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0 Introduction

Insomepracticalsystems,itisfrequently
mettostabilizeanopen-loopunstablesystem.
Thecontrollerinevitablyfailsoversometime
intervalsduetosomeknownorunpredictive
cases.Therefore,thecontrollerfailureproblem
isexpectedtobeamoreimportanttopic.InLit.
[1],a methodologyforthedesignofstate
feedbackcontrolispresentedsothattheclosed-
loopsystem remainsstableeven whensome
partsofthecontrollersfail.InLit.[2],usinga
two-channeldecentralizedcontrollerconfiguration,

necessaryandsufficientconditionsareobtained
fortheexistenceofreliablecontrollersthat
maintainstabilityunderpossiblefailureofeither

ofthetwocontrollersforlinearMIMOplants.
Accordingtothecompletebreakdownofthe
controlsignal(u(t)=0),someresultsonlinear
time-invariantsystemshavebeenobtainedbased
ontheaveragedwelltimemethodinLit.[3,4].
Butthepapersmentionedabovedidnotdiscuss
theeffectofdelay.

Time-delays and perturbations are often
encounteredinpracticalcontrolsystems.Bothof
themaregenerallyregardedas mainsourcesof
instability and poor performance of a control
system.Considerableattentionhasbeenpaidtothe
stabilityanalysisandthecontrollerdesignofthe
time-delaysystem[5-8].Veryrecently,thetime-
delaysystemshavebeenextendedtotheswitched
systems[9-15].In most of these papers, all



subsystemsareeitherstableorunstable.Casesare
frequentlyencounteredwhereunstablesubsystems
havetobedealtwithinsomepracticecontrol
systems,asisdescribedinLit.[16,17].InLit.
[18],aclass ofdiscreteconstanttime-delay
switched systems with controller failure is
consideredbyusingaveragedwelltimetechnique.
However,noresultsarenowavailableforsuch
complex switched uncertain multi-time delay
systemsresultingfromcontrollerfailures.

Inthispaper,robustlyexponentialstability
analysisforaclassofuncertainsystemswith
multipletime-varyingdelaysandbothstructure
uncertainties and nonlinear perturbations is
developed,whosecontrollerfailsfromtimeto
timeduetophysicalorpurposefulcases.The
uncertainmulti-timedelaysystemsubjectedto
controllerfailureisfirstlymodeledasaswitched
uncertainmulti-timedelaysystemincludingan
unstablesubsystem.Byusingtheaveragedwell
time approach combined with the integral
inequality,undertheconditionsthatthetotal
activationtimeratioofunstablesubsystemsto
stableonesisupperbounded,withthehelpof
thelemmasandaspecialpiecewiseLyapunov
function,adelay-dependentsufficientconditionfor
exponentialstabilityoftheswitchedsystemis
derivedintermsoflinearmatrixinequalities.
Finally,the effectiveness of the proposed
methodisdemonstratedbysimulationexample.

1 Problem formulation and
preliminaries

Consider the following uncertain linear
system with multipletime-varyingdelaysand
nonlinearperturbations

 x ·(t)= (A+ΔA(t))x(t)+∑
m

i=1

(Ai
d+

ΔAi
d(t))x(t-τi(t))+f(t,x(t))+

∑
m

i=1
gi(t,x(t-τi(t)))+Bu(t),

x(t)=φ(t),t∈ [-τ,0] (1)
wherex(t)∈Rnisthestatevectorandu(t)∈Rm

isthecontrolinput;A,Ai
d(i=1,2,…,m)andB

areconstantmatricesofappropriatedimensions;
theuncertaintiesΔA(t)andΔAi

d(t)(i=1,2,…,

m)aresomeperturbations with appropriate
dimensions,andhavethefollowingforms:

(ΔA(t) ΔAi
d(t))=DF(t)(E Ei);

i=1,2,…,m
withFT(t)F(t)≤I,whereD,EandEiare
known constant matrices with appropriate
dimensions.Thefunctionsf(t,x(t))andgi(t,
x(t-τi(t)))(i=1,2,…,m)areunknown
nonlinearuncertainties.Itisassumedthatf(t,
0)=0,gi(t,0)=0(i=1,2,…,m)and

fTf≤a2xT(t)x(t)

gT
igi≤b2ixT(t-τi(t))x(x-τi(t))

(2)

where,forsimplicity,f:f(t,x(t)),gi:gi(t,x(t
-τi(t))),τi(t)(i=1,2,…,m)arethetime-
varyingdelayofthesystem,andsatisfyoneof
thefollowingconditions:

