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Abstract

A linear parameterdependentapproachfor design-
ing a static output- feedbackcontroller for lin-
eartime-invariantsystemswith multiplicative noise
which achieves a minimum bound on either the
stochastic��
 or the �	� performancelevel is in-
troduced. A solution is obtainedalso for the case
where,in additionto the stochasticparameters,the
systemmatricesresidein agivenpolytope.Thethe-
ory developedis demonstratedby asimpleexample.

1 Introduction

The analysisand designof controllersfor systems
with stochasticuncertaintiesreceived much atten-
tion in the past(see[1] andthe referencestherein)
wheremainly robust stability hasbeenconsidered.
Recently, arenewedinterestin thisproblemhasbeen
encounteredandsolutionsto the stochasticcontrol
problemhave beenderivedthatensurea worstcase
performanceboundin the �	� sense[2]-[9] .

Systemswith parameteruncertaintiesthataremod-
eledaswhitenoiseprocessesin a linearsettinghave
beentreatedin [4]-[6], for thecontinuous-timecase
and in [3],[7]-[9] for the discrete-timecase. Such
models of uncertaintiesare encounteredin many
areasof applications(see [3] and the references

therein)suchas: nuclearfission and heat transfer,
populationmodelsandimmunology.

The deterministic static output-feedbackproblem
hasattractedthe attentionof many in thepast[10],
[11]. The main advantageof the static output-
feedbackis thesimplicity of its implementationand
the ability it provides for designingcontrollersof
prescribedstructuresuchas PI and PID. An algo-
rithm has beenpresentedrecently by [12] which
under some assumptionsis found to converge in
stationaryinfinite horizonexampleswithout uncer-
tainty. A sufficient condition for the existenceof
a solution to a special caseof the static output-
feedbackproblemhasbeenobtainedin [13]. This
conditionis in somecasesquiteconservative.

In the presentpaperwe solve the stochasticstate-
multiplicative ��
 and �	� static control problems
for discrete-timelinear systemsthat containstate-
multiplicative white-noiseparameteruncertainties
in the matricesof the state-spacemodel that de-
scribes the system. We apply the simple de-
sign methodof [14] for deriving the static output-
feedbackgainthatsatisfiesprescribedstochastic��

and �	� performancecriteria. Sincea constantgain
cannot be achieved in practice and all amplifiers
have somefinite bandwidth,we add, in seriesto
the measuredoutput of the system,a simple low-
passcomponentwith atransferencecloseto identity.
A parameterdependentLyapunov function(LPD) is
then describedfor the augmentedsystemwhich is
obtainedby incorporatingthestatesof theadditional



componentinto thestatespacedescription.

Notation: Throughoutthepaperthesuperscript‘ � ’
standsfor matrix transposition,
�� denotesthe � di-
mensionalEuclideanspace,
 ����� is the set of all����� realmatrices,� is thesetof naturalnumbers
andthenotation����� , (respectively, � ��� ) for �"!
 ����� meansthat � is symmetricandpositive defi-
nite(respectively, semi-positivedefinite).Wedenote
by # 
%$'&)( 
 ��* the spaceof square-summable
 �,+
valuedfunctionson theprobabilityspace$-&)(/.0(/1 * (
where & is the samplespace,. is a 2 algebraof
a subsetof & calledeventsand 1 is theprobability
measureon . . By $3.54 * 476/8 we denotean increas-
ing family of 2 -algebras.54:9;. . We alsodenote
by <= 
 $ �?>/
�� * thespaceof nonanticipativestochastic
processes@�A 4�B�C @�A 4%B 476�D E/F �HG in 
�� with respectto$3.54 * 476�D E/F �IG satisfyingJKJ LNMOJKJ P QRKSUT5VXWZY0[\ JKJ LNMOJKJ PN] T^Y0[\ VXW JKJ LNM_JKJ PZ]a` � F W LNMb] 6dce Pgf 8^hjilk G
where mjm%nUmjm is thestandardEuclideannorm. We de-
note by Tr @on B the traceof a matrix and by p_qsr the
Kroneckerdeltafunction.

