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Abstract

Theproblemof robust
�

-stabilityanalysiswith respectto realconvex polytopicuncertainties
is tackled.A new ����� -basedsufficientconditionfor theexistenceof parameter-dependentLya-
punov functionsis proposed.Thisconditiongeneralisespreviouslypublishedconditions.Numer-
ical comparisonswith quadraticstability resultsaswell asprevious resultsbasedon parameter-
dependentLyapunov functionsillustratetherelevanceof this new condition. Finally, this result
appearsto be promisingfor robust multi-objective performanceanalysisand control synthesis
purposes.

Keywords: Robuststability, quadraticstability, parametricuncertainty, ���
	 , parameter-dependent
Lyapunov functions.

1 Intr oduction

Eventhoughtheproblemof assessingrobustnessof stabilityandperformanceagainstrealparametric
uncertaintyis known to bein general�
� -hard,numerousmoreor lessconservative resultsaredis-
seminatedin the relatedliterature.Amongall theseresults,four mainstreamsmaybequoted.The
algebraicapproachesbasedonKharitonov’stheorem,[3], generallyproposenicerobuststabilitytests
which suffer from restrictive assumptionsandarehardlygeneralisableto robustsynthesisproblems.
In the µ� km theory, [23], a very generalandwell-establishedframework including real parametric
aswell asneglecteddynamicsis available.Nevertheless,it leadsto heavy numericalproceduresfor
which thewell-kwown frequency sweepis still necessary. Stronglyrelatedto this lastapproach,the
methodsbasedon topologicalseparationhave proventheir efficiency. Particularly, in [13], anexact
characterisationof µ is givenwhatever thepropertiesof theuncertaintyare. For numericalpurpose,
it is thennecessaryto useappropriaterelaxationsof thederivedcondition.
Very appealingmethodshave beendeveloppedin the context of Lyapunov theory. In particular,
many resultsarebasedon theconceptof quadraticstability, [5], [6], [10], [18]. Unfortunately, these
approachesmay be very conservative due to the useof a single Lyapunov function for the entire
uncertaintyset. The reductionof conservatismnecessarilyimplies the useof parameter-dependent
Lyapunov functions,[7], [9], [16]. While in [7], [9], robuststability conditionsinvolving parameter-
dependentLyapunov functionsaredeveloppedfor continuous-timeuncertainsystems,in [16], a new
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robuststabilityconditionis derivedfor discrete-timeuncertainsystems.
Thecontribution of this paperconsistsof thederivationof a new robust � R-stability condition,(i.e.
robuststabilitywith respectto some� R subregionof thecomplex plane),with respectto realconvex
polytopicuncertainty, generalisingtheonein [16] andleadingto identicalresultfor thespecialcase
presentedin [7]. Theinterestof thisnew conditionmainlyrelieson theadditionaldegreesof freedom
suppliedby theintroductionof new matrix variables.Beyond theadvancesin the reductionof con-
servativenessfor robuststability analysis,thenew conditionappearsto bevery promisingfor robust
multi-objectiveperformanceanalysisaswell asfor robustsynthesispurposes.Wewouldlike to stress
thatin theparticularcaseof robuststability analysis,similar ideasemergedin theotherindependent
works,[11], [17].
The paperis organisedasfollows. In the next section,the definitionsandLyapunov characterisa-
tionsof � R-stability andquadratic� R-stability arepresentedanddifferentclassesof subregionsof
thecomplex planearerecalled.In thethird section,thenew robust � R-stability conditionbasedon
parameter-dependentLyapunov functionsis derived.Therelevanceof this conditionis illustratedby
differentnumericalexperimentsin section4. Finally, theconclusionsectiondealswith thepromising
perspectivesofferedby thisnew result.
Notationis standard.Thetransposeof a matrix A is denotedA� andA� readsfor complex conjugate
transpose.For symmetricmatrices,� ( � ) denotestheLöewnerpartialorder, i.e. A ������� B if f A � B
is positive (semi)definite. δ is thederivationoperatorfor continuous-timesystems,(δ � x � t ����� ẋ � t � )
andthedelayoperatorfor discrete-timeones,(δ � x � t ��� � x � t ! 1 � ). " is theKroneckerproductof two
matrices.Weremindthat � A " B�#� C " D �$�
� AC �%"&� CD � .
2 The robust R-stability analysisproblem

