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3547698*:58�;�<>= !$# 7"@-O$!Cuv@B� !$,:��,-Eg#'7"3'EL@B()&VJR,9M"&)OC!$�"YÔ@-�"MR@-1"1"3',�8�!CJN@B� !$,:�ÂS��/7"# !C�"Y�� �"3 &4&~-� �U,:7"3'!$&43r�+3+@B�"#'EF,:3'JN@��+!$,-�"#)Z
�?�"&�(),:J{1"OC&*8[�U,:7"3'!$&43r(),9&�?{()!C&)�5�+#T@-3 &z(4,:�5��@-!C�"&)M[!$���+��&�ª-&)(4� ,:3 #A@ 5 × ÆwÇ × È �+�"@B�VO$!$&!$�y� �"&/1"O$@-�"&�# 1U@-���"&)M�S5�CB å ZT<>&Â()@-O$Ol�+�"&4JÕ1��U@-# &�ª:&)(*�+,:3'#)Z��?�"&4# &/ª-&)(4� ,:3 #�()@-�S�&�,:S���@-!C�"&)M[S5�t@{~-�XG_���j� ,-Eo�+��&�# @-J{1"O$&�1W,:!$�5� #V¬ 5ÅBÆ�Ç ÅvÈ ,:�t�+�"&z# 7�3'EL@-(4&-¨

Ù 5 × ÆIÇ × È � ã� Þvá �gâÄã �+� Þvá �jâ�ã �Ö Æ¢Å�Æ £�Ø Ö Æ
Ö È¢Å�È £�Ø Ö È ¥ 5Å�ÆIÇ Å�È Ú+Û:Ü ÝED Þvß�à ��F��

