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Abstract

In this paper, we investigated the control problem of a class of parameter uncertain switched sys-

SES|H: WEH-REOR, WA 2R 3. AN E N AR S R G ARE S Ho e A Bt p]. b
F41 5451, 2024, 13(2): 54-67. DOI: 10.12677/dsc.2024.132006


http://www.hanspub.org/journal/dsc
https://doi.org/10.12677/dsc.2024.132006
https://doi.org/10.12677/dsc.2024.132006
https://www.hanspub.org/

TR « REAR, WREINIEN « 222252

tems with time-varying state and neutral delay, and designed non-fragile filters with H, performance
index for these problems. The parameter uncertainties discussed are norm-bounded, and the H fil-
ters are non-fragile with neutral delays. To design a non-fragile Hy filter for the admissible uncertain-
ties and time-varying delays, we obtained sufficient conditions for the closed-loop system to switch
calming and satisfy the given H, performance index y. Firstly, a suitable Lyapunov function is con-
structed by using Lyapunov stability theory, and the inequality is deflated using the upper bound of
the time delay derivative, and we obtained a linear matrix inequality with H, performance index.
Using convex combination methods and linear matrix inequalities, the corresponding switching rules
are constructed. Second, the non-fragile H. filter is designed by using the method of linear matrix in-
equality, and the obtained filter has sufficient conditions. Finally, the validity and feasibility of the
theoretical results are demonstrated by numerical simulations. The linear matrix inequality pro-
posed in the paper has the feature of few decision variables with many parameters, which can mi-
nimize the conservative of the results.
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1. 518

PEBFRBAERTR . 280F . ZE AU 2 T — B BT RE . Kalman A1 H, JE3GE H AT EE
B WLROPEBTT % . Kalman SIS T R G rh A PEal & SO el 1 e A el o 2 A A5 1] Kalman i
AR R T SRR R P AR TR ) B MR 7S 1) T AN HER, A il BRI L. H BEBGE T
MEREF AR RENERGE S, H, IR LEREEFZ el A . Kk, H, S8R RZ G B
B VTR 7E H, BEBER O A A Riceati 7R T7VAR LMI 77k, b, Riccati 7R 7572
FHEHEN A A E TS A ARG L, AR, {H2 Riccati 77T EHIFZIEMNTE, WA
BRI, IR YRR (H LML JRESE PR LLEE, AR BUMIGRSTIE, BRI T2 M [2].

FE SR AR 2 38 3 2% Ao B2 2% D e AL, 38 i AN AN — NI B (RS 150 B R GRS A, T 5 22
—UEAL(F O KT R RE ST “UI , JFER MRS RGO DI, VI ARSHE N —
MRS R YL, AEREERNHANEE]. M 2GR ARG AT E M EE R —, PR i U e
RGP RS E PR T 51 1V 2 2238 BRI . SCHR[A]RRIT T 1 AN 8 I AR I iy D) 48 38 G 2 5
TR SCRR[S] IR 1 2 TP 2545 B I 18] (0 ANf 58 TSI R GE I I A DGR E P i #E[6]7, T2
TIRFE 7 I AR IS Vi 1) 480 2% 498 1 B A O KA PRI TRD D Lo 384 2 23 A 100 o % Hh 37 3R 45 (R G o A 9 2 I ¥l
R GURGE PEWE T R RHE R, [ A AMR 2 22 X U1 o 3L R G AR SE MR FEHEAT IR AN ST . SEBR
b, IRZIEHI RGBT LAY L R S A D)3 3L R G SRS T — 2 IR [7] [8]. [7]
BT RN LR R G RIBUE F . [81118 1 BA R A I RN E V) b L RS B
BRI 1) H, 428l [

