R]87:9 ;IZ M8<1= 9 ;IZ H>< � ��'-���_� 'I��� �@?��-�.� N ��� � � 'I��� � �A?/�B� � �*%
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/ / 6 ��hDc ,Q�pW hD� ,��3�pdtceX,v±�6g $=X�ceX�_pf�X,u,¥ 0�£�®8X�X��pgi_VsYaeSVX\_phtaedtabgrhD_pu�ht�>abSpX\�}� v�X&¨+_Vg¶aegih8_Fq ,�,��
gru�¢�cbgia§aeX�_9)

^_�����K�R�.�&����� � ��� � ��� 	 �V54�Z 6R]87:9 ;IZ M�< = 9 ;GZ H>< �1�('/���_� 'I��� �@?�� �.� N ��� � � ' �R� � �@?��R� 2 � +*%

� /�� 6 ��hDc��@X,cbhDlmWYX:dt_ ,Q�pW ht�6�}­pubhD�r��abX��6g $=X�ceX�_pf�X,u,¥ RTSVgxuYf&h3u{aYgruYgr_pubX�_pubgiabgr�DX�abh¡abSVX±�rh�f�dt�
­Vcegis8S8ae_VX,ueu�­Vgrd8u�­@X&a{¢�X�X,_
aeSVX²a{¢�h}grWndts8X,u,¥ 0�£�®DX�X,�Vgr_Vs�abSpX�_phtaedtabgrhD_pu�ht�VaeSVXT�}� v�X�¨p_VgiabgrhD_Fq� ,��6� gru�¢�cbgia§aeX�_9)
^_�����K�����&����� � ��� � ��� 	 �V54�Z 6R]87:9 ;IZ M�< = 9 ;GZ H>< � �1��'5��� � 'I��� � ?�� ����('-���K�R����� � � � N ��� � � 'I�R� � � ?�� ���� N ��� � �R� � �R���

� ),�*%
¢�SVX�ceX ��('-���K�R�.� dD_pv �� N ����� ���.�Y� cbX,�VcbX:u§X,_3a²abSpX�d.�8X�codts8X�ht��abSVX�ceX,ub�+X:f�abgr�DX³gr_8aeX�_pubgiabgrX,u �(' dt_+v� N h8_jaeSVX ��������� dt_+v ����� ���.� � f&X�_3aeX�ceX,v�¢�gi_pvVh�¢�u�v�X&¨p_pX,v�­Q£nabSVX��pcbh�v��pf&a�� �5� 
	� ) � �5��0
� ¥� / / 6 ��h8c��@X,cbhDlmWYX,dD_ ,Q�VW ht� ,V�8�+dtceX,v �6g $=X�ceX�_pf�X,u,¥ RTSVgxu�f&h8u§ajgxujgr_pubX�_pubgiabgr�DX�aeh abSpX��rh�f�dt�
­Vcegis8S8ae_VX,ueunh)$=ubX&aj­@X&a{¢�X�X,_�abSVX�a{¢¤h«grWndts8X,u,¥ 0�£Â®DX,X��Vgr_Vs�abSpXN_Vhtaod�aegih8_pu¯hD�³aeSVX�� ,V�}�
v�X&¨+_Vg¶aegih8_Fq�� ,?,�� gxu�¢�cbgia§aeX�_9)
^_�����K�����&����� � ��� � ��� 	 �V54�Z 6R]87:9 ;IZ M�< = 9 ;GZ H>< � � � ' ��� � 'I��� � ?�� ���� ' �����������(� �1� N ��� � � ' �R� � � ?�� ���� N ��� � ��� � �R�
� 2

� )�)�%�
� / / 6 ��h8c
�=X�cehtlµWkX:dt_���hDceWndt�rg10,X,vC,Q�VW hD� ,��3�pdDcbX:vj�6g $=X�ceX�_+f&X,u,¥CRTSVgxu�f&h3u{a�gxuTgi_pubX�_+u§giabgr�DX³abh
abSVX³�rhQf,dt�+­VcbgrsDS3ae_VX,ueuCs3dtgr_jdt_pv¯h $©u§X�a¤­@X&a{¢�X�X�_¯abSVX}a{¢¤h
grWndts8X,u,¥ 0�£Y®DX,X��Vgr_Vs�aeSVX6_phtaedtabgrhD_pu
ht��abSVX�� ,��}� vVX&¨p_VgiabgrhD_�q���� ,?,�� gxu�¢�cbgia§aeX�_9)
^_�����K�����&����� � ��� � ��� 	 U V54�Z 6R]87:9 ;GZ M�< = 9 ;IZ H>< � �1� ' ����� 'I��� �@?�� � �� ' ���K�R�.�R�-� �1� N �����/� 'I���.�5�A?/��� �� N ����� ���.�Y�R�
� 2� '5��������� � N ��� � ��� � �

� ):� %
¢�g¶aeS9) �� � � '5���K�R��� 	 � U V54�Z 6R]87:9 ;IZ M8<1= 9 ;IZ H>< �1�('/���_� 'I��� �@?��-����('-���K�R�.�R� 2

� N ����� ���.�Y� 	 � U V54�Z 6R]87:9 ;IZ M8<1= 9 ;IZ H>< �1� N ��� � � 'I��� � �A?��-���� N ��� � ��� � ��� 2 � ),Z*%

6 ¹ & � � $ ����� ¼ ;+��� � � $ & ; �}£Q_pdDWYgrf6�VcehDsDcodtWYWYgr_Vs
v�X&aeX�ceWYgi_VX:uTd\f&�xdDueu¤ht��h8��abgrWYg10:d�abgrhD_�dt�rsDhDl
cbgiabSpWYu,¥jRTSVX¯dD�is8hDceg¶aeSVW v�X:ubf�cbgr­@X,v¡­Q£@0�hD­Vgxfo®�dt_+v�]`_3aegi�r�iXngr_ !*)�#²gxu
dt�V�p�igrX,v�abh±WYgr_VgiWYg 0�X
abSVX�X�_VX,cbs8£¯���V_+f�abgrhD_NvVX&¨p_VX:v�­Q£¯aeSVX\X:�8�+d�abgrhD_N�V¥�]µa�dDueu§�pWkX:uTabSpX
hDcov�X�cegr_Vsnf&hD_+u{aecedDgi_3aeu�gru
foSVX,fo®8X,v©¥
RTSVX
dt�rsDh8cbgiabSpW´v�X&¨p_pX,u�dYf&h8cbceX,ub�@hD_pv�X,_pf&X³­@X&a{¢�X�X�_�abSpX��Vg¶°�X,�ruThD��a{¢�hYWYdtaefoSVgr_Vsnuef�dt_p�igr_VX,u
­Q£�f&h8Wk�p��abgr_Vs�djWYgr_VgrW\�VWkl`f&h8u§a��pd�aeS�gr_�d�ub�@X,f&gi¨+fYv�£Q_pdDWkgxf��Vcbh8sDcodtWYWYgi_psjsDcodt�pSF¥�RTSVX
_Vh�v�X,u\ht�TabSpgru\sDcodt�VS«dtceXYabSpXj�pdDgicou ��� 4 � � 6 � ¢�SVX�ceXYabSpX � 4 �3��� '�� #K� dDcbXYaeSVX¯h8cev�X,cbX:v
�Vgi°QX,�ru�hD��d�sDgr�DX,_�uef�dt�rgr_VXYgi_�abSVXYceX&��X,cbX,_pf&XkgiWndDsDXYdt_pv � 6 �3��� ?�� ( � dtceX\aeSVXY�+h3ububgr­V�iX
v�gxu§�pdDcbgiabgrX,u,¥ "²dDfoS±_Vh�v�X�gxu�gr_�h8_VX�ht��abSVX���h8�i�rh�¢�gi_ps�aeSVceX�X�u{aeX��pu�)
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l ��� 4 �R� 6 � f&hDceceX,ub�+h8_pvVu}abh±djWnd�aofoSF¥\RTSVX�abcodt_+u§giabgrhD_�abh±dj_VX�°Qa³_Vh�v�XYs8X&a�foSpdtcesDX:v±abSVX
WndtaefoSVgr_Vsnf&h3u{a�dDueubhQf�grdtabX:vnabh ��� 4 �R� 6 � ¥
l ��� 4 �R� 6 � v�hQX:u�_VhDa6f&h8cbceX,ub�+h8_pv�abhjdYWndtaefoSNdt_+v�abSVX�WYdtaefoSVgr_Vs¯�pg¶°�X���v�X&¨+_VX,v±­Q£ ���4 	� 6 � 
�� 4 � ubX�X�aeSVX}X:�3�pd�aegih8_4)�%>gxuC_phta¤�Qgxu§gr­V�rX�gr_nabSVX6cbX���X�ceX�_pf�X�grWYdDsDX8¥�RTSVX³f&h3u{a²hD�©abSVX
aecedD_pubg¶aegih8_jaehYdD_±htabSpX�cT_Vh�v�X�gxuTabSVX�h�f�f��i�+u§grhD_±f&h3u{a��=¥
l ��� 4 �R� 6 � v�hQX,uk_VhDanf�hDcecbX:u§�@hD_+v�abh«d�WYdtaefoS�dt_pv � 4 gxuY_Vhtan�Qgxu§gr­V�rX�gr_BaeSVX�Wnd�aofoSVgi_ps
grWndts8XD¥>RTSVX
f&h3u{a�hD��abSpX�abcodt_pubg¶aegih8_jaehndt_±htaeSVX�c�_Vh�v�X�gxuTabSpX�hQf,f&�r�pubgih8_�f�h8u§a��©¥

