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R STS UWVYXJPZLM;A[TFTDG?CBGNOFIX\BE?A;A?A]!]3LMBEFI^�_!D`?A;bac;CBEDELM[T[T?AFIHJ_!?WHcLdBE?e FQfGBEDgXJ?CBEFhfGXJ;A;iLkjcLQfG_lHJ?�XJPcLkNh_!HJ?iLkDELM[T?AFTPcLdBmLnBEDGLk?A;�^JDGFQfEfG?ANhFkoQLQ;AFQDG_l^JDG_!HJ_!BGBGFh_?A;�^JDGFTfGfG?ANhFkoQLM;iFQDG_lfgBE?ANOLMBEF\prqWXJ_3fgBEFnac;CBEDGFkVlfG^�_3fGfGFhX\BE?A;A?A]!]3LMBEFk^�_!DsFMBGBE_!PJ_3Dg_lXJPcLNh?A[T;A?AFTDG_WoQLQ;AX\BmLQ]!?AFTPJ_>HJ?�XJP-HtLdBEFkFQBGBG_3PuX\BEFkHcLQ;A;iLn;A_'BGBEXJDELnHJ?�^J?Av-fE_!PJfGFTDG?xwJFQ[TPuXJPcFe LMDELMBGBE_!DG?A]!]3LMBEFyHcLzXcP{DGXJNhFTDg_�HJ?sNh?AfEXJDELyL3oT_3P|BE_ e LMDELMBGBG_3DG?AfgBE? em} _�HJ?C~�_!DG_!PuBE?sPJ_!;BE_!NO^tF���_1�uXJ?APcHJ?�PJ_!;A;�Ln��DG_3�uXJ_!PJ]�LT��p�*_!D e FQfGBEDGXJ?ADg_1XJP�ac;CBEDGFhHJ?
K1LQ;ANOLQP�fGFTPJFhPJ_ e _!fEfELQDg?
?�fE_![TXJ_!PuBE?�?APJ[TDG_!HJ?A_!PuBE?x�

• � PcLkfG_3Dg?A_1HJ?
Nh?AfGXJDG_1fGXJ;
fG?AfGBE_!NOLkHcLkfGBE?ANOLMDG_T�
• � L e FTPJFQf e _!PJ]�LsHJ?TXcP1NhF�HJ_!;A;AF9NOLMBE_!NOLMBE? e F9;A?APJ_�LMDG_�HJ_!f e DG?CBGBE?CoTF9Hc_!;TfE?AfgBE_!NOL\�
•

:<;�NhF�HJ_!;A;AFhfGBmLdBE?AfGBG? e FhHJ_!?
DGXJNhFQDG?
fGXJ;A;A_1Nh?AfEXJDG_Q�
�*_!Db;iLOHJ_3f e DG?A]!?iFQPJ_�HJ_!;@fG?AfGBG_3NOLOHJ?APcLQNh? e F`;A?APJ_3LQDG_Qw�PJFTP�fGBmLM]3?AFQPcLQDG?AF`_6BG_3Nh^�F`HJ?��f e DG_'BEFJwufG?cXJfE?APJF6?cfG_3[QXJ_3P|BE?cfG?ANnj�FQ;A?xw|BE_3PJ_!PJHJF e FTP|BEF e�} _9?c^�_!HJ? e ? k fEFTPJF1X\BE?A;A?A]3]3LMBE?^�_!D9BE_!PJ_!DG_ e FTPuBEFOHJ_!;A;x� ?AfGBmLMPuBE_1?iP e XJ?�fG?�_'~�_'BGBEXcLh;x� FT^�_!DELQ]!?AFTPJ_6HJ?�LQ[T[Q?iFQDGPcLQNh_!PuBEFHJ_3;A;iLkfgBE?ANOL\�

