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Abstract

In this paper, we investigated the control problem of a class of parameter uncertain switched sys-
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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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o, TERAEEMESH, RUESHF ERIENANREREERESH, XEANNEERNSHERN 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
ARE R SEEEHSA NI G B, W SBOINAIE 6 8E 52 AR RG R T, E 2R
Eo KRIL, JEMESSIERIA A SR AR E AT, WS 1€ IR TR [15] [16] [17] [18]. [18]HF%E 1
AR I i AN E R GERIARNESS H, DRI R o
AZF|CL LW TG K, BT T AN E AR R U1 e S R G AR S5 H, DR BT X TR
BRI E R RN AR I, BTt — N ENESS H, JER S, (EM RGEnL A e IR 2 H, thRefatr. &
JEeh MEUMESEE, UEB T TR R A BRI AT AT . ARSI R A S B R RS S
B Rs i T DU BE PR 48 AR DR sy
AR HARIR 2 H R 5 2 TR T B AN e B AR A DI S R G AR ESS H, S
FRRMET S 93 WAd VAN EESERUALANGSS H, MBS B 58 4 gt 7V BUER: 265
TONALHI S
2. EEREFEE
2 FE AR T 2 AN 5 I AR B D) 3 P N R B
X(t)- Ba(t)"(t ~h(t))= ((Aa(t) +AA (t))x(t)+(/\m(t) + Ay (t))x(t —d (t))
+ Dy, pa(t)
y(t)=C,X(t)+ Dy ye(t) (2.1)
2(t) = Lpx(t)
x(t)=gp(t),te[-b,0]
Hor, x(t)eR" MU RG RS R y(t)e R NHIHITE: o(t)eRP A MRAEREIINETHE AT
B oz(t)eRUNFAGIIE SR A, A, B,C,, Dy, D, Rl L AT HIGLENH HAFE:  o(t) FSE &
BELEREG o(t):[0,400) > N =12 ,n R RGM YA, Forh n R ARG n MHT RS
AA T AAy; 9 Z2 58 B ANH 5 T A2 40 R T

2.2)

0<h(t)<@,h(t)<h<1
0<d(t)<z,d(t)<d<1
Hrf1, 6>0,h>0,7>0Md >0 RCHFEG o(t) 2 [-b,0] BRI —AIELEIAARIUG L. Hordrb=max {6,7}
AR EE— DN RGQ.D)MAEM IS IER S, HIEXa T
X(t) =B, X(t—h(t))=( A +AA, (1))R(t)+(B, +AB, (t))y(t)
2(t): Lg(t)i(t)

(2.3)

(2.4)
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Hor, X(t)eR" RIEEIPREME, I(t)eROGZIEBEME, A, B, RE4EMIRH S SHUERE, e
TLAA (), AB, (t) AN s 1 ot $ 5l HLi i 5% 1
AA (t)=H,F (t)Ey

AB, (t)=H,F (t)E, 29
Hor, H By By RIELERRRE, F (t) RARFFEM B2 &4 R (DR () <1,
0)=[x"(1) T 2(t)=2(t)-(t)
PR RG] fiA W
{g(t)—éié(t—h(t))zAig(t)+,&2i§(t—d(t))+Iiiw(t)
~ (2.6)
2(t)=LE ()
Hr
w (A+aA (1) 0 } Az_:[mimxam(t)) o}
" (B +aB, (1))C, (A +AA ()| T 0 ol -

- [B 0] Dy -
B‘:{o BJ'Di:[(Bf+ABf(t))D2i]'Li:[Li aal

S TR I 0 5, A S T A 0 AL e A A 5 SIS 3 4 o 7 28 R (2. 1) T
5 H, PERGIEAT 5 IEIGES H, HEaR A 26 U769 4
BIHE 2.1 (schur a1 FB)4 2 HEFE S,y = ST o S,, = S, 1 S,, & B 4 4 KIS RR A RE, 6 2 F 91 LMIs

FEREAT A :

(1)3:{31 212}0
12 22
(2)S,,<0,S,,—S5S,)'S;, <0
(35S, <0,5,,-S,,5,, 5, <0
513 22 E. H Al M RIESAEBIREGERE, M=MT, BT N hiirg R (R (<1,
vt>0,ieN, EAIEM+HFR(H)E+E'R'(t)HT <0
HHM A DMRE >0, (15
M+eHHT +&'ETE <0.

