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��Ã@�������Ã^��� mo�yv��zesx\�v�\0bWcdmobyv��zb«v��sv�c [\Q]^\�w@\Ged\�hQf/�¤f/ui\�cl\Q]^�ymiel\Q�s_o½�� �o½�t@hQf��yf/�s�r\
wW\�v��skr¬@el\�wzf/b{v �sbz\�v@x\�§O�s\Qbyhj\Vw�� kn]8f/ui\�v6�zbUmi�@~l\Qc�_i½�wWmob@cG�n\�]^m@w [\Q�r\�\�v�c2hjmibzb@�
¨
a=�Ihjmo]^�ymielcl\��n\�v��zkr¬@kIwW\�v6�selkr]«krclkn¬'\�vjti�r\�hQf/�¤hj�z�IwW�#�ymokrb@c!wW\�¬W�z\�\Qc��¤f+]«k|v�\ [fG~lmi�ze
wW\�v��zedkr]^knclkn¬'\QvG¬@k|v�kr�z�n\�vj¨��y\Uhqm'\Q�ze�w@\%bsmocled\8v��sv�c [\Q]^\�\�v�c��¤f%],x\0c Z m@wW\»wW\8hQf��|hj�z�
wW� �ymikrb@c^wW\8¬@�z\'t³§O�sk��zel\Qb{w \Qb¥hjmi]^�zcl\#wW\^�Mf��hjmob¥cle [\¯v+edmo�z�yv�cl\;wW\�v��zedkr]^knclkr¬'\¯v
wW\8c��W�y\#wWk��Gx\Qed\Qb@c ° �ymikrb@cgvjt³wWedmokrcd\�v�\Qc�hjmi�zel�y\�v�_o½ bzmib b�x\¯hj\�vlvdf/knel\Q]^\0bWc�w³x\j¼ybzkn\�v
�yf/e�f/],x\0clelk¤§O�s\Q]^\Qb@cj²�¨���\Qclcd\6],x\Qc Z m@wW\³hjmibyv�k¤v�cl\ [fG�zcdkr�rk¤v�\Qe�wW\�v¶\¯v�clkn]8f/cd\Q�ze�v´elmi�z�yv�cl\�v
wzf/b{v·�zb8�zedm@hj\�vdv��yv [f�wW\Q�! �bzkn¬'\�f/�! #µ��zb8esx\¯v�k|w@�^elmi�z�yv�cd\�\�v�c!hQf��|hj�s�Qx\!�´mi�ze-h Z fi§O�s\
�zelkn]^krcdkr¬'\�\Qc³�zbz\��mobyhjcdkrmib^elmi�z�yv�cd\�wW\�hq\�v�ezx\�v�k|wW�yv�\�v�c�]^knbzkr]«krv@x\Q\'¨ � mocled\G],x\Qc Z m@w@\
\�v�c«wWmibyhUhQf��yf/�s�r\#wW\#wWmobsbz\Qe��zbz\U\¯v�clkn]8f/cdkrmib hjmoedel\�hqcl\8wW�¥�ymokrb@c«wW\8¬W�z\8]À�\0]^\
�rmiegvl§'�z\�wW\¯vG\Qeled\Q�ze�v2wW\�v��skr¬@k�v�\��zelm@wW�sk|v�\0bWc0¨#"��r�n\�\�v�c�f/�{vlv�k��zcdkr�nk|v@x\0\(�ymi�ze�]^\Qclcdel\[f.~lmi�ze��$� \0byv�\Q]��z�n\�wW\�v��zelkn]^krcdkr¬'\0v �selk|v�\�v�\Qb,hjmo]^�scl\8v��ze.cdmo�zcd\8�|fÀvWx\�§'�z\Qbyhq\'t�\Qb
w6x\Qcd\Qel]^knbyf/b@c��n\�v�hjmob@clmi�zegv³�o½5§'�zk	v�mibWc�v��zkn¬Wk¤v¶�rmiegvl§'�z\�w@\Gbzmi�z¬'\Q�n�r\�v¶�selkr]«krclkn¬'\�v
_o½
f/�z�{f/egf�k|vdv�\Qb@cQ¨ � mi�yvG]^mibWcdelmibyv·�¤f+¼	f��zkr�nkrcsx\�wW\�bsmocled\�v��sv�c [\Q]^\�wzf�byv2�r\VhQfowWed\�w��ï�zb
�zelm¯~l\Qc!wW\�esx\�f��rknczx\�f��zuo]^\0bWcsx\Q\'¨
%�Ç{�¯�jÅg�'&(�Ã � �³f/�¤hj�z��w@���ymoknbWc wW\�¬W�s\'t©\�v�clkr]»f/clknmob#elmo�s�yv�cd\'t
el\�hQf��|f�uo\�cl\0]^�ymoel\0�=t
esx\�f��rknczx\�f��zuo]^\0bWcsx\Q\'t@v��zkn¬WkM¨
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º!�ze�f�kr] k|v�cdm��z�skr�|w�f�]^m@wW\0�zel\Quik|v�clegf�clknmob#v��sv�cd\Q] hQf/�{f/�z�n\2m/�Icdegfohg @krbzuVf/b^mi�@~l\�hjcQt
c Z \-]^m@wW\Q�ym/�I£ Z k|h Z k¤v� @bzm�£�b
t'krb8f�b^kr]8f�uo\-v�\�§'�z\Qb{hj\'¨��'�yh Z v��sv�cd\Q]8v�f�el\2m���uiel\�f�c
krb@cl\Qed\�v�c6�mie!f/�zui]^\Qb@cl\�w�el\�f��rkrc��«f/�z�s�rk|h0f/clknmobyvqtzkrb8�yf�elclk¤hj�z�¤f/e�£ Z \Qb#¬Wknelcd�yf/�	mo�@~l\�hjc�v
].�{v�c!�´\�m�¬'\Qel�¤f/k¤w%mob f/b�kn]8f/ui\�v�\�§O�s\Qbyhj\�mie2£ Z \Qb f/bÀmo�@~l\�hqc2krb�c Z \�vlhj\0bz\�]��yv�c
�y\�el\0�z�|fihj\�w.£�knc Z f/bzmic Z \0eGmibz\DCFE6\Qelui\Qe��HGWt � f¯¬'\0�|f��HGzt<IG\Qbzm Z f/e�f.�HG�J=¨Y6Z \Bel\Quik|v�cdegf�clkrmib�v��sv�cl\0]5k|vykrbzknclk|f��rkn¸Q\�w�£�krc Z f6�yv�\QeIv��y\�hqk ¼y\�w-v�\Qc
m��z]^m@w@\Q� �0kr]8f�uo\
hjmoedel\�v��ymobywW\0byhj\�v�f�byw  @bzm�£�b hQf�]^\Qegf8�yf/e�f/]^\0cl\Qe�vj¨ Y6Z \¯v�\#hjmoedel\�v��ymobywW\0byhj\�v�f�el\
�yv�\¯w cdm�\¯v�clkn]8f/cd\^f�b krbzknclk|f��6�ym'v�\'¨ º!byhj\^knbzkrcdk|f��rkr¸0\�w©t
c Z \#v��zv�cl\Q] ]��yv�c(�y\#f/�s�r\
clm;f/�zcdmo]8f�clk|h0f/�r�n�8clegfih¡ 8�\�f/cd�zel\¯v knb�c Z \�kr]»f/uo\¯v2f/bywÀclm#hjmo]«�z�zcl\�c Z \��ym'v�\.�elmi]
c Z \0kre�hjmoedel\�v��ymobywW\0byhj\�v�£�krc Z c Z \«_o½�]«m@wW\Q�=¨U��krbyhj\�c Z \^£³moel�¤w�f�elmi�zbyw*�yv(k¤v2bzmoc
�zkr\¯hj\Q£�k|v�\^�z�¤f/byf�eQt³v�kruibzk ¼´hQf/b@c��\�f/cd�zel\¯v�c Z f�c�hQf/b¥�´\8\� @cle�fohjcd\�w�knb f�b kr]8f�uo\8f�el\
m/�cd\QbÀhj�zed¬'\�w8hjmob@clmi�zegvqt©\�v��y\�hqk|f/�n�r�^k¹��£6\Vhjmob{v�k|w@\QeGmi�zcgw@m'moe�\0bW¬@kredmobz]^\0bWc�vj¨ Y6Z �yvqt
c Z \2�\�f�cl�zed\�v�£6\�hjmibyv�k¤wW\Qed\�w.�moe!�´m�v�\Vhjmo]^�s�zcgf�clkrmib8f/ed\��´mikrb@cgvqt´�nkrbz\�v³f/byw#hj�zed¬'\�vj¨
a=c�k¤v�uo\Qbs\Qegf��r�r� fovdv��z]«\�w�c Z f/c«hjmoedel\�v��´mibywW\Qb{hj\�v�f/ed\8]8f/knbWc�f/krbs\�w�w@�zelknbzu�cle�f¯p