• Sk

��o|_!BgBEFTDG_lHc?�fgBmLMBEF\�
• uk

��o|_'BGBEFTDg_1HJ_![T;A?�?iPJ[QDG_!fEfG?x�
• yk

�ro|_'BGBEFQDG_�HJ_!;A;A_�Nh?AfGXcDg_T��;AF`fgBmLMBEF`HJ?�XJPYfG?AfGBE_!NOLOVnLho|FQ;CBE_�HJ?ADG_'BGBmLMNh_3P|BE_Nh?AfGXJDELQjJ?A;A_Qw�L>o|FT;CBG_9HJ_!oT_9_!fEfG_!DG_9Nh?AfEXJDELdBEF6LMBGBEDEL3oT_3DGfGF1[TDELMPJHJ_3]!]!_9;AFTDGF1_!��XJ?��oQ�M;A_3P|BE?JFl?A; e XJ?\oQLQ;AFTDG_sDGLQ^J^JDG_!fE_!PuBELl;iL e FQNnjJ?APcLQ]!?AFTPJ_sHJ?JXJPcL>F1^J?AvkoQLQDg?iLQjJ?A;A?HJ?@fGBELMBEFJw�^�FQfEfG?AjJ?A;ANh_3P|BE_�fE^�FQD e LMBEF�HcL`_!DGDGFTDG?@HJ?@NO?AfGXJDEL`F�HcL`?ANh^JDG_ e ?AfG?AFTPJ_PJ_!;A;iLkNhF�HJ_!;A;A?A]!]�LM]3?AFQPJ_1NOLMBE_!NOLMBE? e LkHJ_3;�fG?AfGBE_!NOLk;A?APJ_�LMDG_Q�
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• ωk ª6«J¬A­g®E¯J°G±�²�­E¯J³A³A²�­g®m´M®E²\ª�°G´QµJµJ°G¶!­E¶!·u®E´�¸T³A¬�¬A·J¸Q°G¶!­E­G¬�¹mºc¶O´Q¸Q¬i­G¹!²T·J²�¬A·¦»O´�¼·c¬A¶!°E´k¬A·J¹!²T·|®E°G²T³A³i´M±J¬i³A¶l­E¯J³A³A²h­g®m´M®E²h«J¶!³
­G¬A­G®G¶3»O´�½
• υk ªk°g¯J»O²Q°G¶`­G¯J³A³A¶`»h¬A­G¯J°G¶Tªn°g¯J»O²Q°G¶`«J¬�³A¶'®G®E¯J°E´�µJ°G¶!­E¶!·|®E¶`·J¶!³�¾|¶!®g®E²T°G¶O«J¶3³A³A¶»O¬A­G¯J°G¶s°G¬A­Gµ�¶'®G®E²6´M³\¾Q´Q³A²T°G¶s¹mºc¶9´3¾�°G¶!±J±�¶!°G²1¬A·h¹!²T·J­G¶!¸T¯J¶!·c¿3´l´Q³\¾Q´Q³A²Q°G¶9´M®G®E¯c´Q³A¶«c¶!³A³A²h­g®m´M®E²h¶1«J¶!³A³A¶l¾Q´M°G¬i´Q±J¬A³A¬
«J¬�¬A·J¸T°G¶!­G­E²JÀ
• Qk ª�»`´d®E°G¬A¹!¶r«J¬u¹3²�¾Q´M°G¬i´Q·J¿3´b«J¶3³u«J¬A­g®E¯J°G±�²W­G¯c³A³A²W­g®m´M®G²Jª�°E´QµJµJ°G¶!­E¶!·|®m´b³i´9¾Q´Q°G¬i´d¼±c¬A³A¬C®mÁn­G®E´M®E¬A­g®E¬A¹�´n«J¶3³�¾T¶!®g®E²T°G¶l«J¶!¬�«J¬i­g®E¯J°G±J¬�­G¯J³A³A²h­G®E´M®E²�Â�¬A³�¾|¶!®g®E²T°G¶lºc´k»h¶!«J¬i´·�¯J³A³i´|Ãs²�¾u¾|¶!°G²`³i´Oµ�²Q®E¶!·J¿3´`«J¶!³�«c¬A­g®E¯J°G±�²`¬A·|®E°G²u«J²Q®G®E²`·J¶!³@­G¬A­G®G¶3»O´O¹�ºJ¶6«c¶'¾�¬i´³ÅÄ ´M·J«c´Q»h¶!·u®E²�«J¶3³A³A¶k¾Q´Q°G¬i´M±c¬A³A¬�«J¬�­g®m´M®E²�°G¬A­Eµ�¶'®G®G²�´�Æu¯J¶3³A³A²�µJ°G¶'¾|¶!«J¬A±J¬A³A¶h«c´Q³A³i´¹3²Q·J²T­E¹!¶!·J¿3´>«J¶!³�¾|¶'®G®E²Q°G¶�«J¶!¸T³A¬\¬A·J¸T°g¶3­G­E¬�¶�«c´Q³A³i´W³i¶!¸Q¸T¶�³A¬A·J¶�´M°G¶�¹�ºJ¶�·J¶�¸Q²�¾|¶!°G·c´³ÅÄ ¶'¾|²Q³A¯J¿3¬A²Q·J¶T½
• Rk ª9»O´d®E°G¬A¹!¶n«J¬@¹!²�¾Q´Q°G¬i´M·J¿�´O«J¶3³@°G¯J»h²Q°G¶n­G¯J³A³A¶�»O¬A­G¯J°G¶Qª9°E´MµJµJ°G¶!­E¶!·u®m´O³i´O¾Q´d¼°G¬i´Q±J¬A³A¬C®mÁ�­G®E´M®E¬A­g®E¬A¹�´�«J¶!³�¾T¶!®G®G²T°G¶O«J¶!¬�«J¬A­g®E¯J°G±J¬�«c¬�»h¬A­E¯J°E´¦Â�¾T¶!®g®E²T°G¶`´�»h¶!«J¬i´·�¯J³A³i´|Ã�¶>°E´QµJµJ°G¶!­E¶!·|®m´n³i´�µ�²Q®E¶!·J¿3´n«J¶!³�«J¬A­G®G¯c°g±�²k­G¯J³A³i´n»h¬A­G¯J°E´n¬A·|®E°G²u«J²Q®G®m´�­E¯¹3¬i´M­E¹!¯J·c´k«J¶3³A³A¶l»O¬A­G¯J°G¶6´M¹3¹!¶!­E­G¬A±J¬A³A¬x½
