
HAL Id: inria-00072554
https://hal.inria.fr/inria-00072554

Submitted on 24 May 2006

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Practical and Polytopic Observers for Nonlinear
Uncertain Systems

Alain Rapaport, Jean-Luc Gouzé

To cite this version:
Alain Rapaport, Jean-Luc Gouzé. Practical and Polytopic Observers for Nonlinear Uncertain Systems.
RR-4079, INRIA. 2000. �inria-00072554�

brought to you by COREView metadata, citation and similar papers at core.ac.uk

provided by INRIA a CCSD electronic archive server

https://core.ac.uk/display/50452232?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1
https://hal.inria.fr/inria-00072554
https://hal.archives-ouvertes.fr


IS
S

N
 0

24
9-

63
99

   
   

 IS
R

N
 IN

R
IA

/R
R

--
40

79
--

F
R

+
E

N
G

ap por t  


de  r ech er ch e 


THÈME 4

INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE

Practical and polytopic observers for nonlinear
uncertain systems

Alain Rapaport — Jean-Luc Gouzé

N° 4079

Novembre 2000





Unité de recherche INRIA Sophia Antipolis
2004, route des Lucioles, B.P. 93, 06902 Sophia Antipolis Cedex (France)

Téléphone : 04 92 38 77 77 - International : +33 4 92 38 77 77 — Fax : 04 92 38 77 65 - International : +33 4 92 38 77 65

����������	
���
���
�������
����������	
�����������! ������#"$�
�%���
���&	'�������)(*�+�����,���
	'�
�,�-�.���0/1�

2�3547698;:+4=<>4=<�?A@&B+CED�F=GH4=8�I�J�KML�NO?AK�PRQ

SUTWV'XZY\[�]_^H`aX
bWced$fg`ihEj�Y
f�hlkmfg`iXZ`enodpfo`ahlj
q Y�norHnsfoV&XZY&n�t
hEXZkWciY'umY&n

v>wghpxyY'f{z|hlXZhlwgY
}0dpk~k7hEwsf q Y\wgY&t�TWY&wgt�TWY�j=��[E�H�$��]��0h$�EY'X��WwoY��p�E�l��]��p��k~dl�lY&n