IV H BT 51 1R 2 523 ORI IS 1 32 & OB FE R (8] [9] [10] [11] [12]. fE[13],
FIH Riccati 77277550 1 IR W BB R G H JEB IR R, EAR Riccati J7 R 77V HOME LU 52,
B2 Riccati J5 2 7512 I REIEAE, Bt LB FLE (g2, RIS Riccati J5 R J5 VAR 45 g I a8 24Ut
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i, TWERMEERESH, KESHTFERBNAER ARG ERESH, XN NG ERNSEN RS
(R E M My SR LL AR IO OR S PR . E[14], R LMI 5B 0 T — R et b L RS0 H, B8
Ut A, ST, AR M RIEHIT T R GREN, MBS g, #8
ARES FEEHI S A NS I G L, TS BN ASE S 8% 5 15 2RI AR RS VERE T B, E 23R KRR
o BIL, AFMESS IR R ARSI 12 TR, IS T — 2 BT AR [15] [16] [17] [18]. [18]8FF T
IS AR I AN E RS ARMESS H, UE ] L
AR B L ERFFRIE R, BT T A E AR D) e L R AR SS H, BB AR V. T
BRI E R RN AR I, BTt — N ENESS H, JER S, (EM RGEnL A e IR 2 H, thRefatr. &
R4 HBUE S, UER T BRI AR A AT . ARSI MR AR X R SRR R S
B Rs i T DU BE PR 48 AR DR sy
AL H AR R 5 2 R 7 BAG A 2 AR D)3 3L R G ARG H I8 ]
FIRBAIHT S 58 3 WA el 1 IATH T ZE R LRSS H, JEPEs ¥eits 28 4 54t 7 BUER; 255
TONALHI S
2. [E)EERHFEIS
2 FE AR T 2 AN 5 I AR B D) 3 P N R B
X(£) = By X (t=h()) = ((Avcy + Mgy (6))X(8) + ( Aurty + Moy (1)) X(t =l (1)
+ Dy, o(t)
y(t)=C,X(t)+ Dy a(t) (21)
2(t)=L,x(t)
x(t)=p(t),te[-b,0]
Horfr, x(t)eR" NP RGHPREFE: y(t)eR N FE: o(t)e R’ AFRAERMIMETIIHAL
o z(t)e RUNFAGTIE SR A, A, B,C;, Dy, Dy Ml L N CAIE4E M H AR o(t) HSLfE &
BELREG o(t):[0,400) > N =12, n FRAGMUIHHN, Forb n R AV RG M n MUIHT R
AA FI AA, A F G AN € BT 2 a0 R
AA (t) = HF (1) E;
AA; (t)=H;F (t)E,
Hr, AL A~ BLH By FITE, RERUNAERE, F(t) R4 Lebesgue ATl TTH YA HIHE B HIl 51+
FT(t)F(t)<1,vt>0ieN

d (t) 0 h(t) 4330 A B AR i i e S i EL A 5 B B0 AL -
0< h(t)<0,h(t)sh<l
0<d(t)<r,d(t)sd <1

Hrfr, 0>0,h>0,7>0fd >0 2EHFEEH: o(t) 2 [-b,0] BRI AELLIMEHILE K EL. Hrhb=max{6,7} .

MERANEZE DN RAEQR.D)PHAEN T IED &, HERuF:

X(t)- B(,(l)f((t—h(t)):(Af +AA, (t))>‘<(t)+(|3f +AB, (t))y(t)
2(t): La(o;((t)

2.2)

(2.3)

(2.4)
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Hoep, X(t)eR" RIBBAVRE &, 2(t)e RUZIEBAAH, A, B, RELEMIEN RS HGERE, AHiE
T AA, (t), AB; (t) Fas ANfl 2 16 2 458l HLiw & 4% 1

AA (t)=H,F (t)Ey

AB; (t)=H;F (t)E,
Hof, H By By EAEF R, F(t) AR H 2 & ERT (R (H)<1.

é\

(2.5)

W B3R 2 e ] Rk i1 F A
&(t) : ot 26
Z(t)=L&(Y)

| (A+aa(y) 0  _[(Aran (@) o
N L <>J'A2' | |

B, +AB, (1))C; (A +2A(t 0 o

~ . 0| Dy ~
Bi:{i Bi}’Di:[(Bf+ABf(t))Dzi]’Li:[Li _Li].

