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2.1 The model
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Figure 1. The hierar chical, articulated model
of a puppet.
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2.2 Registration
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2.3 Adjustment of the model
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|k N?D = 5h~��#} =?D��*2,/.;�� k���4 kAV#$?D��G�8% H#)(P��G�,/.7��(i#$8�,/??��M.78���*2��0N(i8%#), ?D��*2<2<b*2,K.)0) C?5Q�p{#N�% =?D�d#)G48d.7A�A48�#	.)!M�~c� !M��#$?� J��cT#�,K#	?��S!�#$,B,K#$��<-X�G4?� =3�3� =!5*2?�*2#)��.)<-0$#)8%*f�%��,/?5¦A�8%#)U4.)U�*-<2*Y?��%*2!l!�<Y.)?%?�*fv4 =8%?O.)�43d�4 5G�8M.7<��� 5��c�#$8�h�?=Q|k aGL?D W�%�� AN=]T(i#$<-<2#;c�*2��0�!M�4.78M.)!��� 58%*Y?��%*2!=?4(i#$8����4 F3� =!5*2?�*2#)��>,/.7h�*-�404¦��%�� �.7��0$<- �¹ ¸ .)�43����� �`	G�#)��*2 5�	�J�� =*-0$�$�J#;:$ 58c�*23����Jº ¸ û�» ¸ c�*-��� ¾ ¸ ÄVÅ �½���Q

3.1 Probabilistic Classifier

p{#}�� C?��"���� N3� C!�*Y?D*2#)�¨#)(PAL#	?��%G�8% J(i8%#),æA�8%#)U4.)U�*2<-*Y?��%*2!!�<Y.)?%?D*-v4 =8=@7cT +G4?� b.P3� =!�*Y?�*-#$�K��8% 5 +0$ 5�� =8%.7��#)8CQ{|6 �v48M?D�F �&�>A�<2#)8% ����� ��������/3� =!5*2?�*-#$�K��8% 5 B\½N�Nt^V*2,KA�<2 5,K 5�	�%.7��*2#)��Q[pO��*Y?.7<20)#$8�*-����, ?��M.78��%?zc�*-���9<Y.78%0) 1?� ��M?P#)(�!=.)?� =?lUV 5<2#)��0$*-�40S��#h���#;c��}!5<2.$?�?� =?=Q�pO�� s!5.$?D C?5@F3� =?%!�8%*-UV =3�U	X}.7��X9,K*f&���G48� #7(W��#),K*2�4.7<q.7�43s��G�,K 58%*Y!lA�8�#$AL =8D�%*- C?5@�.)8� P?%!�8%G��%*-��*2u5 C3e(i#)8A4.;���� =8��4?����4.7��.7<2<-#;c����4 E!�<Y.)?%?D C?O��#dUL E3�*2?%!�8%*-,K*2�4.;�% =3�QT���0) =�� 58M.;�% =?z�%�� 5��.H3� =!�*Y?�*-#$����8% 5 "U�XN,B*2��*2,K*-u=*-��06�%�� e =��>��8%#)A�X6#7(����4 "?� ��Kc�*f�%�9��#k���4 d,K ��%��#�3�#7(b¢bG��	�=Q9pO�� C?D 
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A4.;���� 58%�4?+.)8� z 5&�A�8� C?�?� =3"*2�s���� P(i#)8%,�#)([3� =!�*Y?�*-#$�e�%8� = =?�#$8?D 5�%?z#)(T*-(£>��%�� 5�98%G�<2 =?=@��%�4.;�'!=.7�NUV /G4?D C36��#J!5<2.$?�?�*f(iXH�� 5c!5.)?� =?=@�c�*f�%�K 5,KA��4.$?D*Y?�#)�E,/.)h	*2��0����� O,K#�3� 5<�G4�43� 58M?D�%.7�L3�>.7U�<2 z.)?Tc� =<-<�.$?�.)!=!�G�8M.;�% )Q[pO�� z3� =!5*2?�*2#)�e��8% 5 =?O0$ 5�� =8%.7��#$8%?G4?D /,/.)*-��<2X6<-#$0)*Y!5.7<[#$8P*2�$�% 50$ 58P!M�4.)8%.$!t�� =8�*Y?D��*Y!5?=QdpO�� 1G4?� #7(�!�#$�$�%*-��G�#$G4?[:;.7<2G� C?[*2?F,/.)3� +AV#$?%?�*-U�<2 +U�X'3�*2?%!�8% ��%*2?%.;�%*-#$��Q