2 Problem Formulation

Weconsiderthefollowing linearsystem:t 4vuXwxCy${z}|�~���4 * t 4�|}��w���4�|�$'� 
 |����74 *g� 4� 4HC�� 
 t 4�|�~ 
 w � 4�( t E�C �
(1)

with theobjectivevector� 4�C���w t 4�|}~�w 
 � 4%( (2)

where t !�
�� is the systemstatevector, � !�
��
is the exogenousdisturbancesignal, ��!�
�� is the
the measurementnoisesignal, � !"
�� is the con-
trol input, � ! 
�� is the measuredoutput and� !"
�� 9 
 � is the statecombination(objective
functionsignal)to be regulatedandwherethevari-
ables@ �74�B and @ ��4�B arezero-meanrealscalarwhite-
noisesequencesthatsatisfy:� @ �%4�� r B�C p 4 r ( � @ �747� r B)C p 4 r ( � @ �O4�� r B�C � (�¡  (N¢ � �¤£ The matricesin (1), (2) are constant
matricesof appropriatedimensions.

Weseekaconstantoutput-feedbackcontroller� 4HC¦¥ � 4�( (3)

thatachievesacertainperformancerequirement.We
treatthe following two differentperformancecrite-
ria.§ The stochastic ��
 control problem : Assum-

ing that @ ��4�B , @�� 4%B are realizationsof a unit
variance,stationary, white noisesequencesthat
areun correlatedwith @ ��4�Bo( @ �O4%Bo( the follow-
ing performanceindex shouldbeminimized:¨ 
�©C �ª F � @«mjm � 4 m¬m 
 ce P B £ (4)§ The stochastic �	� control problem: Assum-
ing thattheexogenousdisturbancesignalis en-
ergy bounded,a static control gain is sought
which, for a prescribedscalar­ ��� andfor all
nonzero� !®
�� ( �¯!�
�� , guarantees̈ �±°��
where¨ � ©C mjm � 4 m¬m 
 ce P + ­ 
%² m¬m ��4 mjm 
 ce P | mjm � 4vuXw mjm 
 ce P�³ £ (5)

Insteadof consideringthe purely constantoutput-
feedbackcontroller (3) we considerthe following
proper(but not strictly) controller´ 4vuXwµC +�¶ ´ 4·|�$g¸·| ¶v* � 4vuXwb( � 4HC�¥ ´ 4�( ´ E�C �

(6a-c)
where ´ !®
�� and ¶ °^° ¸ is a positivescalarsuch
thatthetransferencefrom y to ´ is very closeto ¹ � £
The latter controller is introducedin orderto facil-
itate the convexity of the designmethodbelow. It
represents,however, theactualsituationwhere’con-
stant’gainsareachievedin practiceby amplifiersof
finite bandwidth.

Augmentingsystem(1) and(2) to includethestates
of (6a,b)we definethe augmentedstatevector º C»7¼ = @ t ( ´ B andobtainthefollowing representationto
theclosed-loopsystem.º 4vuXw½C <z�4 º 4�| <�54 <��4d| <~¿¾ º ¾��%4�| <��4 º 47�74� 4 C <��4 º 4%( º E·C �

(7a,b)
where:<��4 ©CÁÀ ª M� MNÂÄÃ�Å ( <z�4 ©CÆÀÈÇ É PZÊËÌ3Í P Ç ËÌÎÍ P É P Ê�Ï ÌÎÐ{Ñ Å (



<�54 ©CÆÀÒÉ Ã EËÌ3Í P É Ã ËÌjÓ P Ã Å ( <��4 ©C ² Í Ã Ó Ã PZÊ ³ (<~	4 ©C À Ó EËÌÎÍ P Ó E Å ( <��4 ©C À E Ô ÊE ËÌÎÍ P Ô Ê Å ( (7c-h)

where Õ¶^©Cy$�¸·| ¶v* £
Weconsiderthefollowing Lyapunov functionÖU× C º�Ø <��º with <� C½Ù Ú ÏÜÛ�Ý Ã Ú ÍßÞPÏÜÛ Ý Ã Í P Ú àÚ á ( <�?�â� (

(8a-c)
where�"!:
��o��� and ã�"!0
������ . Theparameterä
is apositivescalartuningparameter.

