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Abstract

This paper considers the issues of the switching state strategy memory feedback for a class of un-
certain Singular Lurie switched systems with multiple time-varying delays. Under the circums-
tances of a state-based switching law, and based on the Lyapunov-Krasovskii functional tech-
niques, Schur complement lemma, and linear matrix inequality, the sufficient conditions are given
for the asymptotic stability and strictly passive of uncertain switched singular systems with mul-
tiple time-varying delays. Meanwhile, robust passive controllers for each subsystem under the
switching law are designed. It is believed that controller with memory should provide more free-
dom for robust stability analysis and synthesis controller for the systems. In the final, the results
are given in the form of linear matrix inequalities (LMIs). And the validity of the conclusion is
shown by numerical examples.

Keywords

Multiple Time-Varying Delays, Singular Lurie Switched System, Uncertainty, Memory Feedback
Controller, LMI

PAESIRTSERTET X Luriefl RGN EE
TR

A&, GRR

Y FEWNES Gy s T A ML &
Email: 942971721@qqg.com

NEFIM: RBEE, SRR AT S REET X Lurie I RG0S B LIRTERI]. 3071 &G 581, 2020, 9(1):
50-61. DOI: 10.12677/dsc.2020.91005


http://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2020.91005
https://doi.org/10.12677/dsc.2020.91005
http://www.hanspub.org

ZEL, BRAE

Wehks H . 20194E12H11H; FAHHM: 20194F12 A24H; KATHM: 2019412 H31H

=

A AEE T Lyapunov-KrasovskiiiZ i+ Schurfh 5| B REEAERXFTET, Wik T —REAFI HiEES
REZBT X LurieVJ# R4, EVIHRESRIRERE T, B2 7 EAHEZREZMFLurieJ#2 X
REGRBWILIEE H R BRFERNR S EARE, ARENSGERME T T HARE. &t T RAFEIZH
FAREERIR, ARGHREES T LERBNSGERE T ESNEHE, BRENERBEUAREEEAR
SXGH, ELHERE, BIET B R ER .

KA
LRGN, T XLurieDI B RS, AHEE, FiolZREEHEE, LI

Copyright © 2020 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

1. 518

DI R G0 0E H— R RGURER T A2 M B R B V)3 2 R R 2% R GE[L] . VI R GoAE SEfr T2
RGFNAM Z, WERRS. BAIRG. MTMRRG. LT RS @ R%. WA, ML
M RGE[2] [3] [4], IEHR, VI ARG CERBN) REH WA AS]-[16], 1A 1cAZ a2 0 5]
ANFEINFFESEbr, B ATt AL ST 4 (0 B el B2, DT XoF ab 2 1) R PR F 7 B RAT S o 2 FH B 31
e SCHR[L7IRMERPE D e 2R G (A28 Ve A idk e i AT 1 71K . SCHR[L8]FI AT X Lyapunov J7ZEREFE 1
—REFH RS AHE NI LRGP TCIRIE S M . SCHR[19]FI A Lyapunov-Krasovskii 72 i
WFFL T — S AR I AN 8 P Lurie ShAH H R I H, $ i) in) @, SCRR[20]8F 98 7 VI~ LRSI H, &
At RN Sh A H S iR . SCER[21]3@ i M3 Lyapunov-Krasovskii 72 BR, BIFFE T 2R 2 I
B3l T M AR R U e R G R PR A A R D A A I T T )RR . SOk [22] @ Bk 51O\ BT B
Lyapunov-Krasovskii 72 i, 78T T AEL I 2E1R R 1)@, A. V. Platonov 7E SCRR[23] B 7L T —2%
LMD RAARE PR . SCHR[24108 1 M IR AR SRR 2%, B T — RO AR R4 7
U T (4 JR AEE 1) 3. £E SCHR[25] 7 T 28 2245 A EAT b DI B it AR 2R 1 )48 2 4 1A BIR B 1) o 1
R e P I AT TR

