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Abstract

Thispaperaddressestheproblemof staticoutputfeedbacksyn-
thesisandfocuseson �	� optimisation.Thebilinearproblemof
findinga controlfeedbackgain 
 anda Lyapunov matrix � is
shown to be equivalentto a BMI problemthat involvesslack
variablesanda statefeedbackgain. This BMI conditionis a
promisingtheoreticalresultthat links thetwo stateandoutput
feedbackquestionsin aunifiedformulation.Basedon thisnew
expression,anefficient numericalprocedureis derived. Some
telling examplesshow that it is quitecompetitive comparedto
otheralgorithmsproposedin the literature. Extensionsto ro-
bust � � optimalsynthesisarederived. They show thatunlike
otherBMI approaches,themethodis of thesamecomplexity if
thesystemis certainor uncertain.

1 Introduction

The static or reducedfixed-orderdynamic output feedback
problemis alwaysanactive researchareain thecontrol litera-
ture. Givena LinearTime-Invariant,(LTI), system,the prob-
lem of finding a stabilisingstaticoutputfeedbackis still open,
[19]. In the recentyears,many attemptshave beenmadeto
give efficient numericalproceduresto solve relatedproblems,
[1, 5, 8, 9, 10, 11]. In [16], a numericalcomparisonis per-
formedandsomeclassificationis proposed.

In this paper, theproblemof �	� staticoutputfeedbackstabili-
sationis revisited.This problemwhichhasbeendealtwith for
thefirst time in [14], cannotbetransformedin a convex prob-
lem on the contraryof the statefeedbackcase,[3]. We there-
foreproposeanew parameterisationof all stabilisingstaticout-
putfeedbackgainsbasedontheintroductionof additionalvari-
ables. Even though,this parameterisationis nonconvex, it is
however possibleto proposean efficient numericalprocedure
basedon cross-decomposition.Moreover, not only precisely
knownsystemsmaybetackledwith suchanalgorithmbut also
uncertainmodelswith thesamecomplexity.

The outline of the paperis the following. First, the problem
is statedandwell-known conditionsfrom the literaturearere-
called. In the third part, all the resultsare presented.First,
a new necessaryandsufficient conditionof staticoutputfeed-
backstabilisabilityis presented.Theassociatednumericalpro-

cedureis thendeveloped.Thefinal sectionis devotedto some
telling numericalexamplesfrom theliterature.

Notations:In someequations,for concisenessreasons,thefol-
lowing notationsareused��
���� ������������������ ������� � and �"! �#���$� ! ��&% � '! (*) � % � ! �! (+)
For symmetric matrices, , -/.�0 is the Loëner partial or-
der, i.e., �1,2-/.�0 ! if f �43 ! is positive (semi) definite.(�576 ���98 6�6�6 �$:�� is theconvex hull of thegivenvertex matri-
ces.

2 Problem statement

ConsideranLTI systemdefinedas:;< =?>@ - AB0C� � @ -DAB0 � ! ��E - AB01� !�F - AB0G - AB0C� ( � @ - AB0 �IH � F - AB0� - AB0J� (�@ - AB0 (1)

where @LKNMPO is thestatevector, FQKNMPR is thecontrolvector,�SK�MPT is theoutputvector, E K�MPU is thedisturbancevector
and GVKWMYX is the controlledoutputvector. All matricesare
assumedto be of appropriatedimensionsandwe assumethatZ\[^]P_ - ! 0`� � and Z\[a]P_ - ( 0b� Z .

By definition, the systemis stabilisableby staticoutputfeed-
backif thereexists a gainmatrix 
 suchthat theclosedloop
system >@ - AB0��c-d��� ! 
 ( 0 @ -DAB0 is stable.Moreover, thesys-
temis stabilisableby statefeedbackif thereexistsagainmatrix
fe suchthat >@ - AB0J�g-d��� ! 
Le�0 @ -DAB0 is stable.This lastprop-
erty is aspecialcaseof theformerandcorrespondsto full state
informationoutputfeedback( ( �ih ). Let j and j�k berespec-
tively thesetsof all staticoutputfeedbackstabilisinggainsand
all statefeedbackstabilisinggains.