X F IR R T I R, A SR 1 i) A R AT 2 i AR I U ST R R 4 (2.1) TR A
€ H, VERETRAR y MAERGESS H, JEIRARAEE NI 78 7 5% 1
5|3 2.1 (schur %M 51 B4 @ HFE S, =S, 5 S,, =S, A1 S,, A& ELAIE 4R X FRALRE , B4 R 51 LMIs

gl
EM:
Ds= ET 212}0
12 22

(2) S, <0,S,, —S5S,'S,, <0
(3)S,,<0,S, -S,,5,S5, <0
513 22 E. H Ml M @&5& 44400806k, M=MT, IAXF N Fpa ET(HF (L)<,
vt20,ieN, EATHM+HF(E+ETRT(t)HT <0
HHACUAAE—MrE e >0, (45
M+eHHT +£ETE <0.
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3. FELR
3.1 BEMSH

X 311 MAEREEH Ly, AWHE AR D3 R 502 1) EA7 AE AN P38 1 0 ARMESS H, Hin i
RBHEIEIE DL, PSR AR H, iR AT, BB a2 € WA y o Ja D R0 47
RGP, BET AR G0(2.0)/2 7] LUBE 1 o A SRAFAETE 0 (2.4) SRR ARNE S H, DB AR DI o (t)
T U EVERERR y o A PAIIR RGN L 2 R 241

1) AN (t) =01, HEXT RYIHHN o (t) , FEAFRL(2.1)RFUTFEE T -

2) HARGQRME =0 WIIPIEREN O, X THHIEEN o(t)eL[0T], 0<T <o HUITFALEFN
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RNOT
[z, < 7[le(t)],
ER 311 ﬁﬂ}_ B EMMERTERS y» BT REQ DA FIEREME P . Q.+ RAEREY o X
DA IEAR & & A 2 Z“f =11 n N3, fERBLT LMI BAL:

PAH+,I5:T?P+Q+R+I:I; L'LB, +PA,B, +(Q+R)|§i PA,, PD,
iZl:ai : BILTL BT(Q:R) ~-(1-h)Q _(1_0d)R g <0. (311)

* * * -2

PIESVIL U
o(t)=argmin{s" (t)£,5(t),i N} (3.1.2)
e,

PA; + AIP+Q+R+ L[ LB +PAB +(Q+R)B, PA,  PD,
g - ) BILLB +B( *+R)'§i—(1—h)Q _(1_0d)R 0 <0 313

* * * -2l

LU ARG BA AN H, IR, BA A E N AR ) 3L R G (2.1) 2L i w, JIf
i 245 € IVERETRHE 5 o

IE
MFRL(26), 2 (.1 )i 0=ty St <o SRFE t € [0,00) _E TR S YT AR S Rz )
VI F5). ZEAGHNEREM, Lyapunov B EHIER 0T

Le(&)=£(t)-B&(t-h(t)):

Il
<
~—~

—
SN—
+
<
—
SN—
+
<
~—~

—
SN—

V(1) (

Vi(t)=e(¢)Pe(¢)

V()= € (5)Qe(s)ds

Va(t)=[ €7

W R GE(2.6) KN [A] SR S HOIT 255 5% A1 (2.3), AT LAA3 3

Vi (t)=2¢7 (£)Pe(&) = 2¢7 (£)P| Ag (1) + Ayg(t-d (1)) + Do(t)

V, (t)=&T(1)Q (1)~ (1-h(1))€" (t=h(1))Qs(t~h(t))
&T(1)Q4(1)-(1-h)¢™ (t-h(1))QE(t-N(1))

Vo(t)=€T()RE(t)—(1-d (1)) €7 (t-d (1)) RE(t-d ()

<ET(HRE(L)—(1-d)&™ (t-d(t))RE(t—d (1))

. . P

&' (t-h(t))Qe(t-h(t)) (3.1.4)
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B BB RAGMNHREE, Ro(t)=0. LA

V()< 28" (£)P[ A& (t)+ Ayg(t-d (1)) |+ &7 (t)(Q+R) (1)
~(1-)¢" (t-n(1))Qé(t-h(1))~(1-d)é(t-d (1)) Ré(t-a (1))

4

[ £)+B&(t-h(t ]

267 ()P | Ay (&) +BE(t-n(1)) |+ A (t-d (1)}
[ £)+Be(t- ht)](Q+R[e§+B§t ht)]
-(1-
2e

(t)
)§T(t=n(1))Qs(t-h(t))-(1-d)s(t~d(t))Re(t-d(t))
()PAie(§)+2eT( JPABE(t=h(t))+2e" (&)PA,E(t-d (1))

+[e(¢)+Be(t- h(t))] (Q+R)[e §)+B§(t h(t))] (3.1.5)