WA HISCER R, IR/DE B R B2 RS 7 S Lurie )4 240 )k 10 58, A A SO it B S5
AT E MR AR 2 KA Lurie D) RS e A8, @itiEH Lyapunov-Krasovskii 72 i £k
PEREREANSE LA B SR [26] [27] i AN SE 2, dE—B 288 T A id 12 i & TC IR 256 1) . 2%
A AL AR B 25 P LA SR 48 1A M o b S A ISR G A8 T 210 H B B KRR A B . R A
M PEAEATE AR R] T Lurie P4 URGETIL RS E B ™% JoUR I 78 73 %A%

2. REGRMAIER
%18 LT B SRR MR A ST AZ IS 3 S Lurie V) R 4
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+ ng(t)a)(t) 1)

Hor, x(t) e RTA RGN GORE LR, u(t) e RP NEEHIHNIRSE R, 2(t) e R" Akl A &,
o():[0,0] > {12, ,N} =N N BUFED#ES, Ho(t)=i a% | DT REL t BNZHBAE,
o(t)eR" jjwﬁ;cjg HARHUERE A, eR™, A eR™, A eR™, B eR™, B,  eR™,
C,y €R™ ., Cyy €R™ ng(t)equ, C=[C,C,.,~~,C,]eR"™, DeR™ d NIESH, d,(t), d,(t)
ORI AR PRI, JF IR 0<dy (t) <h <1, 0<d,(t)<h,<1. AA L AA_ '\ AA
HBHCRTTE SRR, LIRS A, (£), A8 (1), 88, (£)]= Ny Py (6)] Gy Gragy Gy |
N, €R™: G,y €R™ . Gy €R™, Gy €R™, F (1) RFA Lebesgue RTIIIARAIARE, i

Pl (OF ()1 () Fmdbdetb i, FLOLT A IR A e 3R A,

1o(t)

f (.)GK[Ok] {f (”J)|f (0)=0,0<uf, (”j)gﬂiﬂf'(ﬂj ¢0)}'j=1’2""’| @

Horb, A4, A NEEL iR =diag{A, 4, A4} y(t)z(,ui(t),yz(t),---,yn(t))TeR”,

f (/U) =( fl(/ui)’ f, (ﬂz)f" f (,ul ))T eR'
BT I R R A U (1) = K, X(8) Ky X (= (1)) + Ko (=, (8) ELK €RP™

Kip €R™™+ Ky €RP™
KRGS R G-
E)’((t):(A()JrN oF (DG, t)+|310(0K0(t))x(t)
( VN Fo )Gw(t)+Bla(t)Kla(t))x(t—d1(t))
(oo Ny Fogy (1) Gy + Buy Koy ) X (=2 (1)) + B g @(t) + DF (u(1)) ®)
7(t)= (Ca(t) +Cpoo Kot ) X(£)+ Cyp Ko X (£ = 8y (1)) + Cppp Ko X(1 =0, (1)) + (1)
X(t)=p(t),p € C[-d,0]
iaﬂd 1= A N o (G, Aw = A+ Ny Fon ()G, AZU = Ay + N Py (1) Gy M
RG()EN:
E)'((t):(ﬂa(t)+Bla(t)KG(t))x(t)+(5&0(t + By KX (-0 t)))
R B )21 ) "

Z(t):(ca(t)+cla(t) )) ()+C K ( (t))+C1cr Koo (t_d ())+C25(t)w(t)

X(t):go(t),goeC[—d,O]
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B 1 fEAR) X Lurie AN E V)4 R G0(D) RA S HETCIR . Qi

1) HAMRIRBIHAN () =0, FIFR ARG RWHLFE

2) ARG KA o(t)=0te[-d0] i, W FHAREMN 0, 445 KIHA %R KT
V(x(t)) <o’ (t)2(t), @el,[00]; #RHARG RSN H AR, WFRS L Lurie YIHATE P %
G (1) 2= TR o