3. EELR

3.1 REMSH

REX 311 MG EHAL W P AL I R G2 TEAEE A BEB I SR R0 38 H, il
SRR LT AT LB AN S H, W SR LTS, FLI L2 S Ry o 3 PR LU 47
RG22 I YMk, HETT  55(2. 1) R AT DL o I SRA7FE T 0 (2.4) SRA RIS H, B 58 DU IR o (1) »
T4 P REARER o (PR R G000 2 00 T 21

1) SIS o(t) = O, R RITIHI o (t) , B4 RGE(2. 1) MR SE .

2) ARG =0 B FFIHARA K O W, M FHIAEZM 0(t)eL[0T], 0<T <o HIF A%
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R
2], = 7]V,
B 311 M TAERAEN IR . RN T REQ DM P . Q. RAEFEY . X
DR IERREE & R Y 0y =110 n A8, LU LM RAL:

PA+AIP+Q+R+L, LB +PAB +(Q+R)B PR,  PD
gai ) BILL ~i+§7(Q*+R)E~‘i—(1—h)Q _(1_0d)R g <0. (3.11)

: : T

PIE/SYIE I
a(t):argmin{é‘T (H)Es(t)ie N} (3.1.2)
H,

PA; +AIP+Q+R+ L[ LGB +PAB +(Q+R)B PA,  PD,
g - : I§iT|:iT|:i|§i+E§iT(Q*+R)I§i—(1—h)Q _(1_0d)R 0 1.0 13)

* * * -7’1

MBI R G(2.0) B JEREES H SRR, AT AN S AR I L R G . 0) R R E [, I
L2 IV BB

TE:

T RG(26), 2 (4.0 )ieN k=012,,0=t) <t <-- RFE t €[0,00) LIRS I HIXT L
VI F5). ZREAKRFFINHTEN, Lyapunov B E I Ean T

Le(£)=£()-Be(t-n(t):

Q+R)&(t)—(1-h)&™ (t-h(t))Q&(t-h(t)) (3.1.4)
d d
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Fioe, HEBFIRGNNMEENE, Ro(t)=0, TUHEE.
V(1) <27 (&)P[ Ag(t)+ A& (t=d (1)) [+&T (1) (Q+R)E(Y)
¢

(10" (- h(O)Q:(t-h()-(1-a)2(t-d ())Re(t-d (1)
£(1)=[e(£)+B&(t-n(1))]
=267 (&) P{ A, e(¢)+ BE(t-h(1)) |+ Aug(t-d (1))
[ )+B&(t-h(t ](Q+R[e(§ +B.&(t-h(t) )]
~(1-h)&"(t=h(t))Qs(t-h(t))-(2-d)é(t-d(t))RE(t-d(1))
=2e ()PAie(§)+2e (¢ )PAiB (t=h(t))+2eT (£)PAE(t—d (1))
+[e(£)+Be(t-h(t ](Q+R)[ §)+B§t h(t))] (3.1.5)
-(1- h)e-‘( ) QE(t=h(t))-(1-0)¢" (t-d (1)) RE(t-0 (1))
45(t) =[e" () & (t-h(t dv)] . #
Vv t)s5(t)T S(t) (3.1.6)
Hr,

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

RIEALEN(2.3), MAE <0, AV (1)<0, MWL RL(2.6)ZHNLREN .
HIK Ho(t)200, EEYMHFAT, vT>0, WHEGRTEIFRS I WF:

J= .[( t 7o’ (t)o ())

= I (27 w() (t)+V (t))dt -V (T)
<J(Z7( o (t)w(t)+V (1))t
W I <0, WA RFQ.6)NEFHFEN, JHFH LS EN H, TRy o

<0, Hif:
ZT(YZ(1)-r*eT (e (t)+V (1) =T ()LL) -7 0" (Yo(t)+V (1)
<[e(¢)+Be(t-n()] GG e(&)+BE(t-h(1)]- 70" (Do(t)+2¢" () PAe(&)
+2e" (£)PABE(t-h(t))+2e" (£)PAE(t—d(t))+2e" (£)PDoo(t)
+[e(£)+Be(t-n()] (Q+R)[e(£)+Be(t-n(1))]
~(1-n)¢" (t-h(t))Qé(t-h(t))
~(1-a)¢" (t-d (1) Re(t-d (1))
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" (&) PA + ATP+Q+ R+ [T Je(&)+2¢7 (1) L,
+29()PAzé(t d()) " (t)PDo(t)+ £ (t-h(1))[ BT LB +B(Q+R)B~(1-h)Q]
x£(t=h(t))-(1-d)&" (t-d (1))RE(t-d (1)) - /o (t)o(t)
=[5"() wT(t)] [ (t) @(t)]<0

MR E <0, MARGQLWEH, Ay, HHRGQUEIMT H, IHERQAM1EH T2
i BUR SN
R TTRE(B.1.6) AL, A T AT AR A S b Ji 3L

S ()25(1)<0. Ta -1

EBA BN T, V() <0 J35R 7T LU 2 ZK.

