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Å ÆqÇµÈ�É^Ê�Ë@Ì0Í©È^ÎMÊµÇ

Ï QÑÐOE!Ò-E-QqL@LON_Ó¾E¾E-Ó¾Ô^Õ´HRJaNPJ#ÕIHKJ@G©E-E!QÑÔIÖ�L	×RQÑLaÕ^E¾E�ØFLOÐOHKÒ�LaNP×RQ³×'Ù�ÕFÖ^Ó¸HRQ³G©×FW^Ú³JyÕ´H'Ô©E
H'QIW	Ó¾×RLaNP×RQ	ÔIHRÐOHRÓ;E-LaE!ÐOJªÙ¿ÐO×RÓÜÛFN}W�E-×qJyE`ÝKÖIE-QIÒ-E!J!Y-Þ�Ô^ÔIß_N}Ò-H'LaNP×RQ(HRÐaE`HRJ�HRÔ^Ô´E`H'Ð�N_Q	LOÕ^Exàxá
H'QIWUâIßPÓãÔ^ÐO×FW^ÖIÒ�LON_×KQUä�ÕIE-ÐOE5ÛFN_ÐaLaÖIHRß�HKÒ�La×KÐOJ�Õ´H�ÛRE¾La×³G´E>LOH'ÖIåRÕqL�La×³E�Ø�Õ^NPG^N¨L�ÕqÖIÓ¾HRQ
G´E!ÕIH�ÛFN_×KÖ^Ð�ßPN_VKE5ÕFÖ^Ó¸H'QæÙ�HRÒ-NPHRßµE-ØFÔIÐaE`JaJaN_×KQIJ�HRQIWæÕFÖ^Ó¸H'QçåRE`JMLOÖ^ÐOE!J!Y�Þ�Q^×RLaÕ^E!Ð�HRÐaE`H7×'Ù
H'Ô^Ô^ßPN}Ò-HzLON_×KQ�N}J5LOÕ^EÑÒ-×RQqLaÐO×Rß@×'Ù�ÐOE-Ó¾×'LOEÑJaÚFJyLaE!Ó¸J¸Ù¿ÐO×RÓèLaÕ^EUÔIHKJaJaN_ÛKE
×RGIJaE-ÐOÛzHzLON_×KQé×'Ù
G´×�W�Ú½Ó;×RLaNP×RQIJ!Y�[�Ø^H'Ó¾Ô^ßPE!J¸HRÐaE¹ÐOE-Ó¾×'LOE¹Ò-×RQqLaÐO×Rßx×'Ù	H�ÛzHzLsH'ÐsJ(NPQ½Ó�Ö^ß_LaN_ZdÔ^ß}H�ÚRE!Ð¾åKH'Ó¾E`J
×RÐ¾LaÕIE
ÐaE!Ó;×RLaE
Ò�×KQqLaÐO×Rßx×'Ù�Ða×KG´×RLOJ¾ä�Õ^N}ÒsÕêÓ¾H�Ú½HRÒ�L5NPQëÕIH'ì`H'ÐsW�E-×KÖIJ;H'QIWëW^HRQ^åRE!Ða×KÖIJ
E-QFÛFN_ÐO×RQ^Ó¾E!QKLsJ-Y�àxÕ^E�Ò�ÐOE!H'LaNP×RQT×'Ù�LOÕ^×KJaE�Ó;×�W�E!ßPJxÒ-×RQIJaNPJyLOJ�Ó¸H'NPQ^ßPÚ5×'Ù�LMä�×;ÔIH'ÐaLOJ!íqâIÐsJMLOß_Ú
LaÕ^EîE-ØFLaÐsHRÒ�LON_×KQë×'Ù�LaÕ^EÑJyÕIHRÔ´EÑH'QIWêLOE�ØFLaÖ^ÐOE
×'Ù�LOÕ^E³ÐOE!HRß�Ô´E!ÐOJa×RQéHRQIWëJyE`Ò�×RQ´W�ß_Ú½LaÕIE
H'Ö�LO×RÓ¸HzLONPÒîHKW^H'Ô^LOHzLON_×KQïH'Q´Wêâ^LyLON_Q^åê×'Ù(HRQ�NPQKLOE-ÐON_×KÐ>JaVRE-ßPE�LO×RQ�JyLaÐOÖIÒ�LOÖ^ÐOEîLa×½E�ØFLaÐsHRÒ�L
Ó;×RLaNP×RQ�Y
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LaÕ^N}J#ÔIH'Ô©E-Ð	HRQ³H'Ô^ÔIÐa×qHRÒsÕ7Ù¿×RÐ#Ó¾×'LON_×KQîE!JyLaNPÓ¸HzLaNP×RQÑÖIJaN_Q^å¹H5Õ^NPE-ÐsH'ÐsÒsÕ^N}Ò Ï X�ðñH'ß_Z