FES AT AIAE R R, AT BN I 512

G131 [26]: 45 & S48 REY, DAE, Hrh Y @2XFRH), WY +DFE+ETF'D' <0, XA
WEFTE < | MAERERGL, M HAUCSIAE DM EHe>0, E13Y +¢DD" +6'E'TE<0 -

Sll S12 .
5|3 2 [27] (Schur F53):  XF 45 & X PR B S {s S } , HrrS, eR™, PUF =AM 25
21 22

i

() S<0;

(1) §;,<0,S, _3218111312 <0;

@y s,, <0,S,;,-5,,5,,S,, <05

513 3 [27]: W FAEREUAERMAERE X, Y, BAE—NEHe>0,
XTY +YTX < eXTX +2YTY
&
3. FiIZHBETIREYES

FEEL 1: XTI RG@)UIRC, +Cy >0, ETP=PTE>0fFEMHHFEPP™, K, eR™,
Ko €R”"5 Koy e RPTRIRFEQ =Q >0, Q,=Q; >0, H Q™ Q, eR™ IEIHh <Lh, <1fif7

AN AL
E PA;+PBK, PA, +PBK, PB,-Cl-K/CS
* —_(1— —KIcT
(1-h)Q 0 SR P, ©)
* * _(1_h2)Q2 -KyiCy
* * * -C, —C;,

HE=PA+A"P+PB;B[P+K K, +Q +Q,+CTATAC + PDD"P, *3/nT Xt A1 £k IR FR A B350,
TS Lurie D)4 SCR G (L) TEAR R DI N X B S 30 it Fe e B #% JE R 1.«
UEBA: SEUETEAMRILED @(t) = 0 i, HIFE RE0(4) 2 R e i) .
FJi& Lyapunov-Krasovskii 72 i i1 T
V, (x(t),t) = xT (D ETPx()+ [, X" (s)Qux(s)ds

. (6)
+ J.t—dz(t) XT (S)QZX(S)dS

HHPeR™, QeR™, Q,eR™. ido(t)=i(ieN), /Ezg(t)=(xT(t),xT(t—dl(t)),xT(t—dz(t)))T,

n(t)= (X7 (1),x7 (t=d (1)), X (t=d, (1)), 0" (1))’
RV (X(t), 1) W HIFE R GE(4)R T, TR E]
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Vi (x(t).t),

= X7 (D)ETPx(t) + X7 (1) ETPR(1)+ X" (1)Qux(t)~(1-0, (1) (t-d, (1)) Qux(t~, (1)
+X" (1) Qx(t)- (1 dZ(t))X (t d (t))Q (t_dZ(t))

= (Ex(1))" Px(t)+x" () P (Ex(1))+x" (1) Qux(t) —(1—d (1) )x" (t—d, (1)) Qux(t ~d, (1))
+xT (1) Qx(t) (1 d()) T(t—d, (1)) Qux(t—d,(t)

=[(A + Bk, )X (1) + (A, + By, ) x(t=d, (£)) + (A +ByKy )x(t—d (1)) + Byao(t) + DF (1)) ] Px(t)

T , d; (1)) +( Ay + ByKy ) x(t=d, (1)) + Byo(t) + DF (u(t))]
~d, t) Qux(t=d; (1)) + X" (1)Qx(t)—(1-d, (1)) X" (t=d, (1)) Q,x(t - d, (1))
T(t—d ())(KTBT+K;)Px(t)
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+
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t(PA+BﬁK) X" (t)(PA; +B, ) t)

Ay +ByKy ) ( o (1)) +xT (
X (t)-(1-d; ()x" (t- (t))Ql( (t))+>< t)Q; (t)
_(l_dZ(t)) ( - 2( ))sz(t_dZ(t))

= X" (t)(PA + ATP+PBK; + KBIP+Q, +Q, ) x(t)+ X" (t—d, (t))( ATP + KB P)x(t)

+ X" (t)(PA; +PBy K ) x(t—d, (t))+x" (t— (t))(A2 P+K;BIP)x(t)