• Pk ª
»`´d®E°G¬A¹!¶Ç«J¬T¾Q´Q°G¬i´M·J¿�´s«c¶!³A³xÄ ¶!°G°G²T°g¶Ç­G¯J³A³A²b­G®m´d®E²Jª
°E´QµJµJ°G¶!­E¶!·|®m´9³i´s¾Q´Q°G¬i´M±J¬A³A¬C®mÁ«c¶!³A³xÄ ¶!°G°G²T°g¶b­G¯c³A³i´1­g®E¬A»O´1«J¶3³A³A²6­g®m´M®E²6¹!²T·J­G¶!¸T¯J¶!·u®E¶b´Q¬t«J¯J¶sÈx´M®G®E²Q°G¬t«J¬c«J¬A­G®G¯c°g±�²Â�¶3°g°G²T°G¶1«J¬�»h¬A­E¯J°E´k¶l«c¬A­g®E¯J°G±�²h«J¶!³A³A²h­G®E´M®E²uÃm½
• Kk ªW»O´M®G°G¬A¹3¶n«J¬*¹3²Q°G°G¶!¿3¬A²Q·J¶k«J¶!³A³i´�­G®G¬A»`´�ªW¬A·J«J¬A¹�´�¬A³*³A¬C¾|¶!³A³A²-«J¬@Éc«J¯c¹!¬i´-´M­E­G¶�¼¸T·c´M®m´`´Q³A³i´`»h¬A­G¯J°E´`°g¬A­Eµ�¶'®G®E²�´Q³A³i´hÉt«J¯J¹!¬i´�´M­E­G¶!¸T·c´M®m´`´Q³A³i´O­G®E¬A»O´O«c¶!³A³A²`­G®m´d®E²¬i·O±c´Q­G¶W´Q³c¾Q´Q³A²Q°G¶bµJ°G¶!¹!¶3«J¶!·|®E¶b¶W´Q³t»h²u«J¶!³A³i²6»O´M®E¶!»O´M®G¬i¹!²6¹�ºJ¶b·J¶b°E´MµJµc°g¶3­G¶!·�¼®m´O³xÄ ¶'¾|²Q³A¯J¿3¬A²Q·c¶Q½tÊ*´Q·|®E²O»O´Q¸T¸Q¬A²T°G¶6Ë1¬A³
¾Q´Q³A²T°g¶6«J¬ Kk ÌJ®m´Q·|®E²O»O¬A·J²Q°G¶1Éc«J¯J¹!¬�´»O¶!°G¬C®m´k³i´k­g®E¬A»O´k±c´Q­E´M®m´k­E¯J³�»h²�«J¶!³A³A²h°G¬A­Gµ�¶!®g®E²O´Q³A³i´k»h¬A­E¯J°E´k°G¬Aµ�²Q°g®m´M®m´�½
• Ak ª�»O´M®E°g¬A¹3¶�«J¬9­g®m´M®G²Jª�»O´M®E°G¬A¹!¶�«c¶!­G¹!°G¬C®G®E¬C¾Q´Í«J¶!³A³xÄ ¶'¾|²Q³A¯J¿3¬A²Q·J¶�³A¬A±�¶!°E´Í«J¶!³A³i´¾Q´Q°G¬i´Q±J¬A³A¶l«c¬�­G®E´M®E²h°G¬A­Gµ�¶'®G®E²O´Q³�­E¯J²k¾Q´Q³A²Q°G¶6´M®g®E¯c´Q³A¶Q½
• Bk ªn»O´M®E°G¬A¹!¶`«J¶!¸T³A¬Ç¬A·J¸Q°G¶!­E­G¬xªk»O´d®E°G¬A¹3¶O«J¶3­G¹!°G¬C®G®E¬C¾Q´�«J¶!³A³ÅÄ ¶'¾|²Q³A¯J¿3¬A²Q·J¶OÈ�²T°g¿�´d®m´«c¶!³A³i´n¾Q´Q°G¬i´M±J¬A³A¶1«J¬
­g®m´M®G²O°g¬A­Eµ�¶'®G®E²O´M³�¾Q´Q³A²Q°G¶6´d®G®E¯c´Q³A¶1«J¶!³A³xÄ ¬A·J¸T°G¶!­G­E²J½
• Hk ªh»O´d®E°G¬A¹!¶�«J¶!³A³A¶�¯J­G¹3¬C®E¶Qªh»O´M®G°G¬A¹3¶`«J¶!­E¹!°G¬C®G®E¬C¾Q´�«J¶!³�¾Q´Q³A²T°G¶�´Q­G­E¯J·|®E²Y«c´Q³A³A¶¾Q´Q°G¬i´Q±J¬A³A¬t»h¬A­G¯J°E´M®E¶b¬A·OÈ�¯J·J¿!¬A²T·J¶b«J¶!³c¾Q´Q³A²T°G¶W´d®G®E¯c´Q³A¶b«J¶!³A³i´1¾Q´Q°g¬�´M±J¬A³A¶b«J¬t­G®m´d®E²J½Î ¶O¸T°E´M·J«c¶!¿!¿!¶`¶!³A¶!·J¹�´d®E¶`ºc´M·J·c²�³A¶`­G¶!¸T¯J¶!·u®E¬�µJ°G²Qµc°g¬A¶!®mÁ¦Â�«J¶3­G¹!°G¬A¿!¬i²Q·J¶`«J¶!³�»h²�«J¶!³A³A²­g®m´M®E¬A­g®E¬A¹!²`«J¶!¸T³A¬�¶!°G°G²Q°G¬xª E[.] °E´QµJµJ°G¶!­G¶3·|®m´h³xÄ ²Tµ�¶!°E´d®E²T°G¶6«J¬�¹3´Q³A¹!²T³A²O«J¶!³A³�´k¾Q´Q°G¬i´M·J¿�´TÃ¶1«J¶'Éc·J¬A¿!¬i²Q·J¬xª
• Qk = E[ωkω