�����&�'�$�W�l�l��� hEw�d�t
cedlngn
hl� q rHj~dlX�`et'dlc�normnyfgY'X-n&�>��`�fgT�bWj7t
Y'wofgdl`ij�jWhljWca`ajWY&dlw
fgY'wgXZn�t
hEj~no` q Y&woY q
dEn��sbWjW�HjWh$��j�`ajWkWbmf�n¡ ��0��YO�l`a�lY�nsbm¢£t'`iY&jEf*t
hlj q `�fg`ihEj~n-�¤hEw+hE�~nsY&wo�$dl�W`ica`ifyrl¥�¦§Y�noTWh$�¨dpcensh�fgT~d$f
fgTWY'wgY q hHY&n�jWhlf£Y
um`ansf£dpjHr�Y
uWdEt�fZhl�~noY'wg�lY&w�`aj q Y&k7Y&j q Y'jRf£hl�©foT~YªbWjW�HjWh$��j�`ajWkWbWfgn&¥¬«©j q Y&w-foTWY
d qWq `ifo`ahlj~dlc�dEnonobWXZkmfo`ahlj*fgT~d$f{foTWY�bWj~t
Y&wsf�dp`ajRfyr�`en0�=hlbWj q Y q �=��Y��WbW`ac qª­7®o¯E°
±5²³°�¯$´¶µE·�¸'¹
®�º$¹
®�¸ ��T~hEnoY
Y&wowghlw�t'hljH�lY&wo�EY&n»Y
umk=hljWY&jEfg`adlcicarOfgh$��dlw q n»dlj�dpwg�W`�fgwgdlwor�nsX-dpcac¶jWY&`i�ETH�7hEwoTWhHh q hp��foTWY£hEwo`a�l`aj,¥ � hlw
fgTWY��EY'jWY&wgdlc,t'dlnoYl�~��TWY'j*foT~Y
nsrmnsfoY&X%XZ`a�lTRf0�7Y
jWhpf©hE�~noY'wg�¼dl�WcaY»��`ifoTªb~jW�HjWh$��j�`ijWk~bmfgn&�~��Y��WbW`ac q
­Wµ$´�½$±¾µ�­7²³°*µE·�¸
¹'®�º$¹
®�¸ k~woh$�H` q `ij~�£fo`aXZY
¿¾�$dpwgrR`ajW���7hEbWj q n-À q Y'k=Y'j q `ijW��hEjOfoT~Y�bWj7t
Y'wofgdl`ijRfyrª�=hlbWj q ngÁ
hEj�fgTWYOnsfgd$fgY��¼dlwo`edp�~ciYÂn'¥¬¦§Yª`icacib7nyfgwgdpfoY*foTWYÂnsYªwgY&nobWcifgnZhEjÃd§�W`ahlcahl�E`at&dpcUXZh q Y'c0hl�»dÄnyfgwob7t�fob~woY q
k=hlk~bWcadpfo`ahlj,¥
ÅªÆRÇAÈgÉ
Ê �$Ë��l� wghl�~b~nyf\Y&nsfo`aX-d$fg`ihEj,�,jWhEjWci`ajWYÂdpw�hl�7nsY&wo�EY'wÂ�=b~jW�HjWh$��jÌ`ajWkWbmf�n'��kWw�dlt�fg`at&dpcMhl�7nsY&wo�EY'wÂ�
k=hlcarRfohEkW`at»hE�~nsY&wo�EY'wÂ�E�~`ihEcihE�l`et'dpcAXZh q Y'cen
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�� � � �©hlb~n q hljWj~hlj~n q Y&n0t'hlj q `�fg`ihEj~n©nobm¢£nodljRfoY&n q�� hE�~noY'wg�¼dl�W`aci`if���k=hlbWw{bWjWY
t'cadEnonoY q Y
normny¿
fgV'XZY&n q rHj~dpXZ`��Eb~Y&n,d¼�EY&t q Y&n.foY'wgXZY&n.X-dlclt
hEjWjHb~n'¥��0hlb7n.XZhljRfowghlj~n��Rb � `aclj � Y
um`enyfgY>k~dln q�� hE�~nsY&wo�$dpfoY'b~w
Y'uWdlt�f�t'cadEnono`��RbWY��!nohlb~n\c � THrHk=hpfoT~V&noY��RbWY-c � `ij~t'Y'wofo`ifob q Y�YÂnyf��=hlwgj��&Yl�,jWhEb~n�t
hEj~nsfowgbW`anohlj7n{b~j�hE�~nsY&ws¿
�$dpfoY'b~w�kWwgdpfo`��RbWYl� q hEjRf�c � Y'wgwoY&bWw\t
hljH�EY'wg�lY
�EY'w�n»bWjÄ�lhl`eno`ij~dl�lY�dpwg�W`�fgwgdl`iwgY'XZY&jEf»k7Y'fo`if q YZc � hEwo`a�l`ajWYl¥
�»dpj7n0bWjOt&dln�kWcab~n©���'j��'w�dpc5���Rb~dpj q caY
norHnsfoV&XZY�k7Y&bmf©jWY
k~dln �
fowgY�hl�7nsY&wo�$dp�~ciYE�WjWhlb7n©t
hEj~nsfowgbW`anohlj7n
q Y&n¶hE�~noY'wg�¼dpfoY&bWwgnMk=hlcarRfohEkW`��RbWYÂn q hEjWj~dpjRf q Y&n¶�=hlwgjWYÂn q rHj~dpXZ`��RbWY&n0À q �'k=Y'j q dpjRf q Y&n¶`aj~t'Y'wofo`ifob q YÂngÁ
nobWw�caY&n\�$dpwg`edp�WcaY&n&¥-�0hlb7n�dpkWkWca`��Eb~hlj~n�t'Y&n\w!�&nobWc�f�d$f�n#"�b~j§Y'umY'XZkWcaY q Y-X�h q V&ciYZ�W`ahlcahl�E`��RbWY q�� bWjWY
k=hlk~bWcadpfo`ahlj�nyfgwob7t�fob~w��&Y»Y&jªnyf�d q YÂnUhlb*Y'j%$p�EYl¥
&�Ê �Â� È ��' � �ª� YÂnyfg`iX-d$fg`ihEjOwghl�Wb~nsfoYE�~hE�~nsY&wo�$dpfoY'b~w0jWhljW¿5ca`ij��&dp`awgYl�~Y&jRfow!�'Y&n©`ij7t
hlj~jRb~Y&n&�7hE�~nsY&wo�$dpfoY'b~w
k~wgdpfo`��Eb~Yl�mhl�7nsY&wo�$d$fgY'bWwUk=hlcarRfohlk~`��RbWYE�mX�h q V&ciYÂnU�W`ahlcahl�l`��RbWY&n
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l¡jZfgTW`en¶k~dlk7Y&w&�E�|Y0dlwoY�`ajRfoY'wgY&nsfoY q `ijZfgTWY0kWwghl�WcaY'X hp�.hl�7nsY&wo�$d$fg`ihEj�hl�.bWj~t
Y&wsf�dp`ajªÀ¤k~dlwsfg`adlcicar
�HjWh$��j7Á
normnyfgY'X-n&¥nm,Y
f{b~n{t'hlj~no` q Y'w©d£jWhljWca`ajWY&dlw{norHnsfoY&X%hEjOd q hEXZdl`ijpo»�AnobW�~noY
f{hl�
q rts�Àvuxw�ylÁ
�7��`ifoTÌd
ngt'dlcadlwUX�YÂdlnobWwgY'XZY'jRf6z+hp��foTWY\�¤hEcicah$��`ajW���¤hlwgX|{