åR×RÐON_LaÕ^ÓòNPJ0Ô^ÐaE`JyE!QqLaE!W�YIàxÕ^N}J�N}J�NPß_ßPÖIJyLaÐsHzLaE`W7N_Qîó,NPåIY�ôRYIóIÐa×KÓ:H¾ÐOE!HRß�Ô´E!ÐOJa×RQ
HRQ
N_Q^N_LaN}H'ß



arbitrary pose
3D pointcloud of Set of 3D motion

parameters

Initial 3D model Skeleton

Movable 3D template

using hierarchic ICP

Motion estimation
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W�E!JOÒ�ÐON_G©E!WÑGFÚ7LaÕ^E¸Ó¾×RLaNP×RQ³×RÙ�H¹JyVKE-ßPE�LO×RQ��ªä�Õ^N}ÒsÕÑN}J#â^LaLaE!WÑLO×¹HRQIWÑÒ-×RQ^QIE!Ò�LOE!W³La×¹LaÕIE
Ó;×�W�E!ß�JyÖ^ÐaÙ�HRÒ-ERY,SéÕ^E-QêH'Q HRÐaGIN¨LOÐOHRÐaÚÑÔ´×qJyE¹×'Ù�LOÕ^E¹JOH'Ó¾ETÔ´E!ÐOJa×RQ ÐOE-ÔIÐaE`JyE!QKLOE!WçHRåKH'NPQ
HRJ0JaÖ^ÐaÙ�HRÒ-E�Ó¾×FW^E-ß�N}J@×RG�LsH'NPQ^E!W¹LOÕ^E(ÔIHRÐOHRÓ¾E�LaE!ÐOJ�×'Ù�LaÕ^N}J@Ô´×qJyE(Ò!H'QîG©E�W^E�LaE!ÐaÓ¾NPQ^E!W7GFÚ
H>Ó¾×�W�E-ß�GIHKJyE`WîH'ÔIÔ^Ða×qHRÒsÕ�YªÞ0J#Ó¾×�W�E-ß�JaE-ÐOÛRE`J�LaÕIE;Ó¾×zÛzH'GIß_E �
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ÔIH'ÐsH'Ó¾E�LOE-ÐsJ��Fä�Õ^N}ÒsÕ
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H¸Ò-H'Ó¾E!ÐOH�GIHRJaE!WTÔIHKJaJaN_ÛKE0Ù¿ÖIß_ß�G´×�W�Ú>JOÒ-HRQ^Q^E!Ð!Y
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VqQI×zä�Q
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� ×RG(UME!Ò�LsJ@Ù¿Ða×KÓ:Ó�Ö^ß_LaNPÔ^ß_E
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Ó;×RLaNP×RQ�E`JMLON_Ó¸H'LaNP×RQ(H�JaÔ©E!Ò�N}H'ßFJaE�LaÖIÔ�×'ÙIJaN¨ØFLOE-E-Q�W�N_åKN¨LsH'ßFÒ-HRÓ;E!ÐOHKJ�ÕIHKJ�G©E-E!Q�Ò�×KQIJyLaÐOÖIÒ�LOE!W
ä�Õ^NPÒsÕïNPJ7JaÖ^N¨LsH'G^ßPEîÙ¿×KÐTÖ´JyNPQ^å LOÕ^EæJyÕIHRÔ´E-Z­Ù¿ÐO×RÓ;Z\JyNPßPÕ^×RÖ^E-LyLOE³H'Ô^ÔIÐa×qHRÒsÕ
[�ó,NPåIY�\�]�Y�àxÕIE
Ô´E!ÐOJa×RQ¸N}JxJyN_LaÖIH'LaE`W¸N_Q5Ù¿Ða×KQKL�×'Ù�H(Ó;×KQ^×�ÒsÕ^ÐO×RÓ¸HzLONPÒ�Ò-×KHzLOE!W¸G´HRÒsVFåRÐO×RÖ^Q´W�ä�ÕINPÒsÕ5N}J�ÖIJyE`W
ßPH'LaE-Ð�×KQ³Ù¿×KÐ�JaNPß_Õ^×KÖ^E�LaLaE¸E-ØqLOÐOHKÒ�LON_×KQ�Y¢àxÕ^E¸Ò�×RÓ�G^NPQIHzLON_×KQ³×'Ù�GIHRÒsVFåKÐa×KÖ^QIWîHRQIW³Ò!H'Ó¾E-ÐsH