T
k ] ½J¶!­E­G¶!·J«c² E[ωjω

T
k ] = 0 µ�¶!° j 6= k ½

• Rk = E[υkυ
T
k ] ½c¶!­G­E¶!·J«J² E[υjυ

T
k ] = 0 µt¶3° j 6= k ½
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• E[ωjυ

T
k ] = 0∀j,k á

• P0 = E[(S0 − S)(S0 − S)] â3ã|ä!åJæJçhæJä'ècåcéCêGç S = E[S0] áë<ì
í çuæJä ìAì ç í âMêEä í âMêGéiî!çhæJä ì
ï é ï êGä í âkð1æJä'ècåJéCêEçhæcâ ìAì ä1ä!ñuòcâQó!éAçTåJé ï ä!ôTòJä!åuêEéxõ
Ev oluz ione dello stato Sk = Ak−1Sk−1 + Bk−1uk−1

Ev oluz ione della misura yk = HkSk öx÷WøAùdú
ûßüþý�üþý ÿ��������	��
���
���������������������
��	���	��

� ä ìAì ä ��ç"! í ò ì ä"#�é ï é í%$ ç ì é ö'&gú ä ö ( ú éAåJæJéCã\éAæJòcâQåJç ì ç ï êmâMêEçzâMêGêEòcâ ì ä�æJä ìAì â ï êEé í â ø) òcâQåJæJç>òJåtâbãQâ"!Géiâ $ é ì ä�ð ï ä!ôTòJéCêmâ>æcâ ì\ï é í*$ ç ì ç ö'&gú ï é\éAå|êEä!åJæJä�é ì ãQâ ì ç+!Gä ï êEé í âMêEç-,�ä.!,	!Gä3æJéAó!éAçTåJä"#�ñuòtâMåJæJçnð ï ä!ôTòJéCêmâ6æcâ ìtï é í*$ ç ì ç ö ( ú ï é�éAå|êEä3åJæJäbî0/JäWð ï êmâMêEânâ1,	, ì éAî3âMêEâì âOî!ç+!2!Gä!ó!éAçTåJä6æcç�ã�ò\êmâ`â ì ãQâ ì ç+!Gä�âMêGêEòcâ ì ä�æJä ìAì â í é ï ò	!Eâ ø 3�4 ò ï ç`æJä ì@ï é í%$ ç ì ç ˆ ï ò ìAì âãQâ"!Géiâ $ é ì ä S î5/cä6!Eâ",	,	!Gä ï ä3å|êmâ ì ç ï êmâdêEçYæJä ìÇï é ï êEä í â�#�ð`åJä!î!ä ïGï â"!GéAç7,�ä.!*!géiî!ç"!Gæcâ"!Gäî0/Jä�î!ç í òJåJñ�òJä"#�é ì ãQâ ì ç"!Gä�æJé S î3â ì î!ç ì âdêEçYð ï ç ì çYòJå 4 â1,	,	!Gç ïGï é í âQó!éAçQåcä`æJérñuòJä ìAì ç!Gä3â ì ä øûßüþý�ü98 :;�<��= ý?>@�A���A
��A�?�A��
�
��?
���
���������������������
��	���	��


• B åJä!î!ä ïGï â"!GéAçC,�ç ïGï ä!æJä.!Gä ì ä í âMêD!GéAî!é�î5/JäE!Eâ",	,	!Gä ï ä!å|êmâQåJç ì94 ä!ãTç ì òJó!éAçTåJäkæJä ìAì çï êmâMêEç ö Ak # Bk ä Hk ú á
• B�åJä!î!ä ïEï â"!GéAç¦âQôQôTéAç+!Gåcâ1!Gä ì ä í âMêD!géiî!ésî0/JäF!Eâ1,	,G!gä ï ä!åuêmâMåJç ì âzãQâ"!GéiâMåJó�âÍæJä!éæJé ï êEò	! $ é ï ò ìAì ç ï êEâMêEç ö Qk ú ä1æJä ì !Gò í ç+!gä ï ò ìAì â í é ï ò	!Eâ ö Rk ú á
• H�é
ò ï âhòJå�ãQâ ì ç+! í ä3æJéAçOæJä ìAì ç ï êmâdêEçOéAåJéAó3éiâ ì ä S0 ,�ä.!béAåJéAó!éiâ ì éAó!ó3â"!Gä1åcä ìAì94 â ì ôQç &!GéCê í çhé ì ãQâ ì ç+!GälæJä ìiì ç ï êmâMêEç ï êEé í âMêEçOâ ìAì94 é ï êmâMåuêEä k − 1 # S+