(H1)0≤τi(t)≤τi,τ ·i(t)≤μiwithτi>0;
(H2)0≤τi(t)≤τiwithτi>0.
φ(t)isacontinuousinitialfunctionon

[-τ,0]withτ= max
1≤i≤m

{τi}.Throughoutthis

paper,itisassumedthat:(1)Aisunstable;
(2)(A,B)isstabilizable;(3)astatefeedback
controlleru(t)=Kx(t)hasbeendesignedsuch
thatAs=A+BKisstable.Whenthecontroller
works,System(1)isexpressedasfollows:

 x ·(t)=As(t)x(t)+∑
m

i=1
Ai
d(t)x(t-τi(t))+

f(t,x(t))+∑
m

i=1
gi(t,x(t-τi(t))),

x(t)=φ(t),t∈ [-τ,0] (3)
whereAs(t)=As+ΔA(t),Ai

d(t)=Ai
d+ΔAi

d(t).
Whenthecontrollerfailscompletely,System
(1)isrewrittenas

 x ·(t)=A(t)x(t)+∑
m

i=1
Ai
d(t)x(t-τi(t))+

f(t,x(t))+∑
m

i=1
gi(t,x(t-τi(t))),

x(t)=φ(t),t∈ [-τ,0] (4)
WhereA(t)=A+ΔA(t).Then,theentire
systemdynamicscanbeexpressedasaswitched
systemcomposedofanunstablesubsystemanda
stablesubsystem.Theformisexpressedas

 x ·(t)=Aσ(t)(t)x(t)+∑
m

i=1
Ai
d(t)x(t-τi(t))+

f(t,x(t))+∑
m

i=1
gi(t,x(t-τi(t))),
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x(t)=φ(t),t∈ [-τ,0] (5)
Whereσ(t):[0,+∞)→P={1,2},A1(t)=As(t),
A2(t)=A(t).σ(t)=1meansthecontroller
works;σ(t)=2meansthecontrollerfails.

Theobjectiveofthispaperistodesigna
classofswitchinglawsunderwhichSystem (5)
is exponentially stable. To formulate the
problem,some definitions and lemmas are
introduced.

Definition1[19] Foreachswitchinglawσ
andeachT≥t≥0,letNσ(T,t)denotethe
numberofswitchingofσovertheinterval(t,
T).If

Nσ(T,t)≤T-t
τa

,∀τa>0 (6)

τaiscalledtheaveragedwelltime.
Definition2 System (5)issaidtobe

exponentiallystableifthereexistscalarsλ>0,
κ>1suchthatforallx(t)thefollowing
inequalityholds:

‖x(t)‖ ≤κ‖xt0‖cle
-λ(t-t0),∀t≥t0 (7)

where‖xt‖cl:= sup
-τ≤θ≤0

{‖x(t+θ)‖,‖ x ·(t+

θ)‖},‖·‖istheEuclideannorm.
Lemma1[20] Foranyconstantsymmetric

matrixW>0,scalarτ>0,andvectorfunction
x ·(·):[-τ,0]→Rnsuchthatthefollowing
integraliswelldefined,then

-τ∫
t

t-τ
x ·T(s)Wx ·(s)ds≤zT(t)

-W W
W -W

æ

è
ç

ö

ø
÷z(t)

(8)

wherez(t)=(xT(t) xT(t-τ))T.
Lemma2[21] LetD,F,EandM bereal

matricesofappropriatedimensionswithMsatisfying
M=MT,thenforallFTF≤I,thefactthatM+
DFE+ETFTDT<0holdsifandonlyifthere
existsε>0suchthatM+ε-1DDT+εETE<0.

2 Mainresults

DuetoSystem(3),thematrixAs=A+BK
isstable,soascalarλ->0canbeobtainedsuch
thatAs+λ-Iisstable.