3.2 Neural Network

|6 KG4?� =3H.1(i 5 C3�>�(i#$8�cO.78M3S�� =G�8M.7<��� ���cT#)8%hec�*-���N�e<2.�X	> 58M?5QWpO�� b<Y.�X) =8F#)(�*-��A4G��T*Y?T!�#)�L?D*Y?��% =3/#)(����� WN=]P�	G4,B =8�*Y!5.)<!M�4.78M.)!��� 58%*Y?��%*2!=?5Q"¡T�'#)G���A�G��C@Wc� d.�cO.7*-�'�sU�*2�4.)8�X6:;.7<2G� =?=@(i#)8l �&�.7,KA�<2 6g��HN=rd(i#)8sg�?�*f����*2��0$r4@+g�NK�)r1(i#)8Sg%?��M.7�43�*2��0	r�Qy� 5:$ 58M.7<�*2�$�% 58%A�8% ��%.7��*2#)�4?+#7(W���� E#)G��%A�G��I.)8� zAV#$?%?�*-U�<2 )QO|6 !M��#$?� [��#����48� C?D��#$<23z���� C?D ��+:;.)<-G� C?q.)0$.)*-�4?D���4Q ��QqpO�� T��G�,B>UL =8�#7(W�� 5G�8%#)�L?�#)(q�%�� z��*Y3�3� =�"<Y.�X) =8OcT.$?Tv�&� =3".;�$N=]4Q
N "®�«z¬uË4��O�¬ � Ê�ÌQP$Ë4¬GÉ���P�Ê'É

4.1 Data Set

pq#'�� =?D�O#)G�8�.7A4A�8�#	.)!M��@$c� I#)U��%.7*2�� C3d.B?D 5�T#)(q�$�)�PA���#)>��#)0$8%.)A��4?1���4.7�"cT kGL?D C3�(i#)8"�%8%.)*-��*2��0~.7�43¨�� =?D��*2��0~A�G�8�>AL#	?D C?5Q�pq#6.)<-<2#;c¯(i#)8/.k0)#�#�39:;.78%*- 5��*2 =?B#7(�AL#	?��%G�8� C?K.7�43:	*2 5c§AV#)*2�$�M?5@4c� zA�8%#)AV#$?� =3d���4 z(i#)<2<-#;c�*2��0/3�.7�%./!�#$<-<2 =!���*2#)�?��% 5A4?=¦
° �'AL#	?��%G�8% =?O8% 5A�8% =?� 5�	�� C3dU�Xd?�*-�D��*2��01.)�43e?D�%.)�43�*2��04Q
° �/!=.7,K 58M.B�� 5*20)�	�%? w ���4 EA���#)��#$0)8M.7A��� =8OG�A�8%*-0$�$�I.7�43?%`$GL.;�D�% =34x�Q
° �B!5.),B =8%.B:�*2 5c+?O#7(q���� P?�G�U�Z� C!t� w ?��% 5A4?���� ö x�Q
° �k*-�4?D�%.)<-<Y.;�%*-#$�4?'#7(����4 "<2 50	?5QN�������� s!5.$?D eG�A�8%*-0$�$�C¦gD<2 50	?�*2�4?D =8D�% =3�@4<- =0$?O�%*-0$�$�% 5�� C3�@V��#7�b?D��G4!Mhs.7�L3e<2 50	?AV 58�(i =!t�%<-XJ?D��GL!Mh�rSRo*-�H���� K?D*-�D�% =36!5.$?D $¦/gD<2 5��0)���� =�� =3<2 50$?=@C<- =0$?V(i#)<Y3� C3z.;��8%*-0$�$�{.)��0)<2 =?�.)�43����� FU�G4?D�{<- C.7�� C3U4.$!Mh	cO.78M3�?=Q
° �S*2�4?��M.7<2<2.7��*2#)�4?l#)(��%�� d.)8�,/?=¦SgD*Y?D#$<2.7�� =3�@{.7<2#)��0"�%�� UV#�3�XJc�*f�%��#)G��z!5#)�	�%.$!t�C@Vc�*-���N!�#$�	�%.)!��l.)�43H!58�#	?�?� =3w �%#7�M.7<�A�8%#)AV 58O#�!5!5<-GL?D*2#)�LxDr�Q