2.1 The stochastic ��
 control problem

Applying to (8) the derivation of the stochastic�	

control results[1] we obtainthat

¨ 
¿°åp 
 for a pre-
scribed p if thereexists a positive definitesolution<æ C <� Ï w ( wherethe latter is of the structure(8b),
and � !�
 f � u � G � f � u � G to the following Linear Ma-
trix Inequalities(LMIs) :çèèé Ï cê cÇ cê E E Ecê cÇ Þ Ï cê cê cÍßÞ cê cÓ¡Þ cê cÔ ÞE cÍ cê Ï Ð{ë E EE cÓ cê E Ï cê EE cÔ cê E E Ï cê

ìîííï °ð� (XÙ·ñ cÉ ÞcÉ cê á �ò� (
(9a-c)

and ó�ô�õ »7ö @%� B °±p 
 £ Applying [14] it is found that<æ possessesthefollowing structure:<æ C½÷ æ � Ø
 ãæãæ � 
 ä ãæ ø ( (10)

where
æ !ù
��o��� , ãæ !±
������)£ Substitutingfor<zú( <��( <� and <~û( <� into the latterLMIs we obtain

thefollowing:

Theorem 1 Consider the systemof (1),(2). The
output-feedback control law (6b) achieves a pre-
scribed ��
 -norm bound �?°üp , for somepositive
scalar ¶ °^° ¸Ä( if there exist

æ !Æ
 �o��� , ãæ !
������ , ý !þ
��/��� and � !Ò
 f � u � G � f � u � G that,
for sometuningscalar �ÿ°yä ( satisfythe following
LMIs:çèèèèèèèèèé

Ï ê Ï Í ÞP àê c� f wZF�� G c� f wZF�� G E E� ÏÜÛ àê c� f 
 F�� G c� f 
 F�� G E E� � Ï ê Ï Í ÞP àê c� f �/F�� G ê Ó Þ� � � ÏÜÛ àê c� f �bF�� G àê Í P Ó¡Þ� � � � Ï Ð-ë E� � � � � Ï ê� � � � � �� � � � � �� � � � � �

E E EE E Ec� f �/F�� G Í ÞP�� Þ Ô Þ c� f �/F�	 Gc� f �bF�� G Û � Þ Ô Þ c� f �bF�	 GE E EÏ Í ÞP àê E EÏÜÛ àê E E� Ï ê Ï Í ÞP àê� � ÏÜÛ àê
ìîíííííííííï °�� (çèé ñ Ã3Ã ñ Ã P É ÞÃ ËÌ É Þ Ã ÍßÞP� ñ P3P E ËÌ3Ó ÞP Ã� � ê ÍßÞP àê� � � Û àê

ìîíï���� ( ó�ô�õ »7ö @%� B °ðp 
 (
(11a-d)

where � ©C À ñ Ã3Ã ñ Ã Pñ P Ã ñ P3P Å ( <
 $�¸Ä(�� * C�z æ |�� 
bý � 
 (c� f wZF
� G T Û É P � u Ç Í ÞP àê F c� f 
 F�� G T ËÌ D Í P Ç ê u Í P É P � Í PÏ àê Í P�� u àê Í P F c� f 
 F�� G T ËÌ D Í P Ç ÍßÞP àê u Û Í P É P � Ï Û àê � u Û àê Fc� f �/F�� G T ê Í ÞÃ u Í ÞP�� Þ Ó Þ Ã P F c� f �/F�� G T ËÌ ê Ó Þ Í ÞP Fc� f �/F�	 G T ËÌjÍ ÞP�� Þ Ô Þ Í ÞP F c� f �bF�� G T Û � Þ Ó Þ Ã P u àê Í P Í ÞÃ Fc� f �bF�� G T ËÌ àê Í P Ó Þ Í ÞP F c� f �bF�	 G T Û ËÌ � Þ Ô Þ Í ÞP F (12)

and Õ¶ Cå¸ | ¶ £
If a solutionto the latter LMIs exists, the gain ma-
trix ¥ thatstabilizesthesystemandachievesthere-
quiredperformanceis givenby¥ C ý?ãæ Ï w £ (13)