Lemma3 Under(H1),forgivena>0,bi

>0,λ->0andforallowableupperboundsτi>
0,ifthereexistpositivesymmetricmatricesP1,

Q1i,R1iandpositivescalarsε1,δ1,η1i(i=1,2,

…,m)suchthatthefollowinglinearmatrix
inequalityholds

Π1
11+δ1Δ Π1

12 Π1
13 Π1

14

Π1
12 Π1

22 Π1
23 Π1

24

Π1
13 Π1

23 Π1
33 Π1

34

Π1
14 Π1

24 Π1
34 Π1

44

æ

è

ç
ç
ç
çç

ö

ø

÷
÷
÷
÷÷

<0 (9)

where

Π1
11 =

ϕ111 ϕ112 ϕ113 ... ϕ11m+1

ϕ112 ϕ122 ϕ123 ... ϕ12m+1

ϕ113 ϕ123 ϕ133 ... ϕ13m+1

︙ ︙ ︙ ︙

ϕ11m+1 ϕ12m+1 ϕ13m+1 … ϕ1m+1m+1

æ

è

ç
ç
ç
ç
ç
ç

ö

ø

÷
÷
÷
÷
÷
÷

with
 ϕ111 =P1(As+λ-I)+(As+λ-I)TP1+

∑
m

i=1
Q1i -∑

m

i=1
τ-1

i R1
ie-2λ-τi +ε1a2I,

 ϕ112 =P1A1d+τ-1
1R11e-2λ-τ1,…,ϕ11m+1 =

P1Am
d +τ-1

mR1
me-2λ-τm,

 ϕ122 =-[(1-μ1)Q11e-2λ-τ1 +

τ-1
1R11e-2λ-τ1]+η11b21I,

 ϕ133 =-[(1-μ2)Q12e-2λ-τ2 +

τ-1
2R12e-2λ-τ2]+η12b22I,…,

 ϕ1m+1m+1 =-[(1-μm)Q1me-2λ-τm +

τ-1
mR1

me-2λ-τm]+η1mb2mI,

 ϕ123 = … =ϕ12m+1 =ϕ134 = … =ϕ13m+1 = … =
ϕ1m-1m =ϕ1m-1m+1=ϕ1mm+1=V(Visazero
matrixofappropriatedimension),

 Π1
12 =

P1 P1 … P1
0 0 … 0
︙ ︙ ︙
0 0 … 0

æ

è

ç
ç
ç
ç

ö

ø

÷
÷
÷
÷

,Π1
14 =

P1D
0
︙
0

æ

è

ç
ç
ç
ç

ö

ø

÷
÷
÷
÷

,

 Π1
24 =

0
0
︙
0

æ

è

ç
ç
ç
ç

ö

ø

÷
÷
÷
÷

,Π1
34 =

R11D
R12D
︙

R1mD

æ

è

ç
ç
ç
ç

ö

ø

÷
÷
÷
÷

,

 Π1
13 = (AsA1d…Am

d)T(R11 …R1m),

 Π1
23 = (I…I)T(R11 …R1m),

 Π1
22 =-diag{ε1I,η11I,…,η1mI},

 Π1
33 =-diag{τ-1

1R11,…,τ-1
mR1

m},Π1
44 =-δ1I,

Δ= (EE1 …Em)T(EE1 …Em)
Then,alongthetrajectoryofSystem (3),

itresultsinthefollowingequation:

V1(t)≤e-2λ-(t-t0)V1(t0) (10)
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Proof Choose the Lyapunov-Krasovskii
functionalcandidate

 V1(t)=xT(t)P1x(t)+∑
m

i=1∫
t

t-τi(t)
(xT(s)×

Q1ie2λ
-(s-t)x(s))ds+

∑
m

i=1∫
0

-τi∫
t

t+θ
x ·T(s)R1ie2λ

-(s-t)x ·(s)dsdθ

(11)
ThenalongthetrajectoryofSystem (3)andby
Lemma1togetherwithEq.(2),itleadsto

V
 ·
1(t)+2λ-V1(t)≤ζT(t)Π1(t)ζ(t)

where

Π1(t)=
Π1
11(t) Π1

12

Π1T
12(t) Π1

22

æ

è
ç

ö

ø
÷+ΛT

1(t)∑
m

i=1
τiR1

iΛ1(t),

Λ1(t)= (As(t)A1d(t)…Am
d(t)II…I)

BySchurcomplementsandLemma2,fromEq.

(9)itiseasytoseethatΠ1(t)<0.ThusV
 ·
1(t)

+2λ-V1(t)≤0.
Integrating the above inequality, it

obviouslyholdsthat

V1(t)≤e-2λ-(t-t0)V1(t0) (12)
Whenthecontrollerfails,System (1)

reducestoSystem (4).Asis wellknown,
matrixAisunstable.Thereexistsaconstantλ+

>0suchthatA-λ+Iisstable.Thefollowing
resulsmaybeobtained.

