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ÙypUruvyw3f�w'iThyruvyÚTq!jUÚTiTh#jUiIt¨Û;r�k#p1k#pUi�w�h#q�ÜUmui8ÝÞq�ß[v�k*f�k#i
iTv�k#r�ÝµfJk#ruq!j

f�jUtµzUm�k#iTh#rujUà�ß=q�h�t�ruv�ÚTh#iTk#iTá§k#ruÝ1ibv�â�v�k#i8Ý1v}v�gUÜ�ã�i8Ú&k¬k#qMg�jUä�jUqIÛ;j�á�Ü�g�k�á
Ü'q!g�j3t�iIt¨jUq�r�v�i
f�jUt¨w3f�h*f�Ý1iTk#iTh}gUj�Ú8iTh�k*f�ruj�k.â¨f�å(i8Ú&k#r�j�àMw'q�v�v�ruÜUm�â¢æ&çJè
æ&é*ê¬v�â�v�k#i8ÝëÝµf�k�h#r�ì(í+ÙypUi¬w�h#q!Ü�m�iTÝëq�ß(v�k*f�k#i;i8v�k#ruÝµfJk#r�q�j¨ß=q�h°v�â�v�k#i8Ý1v
Û;r�k#p�gUj�Ú8iTh�k*f�r�j�k�âGà�q�i8v�Ü3f�Ú*ä1k#qªk#pUi
iIf�h#m�â^tUf8â�v¬q�ßnf�g�k#q!ÝµfJk#r�Ú
Ú8q!j�á
k�h#q!mnf�j3t`v�r�à�j3f�m}w�h#q�Ú8i8v�v�rujUà�î�f�jUt¢v�iTï�iTh*f�mnf�wUw�h#q!f�Ú*pUi8v©i&ì�ruv�k©ruj`k#pUi
mur�k#iTh*f�k#g�h#i
gUwMk#q�k#p�ruvytUfJk#i!î[æIð ñ�ð!k#pUi;v�k#q�Ú*p3f�v�k#r�Ú
f�w�w�h#q�f�Ú&p`ò�ó�f�m�Ýµf�j
z3m�k#iTh#ruj�à­k#pUi8q�h�â3ô&î�k#pUi;õ1ö÷zUmuk#i&h#r�j�à
k#pUiTq�h�â�î�f�j3tMk#p�i;t�iTk#i&h#Ý1r�j�ruv�k#r�Ú�î
q�h�v�iTk�á�Ý1i8ÝMÜ'iTh#v�pUruwSî�f�wUw�h#q�f�Ú&pSí
ø�k­ruvbjUqIÛ�ÛyiTm�m�ä�j�qJÛ;jdk#pUf�k
k#p�i�v�k*f�j3t�f�h*tdó�f�muÝµf�j`zUm�k#iTh¨ù�úTû�h#i&á

ü gUr�h#i8vµf�j�f�ÚTÚ8g�h*fJk#idÝ1q�t�i8m;q�ß
k#pUi^w�h#q�Ú8i8v�vµgUjUt�iTh¨Ú8q!j�v�r�t�iTh*f�k#ruq�j[î
f�jUtGf�v�v�gUÝ1i8v°q!jUm�â¢ý�þ!þ�ÿ���ÿ=ç�æ°g�jUÚ8iTh�k*f�ruj�k�âµq!jµk#pUibw�h#q�Ú8i8v�v;f�j3tµÝ1iIf�á
v�g�h#iTÝ1i8j�kGi ü gUf�k#ruq!j�v8î�r�j�k#p�i�ß=q�h#Ý q�ßMo­f�gUv�v�r�f�j j�q!ruv�i!í ø�ß©k#pUi8v�i
h#i ü gUr�h#i8Ý1iTj�k#v
f�h#iMjUq�k­Ý1iTkIî'k#pUiMó�f�muÝµf�jdz3m�k#iTh­ÝµfIâ�m�i8f!tdk#qGw'q�q�h
w'iTh�ßAq�h#Ýµf�j�Ú8i!î'v�iTiYßAq�h­ruj�v�k*f�jUÚTiGù ���Jû§í