¦Vh8c%d6_Vh�v�X�gi_Yd6sDgr�DX�_ku{aod�aeXDqtd}��X�¢ aecedD_pubg¶aegih8_puFaeh³d6_VX,gis8S3­@hDceSVhQh�v
_Vh�v�X�gxu�dD�i�rh�¢�X,v©¥�R�h6abSVX
f&h3u{a�hD�%ubhDWYX�ht��abSpX�W gru�d8vVv�X:vjaeSVX
ubWkhQhDabSV_VX:ubu}f&h8u§a�u§hYaeSVX
v�gxu§�+dtceg¶a{£\z{�VWY�pu�dtceX�ceX��xd�abX:v
abh�abSVX�gi_3aeX�_pubg¶a{£�s8ced8v�giX,_3a\gi_ abSVX�cbX���X�ceX�_pf�X¯grWYdDsDX �1u§X,XjX:�8�+d�abgrhD_ 0 %�¥¡RTSVX�f�h8u§a\aeh�X,d8foS
�+h3ububgr­V�iX±aecedD_pubg¶aegih8_puY­+X,gi_ps u§�@X,f�g¶¨pX:v©q¤abSVXNv�£Q_pdDWYgrf±�VcehDs8cedDWYWkgr_Vs�dt�rsDh8cbgiabSVW f�hDWY�V��aeX,u
abSVX�WYgr_VgrW\�VWkl`f&h8u§a��pdtabS�­+X�a{¢¤X,X�_ ��� ; � � ; � dt_pv ����� �R� ; � ¥
ÀFX�ak_VhDabgxf&XjabSVX��.dD�i�pX�hD��abSVX��+X,_pdt�ia{£���Wnd.£¡vVcedDWYdtabgxf�dD�i�r£�WYh�v�gi��£�abSVX�­+X,Spd.�Qgih8c\hD��abSVX
dt�rsDh8cbgiabSVW±¥ ]µ�
abSpX��@X�_pdD�¶a{£ ��dt�r�VX�gru�abhQh �ih�¢�q�h8_V�r£ aeSVX¡cbX,�igxdt­V�rXN�pdDgicou,q�g1¥ XD¥T¢�SVh3u§X�abSVX
Wnd�aefoSpgi_Vs¯f�h8u§a�gru�_pX,dtc.0,X�cehpqVdDcbX�Wnd�aofoSVX,v©¥²]µ����gxuTabhQhYSVgrsDSFq�aeSVX
WYh8u§a��pdtgrcou�dtceX³WndtaefoSVX:v
­V��a�abSVX¤hQf,f&�r�pubgih8_puFdtceXC_VhDa�v�X�abX,f&abX:v
dt_Q£QWYhDceXD¥F���xubh�abSpXC�+X,_pdt�ia{£���dt�r�VX²ubSVhD�V�xv�­@X¤f�dDcbX����V�r�i£
foSVhQh8ubX�_�gi_±h8cev�X,c�abhYhD­�aodtgr_�dYWYX:dt_Vgr_Vst���p�Fv�grub�pdDcbgia{£¯Wndt�F¥

� ���.6 8 �)���,� @³codt�pS f&��a±gru�d s8�ih8­pdt��h8��abgrWYg10:d�aegih8_ WYX&abSphQv ¢�SVgrfoS dtgrWYu�d�a�Wkgr_VgrWYg10,gi_VsBabSVX
X�_VX,cbs8£¯v�X&¨+_VX,v�­Q£nabSpX�X,�3�pd�aegih8_±�V¥>RTSVX�foSVh8ubX�_±dt�rsDh8cbgiabSVW´f�hDcecbX:u§�@hD_+vVuCaehkabSVX���l
	«ub¢�dD�
WYh��DX�dt�rsDh8cbgiabSVW´vVX,uef&cegi­@X,v�gi_6! +5#µ¥

/��D� & (<$ &�¸ � 6��:$ � $��D�V�:$ ¼ & RTSpgru³gxu³dD_�h8��abgrWYg10:d�abgrhD_�abX:foSV_Vgx�8�pXkv�X:ubf�cbgr­@X,vNgr_"! �5#µ¥
ÀFgr®DX�abSpXkv�£3l
_pdtWYgxf}�pcbh8sDcodtWYWYgi_Vs+q8uef�dD_V�igr_VX³hD��aegiWYg 0,dtabgrhD_jWnd.£Y­@X�ubX�X,_jdDuTd\sD�rhD­pdD�+WYX&aeSVh�v�dD_pv¯h8�+X,c§l
d�aeX,u�h8_�Wnd�aofoSVgr_Vs¯ubf,dt_V�rgr_VX,u,¥>]µa}u§h8�i�8X,u¤abSpX�hD��aegiWYg 0,d�aegih8_±�Vcbh8­V�rX�W v�X�¨p_VX:v�­Q£jabSVX
ub£�u{aeX�W
��¢�g¶aeSVhD��a�aodt®Qgr_VsndDf�f�hD�V_3a�ht��abSpX³�8X�cbabgxf�dD�Fu§WYhQhtaeSV_VX,ueu�abX,cbW±¥


 � ¹+¸ �:$1� & 6 $�� ���:$ ¼>& 0Td.£DX:u§gxdt_¯v�g $=�pu§grhD_�gruTd\sD�rhD­pdD�+WYX&aeSVh�vjWnd8v�X}�V��ht��d��VcehD­pdD�igxu§abgxf�WYh�v�X��
ht�CaeSVXYu{aeX�ceX�h¯Wnd�aofoSVgr_Vsj�VcehD­p�iX,W�dD_pvNdD_NhD��aegiWYg 0,dtabgrhD_�aeX,foSV_Vgx�3�VX�abh�ubhD�r�DX\g¶a:¥�RTSpX�­@htaeS
dtceX�v�X,uef&cegi­@X,v�gr_ ! ��#µ¥
�´­pd.£8X,ubgrdD_�Wkh�v�X,�²hD��aeSVX�u§abX,cbX,hNWnd�aofoSVgi_ps��iX:dDvVu
abhNX:u{aegiWnd�aeX¯aeSVXjv�gxu§�+dtceg¶a{£����V_pf&abgrhD_ �
¢�SVgxfoS�WYgr_VgrWkg 0�X:uTabSpX���hD�r�ih�¢�gr_VskX�_VX,cbs8£Y���V_pf�aegih8_9)

B �J�/� 	 � 4�Z 6 ��� ��� 4�� ;GZ 6 � � 4�Z 6 �K� ��� ��� 4�� ;IZ 6 � � 4�Z 6 �K� � 4�Z 6 ��� �J^ 4�Z 6 � � )��3%

¢�g¶aeS9) �� � � 4�Z 6 	 ����� 4 ��� 6 �
��� �����T	 � !1�!, ���3�*���

�
����� X���� 2�� � ���

�
�

� � ����� 	 � !1�!, ���3�*���
�
�1��� X���� 2!� �" �#�

�
� � )20 %

dt_pv�¢�SVX�ceX ^ 4�Z 6 v�X,_VhtaeX,u}abSVXkWnd�aefoSpgi_Vs�f&h8u§a6hD�CabSpX��Vgi°�X�� ��� 4 �R� 6 � hD�>abSVXkceX&��X�ceX�_+f&X\grWndts8X
¢�g¶aeS�abSVX��Vgi°�X�� ��� 4 � � 4�Z 6 �R� 6 � ht��abSVX�WndtaefoSVgr_VsYgiWndDsDXD¥
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RTSVX ��� dt_+v ��� ���V_pf&abgrhD_pu³foSpdtcodDf&abX,cbg 0�X:uTabSVXk�pubX�hD�²f&h8_8aodtWYgr_pd�aeX,v�s3dt�pueu§gxdt_�WYh�v�X,�ru}��hDcabSVX�ceX,ub�@X,f�aegi�8X�v�gru§abcegr­V��abgrhD_+uTht��abSVX�Wnd�aofoSVgr_Vsnf&h8u§a�dt_pvjabSpX
v�grub�pdDcbgia{£¯sDcodDvVgiX,_8a:¥
RTSVX±¨p_pdD�}v�gxu§�+dtceg¶a{£����V_+f�abgrhD_�gxunX,u§abgrWnd�aeX,vÂd��¬abX,cjub�pf�f�X,ueu§gr�DX,�i£«�@X�cb��hDceWYX,vÂdt_�dt�rsDhDcegiabSVW
­pdDubX,v�hD_�v�g $=�pu§grhD_�ht��abSpX�X�_VX,cbs8giX:u¤hD��X:dDfoS�u§giabX
dD_pv�d_: R�� dt�rsDh8cbgiabSpW�¥
RTSVXT��dt�r�VX,u�ht� � � q � � q � � q � � dD_pv�aeSVXT_3�pW\­@X�c�ht�+giabX,cbX,cedtabgrhD_pu�f&h8_V_VX,f&abX:v�abh6abSpXTvVg $=�pubgih8_�VcehQf�X,ueu�v�X&¨+_VX³abSVX�­@X�Spd.�QgrhDc�hD��abSpX�WkX�abSVh�v )
l � � gxu�f&h8_V_VX,f&abX:vjaehkabSVX�Wnd�aofoSVgr_Vsnf&h8u§a�_VhDgxubXD¥l � � ubSVh8�V�rv�­@X�abSVX��rgi®8X��rgiSph3h�v�ht�%hD��ae�igrX�c�WYX:dDub�VcbX:u�hDc�h�f�f��i�pubgrhD_pu,¥l ,�WYdD�i���.dD�i�pX,uTht� � � � d.�Dh8c²��cehD_3aehtlµ�pdtcodt�r�iX,�@ub�Vcb� dDf�X,u,¥l � � foSpdtcodDf&abX,cbg 0�X:uCaeSVX
v�gxubf�hD_3abgr_Q�Vg¶aegiX:uTht��abSVX
ub�Vcb� dDf&X8¥lnRTSpX�_Q�VW�­+X,cCht�@g¶aeX�cod�aegih8_pu%f&hD_3aecbh8�8aeSVX�ubg10,X�hD�+aeSVX�u§�p�V�+h8c§aChD�paeSVX�X�_VX,cbs8£
dts8sDceX�s8dtabgrhD_
gr_VSVX,cbX,_3a�aehYabSVX
vVg $=�pubgih8_��Vceh�f&X:ubu,¥