2.1 A newcharacterisationof regions

Let a dynamicalsystembegivenby its stateequationδ � x � t ��� � Ax� t � andlet � beasubregion of the
complex plane lC. Theproblemof findingeasytestableconditionsfor thematrixA to haveall its roots
in thesubregion � , (theproblemof decidingif A is � -stable),hasbeenthoroughlyinvestigatedin
thelastyears.In [12], thenotionof polynomialregionshasbeenintroduced.� P � '

z ( lC : ∑
0 ) k * l ) m

cklz
kz� l + 0 , (1)

An extendedLyapunov theoremis thenproposedfor suchregionsin [14] and[12]. In [6], an �-�
	 -
basedcharacterisationof matrix root-clusteringregionsfor a givenmatrix A is presented.Themain
resultconsistsin thederivationof anextendedLyapunov matrix equationfor a new classof convex
subregionsof thecomplex planenamedthe �-�.	 regionsandcharacterisedby an �-�
	 in z andz� .� L �0/ z ( lC : R11 ! R12z ! R�12z� + 0 1 (2)

whereR11 ( Rd 2 d is a symmetricmatrix andR12 ( Rd 2 d, [6]. In this paper, we focusour attention
on �-�.	 regions.Indeed,dueto thepolynomialnatureof theirLyapunov characterisation,problems
suchasrobustanalysisor synthesisarenoteasilytractablefor polynomialregions.Thecharacterisa-
tion of ���
	 regionsis now revisited.For suchapurpose,wedefineanew classof subregionsof the
complex plane:
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Definition 1
LetR ( R2d 2 2d bea symmetricmatrixpartitionnedas:

R �43 R11 R12
R�12 R22 5 :

R11 � R�11 ( Rd 2 d

R22 � R�22 ( Rd 2 d (3)

We definethe � R regionof thecomplex plane:� R �0/ z ( lC : R11 ! R12z ! R�12z� ! R22zz� + 0 1 (4)

Without any assumptionon the matrix R22, � R regionsarenot convex, but with theassumptionof
positivedefiniteness,R22 � 0, (4) appearsto beaslight modificationof thecharacterisationof �-�
	
regions.

Remarks16 As for ���
	 regionsthe � R regionsaresymmetricwith respectto therealaxis.6 WhenR22 � 0, it canberewritten asR22 � LL � whereL ( Rd 2 d is any squareroot of R22. In
thiscase,the � R regionsarejust anotherformulationfor ���
	 regions:7

1d 1dz�98 R 3 1d

1dz 5 + 0 R22 � LL �;: 3 R11 ! R12z ! R�12z� Lz
L � z� � 1d 5 + 0 (5)

Notethattheclassof �-�.	 regionsbelongsto theclassof � R regionsbut our investigationswill be
restrictedto theformer, i.e. we assumethatR22 � 0.

Remarks2
Thecharacterisationproposedin definition1 is not only a formal resultbut will appearto beusefull
to simplify thedifferentexpressions.This is easilyseenwhen � R is chosento bea disk. Indeed,the
particularchoicesfor R:

R ( R2 2 2 Rc � 3 0 1
1 0 5=< Rd � 3 � 1 0

0 1 5 (6)

correspondto theusualcriteriafor stabilityof respectivelycontinuous-timeanddiscrete-timesystems.
Notethatthe ���
	 formulationof [6] for theunit disk is equivalentto chooseRas:

R ( R4 2 4 Rd > ?A@ � BCCD � 1 0 0 1
0 � 1 0 0
0 0 0 0
1 0 0 0

EGFFH (7)

For a morecompletedescriptionof possible�-�
	 -regions,theinterestedreadermayhave a look to
thereferences[6], [2].

