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c�,=Ý43 ô Ý47>9 Ý�ëv3�ë),=ABétë0ÞPÝB7I9 üDH ß¿,=ABGI9=CgÞOI�9 Ý4ÞD,=5z,=ß�ÝB783�á�,b1d3�á8AB,=ä>Cg3�G@å ø�7>3�à6,=5>1dÝ4Aw9 ÞD5bÝ
3:�bâ>9�ÝBÞg,25>1zà�9 5ìä�3j14,=CDã=3R-ÈäFç CgÞD583�9=A4ÞOI�9 Ý4ÞD,=5d�ªÝB78ÞD1�GI3�9 5�1z1d,2CgãFÞD58ê@Ý4783j3:�bâ>9�ÝBÞg,25>1Åß¿,2A
Ý4783ÈÝUë0ÞD1dÝdþoá>9 Aw9 GI36Ý436Aw1Ië078Þ�àw7�ê=3�5836Aw9�ÝB3�Ý4783ì14à6A43�ë GH,=Ý4ÞD,=5 � 9 5>-�äFç÷9 á8á>CgçFÞD58êÏÝ47>3
/0,.-.A4ÞDê=â>3�1`ß¿,=ABG�â8C�9zß¿,2AvAB3�à6,=5>1dÝ4ABâ>à�Ý4ÞD,=5Â,=ß
Ý47>3<ê2A4,2â8áj9=à�Ý4ÞD,=5ìòPú î�ó åbæoÝB36Aw9�ÝBÞg,25ÂCg3R9=-81vÝB,



9�ê2AB92-.ÞD365bÝ�-.3�1Bà�3�52Ý0GI3�ÝB78,.-�Þg5 ü1H 1dá>92à�32å>ø�78Þ�1�ÞD10GI,2A43t-.36ÝB9 ÞDCD3�-@á8AB3�14365bÝ43R-jÞD5ÏòPúXI ó å
ø�7836AB3�ë)3H9=CD14,jÞD5bÝ4AB,.-.â>à�3H1dÞDGIÞgC�9 A�3:�bâ>9 Ý4ÞD,=5>1<ÝB,Çà�,2GIá>9 AB3 ü1H á;,=ÞD5bÝB1�ë0ÞgÝ47 I H CgÞD583�1
� üDH á8C�9 583R1 � 9 5>- ü1H CDÞD583�1`ë0ÞPÝB7RI H CgÞD583R1�� üDH á8CD9=583�1 � åFø�783�á;,2143(3R1UÝBÞgG&9 Ý4ÞD,=5Âà69=5Âä;3
á�3�Adß¿,2A4GI3�-IÞD5&AB3�9 CgþZÝ4ÞDGH3�9=5>-Ië)3058363R- I�G&1�ÝB,z3�1dÝ4ÞDG&9�Ý43<9tá�,b1d3�à6,=5bÝB9=Þg5>Þg58ê&ú î=î á;,=ÞD5bÝ
à�,=ABAB3�14á�,25>-.365�à�3�1),25@9Iñ^ÞD5Fâ �RI2? ��ItG&9=àw78ÞD5832å
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ø�78,=â8ê27Áá�,2Þg5bÝ<à6,=5>à636á.Ýw1�,2A�78ÞDê=783�A�,=Aw-.36A�ß¿3�9�ÝBâ8AB3�1(9=A43t,=ßªÝ43�5Áâ>1d3R-@ß¿,=A<á�,b1d3z3R1UÝBÞgG&9 þ
Ý4ÞD,=5�ò ü8ô úRû óoô Ý47>36AB3Â3��.Þ�1UÝ�à636A4ÝB9=Þg5Ï1Bà�365�9 ABÞg,b1 �¿32å ê�å
ÞD5Ï5>9�ÝBâ8AB9=C!365FãFÞDA4,258GI365bÝB1 ��ô ë07836AB3
ÞPÝÂÞ�1&58,=ÝIá;,21B14Þgä8CD3@Ý4,Ï3��bÝBAB92à�ÝIß¿3�9 Ý4â8AB3�1ICDÞDé=3Áà�,2A4583�AB1H,2AÂà�â8ABã=3�1d3�ê=GI365bÝw1 ô ä8â8ÝtÿUâ>1UÝ
ê=365>36Aw9 Cyà�,=5bÝB,=â8Aw16å.ø�783�A436ß¿,=AB3(ë)3t9 AB3(ÞD52ÝB36AB3�1dÝ43R-jÞD5ÇGI,.-.3�CgÞD58ê�ß¿A43�3�þZß¿,=ABGÃ,=ä.ÿU3Rà�ÝB1�9=5>-
36G�ä;3�->-.Þg5>êIÝ4783�G ÞD52ÝB,HÝ4783tá;,2143tá8AB,=ä8CD36G�å