� � ��� �����%�#����	\"��

��X,�3�VgrcbX,WkX,_3aeu�X�_Q�Qgxu§grhD_�abSVXn�rgr­VcedDcb£�ubf�hD�@XYdD_pv�abSVXn�+u§X,c
f�dDubX,u,¥ ��h�¢�q�g¶a
gxu��pub�pdD�%abSpdta
abSVXnceX&l
�3�VgrceX�WYX�_3aeu%dDcbX�giWY�@X�cb��X,f&a²dt_pv\abSVX,£
sDX,_VX�codt�r�r£�X��Dh8�i�8X²aeSVcehD�Vs8S
abSpX�giabX,cedtabgrhD_pu%hD�paeSVXTÁ}y��VcehQf�X,ueu�¥�}X��8X�cbabSVX,�iX:ubu,qQabSVX,cbX�Wnd.£¯ceX�Wndtgr_�u§h8WYX�vVg $=X�ceX�_pf�X,uT­@X&a{¢�X�X,_�aeSVX�¨p_pdD��ubht�¬a{¢TdtceX6�rgi­pcedDcb£jdD_pv�abSVX
ceX,�3�VgrceX�WYX�_3aeu,¥F]`_pvVX�X,vFq�abSVX�ceX,�3�VgrcbX,WkX,_3aeu�dtceX²�V�=vVd�aeX,v\hD_V�r£�g¶�pabSVXT_VX,¢ gi_V��hDceWYdtabgrhD_pu�dtceX²grWY�V�igrX,v
gr_�d����Vc§aeSVX�c�vVX,ubgis8_F¥

����� �
	���
���	������������
RTSpXn�pu§Xnf,dDubXkWYh�v�X,�²v�X&¨+_VX,u�aeSVXnceX,�3�VgrcbX,WkX,_3aeu�ht��abSpXn�pu§X,c,¥n]µa
gxu�gr�i�r�pu§abcod�aeX,v�­3£�abSVXn�+u§X¯f,dDubX
vVgrdDsDcodtW±¥�RTSpgru�ubX,f&abgrhD_±dtgrWnu�d�a�v�X,uef&cegr­Vgi_pskgiaeu}f&hDWY�@hD_VX,_3aeu,¥
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Perform a dense stereo matching

Rectify a stereo pair

Handle an image

Reconstruct from a depth map

Expert

Hurry user

Library

’Actor’
Python Interpreter

’Actor’
Images Viewer

’Actor’
Vrml Viewer

Handle a stereo pair
Hacker

Filter an image

¦�gis8�VceX�)*)>RTSVX
¿}ubX4+�dDubX��6gxdtsDcodtW u§�VWYW��Vcbg 0�X:u¤abSVX�­@X�Spd.�QgrhDcTht��abSpX��igr­Vcodtce£¯dt_pv�g¶aou�dDf&abh8ceu,¥

"�� ��� � / ¹ �,� ¸ � � ¼ � & ½���� ¹ � & ½ 6���$ � ��� ¹ �V�t� ¼ ���
RTSpX¯u§£�u§abX�Wªgxu
d�u§hD�¬a{¢�dDcbXkaeh3h8�i®Qgia,q�g1¥ XD¥�d�u§X�a\ht�TcbX,�puedt­V�rXnhD­�z{X:f�aou
v�X,ubgrsD_VX:v�aeh��Vceh��3gxv�Xn�pubX&���p�1q
s8X�_VX,cedD�¶lµ�V�Vce�@h8ubX����V_pf�aegih8_pdt�rgrX,u,¥\RTSVXksDh8dD�ru³dtceX
���p�¶¨p�r�rX,v�abSVcehD�Vs8S�f�hDWY�+h3u§giabgrhD_�hDc�v�X�cegi��dtabgrhD_�hD�
aeSVXnX��rX�WYX,_8aou�ht�¤abSVXYaeh3h8�i®Qgia,¥¯RTSVX,cbX,­Q£Dq©aeSVXn_pd�ae�VceXkhD�²aeSVX¯u§£�u§abX,W��iX:dDvVu��+u�abh±gr_8aecbh�v��+f&XY�DX,cb£
X:dtce�i£ngr_±g¶aou�v�X:u§grsD_±u§h8WYX³�pcbh8sDcodtWYWYgi_VskdDub�+X:f�aou�dt_pv����VcbabSVX,cTabX:foSV_Vgxf�dt�=��X:d�ae�VcbX:u�¥

À�X&a � u�v�X�¨p_VX�_Vh�¢5abSVX��pcbgrWndtce£¯dDf�aehDcou�qQgm¥ X8¥�abSpX��pu§X,ceuThD��aeSVX
u§X,cb�Qgxf&X:u¤�pcbh��Qgxv�X,v�­Q£nabSVX��rgr­VcedDcb£ )

7&8%@97;:
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� ���.� ¹ ��� ¸ � RTSVX\gi_3abX,_3a6ht�>aeSVX /}�Vcbce£��pu§X,c}gxu�aeh¯hD­Vaedtgr_NdjZ8� ceX,f�hD_pu§abce�pf�aegih8_±ht�²d¯uef&X,_VX\dt_+v
Wnd.£3­@X�u§h8WkX6gi_3aeX�ceWkX:v�gxdtce£kceX,ub�V�iaeu�­Q£nu§�@X�_pvVgi_VskWYgi_pgiWndt�©X $@h8c§aou²gr_¯aeSVX��V_pv�X,ceu§aedD_pv�gr_Vs\hD�
abSVX��rgr­VcedDcb£nh8cTabSVX�aehD�Vgxf�ht��abSVX
Z8� v�X,_pu§X�ceX,f�hD_pu§abce�pf�aegih8_F¥

��� 6 ¸ �.� RTSpX%">°��@X�cba�¢�grubSVX,u²abhk�pubX³ubhDWYX³u§�@X,f�g¶¨+f³dt_+v¯�@h8ueu§gr­V�r£nhD��aegiWndt�=dt�rsDh8cbgiabSpWYu¤ceX��xd�abX:vYabh
abSVX
vVX�_pubX�Wnd�aefoSpgi_VsYhD��dksDgr�DX,_�u§abX,cbX,hk�+dtgrc�hD��grWndts8X,u,¥

� �p��� ¸ � RTSVX /6dDfo®8X�c�¢Tdt_3aeuTaeh¯gr_8aeX�s8cedtabX�u§h8WYX���X,d�ae�VceX,u�hD��aeSVX�ubht�¬a{¢TdtceX�gi_3aehnSVgru}h�¢�_�u§£�u§abX�W±¥
/�X�Wnd.£jdD�rubh�¢�gxubS�aehnf&hD_3aecbgr­V��aeX�abhkabSVX
vVX��DX,�ih8�+X,WYX�_3a�ht��aeSVX��rgi­Vcodtce£D¥

RTSpX��VcbX,�Qgih8�puCf&�xdDueubg¶¨+f,d�aegih8_�gxu>_VhDa¤d��pdtcbabgiabgrhD_YhD�+aeSVX��pubX�cou�)�¢¤X�Wnd.£�¢�dD_8a>aeh�­+X6u§grW\�V�iaedD_VX�h8�pub�i£
"C°Q�@X�cba,q>/��Vcecb£j�pu§X,c�dt_pvC/}d8fo®DX,c,¥
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Rectification
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Dense Matching
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:Expert

:Library

newDenseMatch()

setCostsFiltering(type, number)

disparity map

match(dm)

setMatchingCost(measure, window size)

setOptimizationMethod(newDynamicProgramming())

Refine the definiton
of the stereo dense
correspondence

DenseMatch instance dm
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3D reconstruction
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abSVX��pcbh�v��pf&abgrhD_�ht�>dk¢�cedD�V�+X,c,¥
l¯RTSVX��igr­Vcodtce£nf&hDWY�@hD_VX,_3aeu�Wnd.£n­+X�gr_8aeX�s8cedtabX,vjgi_±d�+6q +.-/-�q �3d.��d
h8c�y²£8aeSVhD_±dt�p�V�igxf�dtabgrhD_F¥
l¯RTSVX�f�dDWYX�cod³f,dt�rgi­pcedtabgrhD_kcbX:u§�V�iaeu%gxueu§�VX:v���cbh8W abSVX �¤¸ ( ¸ " �1u§X,X/! 0�#&%>ubht�¬a{¢TdtceX¤Wnd.£
­@X��rh8d8v�X,v©¥