Definition 2
A matrixA ( Rn 2 n is saidto be � R-stableif andonly if all its eigenvalueslie in the � R regiondefined
by(4).

An ���
	 characterisationfor � R-stabilitycanbeeasilydeducedfrom [6].

Theorem1
A ( Rn 2 n is � R-stableif andonly if there existsa symmetricpositivedefinitematrix P ( Rn 2 n such
that:

R11 " P ! R12 "I� PA�%! R�12 "I� A� P�J! R22 "I� A� PA� + 0 (8)

Theproof is easilyderivedby following theproof for �-�
	 regionsin [6].
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2.2 Rob
K

ust and quadratic R-stability

We considernow anuncertainLTI dynamicalsystemmodelledas:

δ � x � t ��� � Ax� t � A (ML (9)

whereL is a polytopeof Rn 2 n with N verticesA1 <#N#N#N�< AN. L canbeformally definedas:LO� '
A ( Rn 2 n : A � N

∑
i P 1

τiAi < τi � 0 <RQ i (TS 1 <#N#N#N�< N U < N

∑
i P 1

τi � 1 , (10)

Notethat L is a convex andboundeddomain.This representationis quitegeneralandemcompasses
for instancethe well-known caseof interval matrices. Moreover, this type of uncertaintymay be
consideredas structureduncertainty. The problemof analysingstability of all the realisationsof
A (VL is therefore��� -hard. For robustnessanalysispurpose,two different typesof stability are
usuallyencounteredin theliterature.While robuststabilityensuresthattheuncertainsystemis stable
for all admissibleconstantandunknownparameterrealisations,quadraticstabilityguaranteesstability
via theexistenceof aquadraticLyapunov functionfor all possiblytime-varyingparametervariations.

Definition 3 [23]L is robustly � R-stable,if andonly if, for all A (WL , A is � R-stable.

Thus L is robustly � R-stableif andonly if, for eachA (-L , thereexistsasymmetricpositivedefinite
matrixP suchthat(8) holds.

Definition 4 [10]L is quadraticaly � R-stable,if andonly if, there existsa symmetricpositivedefinitematrix P such
that for all A (�L :

R11 " P ! R12 "I� PA�%! R�12 "I� A� P�J! R22 "I� A� PA� + 0 (11)

Beforeexposingthemainresultandfor comparisonsake,wefirst recallthe �-�
	 -typenecessaryand
sufficientconditionfor quadratic� R-stabilityof L .

Theorem2L is quadratically � R-stable,if andonly if, there existsa uniquesymmetricdefinitepositivematrix
P ( Rn 2 n such that for all i (XS 1 <#N#N#NY< N U :

�W� P�Z� BD R11 " P ! R12 "I� PAi �J! R�12 "I� A�iP� � 1d " A�i �#� L " P�� L �[" P�\� 1d " Ai � � 1d " P

EH + 0 (12)

where R22 � LL � .
Proof
Necessityis straightforwardsinceif quadraticstability is satisfiedfor all thepolytopeit mustbethe
caseat all thevertices.Sufficiency is deducedfrom:3 R11 " P ! R12 "&� PA�J! R�12 "&� A� P�]� 1d " A�^�\� L " P�� L �_" P�\� 1d " A� � 1d " P 5 � N

∑
i P 1

τi �W� P� + 0 (13)
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Applying aSchurcomplementargumentleadsto thequadratic� R-stabilityof (9). `
Even if it hasproved its efficiency for thedevelopmentof synthesisproceduresfor varioustypesof
robustcontrolproblem,[5], [8], [18], quadraticstability is undoubtedlya strongerrequirementthan
robuststability andis at thebestaneasilytractablesufficientconditionfor robuststability. Thecon-
servativenessof theapproachesbasedon quadraticstability comesfrom thefact that � R-stability is
provedthroughtheuseof asinglequadraticLyapunov functionv � x�a� x� Px for thewholeuncertainty
domainL while robust � R stability maybeprovedby usinga parameter-dependentLyapunov func-
tion v � x < τ �a� x� P � τ � x. Thenext sectionfocuseson this particularpointandprovidesa new sufficient
conditionfor robust � R-stabilitywhoseconservativenessappearsto besimilaror lessimportantthan
thatof previousexistingconditions.