+ X" (t)(PA, +PBy Ky, ) x(t—d, (1)) = (1-d, (1)) x" (t—d, (1)) Qx(t—d, (t)) @)
~(1=d, (1)) X" (=, (1)) Qx(t -, (1)) + X" () PB, )

(
+o" (6)BiPx(t)+XT (1) PDF (u(t))+ 7 (#(1)) D"Px(t)
FH (2) 3V ARG IR AT LA Fom A ) (e ())(f( ()= Acx(1)) <0, j=1,2,+,1 , WTLLEH
T ((t)) f(u(t))<x"(t)CTATRCX(t) (8)
Fr A 51 B 3 K (8)=nT AT 2
X" (t)PDf (u(t))+ f7(u(t))DTPx(t)
< £7(u(t)) f (u(t))+x"(t)PDDTPx(t) 9)
< x'(t)CTATACX(t)+x" (t)PDD'Px(t)
FrEAH 0<d, (t)<h <1, 0<d,(t)<h, <1 LR (9T LA H]
v, (x(t), )|4 ()(PA +A'P+PB;K; +K/BiP+Q +Q, +C"A"AC + PDD"P)x(t)

X" (t=dy (t))(ATP+ KiBIP)x(t) +x" (t)(PA; + PB;K; )x(t—d, (t))

X" (t=d, (1)) (AP + Kz BiP)x(t) + X" (1) (PA, +PByKy )x(t-d, (1)) (10)
(1 fh) ( dy (1)) Qux(t =y (1)) = (1-hy ) xT (t-d, (1)) Qx(t - d, (1))
+X' (t)PByo(t)+ ' (t)B;Px(t)
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f 5 H 3 A5
X" () PBy K x(t)+x" (t) KB Px(t) < x™ (t)PB, B Px(t)+x" (t) KK x(t) (11)
$(11) AN (10) 157
\/(x(t),t)|(4) X" (t)(PA + AP +PB,BIP+KK; +Q +Q, +CTATAC + PDD"P)x(t)
+x" (t—d, (t))(Aj P+ Ky BiP)x(t)+x" (t)(PA; +PB;Ky ) x(t—d, (1))
+XT (t=d, (1)) (AFP+K;BIP)x(t)+ X" (t)(PA, +PB,K, ) x(t—d, (1)) (12)
—(1-h)x"(t—d, (t))Qx(t—d, (t))—(1-h,)x" (t—d, (t)) Qx(t—d, (t))
+X"(t)PBoo(t)+ o (t)ByPx(t)
i
E(0)= (¥ (0.7 (1=, (1) X" (1=, (1))
It LA
Vi (x(8).t), <" (OHE()

E P'E‘u +PB;K; P'Kzi +PB; Ky
H=|* —(1—hl)Q1 0
* * _(1_h2)Q2

E=PA+A"P+PB;BIP+K'K,+Q +Q,+C"A"XC + PDD'P
HI(5)2 % Schur 313251, H; <ORTLAV,(x(t),t) <0, it Lyapunov FasE PEHEIE 1S B FIEF(4) 2 i

LA E .

N UE P FR G (4)i R TCURE -
Vi (x(t).t)-o" (t)z(t)
=V, (x(t).t)-o" ()z(t)-2" (Yo (t)+2" (t)o(t)
=x" (t)(PA + ATP+PB,BP+K[K, +Q +Q, +C"A"AC + PDD’ P)x(t)
(t—d( ))(ATP+KiBiP)x(t)+x" (t)(PA; + PB;Ky ) x(t-d, (1))
(t-d, (1)) (AP +K;BIP)x(t)+ t(PA2|+PB“K2,) (t-d, (1))
(1hl)( d, (1)) Qux(t=dy (1)) = (1=, )x" (t=d, (1)) Qx(t =0, (1)
X' (1) PByo(t)+ o' (1) B;Px(t) - ()((C +CK-) (t)+CukKy X(t d
+C1,K2|x(t d, (1)) +Cye(t))-((C +C (t)+CyKyx(t—d,(t))
+CyKyx(t—d, (1)) + Chat )) w(t)+z () (1)
=x" (t)(PA + AP+ PB,BP+ KK, +Q +Q, +C"A"AC + PDD'P)x(t)
+x" (t=d, (t))(AiP+KiBP)x(t)+x" (t)(PA; +PB;Ky ) x(t—d, (1))
+ X" (t=d, (1)) AP+ KiBIP)x(t)+ X" (t)(PA, +PB Ky, ) x(t—d, (1))
(1= h)xT (t=d, (1)) Qx(t=dy (1)) = (1=, ) X" (t =, (1)) Qx(t - d, (1)