"�� "���� ��& � ¸ ���µ�V� ¸
RTSpX}aeh3h8�ru¤ht��abSVX³�igr­Vcodtce£�Wnd.£n­@X6X�°�X,f&�VabX,vj­Q£�aeSVX³�3£3aeSVhD_�gi_3abX,cb�pcbX�abX�c¤��hD�r�rh�¢�gi_Vs
abSVceX�X�v�g $@X,cbX,_8a
¢Td.£�u�¥%RTSVX,£�dtceX�dku§abcodtgrsDS3ab��hDce¢�dDcevnX�°��V�ih8g¶aod�aegih8_�hD��abSpX��3£3aeSVhD_±u§X,cb�Qgxf&X:u�)
l¯RTSVX³�pu§X,c¤X,W\­@X,vVu�SVgxu�gi_+u{aecb�pf&abgrhD_pu¤gr_�d��3£3aeSVhD_juef&cegr��a,¥ /�X�dt�xubh�f&ceX,dtabX:u²giaeu�h�¢�_¯�VcehDs8cedDW±¥
l¯RTSVX³�pu§X,c¤gr_3abX,ced8f�abgr�DX,�i£k�Vceh�f&X,ueubX,uCgrWndts8X,uC­Q£nce�V_V_Vgr_Vs\abSVX³�Q£8aeSVhD_jgi_3abX,cb�pcbX�abX�c¤gi_�g¶aou�gi_3abX,c§l
dDf&abgr�DX�WYh�v�XD¥>RTSVX�gr_Q�Dh�f�dtabgrhD_Yht�=aeSVX��Vceh�f&X,ueubgi_Vs�u§abX,�pu>aeSVcbh8�VsDSnd
f�hDWYWndt_pvY�rgr_VX�gr_8aeX�cb� dDf�X
f&h8cbceX,ub�+h8_pvVu¤abhkaeSVX�WYh8u§a}f&hDWYWYhD_��pubX�ht��abSVX��rgi­pcedDcb£8¥
l¯RTSVXY�Q£8aeSVhD_�gi_3aeX�ce�VcbX�abX,c6gxu�f�dt�r�rX,v�aeh�ce�V_¡�Q£8aeSVhD_¡f&h�v�XkX�W�­+X:vVv�X,v�gr_�d�+6q,+.-/- hDc�z§d.��d
�VcehDsDcodtW±¥
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"�� "�� = � � 6 ( ¸ � ¸'& �,���2$ ¼ & � ¼>& ���,����$ & �:�
RTSpX��3£3aeSVhD_k�rdD_Vs8dDsDX�gru²foSVh8ubX�_kdDu%>§sD�r�VXG?�f&h�v�XD¥�]µaeu>��X,d�ae�VceX�hD�=uef&cegr��aC�rdD_Vs8dDsDX�dt_pv�abSpX�gi_3abX,ced8f�aegi�8X
WYh�v�X�ht�%giaeu�gr_3abX�ce�VceX&aeX�cT�Vceh��3gxv�X6abSVX�¢�gxubSVX,v�gr_8aeX�cb� dDf�X6aehkabSVX��rgi­pcedDcb£8¥
¦p�VcbabSVX,cbWYhDceXDqQ�Q£3abSVh8_�dt�r�ih�¢�u¤abhndD_pu§¢�X�c�aehYabSVX
ub�V�V�@hDcbaedD­Vgi�rgia{£¯f&hD_+u{aecedDgi_3aeu�)
l¯RTSVX�dt­Vgr�igia{£Yabh�X�W�­+X:vnabSpX³�Q£3abSphD_jf�hQvVX6gr_(+6q +.-/- hDc�z§d.��d\dD�i�rh�¢�uCSpd8fo®DX,ceuCabhkX�W\­@X,v¯abSVX
f&h8Wk�@hD_pX�_3aeuTgr_�abSVX,gic�h�¢�_±dt�p�V�igxf�dtabgrhD_F¥
l�+¤hD_Q�DX,ceubX��r£Dq +6qDhDc.+.-/- f�h�v�X�Wnd.£\­@X}gr_3abX�s8cedtabX:v�gr_YabSpX}�rgi­Vcodtce£\­Q£kX&°QabX,_pv�gr_Vs�aeSVX��Q£3abSVh8_
gi_3aeX�ce�VcbX�abX,c,¥
lny%hDcbabgr_Vskabh¯ub£Qu§abX,W dDu ,�hD�xdtcegru�hDcQ: gr_pv�h�¢�uTgxu�ub�V�V�@h8ubX,vjabhnceX,�3�VgrcbX³WYgi_VgrWndt�FX $@h8c§aou�¥

"�� "���� � ����½ » �V� ¸ � & ½�/ ¼ �m� » ��� ¸ � ¼>& ���,����$ & �:�
l¯RTSVXYu§hD�¬a{¢�dDcbX\vVX��DX,�ih8�VWYX�_3a6�+u§X���cbX,X��}yC]{u � dt�p�V�igxf�dtabgrhD_��Vcbh8sDcodtWYWYX�c�gr_3abX,c§� d8f&X�%}dt_pvNabSVX
dt�rsDh8cbgiabSVWnuTf�dD_±­+X
f,dt�r�iX:vj�V_+v�X�cTaeSVX
ÀFgr_Q��°�ub£Qu§abX,W±¥
l¯RTSVX�,�: ]�@ v�X,�DX,�ih8�VWYX�_3a²aeh3h8� � ,QgrWk�p�igi¨pX,v :¡cedD�V�+X,c�dD_pv¯]`_3aeX�cb� dDf&X @³X�_VX,cedtabh8c %>ubSVh8�V�rvj­+X
�pubX,v�gi_±h8cev�X,c�abhYX�W�­+X:v�+.-/- dt_pv��@h8ueu§gr­V�r£ + gr_3abhY�Q£3abSVh8_±f��rd8ububX,u,¥
l¯RTSVX
SpdDcevV¢�dDcbX�ceX,�3�VgrcbX,WkX,_3aeu�dtceX
d�a6�iX:dDu§a ):�t�8|���h8c�abSpX����6| dt_pv±d�a6�iX:dDu§a���0t�n|NS 0���hDc
abSVX
f��ih�fo®n��ceX,�3�VX,_pf&£8¥

"�� "�� ( =²¸ ;+� ( � �,� � ¸ �
:¡X¯W��pu{a�gi_Q�Dh8�i�8Xngi_�aeSVXj�rgr­VcedDcb£�hD_V�r£�h8�+X,_ u§h8�Vcof&X¯f&h8WY�+h8_VX�_3aeu
¢�SVh8ubX¯�@h8ueu§gr­V�rXn�igxf&X,_pu§gr_VsNceX&l
u§abcegxf�abgrhD_+u�dt�r�ih�¢ ceX,uedt�rX³ht�%�Vcbh�v��+f�aeu�aeSpd�a�gr_pf��i�pvVX�hD�@X�_±u§h8�Vcef�X�u§hD�¬a{¢�dDcbX8¥

"�� "�� ��� �6�V� �V��;>$ & ;
RTSpX�vVgru§abcegi­p��abgrhD_±ht��abSpX6aehQhD�xu�gru�� d8f&gr�igiaedtabX:v�­Q£jdYf�hD_Q�DX,_VgiX,_3a��pd8fo®�dtsDgr_Vs+¥

"�� "�� � � ��& � ¼ � � �V�:$ ¼ & $ & 6 ¼ � �?$ &Â¼ � ��& � ¸ � ¸ �,�
y>dDcedDWkX�abX,ceu�dD_pv�u§�@X,f�g¶¨+f¯�Vcbh�f�X,ueu§gr_Vs8u³gr_Q�DhD�r�DX:v�gr_�abSpgru�u§X:f�abgrhD_«dDcbXnv�X�¨p_VX,v�gr_�abSpX¯sD�rh8ueubdDcb£�hD�
aeSVX��VceX,ubX�_3a�v�h�f&�VWYX,_8a:¥

6 ¸'& � ¸ /F� ¸ � ¸Q¼ ' ���:�!8%$ & ; � v�X,_pubXNu{aeX�ceX�h¡WYdtaefoSVgr_Vs�WYX&aeSVh�v Wnd.£«s8X�_VX,cedD�i�r£«cbX:�3�VgiceX�abSVX
��h8�i�rh�¢�gr_Vs\¨+�DX�u{aeX��pu�)
)D¥�¦�gi�iabX,cbgr_Vsnht��abSVX
u§abX,cbX,hY�pdtgrcTht�%giWndts8X,u,¥
��¥ +¤hDWY�V��aod�aegih8_�hD��aeSVX�Wnd�aefoSpgi_Vsnf�h8u§aeu,¥
ZV¥�¦�gi�iabX,cbgr_Vsnht��abSVX�WndtaefoSVgr_Vsnf&h3u{a:¥
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�p¥ "²u§abgrWYdtabgrhD_±ht��abSpX
v�grub�pdDcbgia{£nWndt�F¥
0�¥�¦�gi�iabX,cbgr_Vsnht��abSVX
vVgrub�pdtcegia{£¯Wndt�F¥