|k s�%�	GL?K#)U��M.7*2��� 
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 ��½ �;�$�k �&��4.)G4?D��*2:) A���#7�%#)0$8%.)A��4?=Q|6 N���4 5��.)3�3� =3�])�}G��4?�AL C!�*-v4 =3§A��4#7��#$0)8M.7A��L?ec��4*-<2 :�.)8�X�*2��0J�%�� s3�*2?D�%.)�4!� e��#6�%�� "!=.7,K 58M.�@W�%�� sAL#	?��%G�8% )@[�%�� AL#	?D*-��*2#)�"#7(����� z,K =,EUV 58M?�.7�43d���� z =��:	*28%#)��,K 5�	�CQ

4.2 Puppetextraction

|�*-���"�%�� lA�8�#�!5 =?%?�.$?T3� =?%!�8%*-UV =3e*-�"?D C!t�%*-#$�s��Q �4@	cT I �&�>��8M.)!t�% =3s�%�� KA�G�A�AV ��M?I(i8�#$, ���� C?D /�	�7�/A��4#7��#$0)8M.7A��L?b#$�k. T¥H���	�� 5<� W 5�	�%*-G�,����D�q�;�$�)�S�zGL?D*2��01g�|�*-�43�#;c+?{�S Cr+c�*-���

NC�)])�SU~#7(UT+¡��9QTÍ4#)81#$�� S*2,K.)0) $@��%��*Y?1A�8%#�!� =?%?K�%#	#$h^N,K*-��G��% b(i#$8�.E?D��GL3�XKu5#)�4 b#7(q�$�7� 
 �$]7�IA�*f&� =<2?=Q[pO�� �<2#�!5.)<f>*-uC.;�%*-#$�E#7(L���� O�� C.)3EcT.$?qA48� =:	*2#)GL?D<2XlAL =8D(i#$8�,K =3E,/.7��G4.7<2<2X)Q|�*f�%��*-�1���� �(i8M.7,K =c�#$8�hz#)(L�%��*2?FA4.7AV 58C@)cT +!M��#	?D T��#P.)A�>A�8%#�&�*2,/.;�% l���� B.7A�AV =.)8%.)�4!� l(iG��L!t��*2#)�H¼)¸a*2�S���4 P(i#)<2<2#;c�*-��0,/.7���� =8=¦e(i#)8B�%�� sG�A�AV 58/A4.)8D� w¿¾ ¸�ÄVÅdÆ�Ò1N Á � Á � Á � Á � Õ xDx�@¼)¸ w ð�xN½WVYX5ÐMÐ[Z�økÄ�ð Æ ¾ ¸�@l.7�43�@I(i#$8e�%�� N<-#;cT 58"A4.)8D�w¿¾ ¸ ÄoÅ�Æ9ÒC� Á � Á ] Á���Õ xt@	¼ ¸ w ð�xT½�V ÷2öDÞ"Z�ø Ä�ð Æ ¾ ¸ Q�pO�� C?D !�#$�4?��M.7�	�%? w V X�ÐMÐ[Z�ø Á V ÷-ö�Þ"Z�ø xIcT 58% /.7G��%#),/.;�%*2!=.7<2<-Xk.7A�A�8%#�&�*f>,/.;�� C3dU�X".7�"*-�4?D�%.)�4!� l#)({���4 P!�#)<2#)8O*2�"���� z,K*Y3�3�<2 z#7({�%�� ��8%G���hd.)�43"G��43� =8O���� zUV 5<-�=Q|k +!M��#	?D ���#IG4?� T���� �!�#$<-#$8W*-��(i#$8�,/.7��*2#)�EUL.)?� =3P#$�B¢Iy]\!�#$<-#$8B,K#�3� =<�Q¨pO��G4?=@ ó *2?d3� �v4�4 =3~U�X óOw V Î Á V É xe½\N_^
` V Î ^aV É ` É @7c�*f�%�bV Î .)�43BV É 8% 5A48� C?D =�$�%*-�40+���4 +!�#)G4A�<- O��G� w <2*-�4 =.78%*2u5 =3k.7�436?D�%.7�L3�.78M3�*2u5 =3Lxb.)�43J�%�� /?�.7��G�8M.;�%*-#$� w <2*2��> =.)8�*2u5 C34x�#7({�%�� P!�#$<-#$8=QpO�� e`	G4.)<-*-��Xk#)(����� e8� C?DG4<f�M?P#7(��%��*Y?E 5&	�%8%.$!t�%*-#$�6*Y?'��#7� =.$?D*2<-X9,K C.)?�G�8%.)U�<2 d*2�~.)�}#$U�Z� =!���*2:) ",K.)���� =8=@F?�*2�4!� s*-�K*Y?��#7�".98� C.7<I?D =0),K 5�	�%.7��*2#)��#7(l�%�� k?�*-<2��#$G� ����� )Q�¢+#;cT 5:) =8=@(i8�#$, .S`	G4.)<-*-�%.7��*2:) 1AV#)*2�	�E#7(�:�*2 5cz@Wc� /#$U4?� 58%:) =3k�%�� d8% �>?DG4<f�M?+.7�43"3� C!�*Y3� =3"*2�s./?�G�U�Z� C!t�%*-:$ IcO.�X/�%#K.)8�8M.7�40) ����� C?D A���#)��#)0$8%.)A��4?�*2�'��!�<Y.)?%?D C?{.$!5!�#$8%3�*-��0O�%#bc��� 5���� =8{�%�� T,K.)A�>A�*2��0Kc� =8� l0)#�#�3�@�.�:$ 58M.70) �#)8OU4.$3�¦
° pO�� av48%?D�{!�<Y.)?%?o0)*2:) C?�.7�z.$!5!�#$G��	��#7(�.OAL =8D(i C!t�{,/.;�M!M��>*2��0SUV ���cT 5 5�k���4 1?D*2<-�4#)G� 5�D�� 1.)�43k*f�M?zA�G�A�AV ��CQdpO�� #$��<-Xz�4#7�� C3E =8�8%#)8M?�,/.�Xl8% =?�G�<f��(i8%#),����4 T*2�4.$3� =`	G4.$!�X#)(q�%�� z,K#�3� 5<_Q
° pO�� I?D C!�#$�43/!�<Y.)?%?[*Y?a�%�4.;�T#7(o���� I!5.$?D C?[c��� 58% $N+#$8T�?� =!5#)�43�.)8�XS,K =,EUV 58M? w v40)G48� UNCxI3� =:�*2.7�� =?I(i8%#), �%�� *Y3� =.)<oAL#	?D*-��*2#)��Q[pO��*Y?T*2?T#)(£�� 5�"3�G� ���#'���� z?�*-,K*2<2.)8�*-��XUV ���cT 5 =�e�%�� zU4.$!Mh	0$8�#$G��43e.7�43d���� P?�G�U�Z� C!t�CQ
° pO�� O<Y.)?D�W!5<2.$?�?W.$!5!�#$G��	�%?{(i#)8����4 O!=.)?� =?qc��� 58% ����� �.7<->0$#)8%*f�%��,±?���#;c+?W*-�L?��M.7U�*2<-*-��X)@$,/.7*2��<-X'*-�B�%�� �,/.7A�A�*2��0#)(q�%�� l��8%G���hoQ