k−1 ø3 âhî3ç ï âI,JéKJ�î!ç í , ì ä ïGï âhæcâkãQâ ì ò\êmâ"!gä6åJä ìAì âE��â ï ä1æJé�éAåJéAó!éiâ ì éAó!ó�âMó3éAçQåJä6æJä ìAì94 â ì ôTç &!GéCê í ç-ðnòJåcâ ï êEé í â�éAåJéAó!éiâ ì änæJä ì ãQâ ì ç+!GänæJä ìAì â í âMêD!GéAî!ä Pk ø L åYãQâ ì ç"!GänéAåJæJéAî�âdêEéCã|çæJétñuòJä ï êmâ í âdêD!GéAî!äM,Jò	NO,�ä.!2N6ä ïGï äP!gäbçQêGêGä3åuò\êEç�âQ,câ"!gêEéK!gäbæcâ ì ãQâ ì ç+!Gä9éAåJéAó3éiâ ì äbæJé Qk øR !gé í â>æJétâdêGêEéCãQâ"!Gä ì94 â ì ôQç+!GéCê í ç	#|ðséAå<�xâMêGêGéG,tç ïGï é $ é ì äséCêEäP!Gâ"!GäS,JéTJkãTç ì êEä ì94 ä ï ,	!Gä ïEï éAçTåJäî0/Jä-î!ç í ,câ"!Gä-åJä ì�ì ç�ç",$æJä ì è ì êD!Gç ö P−

k = Ak−1P
+

k−1A
T
k−1 + Qk ú ècåJçyâYî0/Jä Pk!EâQôTôQéAòJåJôTähòJåÍãQâ ì ç+!GähæJé�î3çQåuãTäP!GôQä3åJó3â ø U â ì äkãQâ ì ç"!GäI,Jò	N�ä ïGï äP!GäkòJêGé ì éAó3ó3âMêEç�î!ç í äòJåF,JòJå|êEçhæJé�,câ"!gêGä3åJó3âE,JéKJ�ã|ä.!Gç ï é í é ì äQ,täP! ì94 â ì ôQç+!GéCê í ç ø3 âsî!çTå|ã|ä.!GôTä!åJó3âsæJä ì î�â ì î3ç ì ç9æJéTòJålãQâ ì ç+!Gä�éAåJéAó!éiâ ì ä�,�ä.! Pk â3ãuã\éAä!åJä�âsî!çTåJæJéAó!éAçTåJäî0/Jä"#Qî3ç í äræcâM,G!gä í ä ïGï â<# ì â í âMêD!géiî!äræJé ï êEâMêEç Ak æJéiâ ì òJçTôTç>âMænòJå ï é ï êGä í â ï êmâ $ é ì ä øV ç í ä�,	!Gé í çsãQâ ì ç"!Gä�,�ä.! Pk ,Jò	N9ä ïGï ä.!Gä�ò\êEé ì éAó!ó3âMêEçsòJålãQâ ì ç+!gä�ñ�òcâ ìAï éiâ ï é9#MâQælä ï ä í ,JéAçòJåcâ í âdêD!GéAî!ä1òJåJéCêmâ"!Géiâ ø3 ä í âMêD!GéAî!é Qk ä Rk

ï çTåJç ï ç ì éCêEâ í ä3å|êEä-ò\êEé ì éAó!ó3âMêEä-ä-æJä'ècåJéCêEä-î3ç í ä í âdêD!GéAî!éî3ç ï êmâMåuêGé ø H�,�ä ïGï ç<#céAå<�xâdêGêEé9#cåJçQåF/câ ï ä3å ï ç í ç�æJéCècî3â"!GåJä1é ì ãQâ ì ç+!gä1æJò	!EâQå|êEä ì ä ï êEé í äÓXW�Ó
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k2l	mPm.n.kDk2oqprnts	nPuKuKvwk�x5yzxDv	{}|~y1uqprv+uqx5y��-�Gl	�wn.k2kDn.�2ntm.v+�	kDoK�"uKoTy"�	oKuKni�IvXs	oq�Gm`y1�2n Qk

n
Rk
��n.�QxDn.�	n.�*m.v+�rxDv7s	o?�Gy"��xDoKm.v+uTy1�2o��9y1x2x2v+�2o9�~m.v+�In�y1s�n.k2n.�6�	oKv<�~l	�GyFmPv"�	sGoK�.oKv+�	ns	o��6y"�"�+oKv+��nOs	oKk2xDl	�2�cv k2l	uKuKv k�x5y1x2v s	n.u�k2oKk2x2nP�6y<�GvzpXprn.�2v6s	o��	�2n.k2nP�	�PyIs	o��6y"�+�"oKv+�2on.�2�2v+��o	kDl	uKuTy-�IoKkDl	�Dy��r�Iv"xDoqp"y1x2oGy"sIn.k2nP�I�	oKv�sGy"u	�6y1uK�el	�	�PoKv"�cy1�InP�rxDv�s	o	l	�Ik2nP�	k2v+�2n"{