3 A newrobust R-stability condition

3.1 A preliminary result

Beforestatingthemainresultconcerningtherobust � R-stabilityproblem,aninstrumentaltheoremis
givenproviding thekey ideafor thesequel.

Theorem3
A ( Rn 2 n is � R-stableif andonly if there existsa symmetricpositivedefinitematrix P ( Rn 2 n and
twomatricesF ( Rdn 2 dn, G ( Rdn 2 dn such that:

BD R11 " P ! F � 1d " A�J!I� 1d " A� � F � R12 " P !I� 1d " A� � G � F

R�12 " P ! G� � 1d " A� � F � R22 " P � G � G� EH + 0 (14)

Proof of sufficiency.
Sincethematrix

7
1dn 1d " A�b8 hasfull rank,(14) impliesthat:3 1dn

1d " A 5 � 3 R11 " P ! F � 1d " A�%!I� 1d " A�^� F � R12 " P !&� 1d " A�c� G � F
R�12 " P ! G�d� 1d " A�e� F � R22 " P � G � G� 5 3 1dn

1d " A 5 + 0

(15)
which is exactly theexpression(8). `
Proof of necessity.
SupposethatthereexistsasymmetricpositivedefinitematrixP suchthat(8) holds.Necessarily, there
existsa scalarα � 0 suchthat:

R11 " P ! R12 "&� PA�J! R�12 "&� A� P�%! R22 "&� A� PA� + � α1d "I� A� A� (16)

Thismayberewritenalsoas:

R11 " P ! R12 "I� PA�%! R�12 "I� A� P�%!&� 1d " A� �#� R22 " P ! α1dn �#� 1d " A� + 0 (17)

As R22 � 0, P � 0 andα � 0 andby usinga Schurcomplementargumentthis impliesthat:3 R11 " P ! R12 "I� PA�%! R�12 "I� A� P�f� 1d " A�^�#� R22 " P ! α1dn �� R22 " P ! α1dn �\� 1d " A� �g� R22 " P ! α1dn � 5 + 0 (18)
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TakingG � R22 " P ! α
2 1dn andF � R12 " P � α

2 � 1d " A�c� it meansthat thereexist P � P��� 0 and
matricesG ( Rdn 2 dn andF ( Rdn 2 dn suchthat:3 R11 " P ! F � 1d " A�%!I� 1d " A� � F � ! α � 1d "I� A� A��� R12 " P !&� 1d " A� � G � F

R�12 " P ! G� � 1d " A�e� F � R22 " P � G � G� 5 + 0 (19)`
Remarks3
For continuous-timeanddiscrete-timesystems,thecondition(14) respectively reads:

BD � A� F �[! FA� P � F ! A� G
P � F �h! G� A �-� G ! G�^� EH + 0 BD � P !&� A� F �[! FA� � F ! A� G� F ! G� A P �i� G ! G�^� EH + 0 (20)

In [11], [17], similar resultsareindependentlyproposedfor diagonalandsimultaneousstability of
polytopeof matricesusingthepassivity andreal-positivenessapproach.In [16], by choosingF � 0
in thediscrete-timecondition,aparticulardiscrete-timerobuststabilityconditionis givenfor control
synthesispurpose.

3.2 The main result

Themainresultis now stated.