� �rdDcbs8X³_Q�VW�­+X,c�ht�CdD�is8hDceg¶aeSVWnu���hDc}u§abX,cbX,h¯f&hDceceX,ub�+h8_pv�X�_+f&X,u�X�°Qgxu§aeu,¥�RTSVX\�igr­Vcodtce£jv�X,ubgrsD_���h�f&�pubX,u
h8_Nd�a}�rX,d8u{a}¨p�DX
hD�%abSVX,W ��h8c�aeSVX�grc6f�hDWY�+X�abX�abgr�DX
�@X�cb��hDceWndt_pf�X
dDf�f�hDcov�gr_VsYabhnaeSVX\f�cbgiabX,cbgxdDu�hD�>abSVX
aod�°�hD_phDW\£nhD��u§abX,cbX,hkWYX�abSVh�vVu��pcbX:u§X,_8aeX,vjgi_6! �5#µ¥
l¯ÀFh�f�dD�©WYX&abSphQvF¥
l¯�}£Q_pdDWYgrf�yCcehDs8cedDWYWkgr_VskWYX&abSphQvF¥
l ,�f�dD_V�rgi_VX�~6�VabgrWkg 0,dtabgrhD_F¥
l @³cedD�VS�l`f&��a6~6��aegiWYg 0,dtabgrhD_F¥
l�0Td.£DX,ubgxdt_��6g $@�pubgrhD_F¥

RTSpXY�3�pdD_3abgiabgrX,u³WYX,dDub�VceX,v�gi_�abSVXYaod�°�hD_phDW\£±s8gi�8X�gr_���hDceWnd�aegih8_pu�dt­@hD��a�abSpXk­@X�S+d.�3grhDc³ht�¤abSVX¯dD�¶l
s8hDceg¶aeSVWnu³gi_��pdDc§aegrf��V�rdDc6ceX�s8gih8_pu�u§�+foS¡d8u³abSVXkabX�°Qab�VceX��rX,ueu�cbX,sDgrhD_pu,q=abSpXkh�f,f&�r�pv�X,v¡ceX�s8gih8_pu}h8c�abSVX
vVX���aeSkv�gxuef&hD_3aegi_Q�Vgia{£�cbX,sDgrhD_pu,¥�RTSVX�aegiWYX�abh��Vceh�v��pf&XTd³v�X�_pubX�v�gxu§�pdDcbgia{£�Wndt�kf&hD�p_8aCd8u�¢�X��r��dtWYhD_ps
aeSVX
f&cegiabX�cegxdDu,¥
RTSpXjv�X,ubgrsD_«ht�TaeSVX¯¨p�8Xjub�+X:f&gi¨+fnWYX&aeSVh�vVu\¢�Xjd8v�cbX:ubu
gi_�aeSVgru��pdD�+X,c�v�X:dt�xu
hD_p�i£�¢�g¶aeSBu{aeX�� �Vq�Z
dD_pv±�p¥ ,3aeX��pu )
dt_pv 0nWYd.£�­+X�u§h8�i�8X,v�­Q£jaeSVX����V_pf&abgrhD_pdD�igiabgrX,u}ht�>htaeSVX�c³f&h8Wk�@hD_pX�_3aeu,¥�RTSpX�abSVceX�X
ubX��rX,f&abX:v�u§abX,�pu�dtceX�u§�@X,f�g¶¨pX:v�­3£¯abSVceX�X
ubX&aouTht���+dtcodtWYX&aeX�cou

]`_�h8cev�X,c³abh�SVX,�i�¡abSpXn�pu§X,c�gi_¡¨V°�gr_Vs�abSVXn�+dtcodtWYX&aeX�cou�qFd�v�X�� dt�V�ia
�Vceh�f&X,ueu³gru\u§�Vs8sDX:u{aeX,v���hDc�X,d8foS
u§abX,�F¥nRTSVXY¢�SVhD�rXY�pdtcodtWYX�abX�cou³dtceX��rgi®8X�¢�gxu§XnubX&a�abh�v�X�� dt�V�ia
��dt�r�VX,u,¥ ��h�¢�qFgi�¤aeSVXY�igr­Vcodtce£Nv�X&¨+_VX,u
vVX&� dt�p�¶a\�+dtcodtWYX&aeX�cou���hDc\dD�i�²abSVXjabceX,dtabWYX�_3aeu,q�abSVX��pu§X,c�ubSVhD�p�rv¡_VX,�DX�cbabSpX��rX,ueu
u§X�akubhDWYXnht�TaeSVX�W±¥
�}�rubhpqQ��h8cTabSVX�WYX�abSVh�v )
l¯ÀFh�f�dD�8WYX�abSVh�v )�abSVXT�pubX�c�SpdDu�abh�v�X�¨p_VX¤abSVX�ue�8�+dtceX,v�¢�gr_pv�h�¢Bubg10,X²hD�VabSVX�ub�V�V�@hDcba�d8ububh�f&gxd�abX:v
abhYaeSVX
v�X&� dD�V�ia�WYdtaefoSVgr_Vsnf&h3u{a � ,?,�� �&0,X�cehtlµWYX,dt_�u§�pW ht�%ub�3�pdDcbX:vjv�g $=X�ceX�_pf�X�%�¥
RTSVX��pubX�cYSpd8ukabh«�VceX,f�grubX�gi��SVX±¢�dD_8aounu§Spg¶�¬aodt­V�rX±¢�gi_pvVh�¢�u�� ubX�X6!*)�#;%YvV�Vcbgr_Vs¡abSpX�¨+�¶aeX�cegi_Vs
Wnd�aefoSpgi_VsÂf&h3u{a±u{aeX��9)BdBWYh��3gr_VsÂd.�DX�codts8X�ub�3�pdDcbX�¨p�¶aeX�cegi_ps ��hD�r�rh�¢�gi_VsB­3£ d ub�3�pdDcbX�Wkgr_�l
¨p�iabX�cegr_VsNdtceXn�pubX,v�abhNubgiW��V�xd�abXYaeSVgxu�¨p�iabX,cbgr_Vsp¥�]`_�abSVgxu
f,dDubXYabSVXjubg 0�Xnht� � ,�,V�´¢�gr_pv�h�¢ gru
�pubX,v�abhnv�X�¨p_VX�abSpX
u§g 0�X�ht��abSpX
u§SVgi�¬aedD­V�rX&lµ¢�gi_pvVh�¢�u�¥
RTSVX
v�gxu§�+dtceg¶a{£nX:u{aegiWnd�aegih8_�u{aeX���gru�d�: R�� ��¢�gr_V_VX,c�aedD®DX,uTdD�i�;%Tdt�rsDh8cbgiabSVW±¥
l¯�}£Q_pdDWYgrf��pcbh8sDcodtWYWYgi_Vs )©abSpX��pubX�cCSpd8u%abh�v�X&¨p_pX�abSVX6u§WYhQhtaeSV_VX,ueu>¢�X�grsDS3a L dt_pv�abSpX�h�f�f&�r��l
u§grhD_Nf�h8u§a,¥��6X&� dt�p�¶a³�.dD�i�pX,u�dDcbX�s8gi�8X�_±��hDc�abSVX�sDcodDv�grX�_3a§l`v�X,�+X,_pv�X�_3a}f�h8u§a,¥�RTSVX
¢�gr_pv�h�¢¾u§g 0�X
ht��abSVX�v�X�� dt�V�ia�WndtaefoSVgr_VsYf&h8u§a � ,��}�¾S+dDu¤abhk­+X�ubX&a:¥CRTSVX�ceX)� u²_ph\¨p�iabX,cbgr_Vskht��abSVX�Wnd�aofoSVgi_ps
f&h3u{a:¥
l ,�f�dD_V�rgi_VX\hD��aegiWYg 0,d�aegih8_�dt_pv�sDcodt�pS�f���a�)²abSVX
�+u§X,c�SpdDu�aehjv�X�¨p_VX�abSpX\u§WYhQhtaeSV_VX:ubu�¢�X�grsDS3a L
dt_pv�aeSVX
¢�gr_pv�h�¢¾u§g 0�X�hD�%abSVX\vVX&� dt�p�¶a}WndtaefoSVgr_Vs¯f&h3u{a � ,��}��¥+�6X&� dD�V�¶a³��dt�r�VX,u�dDcbX�s8gi�8X�_���hDc
abSVX�s8ced8v�grX�_3a§l`v�X��@X�_+v�X�_3a�f&h3u{a:¥%RTSpX�WYdtaefoSVgr_Vsnf&h3u{aT¨p�iabX,cbgr_Vsnu§abX��±gxu�u§®Qgr�V�@X,v©¥
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l�0Td.£DX,ubgxdt_��6g $=�pubgih8_9)�RTSVX��+u§X,c³S+dDu6abh±v�X&¨+_VX\aeSVXY_Q�VW\­@X�c�ht��g¶aeX�cod�aegih8_pu}hD�CabSpXYf�h8u§a³WndD�
¨p�iabX�cegr_Vs��pSpdDubXkdD_pv�abSVXY¢�gr_pv�h�¢ ubg10,X�hD�CabSpXYvVX&� dt�p�¶a�Wnd�aofoSVgi_ps�f�h8u§a � ,V�}��¥FRTSVXnv�X&� dD�V�¶a
v�gxu§�pdDcbgia{£¯Wndt��X,u§abgrWnd�aehDc�gxu : R��\¥