VERE 1. DI (3.1.2) /2B e Lyapunov 32 B AN AL A H R K I, 4 A] ¢ RErARILE, R4
SEEIHE] ST ()20 (t) B ME T R T R G, ARG T 3R Zi R0 B2 0 28T LURHE T B AR
&, TMRIERZ(Q2.1)HHEFE M .

VERE 2. 7E5EBE 3.0.1 h, FEME b FRANE G S 4 RR [F e SZ BRI 264 (2.3) T, FIHH Lyapunov iR
BOTERMMH A ARMIE T Lyapunov bR £ FAR B 1 # R0 (3.1.2) . X Lyapunov &% 5 40t 17 4
B HERANE R AR I, SRS 51N 0 BRE, 73R R H, MERETEAR y AR PR A TS 2. ﬁaﬂ]
FIFHBIHE 2.1 KA M A RN R A% (3.1.3), M E <O/, MIARLGQ.1)iE H, M
b5y ARG Q.0 EAENETS H, BB 3% (2.4) AT (3.1.2) HIE FH R Wi ke e 1

3.2. 3ERRESS H. RS

ANV E BT H B e B . RATEHIEIN S A B, , R RGQ2.6)#afke, H
WE ARG H PERETEAR &
THE 3.2.1 WFATATLS & HRHIR IE 5 R -

P{Pl O}O, Q{Ql O}o, R{Rl o}o
0 P 0 Q 0 R

FFEA v By Y XARRE y>0, &>0,i=1234f4FL0F LMI Ho7:

Qy Q, QF Q, RA; 0 RD; RH, ElTi 0 CiTEL 0 0
*  Q,, Q. Q, 0 0 XD, 0 0 P,H, 0 RH, E;
* o Q. Qg 0 0 0 0 BiTElTi 0 Q. 0 0
* * *  Q, 0 0 0 0 0 0 0 0 BiTE;
* * * * Q. 0 0 0 E; 0 0 0 0
* * * * * Qe 0 0 0 0 0 0 0
=+ x % % x % % 0 0 0 DIE; 0 0 |<0 (321)
* * * * * * * gt 0 0 0 0 0
* * * * * * * * —gl| 0 0 0 0
* * * * * * * * * —gzll 0 0 0
* * * * * * * * * * —&,l 0 0
* * * * * * * * * * * —ga_ll 0
* * * * * * * * * * * * —g3|
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© HERYT]

Horp,
Q,;=RA+AR+Q+R+LL;
Q; =L LB +PAB +QB +RB;
Q,,=Y+YT+Q,+R, +LL;

Q,, =LLiB +YB, +Q,B, +R,B;;

Q,,=B'L/LB +B'QB +B'RB —(1— h)Ql;

0, =B'ULB,

2+

+B/Q,B +B'R,B, —(1-h)Q;;
Qe 2—(1—d)R1; Qg :_(1_d)R

Q,=C'X"-LL;

Q= _LiTLi B:;
Q,, =L/ LB, + XC;B;;
Q,, =-B'L/LB;

Q,, =B'CE,;

K@A4)% HARNESS H, JEEAS IS HOERE IR
A =Py
B, = P;*X

|

(3.2.2)

MIAELE AR 59080, 35(2.4), AR R A (2.6)EFIENETS H HEEfI  » FFHRGQR.1)&HEREN .
WEBH: MRAEHFEP « Q. R AIE S, FIFHSIHE 22 AIA(Q2.1)~2.7), MM FEAZE(3.1.3) /T LIFEL A
K, =K, +AK, <0

For, R RARERGL)MEMIES, K, AK, 315N

Qn Q12 Ql3 - I-iT Li Bi PlAjl 0 Pl Dli
0y, Qy Qp 0 0 XDy;
* % Q. -B'LLB 0 0 0
K, =| = * * Q, 0 0 0 |<0 (3.2.3)
* * * * —(jl_—d)R1 0 0
* * * * # —(l—d)R2 0
* * * * * * -2
o,
Oy =RA+AR+Q+R+LL; Q, =C/X"-LL;
Q,=LLB +PAB +QB, +RB; Q,,=Y+Y"+Q,+R, +LL;
Q,,=Y+Y +Q,+R,+LL; Q,, =-L/LB +XC,B;
Q,,=LLB +YB +Q,B +R,B;
Q,,=B'L/LB +B'QB +B'RB, —(1— h)Ql;
Q, =B/L/LB +B'Q,B +B'R,B, —(1-h)Q,.
{Y =P,A,
(3.2.4)
X =P,B,
[PAA +AATR,  CTABIP, PAAB, 0  PAA, O 0
* PAA, +AATP, PAB.CB. PAAB 0 0 PAB,D,
* * 0 0 0 0 0
K, = * * * 0 0 0 0 <0 (3.2.5)
" * * * 0 0 0
* * * * * 0 0
* * * * * * 0
DOI: 10.12677/dsc.2024.132006 61 N RGeS