For l K j and l k K j k considerthefollowing transferfunc-
tions:m - 
�n lS0`�W- ( � �VH � l ( 0o- 
 h�3�-d��� ! l ( 0p0rqs8 ! �m k\- 
�n l7ko0`�g- ( � ��H � l7kt0t- 
 h�3�-u��� ! l7k�0p0rqs8 ! � (2)

Let v m - 
�n lS0ov��w�yx`-zlS0 bethe �	� normof thetransfermatrix
m - 
�n lS0 . Theproblemto beaddressedis statedasfollows:



Find lS{ X�| K j such that x`-}l~0 is minimum, i.e.l { X�| � [aZo�����f� ������ v m - 
�n 
	0ov ��� (3)

Notethattheproblemof staticoutputfeedbackis of majorim-
portancesinceit encompassestheproblemof fixedordercon-
troller design,[18]. Moreover, we have chosento address�	�
optimal synthesisbut other questionssuchas �	� control or
poleassignmentcanbeconsideredwith thesamemethods(see
[2, 17] for unifiedformulationsof theseproblems).

In [16], a numericalcomparisonof several recentoutputfeed-
backdesigntechniquesis providedandtheavailablemethods
areclassified.Themethodproposedin ourpapermaybeclas-
sified asa parametricoptimisationmethod. For this classof
techniques,theoptimisationproblem(3) is recastasthefollow-
ing minimisationover Bilinear Matrix Inequality(BMI) con-
straints:�f� ��Q��� A Z\[a�t� - ! �� � ! ��0 
�6 A 6� �W,��
���� �^�7-d��� ! 
 ( 0r��� � - ( �`��H���
 ( 0J���

(4)
In [9, 18], theideais thento applytheeliminationlemmaon(4)
to getanequivalentoptimisationprobleminvolving two Linear
Matrix Inequality(LMI) constraintsrelatedby anonconvex al-
gebraicconstraint:�L� ������ A Z\[a�t� - ! �� � ! �t0 
�6 A 6;�����< �����=

�����Sq�8w,�� -u��0��% �$�D���V�I� ( ��( � 3�h ) % ( �� )P� � ��� - ! 0� % �$�g���L���?� ( ��( � � 3Ih ) % !H�� ) � � ��� - ( 0
Then,threedifferentapproachesmaybeproposedto handlethe
non convex constraint(A), [16]. Looselyspeaking,it always
consistsin performinganiterativeprocedurecomposedof two
steps,thatis expectedto convergeto asolutionsuchthat(A) is
verified.

In thispaper, wealsoproposeatwo stepiterativealgorithmbut
theconstraintsarehandleddifferently. Themaindifferenceis
that while in [9, 18] the eliminationlemmais usedto get rid
off the feedbackgain, it is usedhereto introduceslackvari-
ablesthataddsomedegreeof freedomandleadto anefficient
numericalprocedure.

3 Optimal ¡�¢ synthesis

This sectionis devotedto the main resultof the paperandto
the associatednumericalprocedures.A necessaryand suffi-
cient conditionof staticoutput feedbackstabilisabilitybased
on a new parameterisationis given. Even if a bilinearmatrix
inequalityis involved,anefficientnumericalalgorithmmaybe
put forward.

3.1 A new parameterisation

Let £4-}��0 bethefollowing linearmatrix function:£4-}�90¤� % ���u�����I��� ( �� ( �¥� ! � ( �� H��! �D����H��� ( � H��� H�� )
Theorem 1
Theoptimisationproblem(3) is equivalentto:�L�¦������`§b��¨©��ª A Z\[a�t� - ! �� � ! � 0 
�6 A 6;< = �#,��£4-}��0P� 
���� � % 
Le �3Ih )f«�¬ ( 3�­&® � ���

(5)
At the optimum,the static output feedback gain is given by:lS{ X�| �y­$qs8 ¬
Proof Startingfrom theformulation(4), first notethat:
���� �¯�©-u��� ! 
 ( 0 �w� � - ( �`��H���
 ( 0b�« h ( � 
 � ® £4-}��0 % h
 ( )
Applying theeliminationlemma[18], theinequality(4) is sat-
isfied if andonly if thereexists a symmetricpositive definite
matrix � andamatrix ° suchthat:£4-}��0P� 
����g± ° « 
 ( 3�h�®�²���� (6)