RTSpX\v�X&� dD�V�ia³v�X,_pu§X�Wnd�aefoSpgi_Vs�f&hDceceX,ub�+h8_pvVu�abhjabSVX � ,�,�� �ih�f,dt��WYX�abSVh�v�¢�giabS�d�v�X&� dD�V�ia}¢�gi_+v�h�¢
ubg 0�XD¥¤RTSVX��igr­Vcodtce£¯Spd8u�SVh�¢�X��DX,c�abhn�rX&a�abSpX
�pubX�c�ceX&¨p_VX�Spgru�WndtaefoSVgr_Vs¯ub�+X:f&gi¨+f�dtabgrhD_pu�dta�X,dDfoS�u§abX,�
hD��aeSVX��VcehQf�X,ueu�¥>RTSVgxuTW\�+u{a�­@X
v�hD_pX³¢�giabSphD��a��rhQh8ubgi_VskaeSVX�­+X,_VX&¨pa�ht�%�VcbX:v�X&¨+_VX,v��VcehQf�X,ueu§gr_Vs+¥

� ��� ���
��	 �!� ���
�

RTSpX�vVhDWndtgr_�WYh�v�X,�Fgi�r�r�pu{aecedtabX:u�abSVX�WYX,dD_Vgi_pst���V��f�hD_pf�X���ae�pdt�Ff��rd8ububX,uTd8ububh�f&gxd�abX:vnaeh�aeSVX
uef&X�_+dtcegih3u
hD��ubhDWYX��pubX
f�dDubX,u,¥

����� � � � ��� � � ��� � � ��� ��� � ��� ��� � � ��� � 
 � �	�
RTSpgru�ubX,f&abgrhD_¡�3g 0��+dt�rg10,X,u³abSpX¯f&hD_+f&X��Vab�pdD�Cf&�xdDueu§X:u6ceX��xd�aeX,v�abh±aeSVXnWndtgr_¡uef&X,_pdtcegih�ht�¤abSVXn�+u§X¯f,dDubX
aeg¶ae�iX:v >`¨p�iabX,c�dt_±grWYdDsDX:uO?�¥

Filter

Format
+color-type: 
+data-type: 

Image 
+name: 

ImageSpecification

FilterSpecification

FilterType

describes
1

*

Expert2DViewer

contains

*

1

filters

1..*
1..*

Defined-by

*

1

contains
*

1

produces1

1

visualizes
1

1..*

invokes
1

*

Grey or colored 
images are considered.
The data are bytes 
or float values.

FilterType includes 
linear, non-linear and 
morphological filters.

¦�gis8�VceX�� )>�}h8WYdDgi_±WYh�v�X��Ff�hDcecbX:u§�@hD_+v�gi_ps\aeh�aeSVX�grWYdDsDX³¨p�iabX,cbgr_VsYWndtgr_±uef&X,_pdtcegrhp¥
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RTSpgru�ubX,f&abgrhD_¡�3g 0��+dt�rg10,X,u³abSpX¯f&hD_+f&X��Vab�pdD�Cf&�xdDueu§X:u6ceX��xd�aeX,v�abh±aeSVXnWndtgr_¡uef&X,_pdtcegih�ht�¤abSVXn�+u§X¯f,dDubX
aeg¶ae�iX:v >{SpdD_pv��rX�dku§abX,cbX,hY�pdtgrc1?�¥
RTSpX "C°Q�@X�cba�gr_3�8hD®8X,u¤abSVX�¢�SpgrubSVX,v�h8�+X,cedtabgrhD_j¢�SpgrfoS�dDf&aeuTh8_�dksDgr�DX,_�,QabX�ceX�h8y>dtgrc�gr_pu§aedD_pf&X8¥

Operation

Image

StereoPair 

StereoPairSpecification

OperationSpecification

describes
1

*

Expert2DViewer

contains

*

2

operates on

1..*
1..*

Defined-by

*

1

produces
1

1

visualizes

1

1..*

invokes

1

*

StereoCalibration

contains

*

1

¦�grsD�pcbX�+ )>�6hDWndtgr_±WYhQvVX��Ff&h8cbceX,ub�@hD_pv�gr_Vs�abhkabSpX
u{aeX�ceX�hY�pdtgrc�SpdD_pv��rgi_VsYWndtgr_±ubf�X�_pdDcbgrhp¥

��� � � � � ��� � � ��� � � ��� ��� ��� � � 	�� 	 � � 
 ��� � ��� 
 � � �	�
RTSpgru¤u§X:f�abgrhD_¯vVX��Vgxf�aouCaeSVX6f�hD_pf�X���aou²dDueubhQf�grdtabX:vkabh�aeSVX6dD�¶aeX�ce_pd�aegrf�X.'ph�¢�uCd8v�cbX:ububX,vYgr_YabSpX}�pubX6f,dDubX
aeg¶ae�iX:v >§�6X�_pubX�u{aeX�ceX�hYWnd�aofoSVgi_ps�?�¥
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CostsMapFiltering
+filter-type: 
+iterations-number: 

DynamicProgramming
+smoothness: 
+occlusion-cost: 
+gradient-threshold: 
+gradient-penalty: 

DisparityMap
RectifiedPair

CostsMap

MatchingCost
+cost-function: 
+support: 

OptimizationMethod

DisparityInterval
+min: 
+max: 

DenseMatchSpecification

DenseMatch

DisparityMapSpecification

Image

contains
1

1

consumes

1

1

contains
*

1

describes

*

1

RectifiedPairDescription
has

1

1

contains
1

*

contains 2

1

RectificationDescription

Specifies the behavior of 
the rectification algorithm.

contains

1

*

defines

1..*

1
produces

1

1

produces
1

1

is an1

1
describes

Contains information
which my use by the
reconstruction process

BayesianDiffusion
+iterations-number: 
+sigmaM: 
+epsilonM: 
+sigmaP: 
+epsilonP: 

WTA

GraphCut
+smoothness: 
+gradient-threshold: 
+gradient-penalty: 

ScanlineOptimization
+smoothness: 
+gradient-threshold: 
+gradient-penalty: 

is an

*

1

2DViewer

visualizes1..*

1

Expert
calls

*
1

¦�grsD�VceX ),� )±�6hDWndtgr_BWYh�v�X��6f&hDceceX,ub�+h8_pv�gr_Vs�abh¡aeSVXNdt�iabX,cb_pdtabgr�DX�ubf�X�_pdDcbgrh8u�ht�6abSVX�v�X,_pu§X�u§abX,cbX,h
WndtaefoSVgr_Vsp¥
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RTSpgru�u§X:f�aegih8_jv�X,ubgrsD_pu²�pu§X�lµf,dDubX�ceX,dt�rg 0,d�aegih8_pu,¥�RTSVX6cbX:u§�V�ia¤gxu²abSVX�u§�@X,f�g¶¨@f�d�aegih8_Y��hDcTu§hD�¬a{¢�dDcbX�f��rd8ububX,u
dD_pv±aeSVX�grc�f&hD�r�xdt­@hDcod�abgrhD_+u�¥³RTSVgru³gxu}gr�r�i�pu§abcod�aeX,v�­+hDabS�­Q£�v�X:u§grsD_¡f&�xdDueu}v�gxdts8cedDWYu6dt_pv�gi_3aeX�codDf�aegih8_
vVgrdDsDcodtWnu�¥�RTSVX�v�X,ubgis8_\Wndtgr_V�r£\f&h8_pubgru§aeu�gr_kd8ububgis8_Vgr_Vs}ceX,ub�+h8_puedt­Vgr�igiabgrX,u�aeh�ubht�¬a{¢TdtceX¤f��rd8ububX,u,¥�RTSVX:u§X
ceX,ub�@hD_puedt­Vgr�rg¶aegiX:u²Wnd.£¯­@X�v�X,v��+f&X,vj��cehDW �pubX�f�dDubX,u�h8cTf�hD�r�rdD­+h8cedtabgrhD_jvVgrdDsDcodtWnu�¥�RTSVX�£jWYd.£n­@X
dDu
¢�X��r�p­@X}gxv�X,_8aeg¶¨+X,vndt_+v¯dDueu§grsD_pX,v�abh\f��rd8ububX,uC­3£Ydt�p�V�i£Qgr_Vs\ubhDWYX�hD�@aeSVX}�+d�a§aeX�ce_pu²vVX&¨p_VX:vYgi_ ! �5#@dt_+v
! �5#µ¥CRTSVX�­pd8u§gxf³�pd�ababX�ce_pu������?�����mq�� � �I	�� �5��q	�,��
�� ���
�	� ���'��dD_pv������ ��� �:�?����� ���¡dDcbX�f&h8_8aegi_Q�Vh8�pub�i£
�+u§X:v�gr_¡abSVXn¢�SphD�rX¯v�X,ubgis8_F¥jRTSVX,cbX,­Q£�abSVX,gic\�pu§XY¢�gr�i�¤sDX,_VX�codt�r�i£�_phta
­@X¯�8�phtabX:v�dt_Q£QWkh8cbX8¥�+¤hD_�l
�8X�cou§X,�i£8q3abSVX��pubX�ht��Wkh8cbX�ub�+X:f&gi¨+f�htaeSVX�cou��pd�ababX�ce_puT¢�gr�i�©­@X�ceX&��X�ceceX,v©qQgr_�h8cevVX�c�abhY�V_pvVX�cou{aodt_pvjabSVX
WYhDabgr�.dtabgrhD_puThD��aeSVX
v�X,ubgrsD_±foSVhDgxf&X:u�¥