Theorem4
If, there existsF ( Rdn 2 dn, G ( Rdn 2 n andN symmetricpositivedefinitematricesPi such that:

Q i (AS 1 <#N#N#N�< N U BD R11 " Pi ! F � 1d " Ai �J!I� 1d " A�i � F � R12 " Pi !I� 1d " A�i � G � F

R�12 " Pi ! G�d� 1d " Ai �e� F � R22 " Pi � G � G� EH + 0 (21)

then(9) is robustly � R-stable.

Proof
The proof is similar to the proof for quadraticstability of theorem2 with a parameter-dependent
Lyapunov matrix:

P � τ �j� N

∑
i P 1

τiPi (22)`
Remarks46 (12) is a sufficient condition for (21). The proposedcondition of robust stability therefore

includesquadraticstability.6 In theparticularlyinterestingcasesof robuststability for continuous-timeor discrete-timeun-
certainsystems,(21) respectively reads,Q i (AS 1 <#N#N#Nk< N U :

BD � A�iF � ! FAi � Pi � F ! A�iG
Pi � F � ! G� Ai �-� G ! G� � EH + 0 BD � Pi !I� A�iF � ! FAi � � F ! A�iG� F ! G� Ai Pi �l� G ! G� � EH + 0 (23)
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Keepingin mind the reference[16], it is interestingto know if condition(21) may be usedfor � R

stabilisabilityproblems.Let usconsiderthefollowing uncertainsystem:

δ � x � t ��� � Ax� t �%! Bu� t � 7
A B 8m(�Lon (24)

whereu ( Rq aretheinputsand LVn is a polytopeof Rn 2%p nq qr with N vertices �A1 B1 � , N#N#N , �AN BN � .
We look for a conditionof state-feedback� R-stabilisability, that is, for a conditionsuchthatA ! BK
is robustly � R-stablewhenK is a state-feedbackgainof Rq 2 n. The following theoremis a hint for
furtherwork on robustcontrol.Weassumefor this resultthatR22 � 0, the � R region is compact.

Theorem5
If there exists H ( Rn 2 n, S ( Rq 2 n and N symmetricpositivedefinitematricesXi such that Q i (S i <#N#N#N�< N U :st

R11 u Xi v R12 uxw AiH v BiSy v Rz12 uTw AiH v BiSy�z Rz12 uxw Xi { H zGy v R22 uxw AiH v BiSy
R12 uxw Xi { H y v R22 uTw AiH v BiSy z R22 uTw Xi { H { H z y |}�~ 0 (25)

then(24) is robustly � R-stabilisableby state-feedback andanadmissiblegain is:

K � SH� 1 (26)

Proof
R22 andthematricesXi arepositivedefinite,thereforeH ! H ��� 0, H is nonsingular. TakeK � SH� 1,
Acl �

i � Ai ! BiK, F � R�12 " H � andG � R22 " H, theconditionwritesthenas:3 R11 " Xi ! F � 1 " Acl
i ���_!&� 1 " Acl �

i � F � R�12 " Xi !&� 1 " Acl �
i � G � F

R12 " Xi ! G�d� 1 " Acl �
i ���[� F � R22 " Xi � G � G� 5 + 0 (27)

which is a transposedversionof theorem4. `
Remarks56 For the particularcaseof discrete-timeuncertainsystems,the robust stabilisabilityby state-

feedbackis thesameasin [16].6 For continuous-timesystems,theabove resultis not applicablesinceR22 � 0. Othermethods
maybeproposed,(see[1]).6 The conditionof theorem5 is a sufficient conditionfor quadratic� R-stabilisabilityby state-
feedback.6 The control gain doesnot dependon the Lyapunov function, which is new comparedto the
quadraticstability framework. This fact is quitevaluablefor furthersynthesisresults.
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4 Numerical experiments