Ùyp�ruvbß�f�ÚTk­Ý1q�k#ruï!fJk#iItGß=g�h�k#pUiTh
h#i8v�iIfJh#Ú&pGrujFk#p�i
t�ruh#iTÚTk#ruq!j^q�ß[h#q�ÜUg�v�k#jUi8v�v¬ruj1k#pUibv�k#q�Ú&pUf�v�k#ruÚ­v�iTk�k#rujUà�î
v�i8i©i!í à�í6ù ��û§î6ù�ú���û§î�ù ���Jû�î�ù ����û§í	bq�ÜUgUv�kbz3m�k#iTh#rujUàFp3f�v­f�m�v�qGÜ'i8i8j`iTì�k#i8j�v�r�ï!i8m�âdv�k#g3t�r�i8t`ruj¢f�jOõ ö
ßAh*f�Ý1iTÛyq�h#ä'í³ø�j k#pUruv1v�iTk�k#rujUà�î}k#p�i^iTì�q!à�i8jUq�gUv1rujUw�g�kªv�r�à�j3f�m�ruvµf�v�á
v�gUÝ1i8t k#q¢Ü'i^iTjUiTh#à�âDÜ'q!gUjUt�iIt�h*fJk#pUiTh¨k#pUf�j]o­f�g�v�v�r�f�j[í�
bj³õ1ö
z3m�k#iTh�ruvbt�i8v�ruà!j�iIt�v�gUÚ*p^k#pUf�k;k#pUi­Û°q�h#v�k�á�ÚIf�v�i
��à�f�ruj��Fq�ß�k#pUi©v�â�v�k#i8Ý
ruv;Ý1r�j�ruÝ1r��TiItSîSù�ú��Iû�î�ù�ú���û§í
ÙypUi¨f�wUw�h#q�f�Ú*pdk*f�ä�iTj¢rujdk#pUruv­wUf�w'iTh
ruv©t�iTh#ruï�i8tdß�h#q!Ý k#pUiMt�iTk#iTh�á

Ý1rujUruv�k#ruÚ�r�j�k#iTh#w�h#iTk*f�k#ruq�jdq�ß�k#pUiYt�r�v�Ú&h#iTk#iTá§k#ruÝ1i©ó�f�muÝµf�j^zUm�k#iTh
à�ruï�i8j
ruj ù ��û§í Ùyp�i]t�iTk#iTh#Ý1rujUruv�k#ruÚ z3m�k#iThOruj ù �Jû1Û¬f�vQv�pUqIÛ;jëk#q¯à!ruï�i³f
v�k*f�k#iGi8v�k#ruÝµf�k#iFrujDk#p�iFßAq�h#Ý q�ß
f�jÈi8mum�ruw�v�q!r�tUf�m�v�i&k1q�ß
f�mum¬w'q!v�v�ruÜ�m�i
v�k*f�k#iTv�ÚTq!jUv�ruv�k#i8j�k¬Û;r�k#pGk#p�i­à!ruï�iTj^Ý1iIf�v�g�h#i8Ý1i8j�k#v°f�j3tFf¨t�iTk#iTh#Ý1ruj�á
ruv�k#ruÚdf!t�t�r�k#ruï�i^t�i8v�ÚTh#ruw�k#ruq�j]q�ß�k#pUiFjUq�ruv�i!í³ÙypUi^r�t�iIf¢q�ß­w�h#q!w3f�à�fJk�á
rujUàDi8mumuruwUv�q!r�t�v�q�ßYÚ8q�j�z't�i8jUÚTi`ßAq�h^v�â�v�k#iTÝ1vFÛ;r�k#p i8mumur�w�v�q!r�tUf�m©jUq�r�v�i
à!q�iTvbÜUf�Ú*ä^fªmuq�jUà¨Û¬f8â���w�h#i8Ú8g�h#v�q�h#v�ruj^k#pUruv¬z3i8m�tFr�j�Ú8mug3t�i©ó©g�h��8pUf�j�á
v�ä�rMù�ú���û§î���Ú&p�Û°i8wUw'i�ù ���Jû§îbÛ;p�q!v�i`r�t�iIf�vFÛ°iTh#idm�f�k#iTh^t�iTï�i8muq!w'iIt³Ü�â