�������9� ���<�������7���	���S�����A ?¡��£¢���¤A¤A ¥�r�<¦~�< 
§Q_z¨�©ª\e«X\ed�j�¨@©ª¨�]�]ea­¬	aG_z\eaG®~\�]e¨@©ª\�¯�^Pa	^Pd±° oXn.kDn.�+l	n�uTyM�	�2n.s	oK�.oKv+�	n�s	nPuKuTySp+y1�2oTy"�	oKuKnsGo�k�x5y1xDvIoK�²�cy1kDnQy"uKuKnQoK�<��v"�2�6y"�.oKv+�	o�m.n.��xDnQm5³	nQk2o�³Gy"�	�	vIs	n.u��IvXs	nPuKuKv<´

Ŝ−

k = Ak−1
ˆS+

k−1 µ9¶ {¸·+¹
º bcb�\edc_1j�aGhf¨�j�^Pd�©�¨<]�]ea­¬	aG_z\eacj�«rai©�¨�]�]�»K¨X_`_zdc_z¨@¯P¼ª]�]ed�¯.^Pa<^`d±° ory1�+�+oKv"�2�GySoKu1p+y`½uTv"�2nSs	nPuKuTy-p"y1�2oTy"�	�Py�s	n.uKu9¾ nP�2��v+�2nSoK�6�Gy1kDn¿y"uKu9¾ l	uqxDoK�6y�k�xDoK�6y�s	nPu	s	oKk�xDl	�2��vQk2l	uKuKvk2x5yzxDv	´

P−

k = Ak−1P
+

k−1A
T
k−1 + Qk−1 µ9¶ { Àr¹

Á ¾�sGy��	v"x5y1�2nEm.v+�In"���	n.uKuTyC�	��oT�6y ��v"�2�%l	uTy�k2oTy²y1�	�	uKoKm`yzx5y�uTyCuKn.�+�"nEs	oÂn�prv+uKl	�.oKv+�	ns	n.uKuKvÃk2x5yzxDv	�Mk2n.�	�`y�oKu�m.v+�Xx2�2oK�	l<xDvÃs	v`p<l<xDvÄy1�+uKo�oK�	�+�2n.kDk2o9{ ° n­ÅXl	n.k2xDo�k2v+�	vÃ�	v"xDo9�uTy�uKn.�+�+n@s	o�n.prv"uKl	�PoKv"�	n­s	n.uKuKvÃk2xDy1xDvÃs	n�prn@nPk2kDn.�2n­y"�	�	uKoKmPy1x5y��	n.uKuTy�kDlGyfp+nP��kDoKv+�	noK�rxDnP�"�Dy"uKn µ Sk = Ak−1Sk−1 + Bk−1uk−1
¹0{�Æ�u�mPv"�XxD�Dy1�2oKv	�	k2n��+uKo�oK�	�+�2n.k2kDo��	v"�²kDv"�	v�	v"xDoSÇ²�	nPm.n.kDkDy"�2oKvim.v+�	k2oKs	n.�Dy"�2n²oKu¿m.v+�rxD�2oK�	l<xDvis	n.�+uKoSoK�	�+�2n.k2kDoSm.v+�InFl	�ws	oKk2x2lG����v�	v+�²�IoKkDl	�Dy1�	oTuKn�nQÅXl	oT�	s	o�sGyEoK�	kDn.�2oK�2nQ�	n.uKuTyE�6y1xD�2oKm.n Qk

{È y�uKn.�+�"n¿s	oGy"�"�+oKv+���cy1�InP�rxDvQs	n.uKuTy��6y1xD��oKmPnSs	o<p"y"�2oTy"�	�Py�s	n.uKu9¾ n.�2�2v+�2nSk2lGuKuKv�k2x5yzxDvÇQs	o�kDn.�I�	uKoKm.nQoK�Xx2nP�2�	�2n�x5y1�PoKv"�	n+´
• kDn Qk

Çf�Xl	uKuKv	�QuTyÄp"y"�2oTy"�	�Pyws	n.uTu9¾ n.�2�2v"�2nfk2l	uKuKvÉk�x5y1xDvÉy1�Gs	�2ÊÉyws	oK�IoK��l	oK�2nÅ�lGy"�rxDvI�	oKËFk�x5y1�GoKuKoK�.�Py"�rxDnQÇQuTyE�6y1x2�2oKmPn�s	o�k�x5y1xDv Ak Ì
• Å�lGy"�rxDvC�6y1�+�+oKv"�2nEÇ Qk