pO�� l�%.)U�<2 WNz?���#;c+?T���4 z8� C?DG�<-�%?O#$U��%.)*-�4 =3�Q
c #�#�3 �S*Y3�3�<2 RO.)3
dfe:g N=]�� N=���

Table 1. Results of the classification

|k B#)U��M.7*2�J�� C.78%<-XJ�;���¤#)(a0)#�#�3S8% =?�G�<f�M?5QIpO�� =?� E0$#�#�38� C?DG4<f�M?".)8� k:�*2?�G4.7<2<2X~:$ 58%X�!�<2#$?� H�%#��%�� H�%8�G4 N?�*2<-��#$G� ����� .7�43�0$*-:$ J.7��.$!5!5#)G��	�1#7(z*-�%?"!�#$��v40)G48%.7��*2#)��*-���)�EQOpO�� *-,/.)0) =?o#)(����� [,K*Y3�3�<2 F!�<Y.)?%? w NC]	�BxVA�8% =?� 5�	�� C3I,B*2��#$8� 58%8�#$8%?c���*Y!M�'3�#���#7�[?D = 5,��%#I3�*Y?D��G�8%UP�%�� �3� =!5*2?�*-#$��>�,K.)h�*-��0LQ{pO�� *-,/.)0) =?P#7(����4 dU4.$39!�<Y.)?%? w N=���BxP?���#;c����� e<-*2,K*f�M?E#)(T�%�� ,K#�3� 5<{.)�431�%�� P.7<20)#$8�*-���4,�#7([.)3�Z�G4?D��,K =�$�CQÍ�8%#),¯.P`	G4.7�	��*-�%.7��*2:) +AV#)*2�	�F#7(�:�*2 5cz@	c� b!5#),KA4.)8� C3E�%�� A�8%#7Z� =!���*2#)�}#7(+�%�� sA�G�A�AV ��1*2�~.kU�*2�4.78%X9*2,K.)0) "c�*f�%���%�� 
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#)A��%*-,/.7<z?�*-<2��#$G� ����� )Q�pO�� =?� 6?�*2<-��#$G� ����� C?ecT 58% 6#)U��M.7*2�� =3UL 5(i#)8% 5�4.)�43¨U�X����48� C?D��#$<23�*-��0����� ��7�$�� 5&��4.7G4?D��*2:) 6A���#)>��#)0$8%.)A��4?=Q�Í�#$8����� T])�O8% 5,/.7*2��*2��0�A���#)��#$0)8M.7A��4?=@5cT a8%#)G��% =3���� =, U	XS�L.7�43�QPpO�4*2?z`	G4.)�$�%*f�M.;�%*-:$ '!�#� 5³/!5*- =�	�I*Y?����� B8� 5>!�#;:) =8�XN8M.;�% eUV ���cT 5 =�~.N?�*-<2��#)G4 ��D�% Jì±.)�43}.kA�G�A4AL 5�dµKQpO�� Bv40)G�8% 1�s?D�4#;c+?b��cT#s �&�.7,KA�<2 =?=Q1pO��*Y?z8% =!�#;:$ 58%Xs8%.7�� *2?�3� 5v4�� C3".$?T(i#)<2<-#;c+?=¦
h w µPxF½ î w ð ÆSµPxSi w ð Æsìax î