Choosing the following block decompositionfor °w�³�« ­ e � 3�­ � ® , notethat the bottomright block of inequality
(6) is: H �� H � ��­"��­ � ���
Therefore, ­ is necessarilynon singular. Choosing 
 e �-}­ e ­$qs8B0´� and ¬ � ­w
 leads to (5). At the optimum,
the stabilisingstaticoutputfeedbackgain is reconstructedasl { X�| �yµ q�8B¶ . ·
On the basisof theorem1 a numericalprocedurefor solving
theoptimal �	� synthesisis derived in thesequel.Beforethat,
let us statesomeimportantfactsthat highlight the properties
of theinequality(5) andclarify thelinks betweenthedifferent
variables.

Remark 1
From the proof of theorem 1 it comesthat the two following
conditionsare equivalent:

i) There exist � and 
 such that (4).

ii) There exists � , 
 e , ­ and ¬ such that (5).

Moreover, theinequalitiesare relatedby theinvertiblechange
of variables: ­w
c� ¬ ¸ � A�-z­w0�¹�y� (7)



This remarkpointsout that inequality(5) is equivalentto the
usualLyapunov inequality. The main differenceis that addi-
tive variablesare introduced. The following lemmaclarifies
thepropertiesof 
Le thatappearsto bea stabilisingstatefeed-
backgain.

Lemma 1
Thevariable l k of inequality(5) is a stabilisingstatefeedback
gain such that the Lyapunovfunction º7- @ 0	� @ �D» @ proves
simultaneouslythestabilityof bothclosedloopsystemsdefined
by �¼� ! l ( and �#� ! l k . Moreover, the inequality (5)
impliesthat: v m - 
�n lS0ov �� �VA Z\[^�o� - ! �� » ! � 0v m k - 
�n l k 0tv �� �NA Z\[a�t� - ! �� » ! �t0
Proof Multiplying the inequality in (5) on the left by« h l �k ® andon theright by its transpose,onegets:
���� �^»7-d�½� ! l7k�0 �¾� � - ( � ��H � l7kt0C��� (8)

Hence, º¿- @ 0�� @ �D» @ is a Lyapunov function that proves
the stability of >@ -DAB0À�2-d�¼� ! l k 0 @ -DAB0 and »Á,ÃÂQÄ�-zl k 0
where ÂQÄ\-}l k 0 is thecontrollability grammianof the transfer
m k - 
�n l k 0 .
Fromremark1, onehasthat(4) is satisfiedsimultaneouslyfor
thesame» with theinvertiblechangeof variables(7). There-
fore, ºÅ- @ 0`� @ � » @ is alsoaLyapunov functionthatprovesthe
stability of >@ - AB0��Æ-u��� ! l ( 0 @ - AB0 and »Ç,ÈÂQÄ\-}lS0 whereÂ	Ä\-zlS0 is thecontrollabilitygrammianof thetransfer

m - 
�n l~0 .
Remindingthat:v m - 
�n lS0ov �� ��A Z\[a�t� - ! �� Â Ä -zlS0 ! � 0v m k - 
�n l k 0tv �� ��A Z\[a�t� - ! �� ÂQÄ\-}l k 0 ! ��0
thelemmais proved. ·
This lemmais of majorimportancesinceit relatesthestateand
outputfeedbacksynthesisproblems.On this basis,themethod
proposedin this papertakesthe advantageof the existing re-
sultson statefeedbacksynthesisthatareknown to beconvex,
[4].

Remark 2
Theoptimisation problemin theorem1 doesnothavea unique
solution -z»�{ X�| n l~{ X�|k n µ�{ X�| n ¶ { X�| 0 . In fact, thesetof all ad-
missiblesolutionsis convex andparametrisedby thefollowing
linear equations:v m - 
�n lS{ X�| 0tv �� �VA Z\[a�t� - ! �� � ! � 0�W,��£4-}�90P� 
���� � % ­Je3�­ )©« l { X�| ( 3Ih�® �VÉ �
where thesolutionsto (5) are givenby theinvertiblechangeof
variables: 
 e �g-z­ e ­$q�8r0´� n ¬ �y­wlS{ X�| .