����� � ��	 � �	� � ��� ��� � � ����� � ����� � � ��� ��� � � � � 
 � � �
RTSpXj¨p�iabX,cbgr_Vs¡_VX�X:vVukSpdDu�aeh¡­@X±u{aecbgxf�ae�i£«ceX��xd�aeX,v«aeh�aeSVX�v�X�_+u§X�Wnd�aefoSpgi_Vs+¥ /�h�¢�X��8X�c:q>�ih�¢ �rX��8X��
dD_pv±�@h�¢¤X,c§���V��u§�V­+u§£�u§abX�Wnu6dDueu§h�f&gxd�aeX,v�abhjgiWndts8X
�Vceh�f&X,ueubgi_VsnWnd.£��Vcbh��Qgxv�X
ubhDWYX
ht�%aeSVX\ceX,�3�VgrcbX:v
dD�is8hDceg¶aeSVWnu�¥�RTSVgxungxuYabSVXNf,dDubX�hD�6aeSVX�yC£3abSphD_�]`WndtsDgr_Vs«ÀFgr­Vcodtce£D¥ ,Qhpq¤abh����p�i�i¨p�r��abSVX��+u§X�lµf,dDubX
uef&X,_pdtcegrh8u,qDaeSVX
v�X,ubgrsD_�Wkh�v�X,�FSpd8u�abh )
l¯v�X&¨+_VX
dYu§X�a�ht��¨+�¶aeX�cegi_Vs¯dD�is8hDceg¶aeSVWnuTdt_pv�Wndt®DX³aeSVX�W gi_3abX,cefoS+dt_Vs8X,dt­p�iX8¥
l¯f&h8_3�8X�cba¤aeSVX�gr_8aeX�cb� dDf�X³hD��X�°�gru§abgr_Vsk¨p�iabX�cegr_Vsnf&h�v�X�gi_3aehnhD�VcTgr_8aeX�cb� dDf�X�f��igrX�_3a�X�°Q�@X,f&a,¥

RTSpX�	>��� 	���� ���j�pd�ababX�ce_��Vceh��Qgrv�X:u�d¯ubhD�r��abgrhD_±aehjv�X,ubgrsD_�abSVXku§X�a}ht�%¨p�iabX,cbgr_Vsjubgr_pf&X�aeSVX
­@X�Spd.�QgrhDc�hD�
¨+�¶aeX�cegi_Vsnv�X,�+X,_pvVuTX:ububX�_3abgxdt�r�r£nhD_�abSVX�dt�rsDh8cbgiabSpW�¥>RTSVgxuTgxu�v�X��Vgxf�aeX,v�gi_�aeSVX³��hD�r�ih�¢�gr_VsYv�X,ubgis8_�f��rd8ubu
vVgrdDsDcodtW � �/+�� %�¥
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FilterStrategy
-width: 
-height: 
+filter(:Image): Image

LinearFilterStrategy
-width: 
-height: 
+filter(:Image): Image

MorphologicalFilterStrategy
-width: 
-height: 
+filter(:Image): Image

NonLinearFilterStrategy
-width: 
-height: 
+filter(:Image): Image

The width and the height 
are the dimension of the mask 
required by some processes. 

Linear, NonLinear and Morphological
are shortcuts for average, low-pass,
median, dilatation, erosion...
The number of strategy concrete classes
is equal to the number of filters.

¦�grsD�VceX )�) )>�6X,ubgis8_�f��rd8ubu�vVgrdDsDcodtW´v�X:v��pf&X:v¯��cehDW abSVX 	 � ��	���� � �Y�pd�ababX,cb_F¥

� ¨+�¶aeX�cegi_Vs�u§abcod�aeX�sD£�gru
dta§aodDfoSVX:v�aehNd±f&hD_3aeX&°Qa
hD­�z{X:f�a:q�dt_�gr_pu§aedt_+f&Xnht��abSpXn]`WYdDsDX¯f��rd8ubu,q©abh
¢�SpgrfoS�gia³dD�V�V�rgiX:u�abSpX
¨p�iabX,cbgr_Vsp¥�RTSpX
_VX&°Qa�u§X:�8�pX�_pf�X\v�gxdtsDcodtW u§Sph�¢�uTabSVXkf&h8�i�xdt­@hDcod�aegih8_�­@X&a{¢�X�X,_
aehkabSVX�]`Wndts8X�hD­�z{X:f�a�dt_pv±dYu§abcod�abX,sD£8¥

im:Image :LinearFilterStrategy

FilterStrategy

filteredImage:=filter()

filteredImage:=filter(im)

{filteredIm = linearFilter(data)}

data:=getData()

¦�grsD�pcbX ):� ) ,3abcod�aeX�sD£�¦�gr�¶aeX�c�gr_�f�hD�r�rdD­+h8cedtabgrhD_F¥

RTSVX�� �.	 � �������pdta§aeX�ce_�sDgr�DX,u}dY¢�d.£jabh¯dDvpdt��a�aeSVX
yC]{À gi_3abX,c§� d8f&X:uTabh¯h8�Vc�ceX,�3�VgrcbX,WYX�_3aeu,¥¤RTSVX
h8­�z{X,f&a¤��vVdD��abX,c²gxu²foSVh3u§X,_k�8X�cou§�+u%abSVX³f&�xdDueuC��vVdD��abX,c�)�abSVX6f&�xdDueuC��vVdt�VabX�c�dDvVdD��aeuCabSVX6]`WndtsDX�f��rd8ubu
­p��a
_VhD_pXkhD�¤giaeu�ub�V­=f&�xdDueu§X:u6¢�SpgrfoS��VceX,f�grubX��r£�giWY�V�rX�WYX,_8a�aeSVXY¢�grubSVX:v�¨+�¶aeX�cegi_Vs�hD�@X�cod�aegih8_pu,¥kRTSVX
ub�V­pubX,�3�VX,_3a��/+�� v�X,�Vgxf�aeu�abSVX
ubht�¬a{¢TdtceX³f��rd8ububX,u�ceX,ub�V�iabgr_Vsk��cbh8W abSVX�� ��	 � �������pd�ababX,cb_F¥
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ImageTarget
+filter(:FilterStrategy): ImageTarget

ImageAdapter
+filter(:FilterStrategy): ImageTarget

ImageAdaptee
+specificFilter()

Client

{
...
adaptee.specificFilter()
...
}

adaptee

¦�grsD�VceX ),Z )>�6X,ubgis8_�f��rd8ubu�vVgrdDsDcodtW´v�X:v��pf&X:v���cbh8W abSVX�� ��	 � �������pd�ababX,cb_F¥

RTSVXk]`Wndts8X,��vVdD��abX,c6f&�xdDueu}d8vVdt�Vaeu}abSVXkgi_3aeX�cb� dDf&X�ht�C]`Wndts8X,��vVdD��abX,XDq=djy²]{ÀBf&�xdDueu,q+aeh¯aeSVX�]`Wkl
dDsDX:R�dDcbs8X&a�gr_8aeX�cb� dDf�XD¥
� +¤�igrX�_3a,qFd��VcegiWndDcb£�dDf&abh8c}��h8c6gr_pu§aedt_+f&XDqFf,dt�r��¨+�¶aeX�cegi_Vs�hD�@X�cod�aegih8_pu6hD_�dD_
]`WndDsDX,��vpdt��aeX�c�gr_pu§aedt_+f&XD¥�RTSVX�]`WYdDsDX:��vVdt��aeX�c}f,dt�r�ru6gr_�ab�Vce_�]`WndDsDX,��vpdt�@X�X�¨p�iabX,cbgr_Vs¯h8�+X,cedtabgrhD_pu
aeSpd�a}f,dtcecb£Yh8��a�abSVX�ceX,�3�VX:u{a:¥

��� � � ��	 � �	� � ��� ��� � � ����� � ����� � � � � ��� � �	�
RTSpX¯v�X,ubgis8_�hD�¤aeSVXnSpdD_pv��rgi_Vs�v�g $=X�cou
u§�rgrsDS3ab�r£���cehDW aeSVX¯v�X,ubgrsD_�ht�¤¨p�¶aeX�cegi_psp¥jRTSVXYh8�+X,cedtabgrhD_�dtceX
_phtaTcbX,�rdtabX,vj­+X,X&a{¢�X�X,_¯abSpX�Wnu§X,�i�8X,uTdt_+vnabSpX 	 � ��	���� � �k�pd�ababX�ce_�WYd.£Y­@X�_Vhta�_VhDaTf�hD_Q�DX,_VgiX,_3a,¥ ��X��3l
X,c§aeSVX��rX,ueu,q�aeSVX � ��	 � � �����pd�ababX�ce_ dt�r�rh�¢�u�dts8dDgi_¡aehNX&°��V�rhDgia
abSpXn��X,dtab�VceX,u�hD��dt_«X&°�gxu{aegi_ps�giWndts8gi_ps
�rgr­VcedDcb£8¥
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im:ImageAdapter
:ImageAdaptee

ImageTarget

crop()

crop(im)

It may be for example
an instance of the PIL 
Image class or subclass

Crop is the illustrated operation.
The diagram is valuable too for 
rotate, show, open and so on

¦�gis8�VceX�),� ) ,QX:�8�pX�_pf�X�vVgrdDsDcodtW ��hDcTaeSVX�grWYdDsDX�SpdD_pv��rgi_VsY�pubX
f�d8u§X8¥