î w ð ÆSµPx í w ð Æsìax î

Figure 2. Examples of recovery rate: h ½�4Ç´�7�
(L), h ½��4Ç �	� (R)

|6 N#)U��M.7*2��.)��.�:) =8%.)0) S8M.;�% k#)( d:jlkme�g #$�¨���4 N�	�7�*-,/.70$ =?=Q�pO��*2?e8% =!�#;:$ 58%X}8M.;�% k!=.7��.)A�AV =.78"cT =.7h~U�G��S*-��4.)?W�%#zUL �!�#),KA4.)8� C3Bc�*f�%�K���� +UV =?D��:;.)<-G� O�%�4.;�F���� +,K#�3� =<!�#)G4<23zAV 58�(i#)8%,sQq���L3� 5 C3�@;0)*2:) =�z���4.7�[» ¸ *Y?qv�&� =3�@7¹ ¸ ÆsÛ Ü ÝM@º ¸ ÆSÛ�ßCÝV.7�43I�%�4.;�{���� a�L.7�43�?q.7�43I(i = ��q.)8� [�4#7�{,K#�3� 5<2 =3�@ h*2?W,'G4!M�/?D,/.7<2<2 58W���L.7�UN)Q�|k +!5#),KA4.)8� T*f�F��#lUL C?���A�G�A�AV ��M?(i#)G��43"c���#	?D I8% =!�#;:$ 58%XK8%.7�� l*2?+8�#$G�0)��<2X1])���dQ

4.3 PostureDecision

pO�4 +3� =!5*2?�*-#$�K#7(oAL#	?��%G�8� O*Y?[ =.$?D*2 58W�%#P`	G4.7�	��*-(iX)QW¢b.�:�*2��0!M��#$?� 5�K�l!�<Y.)?%?D C?5@7.)�	XE8� C?DG�<-�[,EG4?D�aUV +!�#),KA4.)8� C3Ec�*-���B�%�� ,K.7���� =,/.;��*Y!5.)<)!M�4.)�4!� [#)(�.�8M.7�L3�#),�!5<2.$?�?�*-v4 58�#)(	c��4*2!M�l�%�� A�8�#$U4.7U4*-<2*f��X/#)(q0$*-:�*2��0B���� l0)#�#�3".7�4?�c� =8O*2?��4Q ��Q�|6 z!M��#$?� .7�6 �&�AL =8�*2,K 5�	�%.)<[A�8%#�!5 =?%?l!5.7<2<2 =3§gD<2 =.�:$ E#)�4 B#$G��%r"c���*Y!M�!�#)�L?D*Y?��M?P#)(b!M��#�#$?�*-��0H#)�� "!5.)?� on/*2��ê¨.)�43N�%#J��8M.7*2�9�%�� ?DX�?D�� 5,�#)�s�%�� Pê4^ÈNP8% 5,/.7*2��*2��01!5.$?D C?+.7�L3s��#/�% =?D�b#)�pn7Q
T� =?�G�<-�%?�.78% z?D�4#;c� C31*2�e�M.7U�<2 E��¦|6 d#$U4?� 58%:) K���L.;�E�%�� d�4 5G�8M.7<��� ���cT#)8%hk*Y?P,K#$8� d.$!5!5G�>8%.7�� ��%�4.7�/�%�� b0$ 5�� =8%.7��#$8[#7({3� C!�*Y?D*2#)�K�%8� = )Qay�#4@$���4 b�� =G�8%.)<�� ���cT#)8%h�?[.78% �UL 5�D�� =8T.7�F0) =�� 58M.7<2*2u5*2��0l���� �3� =!5*2?�*-#$�/,K#�3� 5<_QÍ4#)8q�����r�V@�c� l,K =.$?DG48� ����� z!5#)�� =8� =�4!� I#7(q���� I��8M.7*2��*2��0?D 5�1U	X}���4 H!5.)<2!5G�<2.7��*2#)�~#7(P.N,K*-�4*-,'G�,  58%8�#$8B8M.;�% s���4.7�
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Figure 3. Behavior of { on the data set
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