This remarkbringsto the fore thatequation(5) involvesaddi-
tiveslackvariables­ and ­ e leadingto anew parameterisation
of theproblemwith extra degreesof freedom.

3.2 A coordinate descent-type algorithm

The optimisationproblemin theorem1 involves the solution
of a bilinearmatrix inequality. Our aim is to derive a numer-
ically tractableiterative procedurebasedon LMI optimisation
subproblemsthatconvergesto a local optimal solution. Here,
thechosenproceduretakesadvantageof theslackvariablesin-
troducedin (5). Our algorithmis relatedto theonespresented
in [7, 20] andmay be lookedon asa coordinatedescent-type
algorithm,[15]. A solution to (5) is obtainedby splitting in
two thesetof variables.At eachiteration,anLMI optimisation
problemover a setof variablesis solvedwhile theothersetof
variablesis frozen.

Considerthe following algorithmdecomposedin four opera-
tions:

Algorithm 1

1. (Initiali sationstep- k=1), choosea stabilisingstatefeed-
back gain l k .

2. (Stepk - first part), for thischoiceof l k , solvethefollow-
ing LMI minimisationproblem:x �Ê�� 8 � �f� ��L��¨©��ª A Z\[a�t� - ! �� � ! �t0 s.t. (5)

At theoptimumfreeze¶ and µ .

3. (Stepk - secondpart), for this choiceof ¶ and µ , solve
thefollowingLMI minimisationproblem:x �Ê�� � � �f� ��Q��� § A Z\[a�t� - ! �� � ! �o0 s.t. (5)

At theoptimum,freezel7k .
4. (Terminationstep),if x Ê�� 8 3�x Ê�� �Q��Ë , thenstop, l³�µ�qs8 ¶ , otherwise_©ÌÍ_ ��Î andgo to step2.

Dueto theorem1 andremark1, theabove algorithmprovides
asequenceof feasiblesolutionsanda nonincreasingcriteria

Theorem 2 :
Thealgorithm1 generatesa sequenceof feasiblesolutionsand
nonincreasingcriteria such that Ï _ .�� :x Ê�Ð 8 � 8 É x Ê�� � É x Ê�� 8
Only convergencetowardsa local minimumfor which x Ê�� � is
the � � norm of theclosed-loopsystemis ensuredby suchan
algorithm.NotethattheLyapunov matrix » is partof theopti-
misationvariablesateachsubstepof theprocedureandis never
frozen. The initialisation stepis crucial for the procedureto
succeed.Thispoint is now carefullystudied.



3.3 Initialisation of the algorithm

In the algorithm1, we aresupposedto choosean initial sta-
bilising statefeedbackgain l7k . This point is now clarified .
Dif ferentpossibleinitialisations,basedonLMI conditions,are
exposed.Even though,no theoreticalresulthasbeenproved,
theproposedinitialisationhaveprovedto beverysuccessfulin
practiceasit is illustratedby statisticalexamplespresentedat
the endof this section. First, definethreeLMI-basedcondi-
tions for finding a statefeedbackgain, l k , thatmay initialise
thealgorithm1, [3]:

(I1) Let Ñ and Ò bea solutionto:�&,�� �$�g�N�f� � � !�Ó � Ó � ! � ��� (9)

then l7k¾�yÒ�Ñ"qs8 is astabilisingstatefeedback.

(I2) Let Ñ and Ò bea solutionto:;< = �&,��% �$�g�V�f���a� !�Ó � Ó � ! � '( � �g��H�� Ó 3�h ) ��� (10)

then l k �ÔÒ�Ñ"qs8 is a stabilising state feedbackandv m k - 
�n l k 0tv �� ��A Z\[a�t� - ! �� �~qs8 ! ��0
(I3) Let Ñ , Ò and

m
betheoptimalsolutionto:�f� �����Õ��tÖ A Z\[a�t� -}×�0 
�6 A 6 -ØÎ���0 n*% 3�× ! ��! � 3�� ) ���

then l k �yÒsÑ"q�8 is theoptimal �	� stabilisingstatefeed-
backgainand v m k - 
�n l k 0tv �� ��A Z\[a�t� - m 0 .