2.2 The Stochastic �	� problem

TheLMIs of Theorem1 provide a sufficient condi-
tion for theexistenceof astaticoutput-feedbackgain
that achievesa prescribed��
 -norm for the system
(7). A similarresultcanbeobtainedif the �	� -norm
of thelattersystemis considered.Givenaprescribed
desiredbound��°ò­ onthe �	� -normof thesystem,
the inequalitiesin (9) arereplacedby the following
BoundedRealLemma(BRL) condition[7].çèèèèé Ï cê cÇ cê cÉ E E Ecê cÇ Þ Ï cê E cê cÍ Þ cê cÓ Þ cê cÔ ÞcÉ Þ E Ï�� P Ð�� Â�� E E EE cÍ Þ cê E Ï Ð ë E EE cÓ cê E E Ï cê EE cÔ cê E E E Ï cê

ìîííííï °â�¤£
(14)

Using thedefinitionof (10), multiplying (14), from
bothsides,by ���Nõ��U@�<æ ( <æ ( ¹ � u � ( ¹ � ( <æ ( <æ B , where<æ is definedin (10), andsubstitutingfor <z ( <��( <�
and <~û( <� in thelatterLMI weobtainthefollowing.

Theorem 2 Considerthe systemof (1), (2) . The
control law (6b) achievesa prescribed �	� -norm



bound �ò° ­ , for somepositivescalar ¶ °^° ¸Ä( if
there exist

æ ! 
��o��� , ãæ !®
������ and ý !�
��/���
that, for somescalar �	°ðä ( satisfy ã
 °â� where

ã
 C
çèèèèèèèèèèèèé
Ï ê Ï Í ÞP àê c� f wZF�� G c� f wZF�� G É Ã E E� ÏÜÛ àê c� f 
 F�� G c� f 
 F�� G ËÌ3Í P É Ã ËÌÎÓ P Ã E� � Ï ê Ï Í ÞP àê E E c� f �/F�� G� � � ÏÜÛ àê E E c� f �bF�� G� � � � Ï�� P Ð � E E� � � � � Ï�� P Ð � E� � � � � � Ï Ð ë� � � � � � �� � � � � � �� � � � � � �� � � � � � �E E E EE E E Eê Ó Þ c� f �/F�� G Í ÞP � Þ Ô Þ c� f �/F�	 Gàê Í P Ó¡Þ c� f �bF�� G Û � Þ Ô Þ c� f �bF�	 GE E E EE E E EE E E EÏ ê Ï Í ÞP àê E E� ÏÜÛ àê E E� � Ï ê Ï ÍßÞP àê� � � ÏÜÛ àê

ìîííííííííííííï £ (15)

andwhere <
 $g¸Ä(�� * ( <
 $�¸Ä(�� * ( <
 $��,(�� * ( <
 $��Ü(�� * ( <
 $ �¤("! *_+<
 $��,(�# * ( <
 $��ß("! * + <
 $��ß(�# * aredefinedin (12).
If a solutionto thelatter setof LMIs exists,thegain
matrix ¥ that stabilizesthesystemandachievesthe
requiredperformanceis givenby (13).