	8,=â>A4ÞD36A`-83�1Bà�ABÞgá.ÝB,=Aw1!à69=5Âä;3(â>143�-Hß¿,2A`,=ä8ÿU3�à�Ý)A43Rà�,2ê=58ÞgÝ4ÞD,=5Áò û ó 9=5>-Â9!�I5>3�Þg5Fã�9 ABÞ�9 5bÝ
á�,b1d3&3R1UÝBÞgG&9�ÝBÞg,25÷òPú ó , ß0à�CD,2143�-Îà�,25bÝ4,=â>AB1�å¶ø�7836çì7>9�ã=3HÝB783Â9=-.ã�9=52Ýw9 ê23H,=ß�9�CD,�ë�þoá>9=1B1
,=ä.ÿU3Rà�Ý&A43�á8AB3�14365bÝB9 Ý4ÞD,=5 ��9=1I3��Fá>CD9=Þg583R-èC�9�ÝB36A � 9 5>- Ý47>36çÍÞD5bÝ436ABá;,=C�9�Ý43Á1B9 GIá8CD3�á�,2Þg5bÝB1
9 CD,=58ê½9½à6,=5bÝ4,2â8A�921�9Áà�,25bÝ4ÞD5bâ>,=â>14CgçÎ-.Þ��;3�A43�5bÝ4Þ�9 ä8CD3&ß¿â85>à�Ý4ÞD,=5^å H â8A4ÞD58ê½,2â8AzAB3�143�9=ABàw7
ëv3�A43R-.ÞD1Bà�,�ã236AB3�-jÝ4783�â>143�, ß�	>,=â8ABÞD36A<-83�1Bà�ABÞgá.ÝB,=Aw1(14Þg5�à�3tÝB7836ç½9=A43tÝB783�ê236583�AB9=CgÞOI�9 Ý4ÞD,=5
, ß�14, þVà69=CgCD3�- "��E,V�*"'M-C^�7 
�7&(��"A��/ à�â8ABã=3R1`ë)3�â>1d3R-&ÝB,�GI,.-.36C¶à6çFà6Cg,2ÞD->9 Cyà�â8ABã=3R1���à69 Aw-.ÞD,=Þ�-81 ô
5836á87>A4,2ÞD-81z3�ÝBà=å � ë0ÞPÝB78Þg5ÎÝB783Âá;,2143&á8AB,=ä8CD36G òPúXI ó å9� 3j58,�ë -83�9 C`ë0ÞPÝB7ÎÝ4783ÂAB36á>A43R1d3�5.þ
ÝB9�ÝBÞg,25 ,=ß ü1H ß¿AB363�þZß¿,=ABG à�,25bÝ4,=â>AB1�ÞD5ì,2AB-836A�Ý4,½à6,=G�ä>Þg583HÝB783�143Ië0ÞPÝB7ì,2â8Atá8AB36ãFÞD,=â>14Cgç
Þg5bÝ4AB,.-.â>à63�- á�,2Þg5bÝÅä>9=143�- á�,b1d3H3�1dÝ4ÞDG&9�ÝBÞg,25ìà6,=5>1dÝ4Aw9 ÞD5bÝB1�åyEFÞD5>à63�ÝB783ICD9 Ý43�A�ÞD5bÝ4AB,.-.â>à�3R-
á�,b1d3Å3�1dÝ4ÞDG&9�ÝBÞg,25@9=Cgê2,=ABÞPÝB78G ß¿,=A�14â8A4ßl9=à�3�GI,.-.36C�1�ê=,F3�1)ä>92àwé&Ý4,&9Ià�,25bÝ4,=â>A)ä�9=143�-Â,2583 ô
Ý4783ÂAB3�à�9 á8ÞgÝ4â>CD9 Ý4ÞD,=5Î, ß�,=â8Azß¿,=ABGH3�Azë),=ABéF1�,25Íà�,=5bÝB,=â8Atä>921d3R-ìá�,b1d3&3R1UÝBÞgG&9�ÝBÞg,25ÏÞD1z, ß
ÞgGIá;,=A4ÝB9 5�à�3=å
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ø�783`G&9 ÞD5zÞ�-.3�9(ÞD1^Ý4,<Þg5bÝ43�A4á>A436Ý*9zú6þZá�9 Aw9 GI3�ÝBA4Þ�à üDH à�CD,2143�-tà6â8A4ã23`9=1
Ý47>A43�3`1d3�á>9 Aw9�ÝB3
ú H 14Þgê25>9 C�1*ë078Þ�àw7HAB36á>A43R1d3�52Ý*Ý47>30á8A4,=ÿU3�à�Ý4ÞD,=5>1�,=ß>Ý47>3�à�â8ABã=309 CD,=5>ê<ÝB783�
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� 9 5>-��t9 �FÞ�1 ô
A43R1dá;3�à�Ý4ÞDã=36CDç=å=E.Þg5>à63)Ý4783�à6â8A4ã23vÞ�1�9=1B14â8GI3�-�Ý4,Åä�30à6Cg,b1d3R- ô Ý4783�14ÞDê=5>9=CD1�9 AB3)á�3�A4ÞD,.-.ÞDà�9=5>-
à69 5Ïä;3Ç9=5>9 CDç-I63R- äFçÎ9 á8á>CgçFÞD58êÈ9Ïú H -.Þ�14à6A436Ý43 	>,=â8ABÞD36AtÝBAB9=5>1Uß¿,2A4G �Uú H þ H 	*ø � å*ø�7>3
Þg5Fã=3�AB143Ç-8ÞD1Bà�AB3�ÝB3R	>,=â8ABÞg3�A�ÝBAB9=5>1dß¿,=ABG �dú H þZæ H 	�ø � 365>9=ä8CD3�1�Ý4,ÎA43Rà�,25>1UÝBA4â�à�Ý�CD,�ë�þoá>9=1B1
9 á8á8AB,��.ÞgG&9 Ý4ÞD,=5>1Å,=ß)3R9=àw7Ï1dÞDê=5�9 CZå�EFâ8ä.ÿU3Rà�Ý�Ý4,�Ý47>3j149=GIá8CgÞD58êÁÝB7836,2A43�G ô Ý478Þ�1zCD3�92-81ÅÝB,
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ø�783Èá>9=AB9=GI3�Ý43�A�� A43�á8A43R1d3�5bÝB1&3R9=àw7�-.ÞDGI365>14Þg,25 9 5�-ÆÝ4783ìã=3Rà�Ý4,2AB1 �"!# 9=A43½á>7>9=143
ã=3�à�Ý4,2AB1),=ä8ÝB9 ÞD583R-jß¿AB,=G Ý4783&ú H þ H 	�ø 9=à�Ý4ÞD58êI,=5Á-.ÞDGH3�5>14Þg,25$�ìå.æV5@Ý478Þ�103@�2â�9�Ý4ÞD,=5@ë)3
7>9�ã=3tAB36á8C�9=à63�-jÝ4783�ÞgG&9=ê=ÞD5>9 ABçÂâ858ÞgÝ�% ;'& Ftútë0ÞPÝB7�Ý478AB363�-8Þ �y36AB365bÝ(AB, Ýw9�Ý4ÞD,=5@á8C�9 583R1 ô
A43�á8A43R1d3�5bÝ43�-ÂäbçIÝB783Åä8ÞDã=3�à�Ý4,2AB1)(+* ô ë0ÞPÝB7,(+* J ; Ftú=å�-<1dÞD58êH,=58CDçÂ9�CD,�ë�þoÞg5>-83��j14â8ä>143�Ý�, ß
Ý4783 	>,=â8ABÞD36A�à�,F37�&à6Þg3�5bÝB10AB3�14â8CgÝB10ÞD5½9ICg,�ë�þoá>92141�9 á>á8A4,��.ÞDG&9�Ý4ÞD,=5@, ß*Ý47>3z,=ä.ÿU3Rà�Ý�GI,.-.36C
ë078ÞDàw7�à69=5jä;3tâ>143�-jÝ4,IA43�ê=â8C�9 ABÞOI63�ÝB783Åá�,b1d3Å3R1UÝBÞgG&9�ÝBÞg,25Ç9=Cgê2,=ABÞPÝB78G�åFø�7>3�á>A4ÞD5>à�ÞDá8CD3Å, ß
GH,.-.3�CgÞD58êHß¿AB363�þZß¿,=ABG à6,=5bÝ4,2â8AB1)Þ�10ãFÞD14â>9=CgÞOI63R-jÞD5@ý>ê=â8AB3 I.å