Þvá �gâÄã äLå æ Ú+Û-Ü ÝED Þvß�à � F��Þvá �oâÄã äLå æ ¦ 5Ã§
�?��!$#�!$#Xª�!C# 7U@BO$!$u4&)M�!C�s�UY:7"3'& ¼ Z º @B#�&*89�+&4�"# !C,:���+,P�+��& º ��(v@-#'&{,BE}�"Y:7"3 &{~9ZHG";T@��.0,BGI1U@-3 @-JR&*�+3'!$(?# 7�3'EL@-(4&T(v@B�NSW&X!C��� &)3'1"3 &*�+&)MP@-#}� �"3 &4&T#'&)1U@-3 @B�+&T~-� #'!$Y:�"@-O$#µ!C��� &)3_G1�,:O$@B�+&4Ms@-��M�@-1"1"3',�8�!CJN@B� &)MsS5�y7"# !C�"YN� �"3 &4&D~-�XG_���=�?#Ô@-�"M�~-�XG��_���j�?#4Z��j!CY:7"3 &¼ Z ~/#'�",�.2#T@-1�1"3 ,v8�!$JR@B�+!C,:�POC&4ª:&4O$#2,-Ej@�(v@-32J{,�M"&4OwZ
\V]JI KMLjf dON�P}qµb4pCn5LRQ cHqµbNk�pJN&L%qrajfÒnBn5fTS%djk5fVU�irq�k5f fok-n5pWQ don5pQqrm qµccvb*flfYX�cHq�bZQ k�a6bHcHd=egflk
<�&z�",�. (4,:�5�+!C�97�&z.2!A�+���+��&�@BO$Y:,:3'!C� �"J�EF,-3?# !$OC�",:7"&*� � &�SU@-# &4My1W,:#'&�&4#'�+!CJN@��+!$,-�P,-E# 7"3KEL@-()&zJ{,�M"&4O$#4Z���Â,:7"3j#'()&4�U@-3 !C,"¨-.6&?@-#'# 7"J{&6� ,Ô�U@vª:&r&H89�+3+@B(4�+&4M/�+�"&0# !$OC�",:7"&*� � &6,-EW@B�/,:S9�'&4(4�%!C�@-�/!$JR@-Y:&BZl���/�+�"&6&*8�1�&43 !CJR&4��� #j�+��!$#j!C#j#'!$J{1"OC�zM",-�"&rS5�Â7�# !$��Y�@X�+��3 &)#'�",:OCM"&)M�(4,:O$,:3!$�5�+&43'ªB@-OV@-�"M S5�¾# J{,�,B�+�"!C�"Y�� �"&©3'&)#'7"OC� !$�"Y>S"!$�U@B3'��!$JR@-Y:&�.2!A�+�½J{,:3'1"�",:OC,:Y:!$()@-O,:1�&43+@B� ,:3 #4Z
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354 6989:*8 :*<�� JN@-!C��1"3 ,:S�O$&)J M�7"3 !C�"Y©1W,:# &{&)#K�+!CJN@B� !$,:��,-Er# 7"3KEL@-()&RJR,9M"&)OC#);��?�"&)3'&!$#2�"&4&)M[�+,{&*8�1"3 &4# #T�+@-�"Y:&4�5�+!Q@BO$!C���NS�&*��.0&4&)�©� �"&�# 7"3KEL@-()&�@-�"M[�+�"&�3 &4(),:��G#'� 3 7"(*�+&4My1"3',��'&)(*�+!C,:��3+@v�9#)Z}¿µ7"3 &z!C��� &)3'# &)(*�+!C,:�t!$#r�",B�?# 75?{(4!$&)�5�2EF,:3r1W,:#'&&)#K�+!CJN@B� !$,:�gZ
�?�"&43 &�!$#V@�1"3 ,-S"O$&4J �+,{SW&�(4,:�"#'!$M"&43 &)Mg;}�I�V!C#?�",-�V7"# &*EF7"OÒ�+,D&*8�1"3'&)#'#Ô@-�[!$�5�+&43KG#'&)(*�+!$,-�P(),:��#'�+3 @-!$�5�0S�&*��.0&4&)�t�+�"&X3 &)(4,:�"#K�+3 7�(4�+&4Mt1"3 ,��'&4(4� !$,:�P3 @v��#r@-�"MN� �"&Ô# 7�3'EL@-(4&J{,9M"&)OÃZÂ�?�"!C#�!$#Ôª9!$#'7U@-O$!Cu)&4M�!$���UY:7"3'& ¼ Z ¼ ;�¿=,:#K�+7"O$@B�+!C�"YP�+��&{!C�5�+&)3'# &4(4�+!C,:��,-E63+@v�9#.2!A�+�{�+�"&V# 7"3KEL@-()&XO$&)@-M"#µ�+,��+�"&V&4³�&)(*�v¨�� �U@B�}�+�"&V,:S9�'&4(4�0!$#�JR,�ª-&)MPM"!C3 &4(4�+OA��!$�DEF3 ,-���,BEµ�+�"&�()@-JR&43+@�Z��?��&)��&4ª-&)3'�s3 &)(4,:�"#K�+3 7�(4�+&4M>3 @v�©!C��� &)3'# &)(*�+#Ô� �"&�# 7"3KEL@-()&/@-�"Ms�+��&(4,:�"#K�+3+@B!$�5�2!$#0� 3 !Aª�!$@-O$OA�/EF7"OA�UO$OC&)M�Z%�?��&)3 &*EF,:3 &Ô� �"&)3'&z!$#r�"&4&)Mt�+,�&H8�1�3 &)#'#V�+@-�"Y:&4�5�+!Q@BOAG
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(i ,j) −> (x,y,z)

(x,y)

I

F : (x,y)−>(i,j)

(m,n)

(0,0)

(m,n)

C :

3547698*:58��9< �o,�M�&4�+&43 J{!$�"&t�+��& ¼ � 1W,:#'!C�+!C,:�¶,-Ez@Ä~B�Õ!$JR@-Y:&t�",9M"&B¨2@��U&4O$M�� !C#7"#'&)M�¨2.2�"!C(�� #K�+,:3'&)#N� �"&�3 &4OQ@B� !$,:�¾,-Ez!$JR@-Y:&[1W,:!$�5�+#R�+,Ä�+��& ¼ � J{&)# �gZ
� ­ � ­�� ¯
	�° ° Y:!Cª-&)#?�+�"& ¼ � (),9,:3'M"!$�U@��+&)#?,BE%@��",9M"& ­ 8�¨ � ° ,:�t�+��&�!CJN@BY:&-Z