-(1- h) ( ())Q( ())—( )" (t-d(t)RE(t-d (1))
%o(t) =[eT(£) £ (t-h(t —d(t) ]
V(t)<

s(t) 5o (t) (3.1.6)
Hrh,

PA; +AjP+Q+R  PAB +(Q+R)B PA,,
= - . 5'(Q+R)E-(1-n)Q 0
x * ~(1-d)R

RIEALEN(2.3), WMHEE <0, AV(t)<0, IMaRG(Q2.6)&H TR TN .
R Ho(t)200, EEYMHFAT, vT >0, WIHEGRTEIFREI WTF:

I=[ (2 (OZ(1)-r*e (t)e(t))dt
-[; (2 )760()() V (1))dt-v (T)
<[ (ZT(OZ(1)-r*0" (o (t) +V (1))t

R I <0, MM RG(2.6) EFETER, Il L4 € H, TERETER y
ZE I <0, A

ZT()Z()-7*0" (a(t)+V (t)= ch()L L(t)-r o' (t)o(t)+V (1)
<[e(&)+Be(t-h(t)] TL[e(£)+Be(t-h(r)]- e (Y)o(t)+ 2" (£)Phe(£)
26" ( Pasg(t h(t))+2e" 5) Ach(t d(t))+2¢" (£)PDo(t)

(

—<1—h>g”( (t))Qf(t (1)
~(-0)¢ (t-d (1) Re(t-d (1)
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—e' (& )[PA1+A1 P+Q+R+L E] (§)+2e (t)[
+2e' (t )PAz.f(t d( ))+2e
x£(t=n(t))-(1-d)¢" (t-

=[47(1) wT(t)]

(t
d
[o()

) (
(]<O

0L
)

)

L
()()

WRE <0, WaRGQRLHLH, HRETERR )y, I HRGQVIEIENETS H,, I8N (2.4 M1ER T2

AR RE Y o

R ITFEBLO)T, A FAER A%
ZMT( =

EBA AN T,V (t) <0 F35R7T LU 2 ZK.

AL ZRH AL

5(t)<0, Za =1

VERE 1. DI (3.1.2) /2B e Lyapunov 32 B AN AL A H R K I, 4 A] ¢ RErARILE, R4

SHVIHF 67 (H)ES

&, ATBMRIERS(2.1)#HEAEE I -

B 2:

(t) s ME BT R F R G0, KRR B (7 RGO PUL IR 2 ] LRSS R REAR

fEEEE 3.0.1 1, FERF _ERRATE A S A IR RN A2 R 2 AF(2.3) T, FIF B Lyapunov B

BOTERMMH A ARMIE T Lyapunov bR £ FAR B 1 # R0 (3.1.2) . X Lyapunov &% 5 40t 17 4

B HERANEE

MMGIE 2.1 R ARZ MR A

AP, ARG EIN D R, BENEE H
AN MEAEREA S (3.1.3), HE <O, W RLGQR.L)WMALH, A

PER

Febs y MRS (2. D) 7EIENESS H JEH 2 (2.4) AU # 0 (3.1.2) FI/EH R 2k fa e .
3.2. 3ERRESS H. RS

AN EEFHEH,

JER AR BT . BATBOHIEN AR S H A, M B, (EPIPE R 5E(2.6) 8

W2 AR H, YERe TR y o

B 3.2.1 XTATLM%

FFEA L Biy Y

RO
P= >
0 P,

5B [RER IE T R B <

0, Q:{% 3}0 R= {

X Hbr& y>0, &>0,i=1234M4FLLN LMI 37

R,
0 R

{
>0

ERESR IR y HARAEAR PR AN SR

e ﬁiﬂ‘]

fasE, H

Q. 9, Q, Q, RA, 0 RD, RH, E 0 CE] 0 0
*Qy Qy Qy 0 0 XDy 0 0 RH 0 RH; E3Ti
* % 0. Q, 0 0 0 0 B'Ef 0 Q) 0 0
* * * Q,, 0 0 0 0 0 0 0 0 BiTEaTi
* * * * Qg 0 0 0 E; 0 0 0 0
* * * * * Qe 0 0 0 0 0 0 0
= x x x o« o x5 0 0 0 DJE;, 0 0 [<0 (321)
* * * * * * * —g{ll 0 0 0 0 0
* * * * * * * * -l 0 0 0 0
* * * * * * * * * —gzll 0 0 0
* * * * * * * * * * -5l 0 0
* % * % * * * % % % % —g;ll 0
* * * * * * * * * * * * —&l
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o,