	8,=A<á�,b1d3H3�1dÝ4ÞDG&9�ÝBÞg,25ÁÝ478Þ�1�GI,F-836C*ÞD1<Ý47>365 à6,=G�ä8Þg5>3�-Áë0ÞgÝ47ì9Âã=3�AB14ÞD,=5Á, ß)9 5½æ(�)Ü!þ
9 CDê=,=ABÞgÝ478G ògú@� ó å.	�ÞDê=â>A43 ü 1478,�ë�1�9 5È3��89 GIá8CD3=å � 1Åà69=5½ä;3I14363�5 ô ëv3�A436ý>583�Ý4783Há;,2143
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A43R1dâ8CgÝB1�äFçÍ9=-8-8Þg58êì1dâ�à6à�3R1414ÞDã=36CDçì78Þgê27836A�ß¿AB3:�bâ8365�à�ÞD3�1�Ý4,Î9½CD,�ë�þZá>92141�9 á8á>A4,��.ÞDGI9 Ý4ÞD,=5
-.â8ABÞg58êÈÝ4783ÇÞPÝB36Aw9�ÝBÞg,25^å�ø�78Þ�1�ÞD1�ä>9=14Þ�à69 CDCDçì9ÈG�â8CgÝ4ÞgþZAB3�14,=CDâ.ÝBÞg,25ÏGH36Ý478,.-Í9=5>-Ï783�Cgá�1zÝB,
9�ã=,=Þ�-ÂCD,.à69=C¶GHÞD58ÞDG&9&-.â8ABÞg58êHÝB783tÞPÝB36Aw9�ÝBÞg,25^å
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Reconstruct projection rays from image points
Surface based pose estimation

Project low−pass object model in virtual image

Apply contour based pose estimation algorithm
Estimate 3D silhouette

Estimate nearest point of each ray to the 3D contour

Transform contour model
Transform surface model

I
C
P Use correspondence set to estimate contour pose

Increase low−pass approximation of the surface model
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Þg5Á143�à�ÝBÞg,25 ��å I8å
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� 3Hë0ÞgCDC*58,�ë¾á8AB3�14365bÝ�9jGHÞ �.3�-FþoGI,.-.3�9=á8á8AB,29=àw7�ë078Þ�àw7 9=á8á8CDÞg3R1(92-8-.ÞgÝ4ÞD,=5>9=C�3R-.ê=3�Þg5.þ
ß¿,=ABGI9 Ý4ÞD,=5�,=5ÆÝB783 14ÞgCD78,2â83�Ý4Ý43½ä>921d3R-Æá�,b1d3Á3R1UÝBÞgG&9�ÝBÞg,25^å��ì3Èà�9 CDC(9=-8-8ÞPÝBÞg,25>9 C<3�-.ê23�1 ô
ë078ÞDàw7Á9=A43Å58,=Ý�,=5ÇÝ4783t,2â.Ý4CDÞg5>3z, ß�Ý4783�14â8A4ßl9=à63Åà6,=5bÝ4,2â8A�ë0ÞPÝB7ÁA43R1dá;3�à�Ý�Ý4,IÝ47>3zà69 GI3�AB9 ô
ï ÞD5bÝ436AB5>9=C ï 3R-.ê=3R1 ô 1dÞD5>à�3IÝB7836çì9 AB3&Þg5�1dÞ�-.3IÝ47>3Âä�,2â85>-89=A4çìà�,252ÝB,=â8AtÞD5ìÝ4783jÞgG&9 ê23=å H 3�þ
á�3�5>-.ÞD58ê&,=5ÇÝ4783t,2ä.ÿU3�à�Ý ô ÝB7836ç@à69 5@ä;3t3�9=14ÞDCgç&,2ä.ÝB9=Þg5>9=ä8CD3<ß¿3R9�ÝBâ8A43R1�ë078Þ�àw7Çë)3Åë)9=52Ý�ÝB,
â>1d3t92109=-8-.ÞgÝ4ÞD,=5�9 C¶ÞD5.ß¿,=ABG&9�Ý4ÞD,=5ÇÝ4,&1dÝB9=ä8ÞgCDÞOI63�Ý4783tá;,2143ÅA43R1dâ>CPÝRå8ø�78ÞD1�GH3R9 5>1vÝB,&3��FÝ43�5>-
Ý4783j921414â8GI3�- GI,.-.36C�ß¿AB,=G ,=583 ü1H à�,2GIá�,258365bÝtÝ4,ÁG�â8CgÝ4ÞDá8Cg3Çà�,=GIá;,=583�5bÝB1Å, ß0-.Þ��;3�Adþ
365bÝ<-.ÞDGI365>14Þg,25^å�ø�7>3�143�9=-8-8ÞPÝBÞg,25>9 C*à�,=GIá;,=583�5bÝB1�9=A43tAB36á8AB3�14365bÝBÞg58ê&á�9 A4ÝB10,=ß`à�,=5bÝB,=â8Aw1
ë0ÞPÝB78Þg5ÈÝ4783�,=â.ÝB36AÅ1dÞDCD78,=â836ÝdÝB3�, ß�ÝB783H,=ä.ÿU3Rà�Ý�åyø�,j,=ä8ÝB9 ÞD5 ï Þg5bÝ43�A45�9 C ï 3R-.ê=3�Þg5.ß¿,2A4G&9 Ý4ÞD,=5
ëv3Åá;36A4ß¿,=ABGÃÝ4783Åß¿,2CgCD,�ë0ÞD58êIÞgG&9 ê23Åá8A4,.à63�1B1dÞD58êI1UÝB36á>1 
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ø�78ÞD1!ÞD1�ãFÞ�1dâ�9 CDÞJI�3�-HÞg5Hý>ê2â8AB3 í�
 ø�783�ý�AB1dÝ!ÞgG&9=ê=3�1478,�ë�1*Ý4783(ä>9=àwébþoê=AB,=â85>-�1dâ>ä.Ý4Aw9=à�þ
Ý4ÞD,=5Hß¿A4,2GõÝB783�,=ä8ÿU3�à�ÝRå � ßªÝB36A!ÝB78Þ�1�ëv3�ý�CPÝB36A�ÝB783�ÞDGI9=ê=309 5�-�3R1UÝBÞgG&9 Ý43�9 5IÞD5bÝ436AB5>9=C.3�-.ê23
ÞgG&9 ê23�921�1478,�ë05½ÞD5½ÝB783&1d3Rà�,25>-ÁÞDGI9=ê=32åyø�7>3�ÝB78ÞgAw-½ÞDG&9 ê23H1478,�ë�10ÝB783&1dâ>ä.þo1B9 GIá8CDÞD58ê
Ý4,&,=ä8ÝB9 ÞD5�9�5Fâ8G�ä�3�A0, ß ,= ?"A��&* .��; á�,2Þg5bÝB1�ëv3Åâ>143Åß¿,=A0á;,2143Å3�1dÝ4ÞDGI9 Ý4ÞD,=5^å