x°pUi&h#jUq!g�v�ä�qdù ��û§î���f�v�ä�f�h#qJïdf�j3t��bq�h�k#q!j ù�ú���û+f�j3t
 
ï�v�i8i8ï�ruÚ&pQù ���Jû§í
ÙypUiTv�i1f�g�k#pUq�h#v
Ú8q!j�v�r�t�iTh©k#pUiYÚIf�v�iªÛ;r�k#pQf�tUt�r�k#ruï�iMjUq!ruv�i!î�f�v�v�g�Ý1rujUà
k#p3fJk+k#pUi¬v�k*f�k#i&á�v�wUf�Ú8i;w�h#q�Ú8i8v�v°ÝµfJk�h#ruÚ8i8vnf�h#i;iTì�f�Ú&k#muâMä�jUqIÛ;j[î!ruj¨w3fJh�á
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k#g�h#i8tÈg�jUÚ8iTh�k*f�ruj�k�âDf�å(iTÚTk#v¢æ&ç�æ&é&êGv�â�v�k#i8Ý ÝµfJk�h#ruì(í#
 v�ruÝ1r�m�fJhµf�w�á
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k*f�ruj�k.âdt�i8v�ÚTh#ruÜ'iItdÜ�â`f��2��gUÝ��
g3f�t�h*f�k#ruÚ¨x°q!jUv�k�h*f�ruj�k��Gruv©f�v�v�g�Ý1iIt
q!jGk#pUi­v�â�v�k#i8Ý�í
ÙypUi�ä�i&âÈh#iTv�gUm�kFw�h#i8v�i8j�k#iItÈruvµk#pUf�kµi8mumuruwUv�q�r�t�vGq�ß©Ú8q�j�z't�i8jUÚTi�q�ß

Ý1rujUruÝµf�m���v�rr�8i���ò�v�g�Ý q�ß�v�iTÝ1ruá�fJì�ruvymui8j�à�k#p�v�q�h;ï�q!mug�Ý1iJônÚIf�j^Ü'i
h#i&á
Ú8g�h#v�r�ï!i8m�âMÚTq!Ý1wUg�k#iIt�r�jMw'q!m�â�jUq�Ý1r�f�m�k#ruÝ1i!î�ï�r�fbruj�k#iTh#ruq�h�á�w'q!ruj�knÝ1iTk#p�á
q�t�vbß=q�h­Ú8q!j�ï�iTì�q!w�k#ruÝ1rr�IfJk#r�q�jDù ��úTû§í�
ëv�r�Ý1rum�f�h­w�h#q!Ü�mui8Ý�î'v�k*f�k#i8t¢ruj
k#pUi;Ú8q�j�k#iTì�k°q�ßx'���ý���ÿ*)°v�â�v�k#i8Ý1v8î�ruv°i&ì�w�muq�h#iIt1rujdù ��û§î�Û;pUrumui
w�g�h#i¬v�k*f�k#i
w�h#i8t�ruÚTk#ruq!jµò=Û;r�k#pUq�g�k[Ý1iIf�v�g�h#i8Ý1i8j�kSr�j�ß=q�h#Ýµf�k#ruq!j3ôSruv�v�k#gUt�ruiIt©ruj1ùuú���û§í� ð�������ý���ÿR��%�Uq�hnf
v ü gUf�h#i¬Ýµf�k�h#r�ì��Qî|�����Mò=h#i8v�w[í�������ô6Ý1iIf�j�v6� ruvnv�â�Ý¨á
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Ýµf�ì�ruÝµf�m�h*f�jUäªv�gUÚ*pµk#pUf�k�����������î�f�j3t�����t�i8jUq�k#i8v°k#p�iMò/�^q�q�h#iTá�6i8j�h#q!v�iJôywUv�iTg3t�q�á�r�j�ï�i&h#v�i­q�ß��Yí