��x5y"�rxDvC�6y"�+�"oKv+�2n%oK�	mPoKs	n.�DÊ�oKu~s	oKk2xDl	����vCkDl	uKuKvCk�x5yzxDv�Gn.uKu9¾ n.�2�2v+��nQm.v+�I�	uKnPk2k2oqprvIs	o�k�xDoK�6y<{
��������Í ���<���Î�S�@Ï�¦�¤�Ï� ?¤A Ð¢���¤EÑ?Ò�¦�¢�¦?Ñ�¡� ¥¢��EÓ£¦�¤2Ô�¦?¡
Õ u��"lGy"sGy"�+�	v Kk

�2oKk2l	uqxDn.�DÊ*�6y1�+�+oKv"�2n�v*�IoK�Gv"�2n-yOkDn.m.v+�	sGyOkDnM�	�2n.p"y1uKn�u9¾ oK�	mPn.��x2nP�.�Pys	n.uKuKvIk2x5yzxDv P−

k
vIu9¾ oK�Gm.n.��xDn.�.�`yEk2l	uKuTyE�IoKkDl	�Dy Rk

´
Kk = P−

k H ′

k[HkP
−

k H ′

k + Rk]
−1 µ9¶ { ÖX¹× v+� Kk = I ����v"k2xDvim0³	n Ck = I ��u9¾ y"uK�+v"�2oqxD�IvfsGÊi�	oKn.�Gyt�Gs	l	mPoTyiy"uKuTyi�IoKk2lG�2yn�Ø�n�x2xDlGy1x5y�{�ÙªnP� Kk

xDn.�	s	n.�XxDn¿y-�Pn.�2v<�Xu9¾ y1uK�+v+�2oqx2�6v-xDn.�	s	nP�2ÊQy�m.v+�<��n.�2�6y1�2nSoTu<p"y1uKv+�2n�	�2n.s	n.x�xDvIsGy"uKuTyEk2xDoK�6y��Gm.v+�InQoKuKuKl	k�xD�Dy1xDvI�	n.u��Gy"kDk2vIkDl	m.m.n.kDk2oqprv	{
ÚXÛ�Ü
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�@���� J¡C¢A£A¤*¥'¥
 §¦�¤*¡J¡§¤�¨�¤*¡J©�¤'ª
«�¬�­�®�¯�°!±$²!³ z ∈ <m ´*µ1¶ ³ ´*µP·

zk = h(Sk, υk) ¸/¹8º »>¼
´ ¬A½>³ ωk

³ υk
² µ ¾$¾ ²!³�°�³�­ ¶�µ ­$¬¿²!¯�° ¾ ³ ¶!¶ ¯D½ µ ®-³�­ ¶ ³=¯
²!±$®-¬�²�¯ ´ ¯ ¾ ²�¬�«�³�°�°!¬¿³ ´ ¯
®-¯�°!±$² µP·

ωk
³ υk

°!¬�­$¬ ¾ ²!¬�«�³�°�°!¯
­$¬ ²!® µ À ¯ µ À ³ µ1¶ ¬�²!¯ µ ®-³ ´ ¯ µ ­H± À�À�µ º�Á ¬�¯�«&Â*Ã=­*¬ ­b«�¬�­$¬�°!«�¯ µ ®-¬¯�° ¶&µ ­ ¶ ³ ¾ ³(²3¯�° ¶&µ ­ ¶ ³-¯ À ½ µ À ¬�²!³ ´ ¯ ωk
³ υk

¾ ¬�°!°!¯ µ ®-¬ µ ¾$¾ ²!¬ °�°!¯�® µ ²!³ À ³�³�Ä ºC¸ ¹8º:Å ¼ ³³�Ä ºC¸ ¹8º » ¼ «(¬ ®�³ ·
S̃k = f( ˆSk−1, uk−1, 0) ¸/¹8º Æ>¼

³
z̃k = h(S̃k, 0) ¸/¹8º�ÇAÈ�¼

´ ¬A½>³ ˆSk−1
Ã À�µ ° ¶ ¯�® µ¿µ0¾ ¬�° ¶ ³�²!¯�¬�²!¯ ´ ³ À�À ¬¿° ¶&µ�¶ ¬ ¸ ²!³ À�µ1¶ ¯D½>¬ µ À'¾ ²!³�«�³ ´ ³�­ ¶ ³8¯�° ¶&µ ­ ¶ ³ ´ ¯« µ ® ¾ ¯�¬�­ µ ®-³�­ ¶ ¬ k − 1 ¼hºÉ ­ µ ° ¾ ³ ¶�¶ ¬�ÊJ¬�­ ´*µ ®-³�­ ¶&µ À ³ ´ ³ À�À/Ë Ì�Í3Î Ã�«hÂ$³ À ³ ´ ¯�° ¶ ²!¯�Ï$±*Ð�¯�¬ ­*¯ ¸ ¬ À ³ ´ ³�­$°!¯ ¶&Ñ­$³ À « µ °�¬d«�¬�­ ¶ ¯�­�±$¬ ¼ ´ ³ À�À ³b½ µ ²!¯ µ Ï$¯ À ¯ µ À ³ µ�¶ ¬ ²!¯�³�­$¬ ­]²!¯�® µ ­$Ò�¬ ­$¬�­$¬�²!® µ�À ¯ ´ ¬ ¾ ¬ À ³¶ ² µ °!ÊJ¬ ²!® µ Ð�¯�¬�­$¯W­$¬ ­ À ¯�­$³ µ ²!¯ º�Ó Ë Ì�Í#ÎÕÔ ÄH±$¯�­ ´ ¯ Ô Ã@°!³�® ¾*À ¯�«�³�®-³(­ ¶ ³@±$­$¬�° ¶ ¯�® µ1¶ ¬�²!³´ ³ À�À ¬3° ¶&µ�¶ ¬ µ ´ Â$¬H«V«&Â$³ µ�¾$¾ ²!¬�°!°�¯�® µ�¾ ³(² À ¯�­$³ µ ²!¯�Ð(Ð µ Ð(¯�¬ ­*³ À/Ë ¬ ¶�¶ ¯�® µ À ¯ ¶&Ñ#´ ³ À�À�µ ²!³�Ò ¬ À�µ´ ¯ ¹ µAÖ ³�° º