O, =RA+AR+Q+R +LL; Q, =C/XT-LL;
Q= LiTLiBi +PRAB, +QB, +RB; Q, :_LiTLiBi;
922=Y+YT+Q2+R2+LiTLi; QZ3=_LiTLiBi+XCiBi;
Q,, =LU'LB +YB +Q,B +R,B; Qq =-BLiLB;

Q,; =B'L/LB +B'QB +B'RB, _(1_ h)Q1; Q,, =B'C'Ey;
Q, =B'LLB +B'Q,B +B/R,B, —(1-h)Q;;
Qi =—(1-d)R; Qg =—(1-d)R,.

K@AEHRARNESS H, B8 S EOE T

A, =Py
(3.2.2)
B, =P,'X

MIAFLEAENE 5508 #5(2.4), M R G (2.6) A IENESS H TEREFRE » » JF HRZ(2.1) 2HNEFREM .
WEBE: MRIEHFEP « Q. RIS, FIFHSIH 2.2 Aia(2.0)~(2.7), LMEAEMEAZEN(3.1.3)r AL N:
K, =K, +AK, <0

Hrr, K RA%RGLIYMAMBESY, K, AK, 2 HFRN:

_Qn le le - I-iT Li Bi P1A;n 0 Pl Dli
* QZZ QZ3 QZ4 0 0 XD2i
* * Q. -B'LLB, 0 0 0
Ki=| = = = Q,, 0 0 0 |<0 (3.2.3)
x  ox x ~(1-d)R, 0 0
* * * * * _(]__d)R2 0
* * * * * * _7/2|
Horp,
anplA‘FAﬁTRﬁ'Ql'FRl‘FLiTLi; Q12=CiTxT_LiTLi;
Q.,=LLB +PAB +QB +RB; Q,,=Y+Y +Q,+R, +LL;
Q, =Y +YT+Q,+R, +L{L; Q,, =-L{L;B, + XC;B;;
Q,,=LLB +YB +Q,B +R,B;
Q,,=B'L/LB +B'QB +B'RB, —(l— h)Ql;
Q, =B/L/LB +B'Q,B +B'R,B, —(1-h)Q,.
{Y = RA (3.2.4)
X =PR,B;
'PAA +AAR,  CTABIP, PAAB, 0  PAA, O 0 |
* P,AA; +AATP, P,AB,C,B, P,AAB, 0 0 P,AB;D,
* * 0 0 0 0 0
K= * * * 0 0 0 0 <0 (3.2.5)
* % * * 0 0 0
% * * * * 0 0
* * * * * * 0
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é\

AK; = AK; + AK,; + AKy;,

A T HE(2.2)F1(2.6), AEBRANHA E PRI AK,;, AK;, AK IS B9 70108
[PAA+AAP, 0 PAAB, 0 PAA, 0 O]
* 0 0 0 0 00
* * 0 0 0 00
AK, = * * * 0 0 00O
* * * * 0 00
* * * * * 00
* * * * * * 0
(RH, ] Er | [[RH] e ]
0 0 0 0
0 B'E; 0 B'E;]
= 0 |R(t)) o | +[| O [R(t) O
0 E, 0 E,
0 0 0 0
. 0 ] 0 | |L 0 | | 0
0 CTABTP, 0 000 0 |
* 0 PAB,CB, 0 0 0 PAB,D,
* * 0 0 0O 0
AK,; =| * % * 0 0O 0
* * * * 0 0 0
* * * * * 0 0
* * * * ok % 0
0] [cer T [[o] [crer
PH, 0 PH, 0
0 B/C'E,, 0 B'C'E,,
=l 0 |R(t)] o +| 0 |R(t) o
0 0 0 0
0 0 0 0
o] | DjE; | |[L O] | DiE;
[0 0 0 0 0 0 O]
x* PAA +AATP, 0 PAAB 0 0 0
* * 0 0 0 0 O
AK =] * * * 0 0 0 0
* * * * 0 0 O
* * * * * 0 0
* * * * * x 0
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o] [ oT [To] [ ofT
PH, El PH, El
0 0 0 0