Lemma4 Under(H1),forgivena>0,
bi>0,λ+ >0andforallowableupperbounds
τi>0,ifthereexistpositivesymmetricmatrices
P2,Q2i,R2iandpositivescalarsε2,δ2,η2i(i=1,
2,…,m)suchthatthefollowinglinearmatrix
inequalityholds

Π2
11+δ2Δ Π2

12 Π2
13 Π2

14

Π2
12 Π2

22 Π2
23 Π2

24

Π2
13 Π2

23 Π2
33 Π2

34

Π2
14 Π2

24 Π2
34 Π2

44

æ

è

ç
ç
ç
çç

ö

ø

÷
÷
÷
÷÷

<0 (13)

where

Π2
11 =

ϕ211 ϕ212 ϕ213 … ϕ21m+1

ϕ212 ϕ222 ϕ223 … ϕ22m+1

ϕ213 ϕ223 ϕ233 … ϕ23m+1

︙ ︙ ︙ ︙

ϕ21m+1 ϕ22m+1 ϕ23m+1 … ϕ2m+1m+1

æ

è

ç
ç
ç
ç
ç
ç

ö

ø

÷
÷
÷
÷
÷
÷

with
 ϕ211 =P2(A-λ+I)+(A-λ+I)TP2+

∑
m

i=1
Q2i -∑

m

i=1
τ-1

i R2
ie-2λ+τi +ε2a2I,

 ϕ212 =P2A1d+τ-1
1R21e-2λ+τ1,

 ϕ213 =P2A2d+τ-1
2R22e-2λ+τ2,…,

 ϕ21m+1 =P2Am
d +τ-1

mR2
me-2λ+τm,

 ϕ222 =-[(1-μ1)Q21e-2λ+τ1 +τ-1
1R21e-2λ+τ1]+

η21b21I,

 ϕ233 =-[(1-μ2)Q22e-2λ+τ2 +τ-1
2R22e-2λ+τ2]+

η22b22I,…,

 ϕ2m+1m+1 =-[(1-μm)Q2me-2λ+τm +

τ-1
mR2

me-2λ+τm]+η2mb2mI,
 ϕ223 = … =ϕ22m+1 =ϕ234 = … =ϕ23m+1 = … =

ϕ2m-1m =ϕ2m-1m+1 =ϕ2mm+1 =V,

 Π2
12 =

P2 P2 … P2
0 0 … 0
︙ ︙ ︙
0 0 … 0

æ

è

ç
ç
ç
ç

ö

ø

÷
÷
÷
÷

,Π2
14 =

P2D
0
︙
0

æ

è

ç
ç
ç
ç

ö

ø

÷
÷
÷
÷

,

 Π2
24 =

0
0
︙
0

æ

è

ç
ç
ç
ç

ö

ø

÷
÷
÷
÷

,Π2
34 =

R21D
R22D
︙

R2mD

æ

è

ç
ç
ç
ç

ö

ø

÷
÷
÷
÷

,

 Π2
13 = (A A1d …Am

d)T(R21 … R2m),
 Π2

23 = (I … I)T(R21 … R2m),
 Π2

22 =-diag{ε2I,η21I,…,η2mI},
 Π2

33 =-diag τ-1
1R21,…,τ-1

mR2
m{ },Π2

44 =-δ2I
then,alongthetrajectoryofSystem(4),ithas

V2(t)≤e2λ
+(t-t0)V2(t0) (14)

Proof Similarto Lemma3,choosethe
Lyapunov-Krasovskiifunctionalcandidate

 V2(t)=xT(t)P2x(t)+∑
m

i=1∫
t

t-τi(t)
(xT(s)Q2i ×

e2λ
+(s-t)x(s))ds+∑

m

i=1∫
0

-τi∫
t

t+θ
(x ·T(s)×

R2
ie2λ

+(s-t)x ·(s))dsdθ (15)
FromtheproofofLemma3,onecanget

V2(t)≤e2λ
+(t-t0)V2(t0) (16)

In the following section,the stability
conditionofswitchedSystem (5)isgivenbased
ontheabovetwoLemmas.First,aclassof
switchinglawsisdesigned.

LetTuandTsbethetotalactivationtimeof
thesystem (whenthecontrollerfails)andthe
system(whenthecontrollerworks)duringtime
interval[t0,t],respectively,andchoosea
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 scalarλ*∈(λ,λ-).For∀λ∈(0,λ-),consider
aclassofswitchinglawssatisfyingthefollowing
twoconditions[16]:

(S)inf
t≥t0

Ts

Tu
≥λ++λ*

λ--λ*,∀t≥t0

whereλ+>0andλ->0aretobechosenlater.