��� � � ��	 � �	� � ��� ��� � � ����� 	 � � 
 � � ��� � 
 ����� ��� � �	�
RTSpX�v�X:u§grsD_ ht��aeSVX >§u§abX,cbX,h��pdDgickSpdt_+v��igr_Vs[?�d�ababX�WY��aou�abh¡cbX�abcegiX,�DX�ubhDWYXjabSVX >§giWndts8XjSpdD_pv��rgi_ps�?
dD­Vgr�igiabgrX,u�­Q£�X&°��V�rhDgiabgr_Vs�abSpXkh8­Q�3grhD�+u³dDsDs8cbX,s8d�aegih8_Nu{aecb�+f�ab�pcbXYht�TdC,QabX�ceX�h8y>dtgrc³h8­�z{X,f&a,¥k]`_pv�X,X,v©q�d
u§abX,cbX,h±�pdtgrc
f&h8_8aodtgr_pu�a{¢�h±giWndts8X,u�dD_pv�abSVX¯h8�+X,cedtabgrhD_pu�d8ububh�f&gxd�abX:vNaehNd�u{aeX�ceX�h±�pdDgic\dDcbXnfoSVh3u§X,_
dDWYhD_Vs�abSVh3u§X�dD�V�V�rgiX:vjaehndnu§gr_VsD�rX�giWndDsDXD¥
RTSpX � ����� � ����� �\�pdta§abX,cb_�sDgr�DX:u¤d4'pX&°�gr­V�rX�vVX,ubgis8_�ubhD�r��abgrhD_�­3£¯f�cbX:d�aegi_VsYdt_�dt­pu§abcodDf&a�f��rd8ubu ,3aeX�ceX�htl
+¤h8WY�+h8_VX�_3aTabSpdta�cbX,�VceX,ubX�_3aeu�­@htabS�aeSVX
u{aeX�ceX�hk�pdtgrc�dt_+v�dYubgi_psD�rX³grWndts8XD¥
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StereoComponent
+filter(:FilterStrategy)
+operation()
+rectification()
+setPair(im1:ImageLeaf,im2:ImageLeaf)
+getPair()

StereoPairComposite
+filter(:FilterStrategy): StereoPairComposite
+operation(): StereoPairComposite
+rectification(): StereoPairComposite
+setPair(im1:ImageLeaf,im2:ImageLeaf)
+getPair()

Expert

{
...
 for each ImageLeaf im in pair
 {
  im.operation()
 }
...
}

ImageLeaf
+filter(:FilterStrategy): ImageLeaf
+operation(): ImageLeaf

pair
2

operation method is a shortcut 
for any operation of the 
"handling image" scenario

set the pair of stereo images

¦�grsD�VceX�)20
)>�6X,ubgis8_�f��rd8ubuTv�gxdts8cedDW ��hDc�abSVX�u§abX,cbX,h��pdDgicTSpdD_pv��rgi_psk�+u§X�f�d8u§X8¥�RTSpX�ub� �Y°�X,u +¤h8Wk�@htl
_pX�_3a,qpÀ�X,dt��dt_+v(+¤h8Wk�@h8ubgiabX�dtgrW dtaT�pcbX:f&gxu§gr_VskabSVX��+dtcbabgxf&gr�pdt_3aeu�hD��aeSVX��pd�ababX,cb_F¥

RTSVX "C°Q�@X�cba
�pubX,u�aeSVX ,3aeX�ceX�h +¤h8WY�+h8_VX�_3a
f&�xdDueu³abh±gr_8aeX�codDf&a
¢�g¶aeS¡h8­�z{X,f&aeu�gr_¡abSVX¯f�hDWY�+h3u§giabX
u§abce�pf&ab�VceXD¥>]µ�>SVX�gr_3abX�codDf&aeuT¢�giabSNdD_�]`Wndts8X,À�X,d���hD­�z{X:f�a:q�abSVX\cbX:�8�pX,u§aTgxu�SpdD_pv��rX,v±v�grcbX:f�ae�i£8¥�~}abSVX,c§l
¢�gxubXDq�gi��aeSVX�cbX:f&gr�VgiX,_3aTgxu�dt_�gr_pu{aodt_pf�X�ht��aeSVX ,3aeX�ceX�hDy>dDgic�+¤hDWY�@h8ubg¶aeXDq8abSVX�ceX,�3�VX:u{aTgru���hDce¢�dDcev�X:vYabh
aeSVX
foSVgr�rv�f&h8WY�+h8_VX�_3a,qpg1¥ XD¥QaeSVX��pdtgrc�ht�%grWYdDsDX:u�¥

��� � � ��	 � �	� � ��� ��� � � ����� ��� ��	�� � ��� 
 �
|�dt_Q£nhD­�z{X:f�aou�dDcbX³gr_3�8hD�r�DX:vngi_�abSpX�vVX�_pubX�WYdtaefoS��Vcbh�f�X,ueu�d8u¤abSVX�u§abX�ceX�hk�pdDgicTht��giWndts8X,u,q3abSVX�f&h3u{a
WndD� hDc\abSVX�v�grub�pdDcbgia{£�WYdD�F¥�¦p�VcbabSVX,cbWYhDceXDq%Wndt_Q£�v�gxu{aegi_pf&aYdD_pv«�V_pcbX,�rdtabX,v�h8�+X,cedtabgrhD_pu,q>dDu\abSVX
¨+�¶aeX�cegi_Vs�h8c�abSpXnX�_VX,cbs8£�WYgi_pgiWYg 0,d�aegih8_Fq�_VX�X:v¡abh�­@X¯�+X,c§��h8cbWYX:v�h8_¡abSVX:u§X¯h8­�z{X,f&aeu,¥�RTSVX�� � ����� ���
�+d�a§aeX�ce_\s8gi�8X,u�d6v�X:u§grsD_�u§h8�i��aegih8_Fq�X,ub�@X,f&gxdt�r�r£�g¶�@¢¤X�Spd.�DX²abh�v�X��8X��rhD�\d³ub�pfoS\�Vceh�f&X:ubu >`��cehDW uef&cod�aofoS�?�¥
]`_±�VcodDf&abgxu§X8qVWndt_Q£¯�pdDc§a�hD��aeSVgxu�hD­�z{X:f�a}u§abce�pf�ae�VceX
u{aegi�r�FX&°�gxu{aou�qpgrueu§�pX,v���cbh8W ��dtcegrhD�pu��rgi­VcodtcegrX,u�dt_+v
aeSVX � ��	 � �����±�pdta§aeX�ce_ gru�dN¢Td.£Naeh�dDvpdt��a
aeSVX�grckgi_3abX,c§� d8f&XnaehNhD�pc\_VX,X,v©¥¡RTSVXjubX,f�aegih8_ >{¨p�¶aeX�cegi_ps
dD_�grWndts8XG?6gr�i�r�pu§abcod�aeX,u�abSpX
dt�V�V�rgxf�d�aegih8_jhD�%dYub�pfoS��+d�a§aeX�ce_F¥>� v�cod.¢�­pdDfo®nf&h8WYX,u���cehDW aeSVX��igrWYg¶aod�l
aegih8_�hD��aeSVX
d�aehDWYg 0,d�aegih8_�hD��aeSVX�hD�@X�cod�aegih8_puTdt_pv�abSpX�hD­�z{X:f�aeuThD��aeSVX�X&°�gxu{aegi_ps�aehQhD�xu�)�abSpX
dDvVdD��abX:v
u§abce�pf&ab�VceX,u%Wnd.£
_VhDaC­+X}X��rX�WYX�_3aedDcb£\X�_Vh8�VsDS�abh�­@X�gi_+f&�r�pv�X,vYgr_YhD�Vc�� � ����� ���6�pdta§aeX�ce_Yf�hDWY�@hD_VX,_8aou�¥
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DenseMatch
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CostsMapFiltering
+filter-type: 
+iterations-number: 
+match(:StereoPair): Image

DynamicProgramming
+smoothness: 
+occlusion-cost: 
+gradient-threshold: 
+gradient-penalty: 
+match(:StereoPair): Image

MatchingCost
+cost-function: 
+support: 
+match(:StereoPair): Image

<<interface>>
DenseMatch

+match(:StereoPair): Image
+setMatchingCost(MatchingCost:)
+getMatchingCost(): MatchingCost
+setCostsMapFiltering(CostsMapFiltering:)
+getCostsMapfiltering(): CostsMapFiltering

BayesianDiffusion
+iterations-number: 
+sigmaM: 
+epsilonM: 
+sigmaP: 
+epsilonP: 
+match(StereoPair:): Image

WTA
+match(StereoPair:): Image

GraphCut
+smoothness: 
+gradient-threshold: 
+gradient-penalty: 
+match(StereoPair:): Image

ScanlineOptimization
+smoothness: 
+gradient-threshold: 
+gradient-penalty: 
+match(StereoPair:): Image

OptimizationMethod
+match(:StereoPair): Image
+setMatchingCost(MatchingCost:)
+getMatchingCost(): MatchingCost
+setCostsMapFiltering(CostsMapFiltering:)
+getCostsMapfiltering(): CostsMapFiltering

Expert

the default match optimization 
method is WTA

innvokes

For the OptimizationMethod method instance,
the default matching cost and the default 
filtering of the costs are defined by the 
default MatchingCost and CostsMapFiltering 
components.
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