æoÝ�ÞD1(â>1d3�Cg3R1410Ý4,Âà�C�9 ÞDG ÞD5>à6ÞD-.3�5>à�3�, ß*Ý4783R1d3z3��FÝ4Aw9=à�ÝB3�-@á;,=ÞD52Ýw10ë0ÞgÝ47Á,=5>3tê=ÞDã=365Á14â8A4þ
ßl9=à�3�GI,.-.36C¶14Þg5>à63�ÝB7836çÂ-.,H58,=Ý)à�,25bÝ4ABÞgä8â8Ý43Å9 5FçIÞg5.ß¿,2A4G&9 Ý4ÞD,=5Â,25&Ý4783Åá;,21434�bâ>9=CgÞgÝUç0�l9=1
-.ÞD1Bà�â�14143�-�Þg5H1d3Rà�Ý4ÞD,=5 ü å I � å�æV5>1dÝ43R9=- ô ë0ÞgÝ478ÞD5�Ý4783)GIÞ �.3�-.þZGI,.-.3)GH,.-.3�CF, ß>G�â8CPÝBÞgá>Cg30à�,2GHþ
á�,258365bÝB1 ô Ý4783�ÞgA)à�,=5bÝBA4ÞDä8â.ÝBÞg,25IÝ4,tÝB783(á;,2143(3R1UÝBÞgG&9�ÝBÞg,25&A43R1dâ>CPÝw1!ÞD5>à�AB3�921d3R1�Ý4783�9=à�à�â8Aw9=à6ç
9 5>- Ý47>3ÂA4,2ä8â>1dÝ4583R141Åë0ÞgÝ47ÏAB3�14á;3�à�ÝtÝB,½,.à6à6Cgâ>14ÞD,=5>1�å^ø�783Âê236583�AB9 Ý43�-ì143�Ýz, ß03@�2â�9�Ý4ÞD,=5�1
à69 5&5>,�ë ä;3(1436á>9=AB9 Ý43�-HÞD5IÝUëv,tá�9 A4ÝB1 ô Ý478,b1d3(,=ä.Ýw9 ÞD583�-Hß¿AB,=G Ý4783�1dÞDCg7>,=â836ÝdÝ43<9 5>-�Ý47>,2143
,=ä.Ýw9 ÞD583�- ß¿AB,=G ÝB783ÂÞD5bÝ436AB5>9=C�ß¿3�9 Ý4â8AB3&á�,2Þg5bÝw16å�E.Þg5>à63Âä;, Ý47Ïá�9 A4ÝB1tà69=5Ïà�,=5bÝw9 ÞD5ìC�9 ABê=3�A
GHÞ�14GI9 ÝBàw783R1I,=AIë0AB,=58êÏà�,2A4AB3�14á;,=5>-.3�5>à�3R1���1d3�3�3=å ê>å�Ý47>3�ßl9 C�1d3�CgçÍ3��FÝ4Aw9=à�ÝB3�- 3�-.ê23�1IÞD5
ý>ê=â8AB3 í ��ô 9=5&,=â.ÝBCgÞD36Av36CDÞgGIÞD5>9�ÝBÞg,25&ÞD1v9 á8á8CDÞD3�-HÝ4,�A43R-.â>à�3(ë0A4,258êzà�,2A4AB3�14á�,25>-.3�5>à�3R10òPúXI ó å

� ��� 7 
^Ö>Û�� 
�Ô`Õ36
æV5ÍÝ47>3j3��.á;36ABÞgGI3�52Ýw1�ë)3jë0ÞDCDC�1dÝB9=AdÝ�ë0ÞPÝB7èAB3�14â8CPÝw1�,2ä.ÝB9=Þg5>3�-Îß¿AB,=G 9½á>â8A43@1dÞDCD78,=â836ÝdÝB3
ä>9=143�-Çá�,b1d3t3R1UÝBÞgG&9 Ý4ÞD,=5@, ß�1dÞD58ê=CD3Åá>9�Ýwàw7Á1dâ8A4ßl9=à63ÅGH,.-.3�CD1(9 5>-@à�,252ÝBÞg5Fâ83të0ÞgÝ47@ÝB783tâ>143
, ß¶G�â8CgÝ4ÞDá8CD3(14â8Adßl92à�30á>9 ÝBàw783R16å=æV5I143�à�Ý4ÞD,=5 ��å ü ë)3�ë0ÞgCDC.ÝB78365j-83�9 C>ë0ÞPÝB7&á�,b1d303R1UÝBÞgG&9�ÝBÞg,25
â>1dÞD58ê&9=->-.ÞPÝBÞg,25>9 C¶ÞD5bÝ43�A45>9=C¶,=ä.ÿU3Rà�Ý0ß¿3R9�Ý4â>A43R16å
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ø�783Hà6,=5Fã=3�A4ê2365>à63zä;367>9�ãFÞD,=A�, ß`ÝB783I1dÞDCg7>,=â836ÝdÝ43Iä>921d3R-½á;,2143�3R1UÝBÞgG&9 Ý4ÞD,=5 9=Cgê2,=ABÞPÝB78G ÞD1
1d78,�ë05ÁÞD5½ý�ê=â8AB3�ð8å � 1�à69=5½ä;3H14363�5 ô ë)3�AB3�ý�583tÝ47>3�á;,2143�AB3�14â8CgÝB1�äFçÁ9=->-.Þg5>êÇ14â>à6à63�1dþ
1dÞDã=3�Cgçz7>Þgê27836A�ß¿AB3:�bâ83�5>à�ÞD3�1�-.â>A4ÞD58ê�Ý4783(ÞPÝB36Aw9�Ý4ÞD,=5
å ø�78ÞD1�Þ�1�ä>921dÞ�à69=CgCDç�9�G�â>CPÝBÞPþoA43R1d,2Cgâ8Ý4ÞD,=5
GH36Ý478,.-Î9 5�-È783�Cgá�1�Ý4,Á9�ã=,2ÞD-Èê=3�Ý4Ý4ÞD58êÁ1UÝBâ>àwé½ÞD5 CD,.à69=C�GHÞD58ÞDG&9@-8â8A4ÞD58ê@Ý47>3&ÞPÝB36Aw9�Ý4ÞD,=5
å
ø�783(9 ÞDG , ßyÝ47>3�ý>Aw1UÝv3��.á�3�A4ÞDGI365bÝ`Þ�1!58,=Ýv,258Cgç�Ý4,�ãbÞ�14â>9 CDÞJI�3�Ý4783<á�,b1d3(A43R1dâ8CgÝB1 ô ä>â.Ý)9=CD14,
Ý4,Ià�,=GIá>9=A43<Ý47>3�á;,2143�A43R1dâ8CgÝB1)ë0ÞgÝ47�9�ê2A4,2â85>-IÝBA4â8Ý47 
 �ì3Åá8â.Ý�9�à�9 A�GI,.-.36C¶,25Ç9�Ý4â8AB5
ÝB9 ä>Cg3z9=5>-@á�3�Adß¿,2A4G 9 ü û î -.36ê2A43�3�1)AB, ÝB9 Ý4ÞD,=5^åQ�ì3tß¿â8A4Ý47>36A�9=1B14â8GI3<ÝB783 �`â>à�CDÞD-83�9 5 üDH
1dâ8A4ßl9=à63ÅGH,.-.3�C¶, ß*Ý4783zà�9 A09 5�-Ç9Ià69=CgÞDä8Aw9�ÝB3�-@à69 GI3�AB9H1dç.1dÝ43�G ,=ä>1436ABãFÞg5>ê�ÝB783ÅÝ4â8AB5ÇÝB9�þ
ä8Cg32å=ø�783�AB, Ýw9�ÝBÞg,25�,25�ÝB783�Ý4â>A45IÝw9 ä8CD3�à�,2A4AB3�14á�,25>-81�Ý4,z9 ü û î -.3�ê=AB363�1�AB, Ýw9�ÝBÞg,25H9=A4,2â85>-
Ý4783 � þo9 �FÞ�1<Þg5ÈÝ4783&à69=CgÞDä8Aw9�ÝB3�-½à�9 GI36Aw9j14ç.1UÝB36G�å H â8ABÞD58êjÝB783HÞgG&9 ê23�143:�bâ83�5>à�3Hëv3I9 á8þ
á8CgçÈÝ4783Â14ÞDCg78,2â83�Ý4Ý43&ä>921d3R- ß¿A43�3�þZß¿,=ABG á�,b1d3I3R1UÝBÞgG&9�ÝBÞg,25Ï9 CDê=,=ABÞgÝ478G�å � �89=GHá>Cg3IÞDGI9=ê=3R1
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�2[R_2QBWVWUQwT�\gSU[Rr �!�bN|a4�zWU�bQ`[R_=WUe|NPM2QvaB[RM�WU[R_=S�N|T*QBÉ WVSdf�a4WUQ�h>¦ � [�WUQ!WU�bQ`QBÉ WVSdf�aBWUN|[RM�QBSVSU[6SUT*�!�bN|ad�
[�aBaw_2S`¢.Qwa�f6_bTVQ0[6\^TV�FfRh=[��!Tvf6MFhH[6WU�bQBS�\gSdf�~�rtQwM�WUTw¦