(T)τa≥τ*
a = lnμ

2(λ* -λ)
Then,thefollowingtheoremcanbeobtained.
Theorem1 ConsiderswitchedSystems(5)

satisfying(H1),forgivena>0,bi>0and
allowableupperboundsτi>0,ifthereexist
positivesymmetric matricesPj,Qj

i,Rj
i and

positivescalarsλ-,λ+,εj,δj,ηj
i(j=1,2)(i=

1,2,…,m)suchthatthefollowinglinearmatrix
inequalities(9)and(13)hold,then,theSystem
(5)is robustly exponentially stable for any
switchingsignalsatisfyingtheconditions(S)and
(T).Moreover,thestateofSystem(5)isgivenby

‖x(t)‖ ≤ke-λ(t-t0)‖xt0‖cl (17)
where

μ≥1satisfiesPj≤μPk,∑
m

i=1
Rj

i ≤μ∑
m

i=1
Rk

i,

∑
m

i=1
Uj

i ≤μ∑
m

i=1
Uk

i,∀j,k∈P,i=1,2,…,m

(18)

λ=λ* -lnμ2τa
,k= γ

min
∀j∈P

λmin(Pj)
≥1

with

γ=max
∀j∈P

λmax(Pj)+τmax
∀j∈P

λmax∑
m

i=1
Rj

i +

τ2
2max∀j∈P

λmax∑
m

i=1
Uj

i (19)

λmin(·),λmax(·)denotethe minimum and
maximumeigenvaluesofasymmetricmatrix,
respectively.

Proof Choose the following piecewise
Lyapunov-Krasovskiifunctionalcandidate

V(t)=Vσ(t)(t) (20)
whereV1(t)andV2(t)aredesignedinEqs.(11)
and(15).

FromEqs.(18)and(19),itisobviousthat
Vj(t)≤μVk(t),∀j,k∈P (21)

Fort>0,lett0<t1<…<tk=tNσ(t0,t)
denote

theswitchingpointsofσovertheinterval(t0,t).By
usingthedifferentialtheoryandcombiningEqs.

(9),(13)andLemmas3,4,itleadsto
V(t)=Vσ(t)(t)=Vj(t)≤

e-2λ-(t-tk)Vj(tk),j=1

e2λ
+(t-tk)Vj(tk),j=2{ (22)

ItfollowsfromConditions(S),(T),Eqs.
(21)and(22)that

 V(t)≤Vσ(tk)
(tk)e2λ

+Tu(tk,t)-2λ
-Ts(tk,t)≤

e2λ
+Tu(tk,t)-2λ

-Ts(tk,t)μVσ(t-k)
(t-

k)≤ … ≤

μNσ(t0,t)e2λ
+Tu(tk,t)-2λ

-Ts(tk,t)Vσ(t0)
(t0)=

e2λ
+Tu(tk,t)-2λ

-Ts(tk,t)+Nσ(t0,t)lnμVσ(t0)
(t0)≤

e-2λ*(Tu+Ts)+
t-t0
τa
lnμVσ(t0)

(t0)≤
e-2 λ*-lnμ2τa

( )(t-t0)Vσ(t0)
(t0)≤

e-2λ(t-t0)Vσ(t0)
(t0) (23)

FromthedefinitionofLyapunovfunction
together with Eq. (23), the following
inequalitieshold

min
∀j∈P

λmin(Pj)‖x(t)‖2 ≤V(t),

Vσ(t0)
(t0)≤γ‖xt0‖

2
cl (24)

WhereγisgiveninEq.(19).Itfollowsfrom
Eqs.(23)and(24)that

‖x(t)‖2 ≤ γ
min
∀j∈P

λmin(Pj)
e-2λ(t-t0)‖xt0‖

2
cl

Therefore
‖x(t)‖ ≤ke-λ(t-t0)‖xt0‖cl □

Remark1 Itisobvioustoseethatthere
existsomeparametersinTheorem1.Heresome
parameters,forexample,scalarsa>0andbi>
0,aregiveninadvance;someparameters,such
aspositivescalarsλ- andλ+,arechosenwith
transcendentalmethod;theupperboundsof
time-delaysτiareobtainedthroughthefollowing
methodbygivingproperchoiceμi.
Ifthe delay only satisfies (H2),by

choosingQσ(t)
i =0in Eqs.(9)and (13),

Corollary1isobtained.
Corollary1 Under(H2),forsomegiven

conditionsinTheorem1,ifthefollowinglinear
matrixinequalities(9)and(13)withQσ(t)

i =0
hold,System (5)isrobustly exponentially
stableforanyswitchingsignalssatisfyingthe
Conditions(S)and(T).