3 The robust stochastic $&% static
output-feedback controller

The systemconsideredin Section2.1 assumesthat
all theparametersof thesystemareknown, includ-
ing thematricesD andG. In thepresentsectionwe
considerthe system(1),(2) whosematricesarenot
exactlyknown. Denoting&ðC À z ��wþ� 
 ��w ~�w 
 ~ 
 wþ~ � Å (
weassumethat & !(' ¼ @ & r ( ¢¿Cå¸Ä( £ £ £*) B , namely,

+ T�Y-,.�/ Ã L . + . for some
E10 L . 0)wZF Y(,.�/ Ã L . T w (16)

wheretheverticesof thepolytopearedescribedby& r C ² Ç32 .�4 É 2 .�4Ã É 2 .�4P Í 2 .�4Ã Ó 2 .�4Ã P Ó 2 .�4P Ã Ó 2 .�4 Ô 2 .�4 ³ (
for ¢ CÈ¸Ä("� £ £¬£ ( ) £ The solutionof the robust prob-
lem in this sectionis basedon the derivation of a

speciallydevisedBRL for polytopic-typeuncertain-
ties[15] with a simplestraightforwardadaptationto
the stochasticcase.Considering(9), multiplying it
by ��� õ��U@�¹ � u � ( <æ Ï w ( ¹ � ( ¹ � u � ( ¹ � u � Bo( from the
left and the right andusing the methodof [15] we
obtain that a sufficient condition for achieving the�	
 -normboundof p for thesystemat thei-th vertex
of & is that thereexistsa solution <æ q (65�( � to the
following LMIs:çèèé Ï cê87 cÇ 7:9 E E E9 Þ cÇ Þ7 cê87 Ï 9 Ï 9 Þ 9 Þ cÍßÞ7 9 Þ cÓ¡Þ7 9 Þ cÔ Þ7E cÍ 7�9 Ï Ð ë E EE cÓ 7:9 E Ï cê87 EE cÔ 7:9 E E Ï cê87

ìîííï °ð� (
(17)

with ÷ � <� Øq<� q <æ q ø:��� and ó�ô�õ »Oö @%� B ° p 
 ( where�þ!0
 f � u � G � f � u � G .
Denoting 5 ©CÁÀ 9 Ã9 P D Í P<; Ð{Ñ � Å (18)

where= is a tuningscalar, wearriveat thefollowing
result:

Theorem 3 Considerthe uncertain systemof (1),
(2). Thecontrol law (6b) guarantees,for somepos-
itive scalar ¶ °^° ¸�( a prescribed ��
 -norm bound�þ° p over the entire uncertaintypolytope & if
there exist 5 w !å
 �o� f � u � G�((5 
 !"
 ����� , <æ q�!
 f � u � G � f � u � G/( � C ¸Ä("� £ £ £ ( ) and ýÈ!â
 �/��� that,
for somescalar = , satisfythefollowing LMIs:çèèèèèèèèé

Ï cê87 Ã3Ã Ï cê87 Ã P?> f wZF�� G > f wZF
� G E E� Ï cê87 P3P?> f 
 F�� G > f 
 F
� G E E� � > f �/F�� G > f �/F
� G > f �/F�� G 9 ÞÃ3Ã Ó Þ7� � � > f �bF
� G > f �bF�� G 9 ÞÃ P Ó Þ7� � � � Ï Ð ë E� � � � � Ï cê87 Ã3Ã� � � � � �� � � � � �� � � � � �E E EE E EËÌ 9 ÞÃ3Ã Ó Þ7 Í ÞP Í ÞP � Þ Ô Þ7 > f �/F�	 GËÌ 9 ÞÃ P Ó Þ7 Í ÞP ; � Þ Ô Þ7 > f �bF�	 GE E EÏ cê87 Ã P E EÏ cê87 P3P E E� Ï cê@7 Ã3Ã Ï cê@7 Ã P� � Ï cê@7 P3P
ìîííííííííï °ð� (çèé ñ Ã3Ã ñ Ã P É Þ Ã ËÌ É Þ Ã Í ÞP� ñ P3P E ËÌÎÓ ÞP Ã� � cê@7 Ã3Ã cê87 Ã P� � � cê87 P3P

ìîíï���� ( ó�ô�õ »7ö @%� B °ðp 
 £
(19a-c)



wherecê87 Ã3Ã T Ë> Ã cê87 Ë> Þ Ã F cê87 Ã P T Ë> Ã cê87 Ë> Þ P F cê87 P3P T Ë> P cê87 Ë> Þ P F
9 Ã3ÃBAT 9 Ã Ë> Þ Ã F 9 Ã P AT 9 Ã Ë> Þ P F Ë> Ã AT D Ð k E � F Ë> P AT D E Ð-Ñ � F