Digital Cameras

Monochromatic
Background
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(a)                                                                      (b)     

line of sights through 
silhouette contour points

image plane 
with silhouette

focal point 

boundary of a 
volume cone

cameras  

(c)

����� §��I§�� r`¯tjq~	p«mMpsusr!cqegf\mMjquafMh¨r!c
	��¿w���Â,r`cqegf\mMjKuOfMhtr`c�r!k�w���r`¯tjK~	pOf\mMhtu�usr!cqp`���Ä�
��n©r`®R¬­�'htp Á r-k
fMoKpxusr!cqp�htczfMpOmMe\psuOfMhtr`cI���Äu��,±-²é~	r'|Kps¯thtcq�@mMpse\jq¯if

Ô´×qJyN_LaNP×RQIJ>Q^E-E`WêLa×çÙ¿ÖIß¨âIß@Ó¸H'NPQ^ß_Ú½LMä�×çN_Ó¾Ô©×RÐaLOH'QqLTÒ-×RQIJyLaÐsH'NPQqLOJ!í�âIÐsJMLOß_Ú�� >PMNM�Ò-HRÓ;E!ÐOHKJ
Ó(ÖIJyL;JaE-E¸LOÕ^ETÒ-×RÓ¾Ô^ßPE�LOE>Ô©E-ÐsJy×KQçN_QçÙ¿ÐO×RQqL(×RÙxLaÕ^ETÓ;×KQ^×�ÒsÕ^ÐO×RÓ¸HzLONPÒ¾GIHKÒsVFåRÐO×RÖ^QIWæHRQIW
JyE`Ò�×RQ´W�ß_Ú>Q^×¸Ò-H'Ó¾E!ÐOH;JyÕI×RÖ^ß}W¹G´E	ÛFN}JyNPG^ßPE@Ù¿ÐO×RÓòH'QFÚ5×'LOÕ^E-Ð�Ò!H'Ó¾E-ÐsH^Y
àxÕ^ETÔIÐaNPQIÒ�NPÔ^ßPE7×'Ù�LOÕ^E
JyNPß_ÕI×RÖ^E-LyLaE-ZdG´HRJaE!WçÛK×RßPÖ^Ó¾E�LaÐON}Ò>ÐOE!Ò-×RQIJyLaÐOÖIÒ�LON_×KQ Ò-HRQ G©E
W�N¨Z