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k#pUi¢':¶�ý(·�æ�¸1ý���é*ÿ�¹Yq�ß�k#pUi�i8mumuruwUv�q!r�t(í�ÙypUruv�h#iTw�h#i8v�i8j�k*fJk#r�q�j`ÚIf�jdpUf�j�á
t�mui
�Bº3f�k��1i8mumuruwUv�q�r�t�v8î(v�gUÚ*pdf�v�w'q!ruj�k#v�q�hbr�j�k#iTh#ï�f�muv8í»
�j�f�muk#i&h#j3f�k#ruï�i
t�iTv�ÚTh#ruw�k#ruq!jYruj�ï!q!muï�i8v(k#pUinv ü g3f�h#i8t�v�pUf�w'inÝµf�k�h#r�ì�¼´�� � �½nî�¼°��� §���¾¥ ¤�§ ¼°�÷ò ¤�¿ £¤ ôTò ¤^¿ £¤ ô:½�®=À�Á�pUi8j�¼Â����îIk#p�inw�h#i8ï�ruq!gUv[iTì�w�h#i8v�á
v�ruq!j�ruvbf�muv�q1i ü gUruï�f�mui8j�kyk#qU���ÄÃ ¤�§ ò ¤U¿ £¤ ô ½ ¼ÆÅ [ ò ¤¢¿ £¤ ô�­ ú=Ç»À
ÙypUiÈ�.v�rr�8i��Gq�ß°f�j`i8mumur�w�v�q!r�t`r�v­f1ßAgUj�ÚTk#ruq!j`q�ßnk#pUiYv ü g3f�h#i8t`v�pUf�w'i

Ýµf�k�h#r�ì�¼ªî�f�j3tOÛ;rumum°Ü'iµt�i8jUq�k#iIt�É�òR¼�ô&í^Ùyp�h#q�gUà�pUq!g�k�k#pUruv�w3f�w'i&hIîÉ�òR¼�ôyruvbi8r�k#p�iThbLy?�òR¼�ô&î�Û;pUruÚ*pdÚ8q�h�h#iTv�w'q!j3t�v�k#qMk#pUi©v�gUÝ q�ßnv ü gUf�h#i8v
q�ßnk#pUiYv�i8Ý1r�á�f�ì�i8v­mui8j�à�k#p�v8î(q�h©muq!à°t�iTkJòR¼�ô&î'Û;p�ruÚ&p`ruv­h#i8m�f�k#iItdk#q1k#pUi
ï�q�m�g�Ý1i!í
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(a) Robust Filter (b) Kalman Filter 
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Ý1rujUruÝªg�Ý¨á�ï�q!mugUÝ1i¢f�j3t�Ý1rujUruÝªg�Ý¨á§k�h*f�Ú8i¢ÚIf�v�iTv8í ÙypUiDj�gUÝ1iTh#ruÚIf�m
Ú8q�Ý1wUmuiTì�r�k.âOq�ß�k#pUiµw�h#q�w'q!v�iIt�z3m�k#iTh#ruj�àOf�muà!q�h#r�k#p�Ý1vªruvªÚ8q�Ý1w3fJh*f�ÜUmui
k#q`k#p3f�kªq�ßbk#pUiFv�k*f�j3t�f�h*tDó�f�muÝµf�j zUmuk#i&hIíDÙypUiGw�h#i8v�i8j�k#iIt�h#i8v�g�m�k#v
f�h#ibï!f�mur�tµqJï�iThyf�zUjUr�k#ibk#ruÝ1i�pUq�h#rr�8q�j���ruj�zUjUr�k#ibp�q�h#rr�8q�j^f�j3tµÚ8q!j�ï�iTh�á