}v~n�����7�� � � }���� � �\� � }���� �����z � ��� À��ÂÁ
��T~Y'wgY ���i� sM��� } q r � ¥>¦�Y�noT~dpcac=dEnonobWXZY{foT~dpf|fgTWY\XZdlk }���� � �
�� � }���� � � `an�XZY&dEnsbWw�dp�~ciY{��¥ wÂ¥ f�foh� dpj q m!`ik~ngt�TW`if\����¥ w&¥ f&¥ � ¥¶¦�TWY&j�foTWY�X-dlk � `an0k7Y&ws�¤YÂt�focar+�HjWh$��j�dpj q fgTWY�norHnsfoY&X#`enUhl�~noY'wg�$dp�WcaYl�
hEjWY\XZ`i�ETEf��=Y�dp�WcaY\foh q YÂns`a�lj�dpj*hl�7nsY&wo�EY'wUhp��foTWY\�¤hEcicah$��`ij~���¤hEwoX�{

������� }���� �� �M U¡Q}���� �� �\} � ���¢ z �
��`ifoTOdljOdlnorHX�kWfohpfg`at\hEw©Y&�lY'j�Y'uHk=hlj~Y'jRfo`edpc,Y&wowghlw q rRj7dpXZ`at&n
À³bWj q Y&w{nohlXZY
d q~q `�fg`ihEj~dpc!kWwohEk7Y&wsfg`iYÂn'�
noY'Y�fgTWY��yTW`a�lTW¿5�Rdp`ajH �hl�7nsY&wo�EY'w�n0`aj¤£ [W�!��¥ Á
¥£SUTWYZwgdpfoYZhp�Ut
hljH�EY'wg�lY'j7t
Y�fgh$��dlw q nt�&Y'wgh�hl��foT~Y-Y'wgwohEw
t&dpj�foTWY&j��7Y�d q xyb~nsfoY q �WbWj q Y&w��lhHh q THrHk=hpfoT~Y&noY&n&�m��`�fgT�fgTWY��Edl`ij*�lYÂt�fghlw ¡ ¥