ThesethreeLMI conditionsaretestedon numericalexamples
in thesequelasinitialisationsfor algorithm1. Wewantto point
out thattheinitialisationmayfail in somecasesdueto thefact
thattheinequality(5) in notfeasiblefor all statefeedbackgainsl k K j k . Fortunatelyit appearsthattheinitialisationis never-
thelessefficientin mostcases.Considerthefollowingcorollary
derivedfrom theorem1:

Corollary 1
Thesystem(1) is stabilisablebystaticoutputfeedback iff there
existsa symmetricpositivedefinitematrix � , a statefeedback
gain 
 e andtwo matrices­ and ¬ such that:% � � ���V�I� '! �u� � ) � 
���� � % 
 e �3Ih )f«�¬ ( 3�­&® � ���

(11)
A stabilisingstatic outputfeedback gain is thenobtainedby:l&��µ�q�8 ¶
Basedonthiscorollary, aprocedureto testtheefficiency of the
initialisation is proposed.This procedure(Proc. 1) is com-
posedof two LMI feasibility tests:

1. SolveLMI problem(9) andget l k ��Ò�Ñ"qs8 K j k .
2. SolveLMI problem(11) for thismatrix l k .

When the proceduresucceedsthis implies that the gain l k
makesthe outputfeedbacksynthesisproblem(5) feasiblefor
some» , ¶ and µ . Theinitialisationstepis thenadmissible.

In orderto evaluatetheinitialisation, a largenumberof stabil-
isablesystemshasbeenrandomlygeneratedandtheresultsof
our procedurewerecomparedwith the resultsobtainedwith
analternatingprojectionalgorithmgivenin [10]. Thesystems
weregeneratedin thesameway asin this last reference.The
testedcasescorrespondto differentchoicesof the systemdi-
mensions]bnÙ�~nsZ . Thefollowingtablesummarisestheresults.
Therateis thepercentageof systemsfor which theprocedures
succeedand the time is the averagecomputationtime. Note
that sincethe experimentswereperformedon differentcom-
puterstheaveragetime is producedasa clueon thecomputa-
tionalcomplexity of bothmethods.

Proc. 1 [10]
time rate time rate

Casea 1.32s 95 18.71s 97.5
Caseb 1.67s 99.5 15.93s 100
Casec 3.26s 99.5 26.15s 99.5
Cased 1.44s 100 1.17s 100
Casee 2.43s 100 3.19s 100
Casef 5.65s 100 11.18s 100

Thesetestsclearlyshow thattheefficiency of thismethodmay
becomparedwith theexisting ones.

4 Optimal ¡�¢ robust synthesis

An extensionof theorem1 to robustsynthesisis now provided.
The aim is to computea staticoutput feedbackgain that sta-
bilisesuncertainsystemsandguaranteesa boundon the �	�
normof thetransferfunctionover all admissibleuncertainties.
Theresultsaregivenin thequadraticstability framework [12],
i.e., a singleLyapunov function assessesthe stability over all
theuncertaintyset.ConsidertheuncertainLTI modelsuchthat
(1) wherethematricesbelongto apolytopedefinedasthecon-
vex hull of Ú vertices:ÛÜ ��-uÝa0 ! ��-dÝ^0 ! -uÝ^0( �\-dÝ^0 � H���-uÝ^0( -uÝ^0 � � Þß K
(�576 ;< = ÛÜ ��8 ! 8� ! 8( 8� � HL8�( 8 � � Þßáà�à�à ÛÜ ��: ! :� ! :( :� � H�:�( : � � Þßãâ äå

The constant parametric uncertainty Ý is defined as the
barycentriccoordinate:æ �4çNÝÅ�iè Ý 8 n�6�6�6 n Ý :wé	ê Ýtëb.�� n :ì 8 Ýtëb�gÎIí
andall the admissiblemodelsof the polytopeareexactly de-
scribedby Ý K æ