!C����SW&4��.6&)&)�Á� �"&N#'7"3'EL@-(4&�@-�"M>�+�"&R3 &)(4,:�"#K�+3 7�(4�+&4M�1"3 ,��'&4(4� !$,:�>3+@v�9#�@-�"M�� �"&)3'&N!C#�"&)&4M[� ,R&H8�1�3 &)#'#T@DM"!C#'��@B�"()&zJ{&v@-#'7"3 &Ô.2!A�+�"!C�[,-7"3?M"&)#'()3'!$1�� !$,:��Z�o,z# ,:OAª:&?�+��!$#µ1"3',:S"O$&4J .6&X1�3 ,:1W,:# &?� ,�Y-&4�}@�(),:�5� ,:7"3�JR,9M"&4O�EF3 ,:J �+�"&2#'7"3'EL@-(4&JR,9M"&)O�.2�"!C(���!$#6�+@-�"Y:&4�5�+!Q@BO�.2!C� �P3 &4# 1W&)(*�?�+,Â� �"&�(v@-J{&)3 @Â(),9,:3'M"!$�U@��+&T#K�9#'�+&4JyZµ�o,(),:J{1U@-3'&/1�,-!$�5�+#Ô,-��� �"&�!$JR@-Y:&�# !CO$�",-7"&4�'�+&Â.2!A�+���+�"&�#'7"3'EL@B()&�J{,�M"&4Ow¨W�+�"&�!CM"&v@P!C#�+,/.6,:3 |N.2!A�+���+��,:# &�1W,:!$�5� #?,:���+�"&�#'7"3'EL@-(4&zJR,9M"&)OW.2�"!$(��tOC!$&Ô,:��� �"&�,:7�� O$!$��&T,-Ej@~-� 1"3 ,��'&4(4� !$,:��,-E�� �"&?,:S9�'&4(4�vZj�?�"!$#µJ{&v@-��#%.0&V@-3'&r(),:��# !$M�&)3 !C�"YÔ�+��& ¼ � # !$OC�",:7"&*� � &,-Ej� �"&�#'7"3'EL@B()&�JR,9M"&)O�.2!A�+�[3 &4# 1W&)(4�X�+,D�+�"&�(v@BJR&43+@�Z6�=,{,:S��+@-!$�t�+�"!C#)¨".6&Â1"3',��'&)(*��+�"& ¼ � # 7"3KEL@-()&�,:�y@�ª9!C3'�+7"@-OÒ!$JR@-Y:&BZµ�?�"&)�©� �"&z(),:�5� ,:7"3V!$#?(v@BO$()7�OQ@B� &)My@-�"MtEF3 ,:J�+�"&{!$JR@-Y:&�(4,:�5�+,:7"3z�+��& ¼ ��# !CO$�",:7�&4� � &D,-E0� �"&R#'7"3'EL@B()&{JR,9M"&)Oµ!C#z3 &)(4,:�"#K�+3 7�(4�+&4M�Z�=,�,:S���@-!C�s�+�"& ¼ ��#'!$O$��,:7"&4�'�+&B¨g�+�"&43 &�!C#��"&)&4M�� ,tY:&4�ÔEF3',:JÕ� �"&�!$JR@-Y:&�,-E6@P�",9M"&1�,:!C�5�=� ,Ô!C� # ¼ �½ªB@-OC7"&-Zo�?�"!$#j!$#jM�,:�"&6.2!A�+�Â� �"&r�"&4O$1/,BEW@-��@-M"M�!C�+!C,:�U@-O5�U&4O$M��D;o�?�"&SU@-# !C(61�3 !$��()!$1�O$&�!$#oª�!C# 7U@BO$!$u4&)M�!$���UY:7"3'& ¼ Z G";o�j!$3'#'�o.0&r@-# #'7"JR&0@X(4,:�5�+,:7"3 � ­F¸ ¯