(20a-g)

> f wZF�� G T Ç 7:9 Ã3Ã u É P 7 � Í P F > f wZF�� G T Ç 7�9 Ã P u ; É P 7 � F> f 
 F�� G T ËÌ D Í P Ç 7
9 Ã3Ã u Í P É P 7 � Í P,Ï 9 P Í P � u 9 P Í P
> f 
 F�� G T ËÌ D ; Í P É P 7 � u Í P Ç 7:9 Ã P Ï ; 9 P�� u ; 9 P F
> f �/F�� G T cê87 Ã3Ã Ï 9 Ã3Ã Ï 9 ÞÃ3Ã F > f �/F�� G T cê87 Ã P Ï 9 Ã P Ï Í ÞP 9 ÞP F> f �/F�� G T 9 ÞÃ ÍßÞÃ 7 u ÍßÞP � ÞÄÓ¡ÞÃ P 7 u ; � Þ�Ó¡ÞÃ P 7 F> f �/F�	 G T ËÌ3Í ÞP � Þ Ô Þ7 Í ÞP F > f �bF�� G T ê87 P3P Ï ; D 9 P u 9 ÞP � F

> f �bF�	 G T ; ËÌ � Þ Ô Þ7 Í ÞP F (21)

where Õ¶ Cå¸·| ¶
If a solutionto thelatter setof LMIs exists,thegain
matrix ¥ that stabilizesthesystemandachievesthe
requiredperformanceis givenby¥ C ý 5 Ï Ø
 £ (22)

Remark 1 : We notethat the existenceof 5 Ï Ø
 is
guaranteedif theconditionof (17) is fulfilled.

4 The robust $DC control

Similarly to theprevioussection,at eachpoint in & ,
saytheonethat is obtainedby Y(Er T w äar & r for some�GF äarHF ¸Ä( Y Er T w äar C ¸ we assigna special
matrix solution <æ . For eachvertex of & , saythe i-
th, theinequalityof (14) canbewritten, following a
modifiedresultof [15] asthefollowing LMI:çèèèèé Ï cê87 cÇ 7
9 cÉ 7 E E E9 Þ cÇ Þ7 cê87JI P3P E 9 Þ cÍßÞ7 9 Þ cÓ¡Þ7 9 Þ cÔ Þ7cÉ Þ7 E Ï�� P Ð�� Â�� E E EE cÍ 7
9 E Ï Ð-ë E EE cÓ 7
9 E E Ï cê87 EE cÔ 7:9 E E E Ï cê87

ì ííííï °ð�
(23)

where <æ q F 
Z
 C <æ q + 5 + 5 Ø andwhere5 is defined
in (18). Wearriveat thefollowing result:

Theorem 4 Considerthe uncertain systemof (1),
(2). The control law (6b) guarantees,for some
positive scalar ¶ °^° ¸Ä( a prescribed �	� -norm� ° ­ over the entire uncertaintypolytope & if
there exist 5�w !"
���� f � u � G ((5 
�!?
������ , <æ q�!


 f � u � G � f � u � G/( � C ¸Ä("� £ £ £ ( ) and ýÈ!â
 �/��� that,
for somescalar = , satisfy <K °�� where <K is thefol-
lowingLMI:çèèèèèèèèèèèé
Ï cê87 Ã3Ã Ï cê87 Ã PL> f wZF�� G > f wZF�� G É Ã 7 E E� Ï cê87 P3PL> f 
 F�� G > f 
 F�� G ËÌÎÍ P É Ã 7 ËÌÎÓ P Ã 7 E� � > f �/F�� G > f �/F�� G E E > f �/F�� G� � � > f �bF�� G E E > f �bF�� G� � � � Ï�� P Ð � E E� � � � � Ï�� P Ð � E� � � � � � Ï Ð ë� � � � � � �� � � � � � �� � � � � � �� � � � � � �E E E EE E E E9 ÞÃ3Ã Ó Þ7 ËÌ 9 ÞÃ3Ã Ó Þ7 Í ÞP Í ÞPM� Þ Ô Þ7 > f �/F�	 G9 ÞÃ P Ó Þ7 ËÌ 9 ÞÃ P Ó Þ7 Í ÞP ; � Þ Ô Þ7 > f �bF�	 GE E E EE E E EE E E E� Ï cê87 P3P E E� � Ï cê87 Ã3Ã Ï cê87 Ã P� � � Ï cê87 P3P