×^ØÚÙ)Ø�Û ÜMÝGÞ�ß
à$á�â�áKã�ä8Ýæå8ÝGç�è�çêé�à*ã
Ó ¯�­$³ µ ²!¯�Ð�Ð�¯ µ ®-¬-¯�­ ¶ ¬ ²!­$¬ µ À�À�µ ° ¶ ¯�® µ-À ³#³(Ä ºC¸ ¹8º:Å ¼ ³3³�Ä ºC¸ ¹8º » ¼ ·

Sk ≈ S̃k + A(Sk−1 − ˆSk−1 + Wωk−1 ¸/¹8º�Ç�ÇA¼
zk ≈ z̃k + H(Sk − S̃k) + V υk ¸/¹8º�Ç1ë ¼

´ ¬A½>³ ·
• Sk

³ zk
°�¬ ­*¬-¯�½>³ ¶!¶ ¬�²�¯ ´ ¯�° ¶&µ1¶ ¬-³ ´ ¯G®-¯�°!±$² µ-µ�¶!¶ ± µ�À ¯/ì

• S̃k
³ z̃k

°�¬ ­*¬^¯#½>³ ¶!¶ ¬�²�¯ ´ ¯3° ¶&µ1¶ ¬^³ ´ ¯0®-¯�°!±$² µ^µ ¾$¾ ²!¬�°!°�¯�® µ1¶ ¯ ´*µ1¶ ¯ ´*µ À�À ³³(Ä ºC¸ ¹8º Æ ¼ ³3³�Ä ºC¸ ¹8º�ÇAÈ ¼ ì
• Ak

Ã À ¬�í µ «�¬�Ï$¯ µ ­$¬ ´ ¯ f ²!¯�° ¾ ³ ¶!¶ ¬ µ S Ô « µ À «�¬ À�µ�¶ ¬c¯�­ (Ŝk−1, uk−1, 0)
Ô «(¯�¬HÃµ�¶!¶ ¬�²�­$¬ µ�À�À�µ ° ¶ ¯�® µ «�¬�²!²!³�­ ¶ ³ ì

• Wk
Ã À ¬@í µ «�¬�Ï$¯ µ ­$¬ ´ ¯ f ²!¯�° ¾ ³ ¶!¶ ¬ µ ω Ô « µ À «�¬ À�µ1¶ ¬-¯�­ (Ŝk−1, uk−1, 0) ì

• Hk
Ã À ¬@í µ «�¬�Ï$¯ µ ­$¬ ´ ¯ h ²!¯�° ¾ ³ ¶!¶ ¬ µ S Ô « µ�À «(¬ À�µ�¶ ¬-¯�­ (S̃k, 0) ì

• Vk
Ã À ¬@í µ «�¬�Ï$¯ µ ­$¬ ´ ¯ h ²!¯�° ¾ ³ ¶!¶ ¬ µ υ Ô « µ À «�¬ À�µ1¶ ¬-¯�­ (S̃k, 0) ì

îHï*ð
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ẽSk
≡ Sk − S̃k A/B 7�CED5F�G
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ẽzk

�=�-�#���=��
�
%�&�$X^7 A B 7�C$J FT���h ��h�	�$��������� A ���(���	���#�����KF+;=
��#�	���=�niG��
�
����o�(����	�#��
��-�	�:
/? ���	�	���	�_�=�(���	�������$�������
ẽSk

�=�-�#�0�=��
�
%�`�$X^7 A B 7�CUb FO7dp: ����6���`�	�#��
��Z."�ON��:���Zl�����ON����	��
��I�����
êk
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ẽSk
ẽT
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k+1 = ŝ−k+1 + Kk+1(zk − h(ŝ−k+1, 0)) �	��
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)
ŝ+
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Hk �+�=� �38�ü�&'��: ! ü����(� !
h ÿ ! ý"�^û �$� �&ü s -.&$ü�� &����%ü � � ! � (ŝ−k+1, 0) -.& ! ����ü �$� ��ÿ$���&ü�� �%ü
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