=l 0 |R(t)|B'Es| +|| 0 [FR(t)B'E;
0 0 0 0
0 0 0 0

| 0 | o0 | |[ 0] . 0 |

RAE 51 2.2, "1
K, = K, +AK; = K; + AK;; + AK,, + AK,; <0

-T — -

1
]
=)

RH, [RH, N[ E! 0 0
01 o0 0 0 PH, || PH,
01 o B'E] || B'E} 0 0
Ki+e&| O 0 | +g' © 0 | +&| O 0
01 o El || E 0 0
01 o 0 0 0 0
| 0| o] o || o | | 0 || 0|
"cel [cer T [o] o] [o7of
0 0 PH; || PH, Ei || Es
B'C'E, || B'C/E,, 0 0 0 0
+&' 0 0 +&| 0 0 | +&'|B'E; ||B'ES | <O.
0 0 0 0 0 0
0 0 0 0 0 0
| D;E; || DiEsq | | 0 || 0 | | 0 || 0 |

W45 EE 2.1, " RAERIA%EA(3.2.1).
VERE 3. wEH 3219, FIHGIEE 2.2, MWLM (3.1.3) R E DU TANEE, BRI
2.1, AFIEMEHHMEAS R (3.2.1) eSS H BB S H A, FIB, .

4, PUESCLE
AN E I A I W S P ST RS, TR — AN RS Hoh,

L e 8l s

[0.1 02 0 2.1 2.3
Bl:_o 02%7 0 03] 01] 27| 0] P P2t

¢, =[0.2 1],c,=[0.1 05],L=[02 -0.1],L,=[0.2 -0.1],
(0.1 -0.3 03 0 0.4 -05 02 0
H, = H, = En= B = '
105 0.4 0 02 01 05 0 02
E_0.1—0.5E_—:«:oE_o.1oE_o.1o
27102 03" 2 |0 2" |02 0o ® |0 1/

DOI: 10.12677/dsc.2024.132006 63 B 1RG5



https://doi.org/10.12677/dsc.2024.132006

TR « KW, WHENANISEN « 22328270

E‘”{gﬂ’&‘z{0%1}’50):FZ(I){COZ(O Sino(t)}'lz{‘l’ ﬂ
HEH

d(t)=max{0.7sint,0.4}, h(t) = max{0.6sint,0.2},6=0.7,7 =0.6, h=0.2,d =0.4, ¢4, =0.9,, =0.1

& =6 =6 =1, BIERMENMFHFEAER(B.1.1), ATUFE]y=1.4137.
0.8734 -0.0534 0.8813 0.0500 |,

{—0.0534 0.6740}' 2{0.0500 0.6190

[11321 0.0993] _ [1.2756 -0.0001]
' 10.0993 1.2249 |'~* | -0.0001 1.3203 |

[15526 0.2130] _ [1.4011 —-0.0001]
R=l02130 1.4034 2| -0.0001 1.3760 |

1=

[-1.9933 001937 [-0.0061
100193 -2.0557]"" | 0.0029 |

By, XawA#I3.2.2), 192

;=

{—2.2739 0.2113} _{—0.0072}
1 f =

0.2149 -3.3383 0.0053
IEEETWIpA -
ARFEN (x(0) 1 ,if 6T(t)(2,-5,)8(t)<0
o(x(t))=1=
© 2 it 57 (1)(8,-5,)8(t)<0

fEZC 1 p, ATLVEE], I S E BRI, H, PRRESRR y AR . W ARHIE, BT
SR TT IR S I A % .

®

x> X

—
=

1.5

0.5

Time(s)

Figure 1. System state x, (t) and its estimation X, (t)
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Table 1. Comparison of performance index y for change in upper bound of time delay derivative
F 1. RSB ERTURTRIME EEIEHR y BILLER

d=04 h=0.2 h=0.3 h=04 h=05
y 1.4137 1.4461 1.4626 1.4309
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Figure 2. System state  x,(t) and its estimation X, (t)
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Figure 3. System signal z(t) to be estimated and its estimation value Z(t)
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Figure 4. Filtering error Z(t) =
B 4 BRIRE I(t)=2z(t)-12(t)
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