h¡ @krbsuz¨KIGbW�mielcd�zbyf/cd\Q�r��tWcle�fohg Wknbzu�\0elelmiegv�£�kr�n�
v�mi]^\Qcdkr]^\�vIel\�v��z�rc�knbUf�]«m@wW\Q�´�\¯f/cl�sel\
�y\Qkrbzu«]8f/c�h Z \¯w»cdm8f/b�\0elelmibz\Qmi�yvGkr]»f/uo\2�\�f�cl�zed\'¨ "�¬'\Qb;f^v�knbzuo�n\�v��yh Z mo�zcd�rkn\Qe2h0f/bZ fQ¬'\!f(�¤f/elui\�\ �	\�hjc�mob�c Z \Ged\�v��z�nclknbzu2�ym'v�\'¨KLzmoe��ymokrb@c��\�f/cd�zel\¯vjt'elmi�z�yv�c³f��z�zelm�foh Z \�v
f/�n�rm�£5c Z \(�ymikrb@cGcdm^�y\�h0f/cl\0uomoedkr¸Q\¯wUfov�mo�scl�rkn\Qe�moe!bzmicQ¨NM Z \Qb#hj�zed¬'\�w.�\�f/cd�zel\¯vGf�el\
hjmob{v�k|w@\Qel\�w	t´c Z \��zelmi�z�r\0] k¤v·bsmoc�v�m8v�kn]^�z�r\�tyfov2v�mo]^\��yf�elcgv2m��6c Z \��i½�hj�zed¬'\�vGh0f/b
�y\Qe��\�hqcl�r��]8f�cgh Z c Z \�_i½ ]^m@w@\Q�W£ Z \Qel\�fiv¶moc Z \Qe��yf�elcgvBhQf/b��y\�\Qeledmobz\Qmi�yv��n��]8f�cgh Z \�w° v�\Q\DL¶knuo�zed\^�@¨ ���moe�\  zf�]^�z�r\i²g¨ Y m#]8f/ '\�ed\�f/���zedmouiel\�vdvjt�krc�k¤v(c Z \Qb�bs\�hj\�vdvlf/ed��cdm
wW\Q¬@k|v�\�f�elmo�s�yv�c�f��ruimoelknc Z ] hQf/�yf��z�r\�m/�³\� @cle�fohjcdkrbzu�c Z \��yf�elc�vGm/��c Z \(�\¯f/cl�sel\�v�c Z f�c
]8f/c�h Z \�w.c Z \�_i½¿]^m@w@\Q�=¨
E6\�v�k|wW\¯v�c Z \2�ym'v�\Vhjmo]«�z�zcgf�clknmob^�zedmo�z�n\Q]�t'moc Z \Qe��zedmo�z�n\Q]8v�].�yv�c��´\�v�mo�r¬'\¯w«�mie