ÛqN}W�E`W¸N_QqLO×(LOÕ^ÐaE!E@JyLaE!ÔIJ-Y Ï Q¸LOÕ^E0â´ÐOJyL�JyLaE!Ô��qLaÕ^E#JyNPß_ÕI×RÖ^E-LyLaE#×'Ù¢LOÕ^E#ÐaE`H'ßI×KG UME!Ò�L�Ó�ÖIJMLxG©E
E�ØFLaÐsHRÒ�LaE!W�Ù¿Ða×KÓÜLaÕ^ExNPQ^Ô^Ö�L�NPÓ¸H'åRE`J�HKJ�JyÕ^×zä�Q(N_Q¾ó,N_å´YP\^Y Ï Q(LOÕ^ExÔ^Ða×KÔ´×qJyE`W	E-QFÛFNPÐa×KQ^Ó¾E-QqL
LaÕ^E¹JyE!åRÓ¾E-QqLOH'LaNP×RQæ×'ÙxLOÕ^E>Ô©E-ÐsJy×KQ H'åqH'NPQIJML	LOÕ^E>G´HRÒsVFåRÐO×RÖ^Q´W³N}J�Ù�HKÒ�NPß_N_LOH'LaE`WæGqÚUÖIJaN_QIå
LaÕ^E	Ó¾×RQI×FÒsÕIÐa×KÓ¾H'LaN}Ò0G´HRÒsVFåRÐO×RÖ^Q´W [5TRG^ßPÖ^E	JaÒ-ÐaE!E-QTLaE!ÒsÕIQ^NPÝqÖ^E T ]�Y
Ï Q>LOÕ^E�JyE`Ò�×KQIW7JMLOE-Ô��^H¾ÛK×RßPÖ^Ó¾E�LaÐON}Ò@Ò-×RQ^E	N}J�Ò�×KQIJMLOÐaÖ´Ò�LaE`W>Ö´JyNPQ^å¾LaÕIE�Ù¿×FÒ!H'ß¢Ô©×RNPQqL�×'Ù

LaÕ^E(Ò!H'Ó¾E-ÐsH¾H'QIWTLOÕ^E�JyNPßPÕ^×RÖ^E-LyLOE(HRJ�JaÕ^×zä�Q7N_Q
ó,NPåIY � H^Y^àxÕ^E�Ò-×RQFÛRE-Ø>ÕFÖ^ßPß�×'Ù,LaÕIE�Ò�×RQIE
NPJ0Ù¿×RÐOÓ¾E!W7GFÚ¹LaÕ^E�ß_NPQ^E!J@×'ÙµJaNPåRÕqL�Ù¿ÐO×RÓòLaÕ^E¾Ò-HRÓ;E!ÐOH;Ù¿×�Ò!H'ß,Ô´×KN_QqL0LOÕ^ÐO×RÖ^åKÕîH'ßPß�Ò�×KQqLa×RÖIÐ
Ô´×KN_QqLOJ(×'ÙxLaÕIE>×RG(UME!Ò�L;JyNPß_ÕI×RÖ^E-LyLaEKY�óI×RÐ(E`HRÒsÕæÛFN_E!ä Ô´×KN_QqL�JaÖIÒsÕ H
ÛK×RßPÖ^Ó¾E�LaÐON}Ò¸Ò�×RQIE5NPJ
Ò�×RQ´JMLOÐaÖIÒ�LaE`W �©HRQIW
E`HRÒsÕ³Ò-×RQ^E;Ò-H'Q³G´E;JyE!E-Q³HKJ@H5âIÐOJyL#HRÔ^Ô^ÐO×�Ø�N_Ó¸HzLON_×KQ
×'Ù�LOÕ^E�ÛK×RßPÖ^Ó¾E
Ó;×�W�E!ß­Y



Ï QæLaÕ^ETßPHKJML(JyLaE!Ô���LOÕ^E5ÛK×RßPÖ^Ó¾E�LaÐON}Ò5Ò�×KQ^E!J�Ù¿ÐO×RÓãW�N��©E!ÐaE!QqL(ÛFN_E!ä Ô©×RNPQqLOJ�H'ÐOE5N_QqLOE-ÐaZ
JyE`Ò�LaE`W NPQ �
� HRQIW Ù¿×KÐaÓ�LaÕ^E7âIQ´H'ß�H'ÔIÔ^Ða×�Ø�NPÓ¸HzLaNP×RQ ×'Ù0LOÕ^E
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ß_NPVRE0LaÕ^E#G´×KÖ^QIW�NPQ^å;G´×�Ø �KLaÕ^E#Ô©×KJaN¨LON_×KQ>×'Ù¢LOÕ^E
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