4.1 Experiments1

Two different numericalexperimentshave beenperformedabout robust stability of respectively
continuous-timesystems,(table1) anddiscrete-timesystems,(table2).
We aim at comparingthesufficient condition(21) with previousresultsfrom [7] and[9]. Note that
dueto therestrictive natureof theuncertaintyconsideredin [7], theuncertainmatrix A evolvesin a
hyperrectangledefinedasfollows,

ẋ � t �j� A0 ! L

∑
i P 1

Aiδi � δi ��� 1 < i � 1 <#N#N#N�< L (28)

For suchuncertainmodels,thesufficientcondition(21) maybesimplified. It is thereforepossibleto
seeka parameter-dependentLyapunov functionparameterizedas,

P � δ �j� P0 ! L

∑
i P 1

δiPi (29)

A new sufficientconditionis theneasilydeduced.

Theorem6
If, there existsF ( Rn 2 n, G ( Rn 2 n andL ! 1 symmetricmatricesPi < i � 0 < 1 <#N#N#N�< L such that:

Q i (TS 1 <#N#N#N�< N U BD A�0F �_! FA0 ! FA∆ �i ! ∆iA� F � P0 � F ! P∆ �i ! ∆iA� G
P0 � F �_! P∆i ! G� A∆ �i � G � G� EH + 0 (30)

where P � 7
P1 N#N#N PL 8 and∆ �%� 7

δ11n N#N#N δL1n 8 .
Notethat condition(30) maybeeasilyextendedto dealwith robust � R-stability. then(9) is robustly� R-stable.

Five differentmethodsarethencomparedon randomlygeneratedcontinuous-timesystemswheren
is the sizeof the statevectorwhile L � 2 is the numberof uncertainparameters.A0 waschosen
randomlyandstable. The different testsare the quadraticstability test (12), testc1, the sufficient
condition from [9], testc2, the sufficient condition from [7], testc3, the sufficient condition(30),
testc4, thesufficient condition(21), testc5. In thefollowing table,thepercentagesof successof the
analysismethodsaregivenfor about5000randomlygeneratedcontinuous-timesystems.Thesetests
have beenperformedby usingMATLAB andthe �-�
	 solver SdPSOL,[22].

n testc1 testc2 testc3 testc4 testc5

2 52.2% 60.3% 69.8% 71.1% 71.3%
3 51.7% 59.5% 65.4% 70.4% 70.4%
4 36.4% 47% 50.9% 57.1% 57.4%
5 34.2% 50.6% 51% 58.6% 59.3%

Thetestsc4 andc5 prove to belessconservative thanthepreviousexisting methods.Thetestc5 ap-
pearsto bethemoredemandingcomputationallywhencomparedto testsc2, c3 andc4 whenapplied
to uncertainsystemsof theform (28). In this particularcase,thenumberof the �-��	 constraintsas
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well asthenumberof thevariablesgrowsexponentiallywith thenumberof uncertainparametersfor
testc5 while thenumberof the �-�.	 constraintsgrowsexponentiallyfor testsc4 andc2. It hasbeen
observedthatthereductionof theconservatismproposedby testsc4 andc5 growswith thenumberof
verticesandwith thesizen of thestatevector.

For discrete-timeuncertainsystems,threeconditionsarecompared,quadraticstability test,testd1,
the conditionproposedin [16], testd2, andthe condition(21), testd3. The polytopesof systems
arerandomlygeneratedasfor continuous-timestability analysiswhereN is thenumberof vertices.
Eachvertex of the polytopeshasat leastoneeigenvaluewhosemodulusis equalto 0.9 andother
eigenvalueshave a moduluslessthan0.9.

n N testd1 testd2 testd3

3 8.8% 68.6% 91.0%
4 4 1.0% 44.0% 75.4%

5 0.2% 27.4% 63.0%
3 7.6% 68.6% 91.4%

5 4 0.8% 46.4% 82.8%
5 0.2% 28.2% 71.2%

Theresultsobtainedonmany randomlygeneratedpolytopesof matricesclearlyshow thereductionof
conservativenessintroducedby thecondition(21) with respectto existing tests.Thetestd3 involves
morevariablesthanthetestsd1 andd2. Precisely, thetestd3 involves,for d � 1, 2n2 ! Nn p nq 1r