]8f/knbWc�f/knbzkrbzu�el\Quik|v�clegf�clknmob^m�¬'\Qe³clkr]«\'µIfov�c Z \�h0f/]^\Qe�f(�zb{wW\Qeluim'\�v6]^miclkrmib^£�krc Z el\�v=p
�y\�hjc�clm�c Z \2mi�@~l\�hjcQt'bz\0£ �\�f�cl�zed\�v�]»f¯��f��z�y\�f/e!£ Z kn�r\!mo�|w^mibz\�v�wWk¤vlf/�s�´\¯f/eQ¨POG\Qb{hj\'t
c Z \»v�\Qc�m/�!]^m@wW\0�¶�\�f/cd�zel\¯v(c Z f/c�f�el\^cdegfih¡ '\�wUknb*c Z \^v�\�§O�s\Qbyhj\�].�{v�c2�y\8wW�@byf�]^k p
hQf/�n�r�^�s�©wsf/cl\¯w©¨ Y6Z k|v6]^\¯f/byv6c Z f/c!£6\�].�yv�c�wW\0cl\Qed]^krbz\!c Z \�bz\Q£ _o½¿�\¯f/cl�sel\�v�c Z f�c
�y\�hjmo]«\�¬@k|v�kn�z�r\�knbUc Z \�v�\�§'�z\Qbyhq\�fov!£6\Q�n��fivGc Z \�hqmoeled\�v��ymibywWkrbsu8�o½K�\�f/cd�zel\¯vGc Z f�c
£�kr�n�
�´\�cdegfohg '\�w.knb8c Z \�v��s�yv�\�§'�z\Qb@c6�egf�]^\�vq¨
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��mo]^�s�zclknbzu�c Z \#�ym'v�\8�elmi] �i½���_i½�hjmoedel\�v��ymobywW\0byhj\�v�m/�cd\Qb¥hjmobyv�k|v�cgv�krb c Z \^�mo�¹p
�rm�£�krbsu*v�cl\Q�yvq¨ LIkregv�cQt�]8f/c�h Z krbzu Z �W�ymoc Z \�v�\�v.f�el\#uo\Qbz\0egf/cd\�w©¨ Y6Z \0b
t6c Z \%�ym�v�\Uk¤v
hjmo]«�z�zcl\¯w �yv�krbzu8c Z \�v�\»hjmoedel\�v��´mibywW\Qb{hj\�vj¨8a=bÀc Z \�cle�fohg Wknbzu#hjmob@cl\  Wc0t¶f8elmi�zu Z \�v=p
clkn]8f/cd\^m/�-c Z \«�´m�v�\#k|v�fQ¬if/kr�¤f/�z�n\ ° c Z \8�ym'v�\;hjmo]«�z�zcl\¯w;�mie�c Z \8�zed\Q¬Wknmo�yv(�e�f/]^\i²g¨
OG\Qbyhq\'toc Z \2hjmieled\�v��ymob{wW\Qb@c�hQf�b^�y\2v�\�f/e�h Z \¯wV�mie�knb^f��rkn]^krcd\�w2bz\Qkru Z �ymie Z m'm@w8m/�
c Z \
�zelm¯~l\�hjcl\¯w«�\¯f/cl�sel\'¨
�'knbyhj\�f^v�krbzui�r\�mo�zcd�rkn\Qe2h0f/b Z f¯¬'\Vf+�¤f/eduo\�\	�©\¯hjcGmib�c Z \�el\�v��z�rcdkrbzu��ym'v�\'t©v��y\�hjk|f��

hQf/ed\�k|v�m/�cd\QbUc�f/ '\Qb#krbUc Z \�]8f�cgh Z krbzu��selm@hj\�vdvjt©cdm.ed\�wW�yhq\��ym'vdv�kr�s�r\��Mf/�¤v�\�]8f/c�h Z \¯vj¨
Lzmoe�krb{v�cgf�byhj\'t��ym�£³\ C �ym�£6\��i��J
�yv�\�v�f��selmo�{f/�zkn�rk|v�clk¤h2hjelkncl\Qedkrmib^clm�ui�zk|wW\�c Z \�v�\¯f/egh Z
�moe«hjmoedel\�hqc�hjmielel\¯v��ymobyw@\Qbyhj\�vqt��y\j�miel\8�yv�krbzuÀf�£6\Qknu Z cl\�wÀ�r\�fiv�c�vd§O�{f/el\¯v+knbyhj�r�{wWkrbzu
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Initialization stage

Tracking the set of visible model features in the current image. 

Robust computation of the pose from the tracked features.

Updating the set of visible model features:
- adding new features that become visible,
- removing the features that are no longer visible.

Re-estimation of the pose using the updated set of features

image k->k+1

Step 1

Step 2

Step 3

Step 4

Camera parameters
3D/2D correspondences 
of 4 points 

Initial pose
+ set of visible model features in the 
first image
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c Z k¤v6]^m@wW\Q�n�rknbzu�k¤v6�zel\Qcdc��.�z�¤f/c�f/b@c2f�c!hj\Qelc�f/knb%�s�|fohq\�vj¨

�z�|fihj\�v ° � "F " c Z \^v�cgf�kregh0fov�\�\	�©\¯hjc2mob v�mi]^\�m/��c Z \�f�egh Z \�vGp-v�\0\ L¶krui�zel\��'²g¨��U�yh Z
�y\Qclcd\Qe6ed\�v��z�ncgv³hjmo�z�¤w^hj\Qedcgf�krbz�n���y\2mo�scgf/knbz\�w.£�knc Z f�]«moel\��sel\�hjk¤v�\!]^m@wW\Q�nkrbzust'�yv�knbzu
f%�¤fov�\0eG�moe�krb{v�cgf�byhj\'¨ E6\�v�k|wW\¯vjt
v�mo]^\��\�f�cl�zed\�v2c Z f�c�f/el\�cle�fohg '\�wUkrb�c Z \«v�\�§'�z\Qbyhq\
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 ��������� Z fivG�y\Q\Qb#f/�s�z�rkn\�w.mob
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