¦§Y|j~h$� t
hlj7ns` q Y'w�foT~Y�t&dlnoY���TWY&j�foT~Y��¤bWj7t�fo`ahlj � `an&�$`aj�nohlXZY|noY'j~noYl�'�sbWj~t'Y'wofgdl`ijH �¥:¦{bWwMdp`aX���`acic
�=Y�foh+YÂnyfg`iX-dpfoY�fgTWYZnyf�d$foY��$dpwg`adl�WciYÂn'�7fgdl�H`ijW��`ijRfgh�dlt&t
hEbWjRf©foT~Y
bWj~t'Y'wofgdl`ijRfyr�hljªfgTWY�X�h q Y&c9¥�l¾f\`an
hl� foY&j�fgTWY0t'dEnsYU`aj-XZh q Y'ca`ijW�»fgT~d$f�nohlXZY�k~dlwsf>hp�=foT~Y�X�h q Y&can�dpwgY�j~hpf¶��Y'cacW�HjWh$��j3{��¤hlw>`aj~nsfgdlj~t
YE�l`aj
X-dpfoTWY&XZdpfo`et'dlcmX�h q Y&can¶hp�7�~`ihEcihE�l`et'dpcmnormnyfgY'X-n'£Õ���Z¥¾�pfgTWY0dpj~dlcirRfg`at&dpcR�¤hlwgX�hl�~foT~Y�`ijH�lhEci�EY q �¤bWj~t
fo`ahlj~n
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X-d¼r-�=Y q `�¢£t'bWc�fUfgh�hE�mfgdl`ij �mhlw�nshEXZY{k~dlwgdlXZY
foY&wgn�t'dlj
	~b7t�fob7d$foY\��`ifoT�fo`aXZY»`aj�dpj*bWjW�HjWh$��j+�Ud¼rl¥
z|hEj~no` q Y&w>�¤hlw�`ij~nsfgdlj~t
Y0foTWY q rHj~dpXZ`et'n>hl�.d��W`ihEcihE�l`et'dlcmk7hEkWbWced$fo`ahlj£nsfowgb~t
fobWwgY q `ajZfoTWwgY'Y{dp�lY0t'cadEnonoY&n
À³cadlwo�$dlYl�HrlhEbWjW�-d q b~c�f�n�dpj q d q bWc�f�ngÁ
�m��TWhEnoY�nyfghmt��Hn�À³hlw q Y&j~no`�fg`iYÂngÁUdlwoY { } � � � ��� � ��
 � � q r 
 � {

�� � �� � � ¢�� � � � ¢�� � � �  ��c}���� � � � � 
 ��� � � � � � � ¢�� � � � ¢�� � � ����
 � ��� ���'¢���
���

��T~Y'wgY�fgTWY£k=hEno`�fg`i�EY£t
hHY
¢£t'`iY&jEf�n ��� dpj q ��� woY&kWwgY&noY'jRf�woYÂnsk=Y&t
fo`a�lY'carOfgTWY-�lwgh$�UfoTÄdpj q XZhEwsf�dpca`�fyr
w�d$fgY&n&¥�SUT~Y{wgY'kWwgh q b~t
fo`ahlj£ced¼� �c}���� ��� � ��
 � `en|b~nsb7dpcacir-jWhlf|��Y'cacA�Rj~h$��j£�Wbmf�t'dlj+hp� fgY'j£�=Y�dlngnsb~X�Y q
fgh�	~b~t�fgb~d$fg`ij~�-h$�lY'w�fgTWY\fo`aXZY��7Y'fy�|Y&Y'j�fy�|hZ�HjWh$��j��¤bWj~t�fg`ihEj~n � � � {

� }���� � � � � 
 �! "�c}���� � � � � 
 �# ��}���� � � � � 
 �\�
SUT~Y�hljWcar+d¼�$dp`acadl�WcaY»XZYÂdlnobWwoY&XZY'jRf�`anUfgTWY�nsfohmt��+hl��fgTWY�d q b~c�f�n�k7hEkWbWced$fg`ihEj9{Sz }�� � �_��
 }�� � ¥|¦�T~d$f
t&dpj��|Y�ngd¼rZdl�7hEbmfUfoTWY\YÂnyfg`iX-d$fg`ihEj�hl� � � dlj q ���%$ SUTW`enUY
uWdpXZkWcaY\`anUnsfob q `iY q `aj�foTWY\cedlnsfUnoY&t
fo`ahlj,¥

&�hEwoYª�EY'jWY&wgdlcicarl�|�|Yª��`acac©nsb~kWk7hRnsY�fgT~d$f+foTWYªjWhEjWca`ijWYÂdpw£X-dlk � `en-jWhpf£��Y'cac0�HjWh$��j,���Wbmf�`an
�¤b~j~t�fg`ihEj~dpcacir+�7hEbWj q Y q � ²(' ¹�' fgTWY'wgY�Y
um`enyf��HjWh$��j*X-dpk~n � � � nsb7t�T+fgT~d$f�{