�l9 5�-½á;,2143�AB3�14â8CPÝw1 � , ß�ÝB78Þ�1�143:�bâ83�5>à�3�ë0ÞPÝB7 3��FÝ4Aw9=à�ÝB3�-ÁÞDG&9 ê23�14ÞgCD78,=â>3�ÝdÝB3�1�9 AB3�1478,�ë05
Þg5 ý>ê=â>A43�ú î å � 1tà69=5 ä;3&1d3�365 ô ÝB7836AB3I3��.Þ�1UÝz147>9=-.,�ë�1�â85�-.36AÅÝB783&à69 A ô ë078Þ�àw7 CD3�92-½ÝB,
58,=Þ�1dç�1d3�ê=GI365bÝ43R-�ÞDG&9 ê23�1�å � CD14,t1d,2GI3)á�9 A4ÝB1�, ß;Ý47>3�à�9 A��l3=å ê>å�Ý47>3�ß¿A4,252Ý�ä8â>GHá;36A`,=A�Ý47>3
Ý4,�ë÷à�,2â8á8CDÞg58ê � 9=A43�5>, Ý`3��.92à�ÝBCgçIGI,.-.36CD3�-¶åFø�78Þ�1!AB3�14â8CgÝB1!ÞD5j3�A4AB,=Aw1�ë078Þ�àw7j9 AB3(-.36Ý43Rà�Ý43R-
-.â8ABÞg58êjá�,b1d3�3�1dÝ4ÞDGI9 Ý4ÞD,=5^å � ßªÝB36A<Ý4783H-.3�ÝB3�à�ÝBÞg,25½, ß�ßl9=ÞgCDâ8AB3�à�,2A4AB3�14á;,=5>-.3�5>à�3R1�Ý47>36çÁ9 AB3
36CDÞgGIÞD5>9�ÝB3�- Þg5ÈÝ4783Iê=3�5836Aw9�ÝB3�-½14ç.1UÝB36G ,=ß`3:�bâ>9 Ý4ÞD,=5>1�9 5>-½Ý4783�çÈ-.,@58, ÝÅÞD5��>â83�5>à�3HÝ47>3
A43R1dâ8CgÝ<,=ß�Ý4783�á�,b1d32å
	*ÞDê=â8AB3Âú2ú�1d7>,�ë�10Ý47>3�9 ä�1d,2Cgâ.ÝB3z36ABAB,=A�,=ß�Ý4783H3�1dÝ4ÞDG&9�Ý4ÞD,=5�1�ÞD5È-.3�þ
ê=AB363�1�-.â8ABÞg58ê�ÝB783Âë078,2Cg3jÞgG&9 ê23Â1d3@�bâ8365>à63=å^æV5ÎÝB783ÂÞDG&9 ê=3Ç1d3@�2â>365>à63 ô ÝB783ÂG&9��.ÞDG�â8G
36ABA4,2A�Þ�1 � 
 ö ü -836ê=AB363R1 �l9�Ý�Ý4783&ä;36ê2Þg585>Þg58êÁ,=ßvÝB783j143:�bâ83�5>à�3 � å^ø�783Â9�ã236Aw9 ê=3I9 ä�1d,2Cgâ.ÝB3
36ABA4,2A`, ß¶ÝB783�ÞgG&9 ê23<143:�bâ83�5>à�3<ÞD1�ú 
 I ð�-.36ê2A43�3�1�åbø�783<36ABA4,2AB1v9 AB3�G&9 ÞD58CDçÂ-.36á;365>-8365bÝ),25
Ý47832�2â�9 CDÞPÝUçI, ß^ÞDG&9 ê230ß¿3�9 Ý4â8AB3�3��FÝBAB92à�Ý4ÞD,=5 ô Ý47>3�à�9 CDÞgä8Aw9�ÝBÞg,25+�2â�9 CDÞPÝUç&9 5�-HÝ4783Å9=à�à�â8Aw9=à6ç
, ß0Ý47>3Ç,2ä.ÿU3�à�Ý�GI,F-836CZå(c(, ÝB3ÂÝ47�9�Ý�ë)3Ç9=A43jëv,2A4éFÞD58êÁë0ÞPÝB7 9½ß¿â8CgC),=ä8ÿU3�à�ÝHGI,F-836C)ë0ÞPÝB7
àw7>9 58ê2Þg5>êH921dá;3�à�ÝB10-.â8ABÞD58êIÝ4783 ü û î -.36ê2A43�3�1)AB, ÝB9 Ý4ÞD,=5^å
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WU[�[R_=WUePN|QBSUT(h=_2SUN|Mb~�WU�bQ�N|rzf6~RQtTVN|e|�b[R_2QBWVWUQÅQBÉ WVSdf6aBWUN|[RMÇ�!�2N|a4�@f6SUQzh2Q4WUQwaBWUQ�hjf�MbhÇQwe|N|rtN|MFf6WUQwh
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� 3H58,�ëõá8AB3�14365bÝÅ9 5È3��FÝ4365�1dÞD,=5 , ß`,2â8A�9=á8á8AB,292àw7�ß¿,=At1dâ>Adßl92à�3�ä�9=143�-�ß¿AB3636þ�ß¿,2A4G á;,2143
3�1dÝ4ÞDGI9 Ý4ÞD,=5 Ý4,�G�â>CPÝBÞgá8CD3Â14â8Adßl92à�3Há>9�Ýwàw783�1�å^ø�783IAB3�9=14,=5 ÞD1 ô Ý47�9�Ýz1d3�ã=3�AB9=C*,2ä.ÿU3�à�ÝB1Åà69=5
ä�3HA43�á8AB3�14365bÝ43R-@Ý478AB,=â8ê27�Ý4783�ÞgAÅÞD5>à�CDâ>-.ÞD58êjß¿A43�3�þZß¿,=ABGÀá>9=AdÝw1(GI,2A43�3�9=14ÞDCgç2å � 1B14â8GI3�ß¿,2A
3��89 GIá8CD3�9IÝB3�9 á;, Ý&�l14363�32å ê�å8ý>ê2â8AB3&ú@I � å>æoÝÅà�,=5�1dÞ�1UÝw10, ß`9Â7>9 5>-8Cg3 ô 9Âà6,=5bÝB9=Þg583�A(9 5�-Á9
1dá;,=â.ÝRå