Remark2 Ifj=1in Corollary1,the
systemisnon-switcheduncertainsystem with
multiple time-varying delays and nonlinear
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perturbations.So Corollary 1 contains the
existingresultsinLit.[8]asaspecialcase.

3 Numericalexample

Inthissection,an exampleis usedto
illustrate the effectiveness of the proposed
approach.

Example1 Considerthedynamicsystems
with multiple time-varying delays and both
structure uncertainties and nonlinear
perturbationsinSystems(1),(2),Conditions

(H1)and(H2)withA=
 0 1
-1 1

æ

è
ç

ö

ø
÷,B=

0
1

æ

è
ç

ö

ø
÷,

A1d =
0.3 0.2
0.2 0.3

æ

è
ç

ö

ø
÷ andA2d =

0.2 0.1
0.1 0.3

æ

è
ç

ö

ø
÷;the

controllerisu=Kx withK = (-2.3986 
-4.4593), then As = A + BK =

0 1
-3.3986 -3.4593

æ

è
ç

ö

ø
÷;M=0.01I,N=0.2I,

N1
d=0.3I,N2

d=0.1I,a=0.1,b1=0.03,b2=
0.04.ItisobvioustoseethatAisunstableand
Asisstable.ByusingTheorem1,chooseλ+=
3,λ-=0.4,λ*=0.1,λ=0.05andμ=1.053,
System (5)is exponentially stable. The
allowableupperboundofdelaysisobtainedfor
differentμ1andμ2,τ1,τ2≤0.3470forμ1=μ2=
0,τ1,τ2≤0.2798forμ1=μ2=0.5,τ1,τ2≤
0.2785forμ1=μ2=0.9.Theaveragedwell

timeiscomputedasτ*
a = lnμ
2(λ*-λ)=0.5164

,

andtheswitchinglawsrequire
Ts

Tu
≥λ++λ*

λ--λ* =

10.3333.Moreover,duetoτ1,τ2≤0.2785for

μ1=μ2=0.9,thestateofSystem(5)isgivenby
‖x(t)‖≤5.5661e-0.05(t-t0)‖xt0‖cl.

Thestatetrajectoryofthesystemduringall
overoperationisshowninFig.1inwhichthe
twosubsystemsareactivatedovertimeperiods
0.3 and 3.1 respectively,wheretheinitial
conditionisx0=(-5 10)T.

FromFig.1,itcanbeseenthatthesystem
dynamicsviaswitchingareconvergentquickly
undertheConditions(S)and(T).

ByCorollary1,h1,h2≤0.275isobtainedif
thederivativeofdelayisunknown.

Fig.1 Thestateresponsecurvesbasedonswitchingmethod

4 Conclusion

Inthispaper,robustlyexponentialstability
analysisofswitched uncertain multi-time delay
systemsisstudied.Basedonanaveragedwelltime
techniquecombinedwithlinearmatrixinequalities,
itisshownthatunderaclassofswitchinglaws
wheretheaveragedwelltimeissufficientlylargeand
thetotalactivationtimeoftheunstablesubsystemis
relativelysmallcomparedwiththatofthestable
one,the switched uncertain systems with
multipletimedelaysarerobustlyexponentially
stable.Moreover,thederivativeofthetime-
delay may allow to be any large or even
unknown.Atlast,anexampleillustratesthe
effectivenessoftheproposedmethod.
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基于切换方法的控制器故障下多时滞系统稳定性分析

王 丽 敏*1, 邵  诚1, 姜  羽中2

(1.大连理工大学 控制科学与工程学院,辽宁 大连 116024;

2.沈阳体育学院 体育信息技术系,辽宁 沈阳 110102)

摘要:研究了控制器故障下具有非线性干扰的多时变时滞不确定系统的鲁棒指数稳定性问

题.利用不确定多时变时滞切换系统模型描述了所考虑的系统.提出了基于平均驻留时间的

切换方法.在此方法下,以线性矩阵不等式(LMIs)形式得到了切换系统鲁棒指数稳定的充分

条件,并从理论上证明了即使控制器失效所生成的闭环系统也是鲁棒指数稳定的.最后通过

仿真算例验证了所提方法的有效性.

关键词:鲁棒指数稳定性;控制器失效;平均驻留时间;切换系统;LMIs;多时变时滞
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