à!iTjUÚ8i©ruv�v�gUiTv
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ÚIfJk#r�q�jUv;Û;r�k#p�jUq�j�á�v�k*f�k#ruq!jUf�h�âGw�h#q�Ú8iTv�v�i8v
q�hbv�ruà�j3f�muv8í°ø�k�ruvbiTì�w'i8Ú&k#iIt
k#p3fJk¬k#pUruvyk#i8Ú*pUj�r ü g�i!î�f�j3t1k#pUibh#i8m�f�k#iIt�f�wUw�h#q�f�Ú*pUiTv�i&ì�w�muq�h#iItFr�jOù ��û§î
ù�ú��Jû�î�v�pUq�gUm�tµÜ'i
f�wUwUmuruÚIf�ÜUmui­ruj^f�ï�f�h#ruiTk.âµq�ß�ÚTq!j�k#iTì�k#v8î�h*f�j�à!rujUàYßAh#q!Ý
h#q!Ü�gUv�k+ß�f�rum�g�h#i
t�iTk#i8ÚTk#ruq�j¨k#q©m�q�Ú8f�murr�If�k#ruq!jFw�h#q�ÜUmui8Ý1v8î�f�j3tMr�t�i8j�k#r�z3ÚIfJá
k#ruq!j�q�ß�v�â�v�k#i8Ý1vyÛ;r�k#p�v�k�h#gUÚ&k#g�h#iItFgUjUÚTiTh�k*f�ruj�k.â�í� )7d{%@��e»ÿ�æ�þIñ�æI¸µæI%��*'
ÙypUiÈw3f�w'i&h�p3f�vQÜ'i8j�iTzUk#i8t÷ßAh#q!Ý ruj�k#i&h#i8v�k#rujUà t�ruv�Ú8gUv�v�ruq�jUv f�j3t

ï�f�mug3f�ÜUmuiMruj�wUg�k;ß�h#q!Ý v�i8ï�iTh*f�m6w'i8q!w�mui!î(rujUÚ8mug3t�rujUàU	�í#�yf�m�f�ä�h#ruv�p�j3f�jSî�(í��°qIâ�tSî�l¬í��\fiTh#q!jSîv
�í�ó©g�h��8pUf�jUv�ä�r�î�f�jUtã	�í�Ù�i8Ý1w'q�í6Á�i
wUf�h�k#ruÚ8g�á
m�f�h#m�â�k#pUf�jUäé
Yí-�bi8Ý1r�h#qJï�v�ä�r(ß=q�h©pUruv
p�i8muw�h#i8à�fJh*t�rujUàFv�i8ÚTk#ruq�j¢ø�ø�ø�á.xbí
'
v�i&ß=gUm+Ú8q�Ý1Ý1i8j�k#vbß�h#q!Ý k#p�iMh#i8ï�ruiTÛyi&h#vMf�j3tdk#pUiÆ
bv�v�q�Ú8r�f�k#iµlnt�r�k#q�h
f�h#i�f�muv�q1à�h*f�k#i&ß=gUmum�âdf�Ú&ä�j�qJÛ;muiIt�à!iIt(í
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Û;pUi&h#i <¯r�vyt�iTzUjUiIt¨ruj`ò�ú���ô&íx
�jUi8Ú8iTv�v#f�h�âFf�jUt1v�g 
1Ú8rui8j�k°Ú8q!jUt�r�k#ruq!j
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v�i8j�k#iItFr�j�ÙypUi8q�h#i8Ý ú!í 
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