� }���� � �# � }���� � �! � }���� � �\�*)&}���� � � � q r �,+ q r s À9�lÁ
¦�T7d$f©dpwgY{foTWY�t'cadEnono`at&dpc.dpk~kWwohRdlt�TWYÂn¶�¤hEw0hl�7nsY&wo�$d$fg`ihEj+��TWY&j q Y&dpca`ajW�Z��`�fgT�nob~t�T�dpj�bWj~t'Y'wofgdl`ijRfyr $- k7hRnono`a�WciY�dpkWk~wohRdlt�T�foh q Y&no`a�ljOwghl�Wb7nyf»hl�~noY'wg�lY&wgn���`ifoT�woYÂnsk=Y&t
f©fgh£foT~Y�bWj7t
Y'wofgdl`ijRfyr�hlj � `an
fghOt�TWhHhEnoY�dlj�dpwg�W`�fgwgdlwor�X-dpk/.� À¤�=hlbWj q Y q �=Y'cah$� �Hr � dpj q dl�7h$�EY��Hr � Á\dlj q fohOt
hEj~no` q Y&w\foTWY
�EY&t
fohlw 0 }�� � � .� }���� � }�� � � ¢Q� }���� � }�� � � À � Á
dEn�d q `enyfgbWwo�7dpj~t'Yl¥¶SUTWY&j,�W��Y�t'dpj�nsfob q r*t
hEj q `ifo`ahlj~n�b~j q Y'w���T~`at�T*foT~Y'wgY�Y
um`ansf0hl�7nsY&wo�EY'w�n¶fgT~d$f q h
j~hpf q Y'k=Y'j q hEj

0
À³��T~d$f�`an�b~nob~dpcacar»t&dpcaciY q `ij�foTWY|ci`ifoY&wgdpfobWwgY µE·�¸'¹
®�º$¹'®�¸21>² ±43%���65 �=µ71
��² �l­��m±9¸ Á�¥ � hlw

fgTWY�ca`ijWYÂdpw0t&dlnoYl�HjWY&t'Y&ngnodlwor£dlj q nsbm¢£t'`iY&jEf©t'hlj q `�fg`ihEj~n��¤hlwUfgTWY�Y
um`enyfgY'j~t'Y»hl�Mnob~t�T*hl�~noY'wg�lY&wgn»À¤��`ifoT
fgTWYZnodlX�Y q `aX�Y&j~no`ihEjÌdln©foTWYZnsfgd$fgY
hl�>foTWYZnsrmnsfoY&X-Á{dpwgY��HjWh$��j�À9nsY&Y��¤hEw{`aj~nsfgdpj7t
Y �»dpwghlb7dlt�TOdpj q
dlc9¥
£ 8 ¥¤Á�¥:9�bmf&�!�¤hlw\fgTWYZjWhljWca`ajWY&dlw\t&dlnoYl�,Y&�lY&jÌ��TWY&j�fgTWY-nsrmnsfoY&X }v~n� `an q `<;AY'wgY'jRfo`edpcacirªhE�~noY'wg�¼dl�WcaY
��`ifoT�b~jW�HjWh$��j � �U�|YÌnoTWh$�%foT~dpf£foT~Y'wgY q hHY&n-j~hpf+Y'uH`ensf�dpjHr ¹>=H¯l°'± hE�~nsY&wo�EY'wOÀ9nsY&YÌnsYÂt�fg`ihEj��EÁ�¥
�{Y&no`a�ljW`ajW� q `angt
hEjRfo`ajRb~hlb~n�hlw ¸�´à²X�$² �@?BA-µ �E¹ hl�~noY'wg�lY&wgn
`anZdljWhpfgTWY'w-d¼�$dp`acadl�WcaY£foYÂt�TWjW`��RbWY��~bmf-foTWY
t'hljH�lY&wo�EY'j~t'Y©hl��fgTWY�Y'wgwohEwUwoY��Eb~`iwgY&nUwgY&nsfowg`at
fo`a�lY»X-d$fgt�T~`ijW�-t'hlj q `ifo`ahlj7n�hp��foTWY�b~j~t
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