,ÛÜ ��-uÝ^0 ! � -dÝ^0 ! -uÝa0( � -uÝa0 � H � -dÝ^0( -uÝa0 � � Þß � :ì 8 Ý ë ÛÜ � ë ! ë� ! ë( ë� � H ë�( ë � � Þß



For a givenvalueof the uncertaintiesÝ K æ
anda givensta-

bilising gain l K j let

m - 
�n Ý n lS0 be the closed-looptrans-
fer function. Theoptimal �	� robuststabilisabilityproblemby
staticoutputfeedbackwritesas:l TØî { X�| � [aZo� � �L� ��w�\� �Qï\ðño�\ò v m - 
�n Ý n 
Q0Jv � �
and correspondsto the minimisation of the worst-case�	�
norm, xPó î Ä î -zlS0 .
Let £ ñ -}�90 bethefollowingparameter-dependentlinearmatrix
function:£ ñ -}�90`�% ���}-dÝ^0Ø�����I��-uÝa0s� ( �� -uÝa0 ( �\-dÝ^0 '! �/-uÝ^0Ø����H��� -uÝ^0 ( ��-dÝ^0 H��� -uÝ^0ØHÅ�a-dÝ^0 )
andlet £ ë -}��0 betheparticularcasesof this functionfor each
vertex of thepolytope( ôs�WÎ 6 6 Ú ):£ ë -}��0C� % � ë � �����I� ë � ( ë� � ( ë� � ! ë � ( ë� � H ë�! ë � ����H ë� � ( ë� H ë� � H ë� )
Theorem 3
Considerthefollowingoptimisationproblem�f� ��Q���C§b��¨7�\ªÔõõõ s.t. ÏÙôs�WÎ 6 6 Ú;�< �= A Z\[a�t� - ! ë� � � ! ë� 0C� õ õ õ �#,��£ ë -}��0P� 
���� � % 
 e �3Ih )©« ¬ ( ë 3�­ ® � ��� (12)

At theoptimuml Utî { X�| �Wµ�qs8 ¶ is a quadratically stabilising
staticoutputfeedback gain and ö õ { X�| is a robust �	� guaran-
teedcostfor theclosed-loopsystem.

Proof The inequality(12) is convex with respectto thesys-
temmatrices.This canbeseenwhenapplyingSchurcomple-
mentarguments.For concisenessreasonsthis part is removed
here.Theconvexity of (12) impliesthatif theconditionis sat-
isfiedfor all verticesof thepolytope,it is alsosatisfiedfor all
elementsof the convex hull. Therefore,onegetsthat for allÝ K æ

:;�< �= A Z\[a�t� - ! �� -dÝ^0p� ! ��-uÝ^0Ø0J� õ õ õ �#,��£ ñ -}��0P� 
���� � % 
Le �3Ih )¿«9¬ ( -dÝ^0Ô3�­&® � ���
This correspondsto condition(5) in theorem1 whereunique
matrices� , 
 e and ­ assesthestabilityof theclosed-loopsys-
temsoverall uncertaintiesand ÷ õ õ õ is aboundon the �	� norms
of all transferfunctions. Therefore,l Utî { X�| is a quadratically
stabilisinggain and ö õ { X�| is anoptimisedrobustguaranteed
costfor theclosed-loop. ·
As theorem1 andtheorem3 arequitesimilar in theirstructure,
thesameremarks,lemmaandalgorithmcanbewritten for the

quadraticstabilisationproblem.Thefact that themethodsex-
tenddirectly to quadraticstabilisabilityis animportantfeature
of this paper. As in thestatefeedbackquadraticstabilisability
case,it sufficesto testthestaticoutputstabilisabilityconditions
ontheverticesof thepolytope.

5 Numerical examples

Example1: Algorithm 1 is first evaluatedon a very classical
exampleborrowedfrom [14]. Theresultis comparedwith the
theoreticaloptimal solutionandwith the suboptimalsolution
givenin [9], (example1). Thedatamaybefoundin thesetwo
lastreferences.