� 3�921414â8GI3�9=5Á3��FÝ4Aw9=à�Ý43�-@ÞDG&9 ê=3�1dÞDCg7>,=â836ÝdÝ43�9 5>-Á1dÝB9=AdÝ(ë0ÞgÝ47½Ý4783zAB3�à6,=5>1dÝ4ABâ>à�Ý4ÞD,=5
, ß`ÝB783IÞgG&9=ê=3Ià�,=5bÝB,=â8AÅá;,=ÞD52Ýw1�Ý4, üDH á>A4,=ÿU3�à�ÝBÞg,25ÈAw9�ç.16åyø�78Þ�1ÅA43Rà�,=5�1UÝBA4â>à�Ý4ÞD,=5 ÞD1�,=5>Cgç
3�1dÝ4ÞDGI9 Ý43R-I,=5>à63�ß¿,=A`3R9=àw7IÞDGI9=ê=32å=ø�78365IÝB783�á>9=AdÝw1�, ßyÝB783�,=ä8ÿU3�à�ÝvGH,.-.3�C�9=A430á8AB, ÿU3Rà�ÝB3�-
Þg5 9èãFÞgA4Ý4â>9=C(ÞDG&9 ê=32å)EFÞD5>à63Èë)3 9=1B14â8GI3ÁÝ4783ì1dâ>Adßl92à�3½á>9=AdÝw1j921jABÞgê2ÞD-8Cgç�à�,2â8á8CD3�-�ë)3
3��FÝ4Aw9=à�Ý�9=5>-jAB3�à6,=5>1dÝ4ABâ>à�Ý �5" * ü1H 1dÞDCD78,=â836ÝdÝB3�,=ß
ÝB783t1dâ8A4ßl9=à63<GI,.-.3�C�å>ø�7>365@ëv3Å9 á8á>Cgç
Ý4783 üDH à�,252ÝB,=â8A),=5j,=â8A�à�,252ÝB,=â8Avä>9=143�-Âá�,b1d3<3�1dÝ4ÞDGI9 Ý4ÞD,=5j9=Cgê2,=ABÞPÝB78G ô ë07>ÞDàw7jà6,=5bÝB9=Þg5�1
9 5�æ(�)Ü!þo9=Cgê2,=ABÞPÝB78G�9=5>-÷,=â>Ajê=Aw9=-8Þg3�52Ý@-.3�1Bà�3�52Ý@GI3�Ý47>,F-÷ß¿,=A@á�,b1d3 3�1dÝ4ÞDGI9 Ý4ÞD,=5^å �ì3
Ý4783�5�Ý4Aw9 5>1dß¿,=ABG Ý47>3½1dâ8A4ßl9=à63ÁGI,F-836C�ë0ÞgÝ47�ÝB783Áá�,b1d3½à�9 C�à�â8C�9�ÝB3�- ß¿AB,=G ÝB783½à�,25bÝ4,=â>A
ä>9=143�-�á;,2143È3R1UÝBÞgG&9�ÝBÞg,25�9 CDê=,2A4ÞgÝ478G 9 5>-�Þg5>à6A43R9=143�Ý4783 Cg,�ë�þoá>92141Â9=á8á8AB,��.ÞgG&9�ÝBÞg,25�, ß
3�9=àw7Ï14â8A4ßl9=à�3Iá>9 ÝBàw7^å*EFÞg5�à�3IÝ47>3j9=14á�3Rà�Ýz,=ß)ÝB783&,=ä8ÿU3�à�ÝzGI,.-.3�Cvà69=5Ïàw7>9 58ê23&9�ßªÝ43�AtÝ47>3
ÞPÝB36Aw9�Ý43R-ÁABÞgê2ÞD-�ÝBAB9=5>1dß¿,=ABGI9 Ý4ÞD,=5>1(ëv3�ê=3�5836Aw9�ÝB3�9j5>36ë üDH 14ÞgCD78,2â83�Ý4Ý43 
 ø�783H9 CDê=,2A4ÞgÝ478G
à�,=5bÝBÞg5Fâ83R1�ë0ÞPÝB7½9�5>36ë á8A4,=ÿU3�à�Ý4ÞD,=5@, ß*Ý4783z,2ä.ÿU3�à�Ý0GH,.-.3�C^ÞD5½9�ãFÞDAdÝBâ>9 C
ÞgG&9 ê23t9 5>-ÇÝ47>3
Cg,F,=á@AB36á;3�9�Ýw1)Ý4ÞDCgC^Ý4783z9=Cgê2,=ABÞPÝB78G à�,25Fã=36ABê=3R16å



	�ÞDê=â>A43�ú@I�1478,�ë�1Å3��.9=GIá8Cg3&ÞDG&9 ê23�1t-.â8ABÞD58ê½9 5ÎÞDGI9=ê=3Â143:�bâ83�5>à�3Âà6,=5bÝB9=Þg58ÞD58ê ü � î
ÞgG&9 ê23�1�åbø�7>ÞD1)ÞDGI9=ê=3Å1d3@�bâ8365>à63�1478,�ë�1 ô ÝB7>9�Ý�,=â>A�9=Cgê2,=ABÞPÝB78G ÞD1�9=CD14,�9=ä8Cg3<Ý4,I-.3R9 C;ë0ÞPÝB7
,=â.ÝBCgÞD36Aw1�-.â8ABÞg58êIÞDG&9 ê=3�á8AB,.à�3�1B14Þg58êHë078Þ�àw7@9=A43Åà69=â>143�-ÂäFç&ÝB783Å7Fâ8G&9 5@7>9 5>-Çê=Aw9=14á8ÞD58ê
Ý4783ÅÝB3�9 á;, ÝRå
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� 3�5>,�ëèá8AB3�14365bÝ!3��.á;36ABÞgGI3�52Ýw9 C8AB3�14â8CgÝB1�ë0783�A430ÞD5&9=-8-8ÞPÝBÞg,25�ÝB,tÝ47>3�1dÞDCg7>,=â836ÝdÝ43�9=CD14,ÅÝ47>3
Þg5bÝ43�A45�9 C8,2ä.ÿU3�à�Ý!Þg5.ß¿,2A4G&9 Ý4ÞD,=5IÞD1!ÝB9=é=365IÞD5bÝ4,z9=à�à�,2â85bÝ`9=1!-.Þ�1Bà�â>1B1d3R-HÞg5Â143�à�Ý4ÞD,=5 ü å ü å=ø�7>3
3��y3�à�Ý0,=ß
â>14Þg58êI9=->-.ÞPÝBÞg,25>9 CyÞD5bÝ436AB5>9=C�ÞD5.ß¿,=ABG&9�ÝBÞg,25jÞ�1v3��.36GIá8C�9 ABÞgCDç&1d78,�ë05ÇÞg5jý>ê=â>A43Hú ü å
� 1�à�9 5@ä�3z14363�5 ô Ý47>3t,=á;3658ÞD58ê&à�,252ÝB,=â8A0,=ß�ÝB783ÅÝ43R9 á;, Ý0Þ�1�ß¿,=Awà�3R-ÂÝB,IÝ4783t,2á�3�58Þg5>êH7>,=CD3
Þg5@Ý47>3tÞgG&9 ê23t9 5>-jÝ4783�A436ß¿,=AB3t1UÝw9 ä8ÞDCgÞOI63R1)Ý4783tAB3�14â8CgÝ�å