ìîííííííííííï (
where <æ q wZwO( <æ q w 
 ( <æ q 
Z
 ( and 5�wZwv(N5 w 
 are givenin
(20a-e),

K $�¸Ä(�� * ( K $g¸Ä(�� * ( K $��Ü(�� * ( K $��,(�� * ( K $��¤(�� *U+K $ �¤(�# * ( K $ �ß(O� * + K $ �¤(�# * are givenin (21)and Õ¶ C¸ | ¶ .
If a solutionto thelatter setof LMIs exists,thegain
matrix ¥ that stabilizesthesystemandachievesthe
requiredperformanceis givenby (22).

5 Example

Todemonstratethesolvability of thevariousLMIs in
thispaperwebringa3th-ordertwo outputoneinput
example. We considerthe following discrete-time
linearsystem:z�C ÷ EOP 	RQ/w � EOP �S� 
 E wRP �R	RQRTEOP EZER� 
 EOP 	RQS��E Ï EOPKw TR�RTE E EOP �S�UQRQ ø (·� 
 C À w EÆEEÒw E Å (
��wxCÈ÷ EOP E/w 	RQ EOP EZER�S� EOP E/w �RTEOP EZEZE/w EOP E/w 	RQ Ï EOP EZE/w QE E EOP E/w �ZE ø (·� 
 CÈ÷ Ï wRP �V�Ï EOP ERTZES�EOP �U�/w 
 ø (��wdC½÷ w E EEÒw EE E E ø (�~�w 
 Cþ÷ EE w ø (�~ C½÷ EOP 
 E EEOP EZER� E EE E E ø (

with ~ 
 w�C � (�� C �,£ Applying the result of
Theorem2 and solving (15) a minimum value of­ C �¤£XW�Y�W for ä CZ� £ � and ¶ C ¸ � Ï � ( is obtained.



Thecorrespondingstaticoutput-feedbackcontroller
of (22) is: ¥ C À �¤£ � W�W[W �,£]\ ¸ W ! Å (
wheretheclosed-looppolesare + �¤£ ¸^� \ �¤( �,£ #[��# W |�¤£ ¸Ä¸_![� � ( �¤£ #[��# W + �,£ ¸Ä¸`!�� �/£ For the nominal case
where~ùC � (i.ewith nostate-multiplicativenoise),
we obtainfor theabovevaluesof ä and ¶ anattenu-
ationlevel of ­ C �,£*Y ! \ � £
6 Conclusions

A convex programingmethod is presentedwhich
providesan efficient designof robust staticoutput-
feedbackcontrollers for linear systemswith state
multiplicative noise. Linearsystemswith polytopic
type uncertaintiesare consideredand a sufficient
conditionis derived,basedona linearparameterde-
pendentLyapunov function, for the existenceof a
constantoutput-feedbackgainthatstabilizesthesys-
tem andachievesa prescribedboundon its perfor-
manceover theentireuncertaintypolytope.

Both stochastic ��
 and �	� performancecriteria
have been considered. For both, conditions for
quadraticstabilizing solution have beenobtained.
Theconservatismentailedin theseconditionscanbe
reducedeitherby usingarecentmethodthatenables
theuseof parameterdependentLyapunov basedop-
timization, or by treatingthe verticesof the uncer-
tainty polytopeasdistinctplants.Thelattersolution
cannotguaranteethe stability and the performance
within thepolytopewhereastheformeroptimization
methodachievesthe requiredboundover the entire
polytope.
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