�9° ²­�� ¯
	W¯��5° .2��!$(��[Y:!Cª-&)#r�+��& ¼ ��(),9,:3 M"!C�U@B� &)#?,-El�+��&�#'7"3'EL@B()&��",9M"&�EF,:30� �"&Ô��.0,D�+!CJR&1U@-3+@BJR&*�+&)3'# ­F¸ ¯
�9° Zo�?�"!C#%(),:�5� ,:7"3jJ{,9M"&)O�!$#=1"3 ,À�'&)(4� &)M/.2!A�+�Â� �"&01"3',��'&)(*�+!C,:�/JR@B�+3'!A8!$�t@�ª�!C3'� 7U@-O�!CJN@-Y-&-¨��WZ��?�"&zJ{,�M�&)O�!C#?1"3 ,��'&4(4� &)My.2!A�+�t(),-�"�"&)(*�+!C�"YDO$!$��&Ô# &4Y:JR&4�5�+#S�&*��.0&4&)�R� �"&?# 7�3'EL@-(4&V��,�M"&4#�@-�"M��+��&V��,�M"&4#%�+�"&4JR#'&)OAª:&)#}@-3'&?1"3 ,À�'&)(4� &)M{!$�D@-��,-�+�"&43Y:3+@v�5G�#'(v@-OC&6ªB@-O$7�&-Zj�?��!$#j!C#j#'�",�.2�{!C�Â�+��&r()OC,:# &HG�7"1"#j,-EU�UY:7"3'& ¼ Z���Z=�?�"&)��.6&r3 &4# &)3Kª:&@D~-� �U&)OCM�� .2!C� �P�+�"&�#'!$u4&�,-El�+�"&�!CJN@-Y-& ­LÉ ¯
�[° @-�"M�# @vª:&�!$�N� �"&Ô�U&)OCM�EF,:3r&4ª-&)3K��",�M�&0,:��!C�+#o1"!¤8�&4O�1W,:#'!C�+!C,:� ­�� ¯
	�° � �"&6� !$J{&�1U@-3+@BJR&*�+&)3'# ­F¸ ¯
�9° ,-EU�+�"&6# 7"3KEL@-()&BZj�?�"!C#
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354 6989:*8��9< � &*E �v;µ�?�"&�# 7"3KEL@-()&�J{,�M"&4O�1"3',��'&)(*�+&)My,:�[@Dª9!C3'�+7"@-O�!$JR@-Y:&BZµ±2!$Y:�5�v;µ�?��&&)#K�+!CJN@B� &)M ¼ � #'!$OC�",:7"&*� �+&z,-E=�+�"&�# 7�3'EL@-(4&�J{,�M�&)Ow¨US"@-(�|�1"3 ,À�'&)(4� &)Ms!C�©@B�!$JR@-Y:&BZ
Reconstruct projection rays from image points
Surface based pose estimation