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

WHERT « R, GEIANFEN « 2RI

A
AK; = AK}; + AK,; + AKy;,

TR T71E(2.2)F1(2.6),  ALBEAHAEVETI AK, AK,,;, AK; RIZE 53501 9 -

'RAA+AATR 0 RAAB 0 RAA, 0 0
* 0 0 0 0 00
* * 0 0 0 00
AK, = * £ %+ 0 0 00
* * * * 0 00
* * * * * 00
* * * * * * 0
wH] o (e T ew] (e T
0 0 0 0
0 B'E] | || O B'E]
= 0 |R()] o | +| O [R(t) o
0 E, 0 E
0 0 0 0
o] | o |Lo] | o |
0 CTABTP, 0 000 0 |
* 0 PAB,C,B, 0 0 0 PRABD,
* * 0 0 0O 0
AK,, =| * * * 0 00 0
* * *® * 0 0 0
* * * * x 0 0
| * * * * % % 0 J
To0] [eEr T To] [ee T
P,H; 0 P,H; 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
| 0 | | D;ES | [L O | D,.E.;
0 0 0 0 0 0 O]
* P,AA, +AA[P, 0 PAAB 0 0 0
* * 0 0 0 0 O
AK; =] * * * 0 0 0O
* * * * 0 0 O
* * * * *= 0 0
* * * * * x (
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o1 [o T [Tol [ oT]
PZHi E;—I PZHi E;
0 0 0 0
=| 0 |R(t)|B'Es| +|| O |FR(t) B'Eg
0 0 0 0
0 0 0 0
Lo Lo [Lo] [o]]

RAE 53 2.2, w15
K, =K; +AK; = K; + AK;, + AK,; + AK;; <0

- - T T ~ -

1
]
]

PH,I[RH, eI ET 0 0
0 0 0 0 PH, || RH,
0 0 B'E; || B'E; 0 0
Ki+g| 0 0 | +4' 0 0 | +&| O 0
01 o E || Ej 0 0
01 o 0 0 0 0
L 0 ]| 0| | o0 || 0o | | 0]l 0
fcel Ifcer T [ofoT [oof
0 0 RH; || RH; Ei || Es
B'C/E, || B/C'E,; 0 0 0 0
+&,'| 0 0 +&| 0 || 0 | +&'B'E] || B'E; | <O.
0 0 0 0 0 0
0 0 0 0 0 0
| D;E; || DiE; | | 0 || 0 | | 0 || 0 |

W51 # 2.1, TR 3 AN (3.2.1).
VR 3: EM 320, FIAHSIEE 2.2, XPERMERE MEANGER(3.1.3) T AN B AT AL B, PR A 51
2.1, HREHHEALERG2D)RAENT H, IS5 A, R B, .

4, B{ESLLS
TS N A N E S~ T R %, U MR IR AS(LY). Hi,

[-2 17, [o 2 [-1 -01], [-4 o0
A‘{—z —3}'%{—5 —6}'%1_{0.2 0.4}'/\*2{0 —2}’

Bl_"o.l 01 _[02 o] _[21], [23], _, _,
Lo o2/ |0 03] " |01 |03 ® ® 7

c,=[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
H1: szz vE11: vElz: )
105 0.4 0 02 01 05 0 02
E_0.1 -05 c [-3 0 E_0.1 0 c o1 0
27102 03" 2 |0 2" ]02 0o ® |0 1/
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EM{Sﬂ,EQ:L;J,Fl(t):Fz(t):{coz(t) sino(t)}":[; ﬂ
pri:i

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, ¢, =0.9, 2, =0.1,
& =& =& =1, B RMAMFHFEAEFN(B.11), ATLMFE]y=1.4137 .

[08734 -0.0534] _ [0.8813 0.0500],
' |-0.0534 06740 | * [0.0500 0.6190]"
(11321 0.0993 o [ 12756 -0.0001]
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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. Systemsignal z(t) to be estimated and its estimation value Z(t)
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