� à6à6,=Aw-.ÞD58ê&Ý4,Ç,=â8A<á8AB36ãFÞg,2â>1�3��.á�3�A4ÞDGI365bÝ�,=ß�Ý4783Hà69=A<,25ÁÝ4783�Ý4â8AB5½Ýw9 ä8CD3 ô ë)3�58,�ë
á8A43R1d3�5bÝ@9è14ÞDGHÞDC�9 A@3��.á�3�A4ÞDGI365bÝÇë0ÞgÝ47 Ý4783 Ý43R9 á;, ÝRå�	>â8A4Ý4783�A4GI,=AB3 ô ëv3 3�1dÝ4ÞDG&9�Ý43 Ý47>3
9 ä>14,=CDâ.Ý43�AB, ÝB9 Ý4ÞD,=5>9=Cy36ABA4,2A`ÞD5�-836ê=AB363R1`ä;3�ÝUë)363�5jÝB783ÅA43R9 Cyá;,2143Å9=5>-&ÝB783tê=AB,=â>5>-&ÝBA4â.ÝB7
, ß(ÝB783�Ý43R9 á;, Ý&ë0ÞgÝ47�9 5>- ë0ÞPÝB78,=â8ÝÂâ>1dÞD58êÎÞD52ÝB36AB5>9 C�ÞDG&9 ê=3�ÞD5.ß¿,=ABG&9�ÝBÞg,25^å 	*Þgê2â8AB3ìú �

Using additional internal Pure silhouette based pose
features
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Silhouette based pose (    1.319 degrees)
Pose using additional internal features (     0.949 degrees)
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1d78,�ë�1�3��89 GIá8CD3zÞDGI9=ê=3R1�, ß�ÝB783�ÞDG&9 ê=3�1d3@�2â>365>à63�9 5>-@ÝB783�ÞDG&9 ê23zá8AB,Fà63�1B1dÞD58êIAB3�14â8CPÝw1 ô
Ý4783 â>1d3R-�à�,25bÝ4,=â>Aj9 5>-÷Ý4783 â>1d3R-�Þg5bÝB36AB5>9 C<ÞgG&9 ê23Áß¿3�9 Ý4â8AB3�1�å 	*ÞDê=â8AB3ÍúX�Ï1d7>,�ë�1&Ý47>3
à�,=GIá>9=A4Þ�14,=5j,=ß
ÝB783t3�1dÝ4ÞDG&9�Ý43R-já;,2143Åë0ÞPÝB7@Ý4783z9=58ê=CD3<,=ß�ÝB783ÅÝ4â>A45ÇÝB9=ä8Cg32å8ø�783z9�ã=3�AB9=ê=3
36ABA4,2A`, ß�Ý4783Åá8â>A43Å1dÞDCD78,=â836ÝdÝB3<ä>921d3R-Âá;,2143<3R1UÝBÞgG&9 Ý4ÞD,=5Ç9=Cgê2,=ABÞPÝB78GÃÞ�1<ú 
 ü Iz-.3�ê=AB363R1v9=5>-
Ý4783)9�ã=36Aw9 ê23�á�,b1d3!3�A4AB,=A
äbç�â>14Þg5>ê(9=-8-8ÞPÝBÞg,25>9 C2Þg5bÝ43�A45�9 C ß¿3R9�ÝBâ8A43R1^Þ�1 î 
 ð^�0-.36ê2A43�3�1�å�æV5tÝB78ÞD1
1d3@�2â>365>à630ëv30â>143�9 5IÞDG&9 ê=30AB3�14,=CDâ.ÝBÞg,25�,=ß ü2í � 	 I í=í á8Þ �.3�CD1!9=5>-�Ý4783(,=ä.ÿU3Rà�Ý!Þ�1�Cg,.à�9�Ý43R-
9 á8á8AB,��.ÞgG&9 Ý436CDçÎú6G ÞD5 ß¿A4,252ÝÅ, ßvÝ4783&à�9 GI36Aw98åyø�783&à69=CgÞDä8Aw9�Ý4ÞD,=5Èë)921<á;36A4ß¿,=ABGI3�-Èë0ÞPÝB7
9 à�9 CDÞgä8Aw9�ÝBÞg,25Íá>9 ÝdÝ43�A45Æà�,252Ýw9 ÞD58ÞD58êèúRûÈG&9 5Fâ>9=CgCDçìÝ4Aw9=àwé23�-ÏAB3�ß¿3�A43�5>à�3Çá�,2Þg5bÝB1ICD3�92-.ÞD58ê
Ý4,j9&à�9 CDÞgä8Aw9�ÝBÞg,25�36ABA4,2A0, ß î 
 ðIá8Þ �F3�CD1�ß¿,=A0ÝB783zAB3�ß¿3�A43�5>à�3zá;,=ÞD5bÝB1�å>ø�78Þ�1�GI3�9=5>1�ë)3t,=5>Cgç
ëv,2A4é ë0ÞPÝB7èà�,b9 Aw1d3�CgçÈà�9 CDÞgä>AB9 Ý43�-Ïà�9 GI36Aw9=1�9 5>-ÎCD,�ë ÞDG&9 ê23ÂA43R1d,2Cgâ8Ý4ÞD,=5^å
ø�7>3Ç9�ã=3�AB9=ê=3
à�,=GIá8â8Ý4ÞD58êIÝ4ÞDGI3tÞD1�I î=î GI1�,=5�9Hñ
Þg5Fâ � I=? �HI�G&92àw78Þg5>3=å