Apply contour based pose estimation algorithm

I
C
P

Increase low−pass approximation of the surface model

Project the low−pass object model in the virtual image
Estimate the 3D silhouette

Estimate the nearest point of each ray to the 3D contour
Use correspondence set to estimate the contour pose
Transform the contour model

Transform the surface model

354 6989:*8��*< �?�"&�@-O$Y-,:3 !A�+�"JÑEF,:3?1W,:# &z&)#K�+!CJN@B� !$,:�N,-Ej#'7"3'EL@B()&�JR,9M"&)OC#)Z
J{&v@B�"#)¨��+�U@��X.6&/(v@B�©M"&*�+&)(*�Ô�+��& ¼ �h#'7"3'EL@B()&Â1W,:!C���2EF,:3X@RY-!Cª:&4�s# 7�3'EL@-(4&Â�",9M"&Â,-�� �"&�!$JR@-Y:&Ô.2!C� �[� �"&��"&)OC1©,-E=�+�"&z�U&)OCM ��@-��My�+��&�EF7"��(4�+!C,:� � ¨�# !C�"()& � ­ � ­�� ¯
	�° °Y-!Cª:&4#/�+�"& ¼ � (),9,:3 M"!C�U@B� &)#/,-E2� �"&��",9M"&�!$JR@-Y:&R1�,:!C�5�v¨ ­�� ¯ 	"° Z��o,�Y5@-!C�Ä�+�"& ¼ �#'!$OC�",:7"&*� �+&z1W,:!$�5� #2.6&Â7�# &�@{(4,:�5�+,:7"3X@-OCY:,:3 !A�+�"JÑ.2�"!C(��yEF,:OCO$,�.2#?�+�"&�!$JR@-Y:&Ô,BEj�+��&J{&)#'�RJ{,9M"&)O"S5�D@�3'&)()7�3 # !Aª:&V1"3 ,9()&4M"7"3'&-Zµ�?�"&4�R�+��&V��,�M"&4#�,-E�� �"&2JR&4# �{JR,9M"&4OU@-3 &(4,:O$OC&)(*�+&)M ­ �+��!$#�!$#Â&)@-#'�-¨µ# !C�"()&{�+�"&*�Ä@-3'&N1"3',��'&)(*�+&4MÁ!$�Ä@B�",-�+��&)3/Y:3 @v��GI# ()@-O$&DªB@-O$7"&� �U@-�{�+�"&V(),:���"&)(*�+!$��Y�OC!$�"&2# &4Y:J{&)�5�+# ° EF3',:J .2�"!$(��{�+�"&V(),-3 3 &4# 1W,:�"M"!C�"Y ¼ �XG�,:7��+O$!C�"&!C#Â()@-O$(47"OQ@B� &)M�.2!A�+��� �"&P�"&4O$1Á,-E �DZs�?�"!C#/!$#�ª9!$# 7"@-O$!Cu)&)M�!$���UY-7"3 &4# ¼ Z G�@-�"M ¼ Z���Z�?��&�(4,:�5�+,:7�3[J{,9M"&)OX!$#P�+��&)� @-1"1"OC!$&4M ,:� ,:7"3�1"3'&4ª9!$,:7�# OC�½!$�5�+3',�M�7"()&4M (4,:�5�+,:7�3S"@-# &4My1W,:# &z&4#'�+!CJN@��+!$,-��@-O$Y-,:3 !A�+�"J[Z%Ó9!$�"(4&z� �"&z@-#'1�&4(4�+#V,-El�+��&�#'7"3'EL@B()&zJR,9M"&4OÒ@-3 &(��"@-�"Y:!C�"Y�M"7"3'!$�"YÔ� �"&?���r¿jG�(4�9(4O$&)#4¨9@z��&4.¾# !$OC�",:7"&*� � &0.2!$OCO�SW&?&)#K�+!$JR@B� &)MD@BE � &)3%&)@-(��(*�9()O$&µ� ,?M"&v@-O:.2!A�+�z,9()()OC7"# !C,:�"#g.2!A�+�"!C�Ô�+�"&�#'7"3'EL@-(4&�JR,9M"&)OÃZÒ�?�"&}@-O$Y-,:3 !A�+�"J EF,:3�1W,:#'&
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&)#'� !$JR@B�+!C,:��,-E6# 7"3KEL@-()&{J{,�M"&4O$#�!C#�# 7"J{JN@B3 !$u4&)M�!$���UY-7"3 & ¼ Z ��ZD�?�"&R(4,:�5ª:&43 Y:&4�"()&S�&4�U@vª�!C,:3�,-Eg� �"&V# !$OC�",:7"&*� � &VS"@-# &4MP1�,-# &V&)#'� !$JR@B�+!C,:�D@-OCY:,:3 !A�+�"J !$#�#'�",�.2�P!$�D�UY:7"3'&¼ Z��9Z � #?(v@B�[SW&�# &4&)��¨".6&z3 &*�U�"&��+�"&�1W,:#'&�3 &)#'7"OC� #?S5�t@-M"M"!C�"Y�# 7�()()&4# #'!Cª:&4OC�t�"!CY:�"&43EF3 &���7"&4�"()!C&)#2M"7"3'!$�"Y�� �"&z!C�+&43+@B� !$,:�gZj�?�"!C#V!C#rSU@-#'!$()@-O$OA�P@�J/7"OA�+!¤G�3 &4# ,:OC7��+!C,:�{JR&*�+�",9M@-�"Mt�"&)OC1"#?�+,{@vª:,:!CMyY-&4� � !$�"Y�#K�+7"(�|t!C�[OC,�()@-OgJ{!$��!$JR@�M"7"3'!$�"Y�� �"&z!C�+&43+@B� !$,:�gZ
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