+x"(t

(1))
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+x" (t)(PB, —K{C -C[ )o(t) + " (t)(B};P-C, —~C/K; ) x(t)
X' (t-d )Kl.CJ. (1) =x" (t=d, (1)) KiCl(t)
a)T(t)CllKl,x(t d, (t))- " (t)CyKyx(t—d, (1))

+o" (1)(-Cy —CJ; ) oo(1)

7 (OHn(t)+2 (Ho(t)

Hr
B P'Kii + PBli Kli P'KZi + PBli KZi PBZi _CiT - KiTCiT
H, = *  —(1-h)Q 0 -K;iCy
* * ~(1-h;)Q, —K;iC;
* * * €, -C;

E=PA+A"P+PB,BIP+K'K, +Q +Q,+C"A"XC +PDD'P,
n(t)= (XT (t),x (t -d, (t)) X' (t -d, (t))'a’T (t))T
T AR 4R R 2 (5) AT BLAEE) H, < 0 TV (x)— 200" (1) 2(t) < 0 HLV () :%Vl(x) R X 1,
JITA Lurie YIS SCRGE(L) 2 e HL ks JoR I .
4. HRIRIZHTREESI LT

SEEL2: WIRC, +Cy >0, ETP=PTE>0X T4 et e>0, 0<h <1, O<h, <lRGL)ZEEH
ERTIRAT I EE 1. R AT A M, e RP (1=2,2,-), XT=X>0, S eR™, S,eR™

AT HIH AT KL
[AX+XTAT+S,+S, AX+B,M; AX+BM, B, B,-M'CI-XCT MT &N, &X'G] X'C&" D]
* -(1-h)s, 0 0 -MJjCj 0 0 eX'Gy 0 0
* * -(1-h)s, © -M;C;, 0 0 &X'Gy 0 0
* * * - 0 0 o0 0 0 0
x x * x ¢, -C] 0 0 0 o o, (13)
* * * * * -1 0 0 0 0
* * * * * * _I O O 0
* * * * * * * _I 0 0
* * * * * * * * _| O
L * * * * * * * * * 7';
fiff 13 2 6 3 2 MO8 K =M X, u(t)= Kg(t)x(t)+ Km(t)x(t—dl(t))+ Kzg(t)x(t—dz(t)) H
Koy €R™™ Ky € RPTH Ky € RPM I RGU(L) M S TIRICAL R Btz )45 -
UEHT: e 10,
E PA; +PB;K; PA,; +PBK, PB,-Cl-K'C/
* _(1- 0 -KCt
(1-h)Q Gl (14)
* * _(1_h2)Q2 Ky Czi
* * * -C, —C;,

Z=PA+A"P+PB,B/P+K'K, +Q +Q,+C"X"AC + PDD"P
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B A 1 e T [AA’AAii’AAZi] =N;F (t)[Gi'Gli'GZi] ) 'Ki =A+NF (t)Gi ) K1i =A +N;R (t)Gli )
'KZi =Ay; +N;F, (t)GZi RA(14) 15

E,+PNF (t)G+G'F' (t)NP PA, +PN,F, (t)G; +PB,K;; PA, +PNF ()G, +PB;K, PB,-C'-K/C'