In [9], the min/maxalgorithmconvergesin oneiterationto a
suboptimalsolution xC-}lS0 � �ùø 6 úaû ø û . Theexact optimal so-
lution of the �	� staticoutputfeedbackproblemgivenin [14],
is suchthat l~{ X�| �ü3�� 6þý Î�ÿ û and x � -}lS{ X�| 0��&ø 6 ú�ú���û . Our
algorithmconvergesexactly to this optimumfor all testedini-
tialisations.The numberof iterationsis onefor (I1) and(I3),
13 iterationsareneededin the lastcase,(I2). At theoptimum
theLyapunov functionis thesamefor all initialisations:» { X�| � % Î 6 ú ø ý�� � 6 û� 6þû Î 6 ��ø�� � )
andasexpectedby remark2 l k is not unique.Here,thethree
initialisationsconvergeto differentgains:-���� 0 ê l7k¾� « 3�� 6	� Î�ø û 3�� 6	�\ú�ú Î ®-���
 0 ê l k � « 3�� 6	�\úaý�ý 3 Î 6 Î�ø�ø � ®-���� 0 ê l7k¾� « 3�� 6 ú Î ú Î 3�� 6	��ý�û ÿ ®
Example2 : Thealgorithm1 hasalsobeentestedonanexam-
ple borrowedfrom [13] andfor which themin/maxalgorithm
in [9] (example3) convergesto asuboptimalsolutionsuchthatx � -zlS0��cÎ û 6	� Î � Î . For the initialisation(I2), we get in 10 it-
erationsl*� « 3�Î 6 ÿ�ø ��� ÿ 6þû � ��� ® � and x � -}l~0��ÈÎ � 6	� Î�Î û .
Notethatthispoint is not theglobaloptimumbut givesa good
suboptimalsolution.Defininga grid on staticoutputfeedback
entries,l K è 3�Î�� n Î�� é 
 è 3�Î�� n Î�� é , theminimum � � normis
foundto be x � -zlS{ X�| 0`�WÎ�ø 6 ø �\ú�� .

Fromthesetwoexamples,it appearsthattheorem1 is apromis-
ing resultin view of outputstabilisabilityandcorollary1 is a
goodassociatednumericalsolution.

Example3 : An exampleborrowedfrom [6] is now considered
for robust �	� staticoutputfeedbackstabilisation.The result
of the optimal �	� robust stabilisationalgorithmis compared
with theresultsin [8], (example2). Theuncertainmodelis not
remindedhere,(seethereferencesfor details).

In [8] a suboptimalsolution is found suchthat x �ó î Ä î -zlS0 ÉÎ�Î�� 6þý�� Î�ø . Applying themethodexposedin this paper, for all
threeinitialisations, the sameoptimum is achieved suchthatl � « Î 6þû ��� ú Î 6 ÿ ��� ÿ ® and x �ó î Ä î -}l~0N� ��û 6 ÿ ý ø Î . The
convergenceof the algorithmis illustratedon figure1 for the
threedifferentinitialisations.Notethelow numberof iterations
neededto reachthis suboptimalsolution.
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Figure1: Convergenceof thealgorithm

6 Conclusions

This paperstudiesoutputfeedbackstabilisationandputsfor-
warda new inequalityconditionthatcanbesolvedby efficient
LMI-basedalgorithm. Both stabilisationand � � optimalsyn-
thesisareperformedfor certaincontinuous-timeLTI modelsas
well as for polytopic uncertainmodels. The resultshows up
to beof comparablecomplexity for all theseproblems.Alike
mostbilinear inequalityproblems,thealgorithmhasno proof
of global convergence,neverthelessit shows to bequitecom-
petitive.

Prospective work will focus on the extensionsof thesere-
sults to other typesof uncertainsystems.A remarkablefea-
ture of the proposedparameterisationis that it may be eas-
ily extendedto considerthe problemof robust synthesisvia
parameter-dependentLyapunov functions. From a numerical
point of view, thealgorithmicsolutionsmaybeimprovedand
moreelaboratedalgorithmsthancoordinatedescent-typemeth-
odsmaybetested.
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