æV5>-.363R-&ÝB783tà�,=GIá>9=A4Þ�14,=5&78,2CD-81vß¿,2A�ÿUâ�1UÝ�Ý47>ÞD101Bà�3�5>9 ABÞg,�å1	>,=A�, ÝB7836A�,=ä8ÿU3�à�Ýw1!ÝB783Åâ>143
, ß�92-8-.ÞgÝ4ÞD,=5>9=CbÞD5bÝ43�A45>9=C2ÞD5.ß¿,2A4G&9�ÝBÞg,25�GIÞDê=7bÝ*ä;3�â>1436CD3�1B1
,2A*G�â>àw7�GI,2A43vÞgGIá;,=A4ÝB9 5bÝ*Ý47>9=5
Ý4783Å3��FÝBAB92à�Ý43R-ÂÞDG&9 ê=3Å14ÞgCD78,=â>3�ÝdÝB3=å8ø�783t9=ÞgGÃ,=ß
Ý47>3�3��.á�3�A4ÞDGI365bÝB1)Þ�1)Ý4,I1d78,�ë�Ý47>9 Ý�ÞgÝ0ÞD1
á�,b1414Þgä>Cg3HÝ4,�3��bÝB365>- ÝB783Â1dÞDCD78,=â836ÝdÝB3Hä�9=143�- á�,b1d3I3�1dÝ4ÞDG&9�ÝBÞg,25ì9=Cgê2,=ABÞPÝB78G Ý4,Á1Bà�3�5>9 ABÞg,b1
ë078ÞDàw7 9 C�1d,Çâ>1d3�Þg5bÝB36AB5>9 C*3�-.ê23�ÞD5.ß¿,=ABG&9�ÝBÞg,25Á, ß!ÝB783�14â8A4ßl9=à�3�GI,F-836CZåyø�,Ç92àw78ÞD36ã=3zÝ478Þ�1 ô
ëv3z3��FÝ4365�-@Ý4783�14â8A4ßl9=à63tGH,.-.3�C^ÝB,j9&à�,2G�ä8ÞD5>9�ÝBÞg,25�, ß�ß¿A43�3�þZß¿,=ABGÀ14â8A4ßl9=à�3tá�9�ÝBàw7>3�1�9=5>-
ß¿A43�3�þZß¿,=ABG à�,252ÝB,=â8A�á>9=AdÝw16å

� ��Û 6FÚ¶Ù�6 6FÛU×`Ô
æV5½Ý47>ÞD1<ëv,2A4é@ë)3�á8AB3�14365bÝ�9=5½3��FÝB365>-.3R-½9 á>á8A4,b9=àw7�ß¿,2A<á;,2143�3R1UÝBÞgG&9�ÝBÞg,25½, ß�ß¿AB3636þ�ß¿,2A4G
1dâ8A4ßl9=à63ÅGH,.-.3�CD1�å�	8AB3636þ�ß¿,2A4GÀ1dâ8A4ßl9=à63�1�9 AB3ÅGI,F-836CD3�-@äFç&Ý478AB363[I H 	8,2â8A4ÞD36A0-.3R14à6A4ÞDá.ÝB,=Aw1
9 5>- Cg,�ë�þoá>92141(Þg5.ß¿,2A4G&9 Ý4ÞD,=5ÈÞ�1Åâ>143�-Èß¿,=At9 á>á8A4,��.ÞDG&9�Ý4ÞD,=5
å�ø�783I3�1dÝ4ÞDG&9�ÝB3�- üDH 14ÞgCD78,=â8þ
3�ÝdÝB3½Þ�1IÝ4783�5�à�,2G�ä8ÞD583�-Æë0ÞgÝ47�ÝB783½á;,2143Á3�1dÝ4ÞDGI9 Ý4ÞD,=5÷à�,25>1dÝ4Aw9 ÞD52Ýw16åL	>â8A4Ý4783�A4GI,=AB3 ô 9=5
3��FÝ43�5>1dÞD,=5�ÝB,ÂÝB783�â�1d3z,=ß!Þg5bÝB36AB5>9 C*à�,=AB583�A�ß¿3�9 Ý4â8AB3�1(, ß�ÝB783�,2ä.ÿU3�à�Ý<Þ�1(á8AB3�14365bÝB3�-¶å;ø�78ÞD1
Cg3R9=-81zÝ4, 9 à�,2G�ä8ÞD5>9�ÝBÞg,25Ï, ß(14â8A4ßl9=à�3jGH,.-.3�CD1�ë0ÞgÝ47èà6,=5bÝ4,2â8A�á>9=AdÝw1zë078Þ�àw7ÍÞ�1�9=á8á8CDÞg3R-
9=-.ã�9 5bÝw9 ê=3�,=â>14CDç�ÝB,�ÝB783Åá�,b1d3�3�1dÝ4ÞDG&9�Ý4ÞD,=5Çá8AB,=ä8CD36G�å.ø
,H-.3�9=Cyë0ÞPÝB7jÝB783Åä>9=14ÞDà<á8AB,=ä8CD36G
, ß�à�,2â8á8CDÞg58êÁá>A4,=ÿU3�à�ÝBÞgã23&ê=3�,=GI3�ÝBA4çÈ9=5>-ÎéFÞg5>36G&9�ÝBÞDà�1tëv3jâ>1d3Â9Èà�,=58ß¿,=ABGI9=C�ê=3�,=GI3�ÝBA4Þ�à
9 CDê=36ä>AB9>å`ø�78,=â>ê=7ÆÝ4783 3:�bâ>9 Ý4ÞD,=5>1Ç9 AB3Á,=58CDçÆ14çFG�ä;,=CDÞDà�9 CDCgç 3��.á8C�9 ÞD583�- ô Ý47>36ç�á8AB3�14365bÝ
Ý4783�ÞgA�14ÞDGHá>Cg3Iê=3�,=GI3�ÝBA4Þ�àHGI3�9 5>Þg58ê�ë0ÞgÝ478ÞD5ìÝ4783Âàw7>,214365 9=Cgê236ä8Aw98å.�ì3Iß¿â8A4Ý4783�Azá8AB3�14365bÝ



3��.á�3�A4ÞDGI365bÝB1�,25 -.Þ��;3�A43�5bÝ�ÞDG&9 ê=3I143:�bâ8365�à�3�1�ë078Þ�àw7ÈãFÞ�1dâ�9 CDÞJI�3zÝ47>3Há>A4,2á�3�AdÝBÞg3R1<,=ß`,=â>A
9 CDê=,=ABÞgÝ478G&1Å3=å ê>å¶ÞD5ÎÝ47>3Âà�,=5bÝB3��FÝz, ß�58,=Þ�14ç½ÞgG&9=ê=3Â-89 ÝB98å�ø�783&3��.á;36ABÞgGI365bÝw1t1d78,�ë Ý47>3
1UÝw9 ä8ÞDCgÞgÝUçÂ,=ß�,=â>A�9 CDê=,=ABÞgÝ478G&1)ë0ÞPÝB7�A43R1dá;3�à�Ý)ÝB,I58,=Þ�1d3t9=5>-ÂÝB7836ÞDA�à69=á>9=à6ÞPÝUçIÝB,Â-.3�9=Cyë0ÞPÝB7
9=14á�3Rà�Ý�àw7�9 58ê23�1(-8â8A4ÞD58êÇÞgG&9 ê23�143:�bâ83�5>à�3R16åyEFÞg5�à�3Hëv3�58363R-Áâ8á½ÝB,RI î=î G&1(á�3�A(ß¿Aw9 GI3 ô
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