* _(1_hl)Q1 0 _Kllcll <0 (15)
* * *(]fhz)Qz -K;iCyi
* * * -Cy _C;
[liqin]
Z, =PA +A'P+PB,BIP+KK, +Q +Q, +CTATAC + PDD'P
ic
E, PA;+PB;K; PA,+PB;K, PB, _CiT - KiTCiT
R G BT S CR Kic]
3
* * -(1-h,)Q, -K;jC,
* * * -Cy _CzTi
M= (15) M
G’ PN,
Gl | v piagt 0
Hat| o1 [F (O[NP 0 0 0]+ 0 F(t)[G G; G, 0]<0 (16)
2i
0 0

Mg LA, EAE AL (6L, HAFE— DR H e >0

PN, |[PN, T
) T L, 0 0
o+ [6 6, Gy O[6, G, G, 0]+s?| || | <0 (17)
0 0
BT 15
5, +6°GTG, + 2 "PN,NTP  PA, +PB,K, +5°G'G, PA, +PB,K, +5°G'G, PB,-C —KC
* —(1- elMer elen —_KIcT
(1-h)Q +£°GIG, #6iG, Ko ag)
* * _(1_h2)Q2+5 GGy -K;iCy
* * * _Cz__C;'_

Hi Schur #h 512 401(18) S\ AF

[PA+A'P+Q +Q, PA,+PB,K, PA,+PB,K, PB, PB,-K'C'-C' K' &'PN, G C'&" PD]
* -(1-h)Q 0 0 -KJcl 0 0 & 0 0
* * -(1-h,)Q, © -K,iCy, 0 0 G, 0 0
* * * - 0 0 0 0 0 0
* * * * -C, —C,, 0 0 0 0 0]_, (19
* * * * * I 0 0 0 0
* * * * * * _| 0 O O
* * * * * * * _I o O
* * * * * * * * _| O
* * * * * * * * * _|
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X =pt, S,=PTQP", S,=PTQ,P", K =MX", HfM, R

st e 5%, (19) 72 e diag (P, PP L L L L L LU A diag {PLPTLPTL L L L L L L 45 8] %5 4
MIZEPEASE(13), wHE 2 FEE.
5. EMRE
FIELULN RS
EX(1) = (A, + A, (0) (1) + (aa 0 () X(t=d, (1)
(A + 88, () X(t =0 (1)) + By (1) By (1) + DF (1))
2(t) = CoX (1) + Cppu(t) + Cza ()

FBOERE R
[-45 -05 _[-45 -05 [-2 03 01 o1 [-2 04
| 1 35| A= 1  -35| Au = 03 01|’ Ao = 0.1 01l Aa = 03 01}
[01 03 5 _ 0.1 01 5 _ 09 0.1 B _ 01 -0.1 B _ 08 0.1
Aa = 01 01| * |01 o5/ * |-02 o] * |01 05| %2 |-02 0]
01 02 -0.3 0.13 0.1 0.1 01 0.1 0.1 03
C]_: 1) C2: 1) Cll: 1) C12: 1) CZl: )
01 0.2 0.1 01 01 0.2 01 8 01 02
-04 013 04 -05 04 -05 16 - 157 -1
C22: ’ Dlz ’ D2: 1) G1: ’ GZZ ’
01 01 01 -2 04 -2 02 0 02 0
0 -01 9 -0.1 0.1 0.1 0.13 0.1 0.1 -0.1
G11: ) G12= 1) Cle ’ szz ’ N1= ’
01 02 01 02 02 0.2 01 8 03 0.1
[0.15 -0.1 05 0.1 05 0.1
N2: 1) Klz ’ KZZ
|03 01 0 1 01 1
iEe=02, h =01, h,=0.01g(13)s K% MATLAB 3K HAH N () A 47 N -

13653 273347 [08204 14702 _[-0.2012 0.0792
127334 17.1041|" ©? 14702 13.6065] ' |-0.2325 0.1076]

_[-0.2064 0.0587 [-0.4291 -0.0081 [ -8.7714  -22.0217
271-0.0066 0.0080| " |-05273 -0.0399| ? |-11.8122 -22.7827|

_[-0.9305 0.0042 _[ 202108 4141207  [35131 62150
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Figure 1. The state trajectory of subsystem 1
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