2 addi-
tionalvariablesascomparedto thequadraticstability testandn2 additionalvariablesascomparedto
thetestd2. Nevertheless,whenperformingtiming numericalexperiments,the reductionof thecon-
servatismfar outweightsthe increasedcomplexity. Thesetiming experimentshave beenperformed
by usingthe �-�
	 solver of MATLAB ona SUNSPARC stationultra5.

n N testd1 testd2 testd3

3 0.64s 2.8s 4.7s
10 4 1.2s 6.9s 10.6s

5 3.1s 15.7s 25.7s
3 0.1s 0.3s 0.5s

5 4 0.2s 0.7s 1.2s
5 0.4s 1.5s 2.5s

4.2 Experiments2

Up to this point we comparedthe methodof theorem4 to stability analysismethodsin the case
of continuous-timeor discrete-timesystemsfor which exist someearlier results. The goal of the
following simpleacademicexampleis to illustrate the relevanceof the methodfor more involved���
	 regionssuchastheintersectionof adisk anda half-plane.Thefollowing regionsaredefined:

i) Re� z� + � 0 � 9 : R � 3 1 � 8 1
1 0 5

ii) Re� z� + � 0 � 9 and � z� + 2 � 1 : R � BCD 1 � 8 0 1 0
0 { 4 � 41 0 0
1 0 0 0
0 0 0 1

E FH
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Figure1: � R regionsandpolelocation

iii) Re� z� + � 0 � 9 and � z ! 1 � + 1 � 1 : R � BCD 1 � 8 0 1 0
0 { 0 � 21 0 1
1 0 0 0
0 1 0 1

EGFH
iv) Re� z� + � 0 � 9 and � z ! 1 � + 0 � 9 : R � BCD 1 � 8 0 1 0

0 0 � 19 0 1
1 0 0 0
0 1 0 1

E FH
Let L bethepolytopeof matricesdefinedby two vertices:

B1 � 3 � 1 1� 1 � 1 5 B2 � 3 � 2 0� 1 � 1 � 2 5 (31)

Thefigure1 shows,for thepolytopeL thevariationof theeigenvalueswhentheuncertainparameter
is varying from 0 to 1. Quadratic� R-stability analysissucceedsonly on region i � while the new� R-stabilityanalysisof theorem4 succeedsonall threefirst casesandof coursefails on iv � .
5 Conclusion

A new �-�
	 -basedrobust � R-stability conditionwith respectto realconvex polytopicuncertainties
hasbeenproposed.This testinvolvesparameter-dependentLyapunov functionswhicharelinearwith
respectto theparametricuncertainty. It encompassestestsbasedon quadraticstability aswell asa
new recentresultproposedin [16] andis similar to theconditionproposedin [11], [17], for thepar-
ticularcaseof robuststability. Whendealingwith thetypeof structureduncertaintypresentedin [7],
theresultsaresimilaror evenbetter.
Moreover, this conditionis very promisingfor robustperformanceanalysisandsynthesisproblems.
Indeed,theextensionof thisresultfor theanalysisof robust � R stabilityandrobustperformancewith
respectto real convex polytopicuncertaintiesaswell asdissipative linear fractionaltransformation,����� , uncertaintyvia parameter-dependentLyapunov functionsis quitestraightforward,[19]. One
additionalinterestingaspectof thegivenresultis thatit canbeusedtocopewith robustmulti-objective
stabilisabilityproblems.Usingparameter-dependentLyapunov functionsandthis new stability con-
dition leadsto constructrobustcontrollawsnot directlydependingupontheLyapunov matrices,[1],
unlikethemethodsdeveloppedin thequadraticstability framework andusingtheLyapunov Shaping
Paradigm,[21].
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