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Resilient H-infinity control for uncertain descriptor systems

ZHANG Wei, SHI Bao, GAI Ming-jiu

(Institute of Applied Mathematics, Naval Aeronautical and Astronautical University, Yantai Shandong 264001, China)

Abstract: The problem of the resilient H-infinity control for descriptor systems with norm-bounded uncertainty is
considered. It is shown that the bounded real lemma for the nominal descriptor system can be described by a strict linear
matrix inequality. Based on this new bounded real lemma, the sufficient and necessary conditions for the existence of the
resilient H-infinity state-feedback controller under the additive perturbation is presented in the form of a strict linear matrix
inequality. The explicit expression for the desired controller is also given. Numerical examples are given to demonstrate
the effectiveness of the proposed methods.
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2 o] iR (Problem statement)
ZIEUWR A XRE:
A+AA) (t) + (B+
AB)u(t) + Byw(t), (1)
z(t) = (C + AC)x(t) + (D 4+ AD)u(t),
Hrr: z(t) € ROPIRE I &, u(t) € R™AFESIHEA
m% (t) € Ryt n &, w(t) € REATI
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WiAmE. E e R"HO < rank(E)=r<n, A, B,
B, C, D} CALE 4R B, AA, AB,AC,ADJ}
R, RAE ARG AT E T, IF HRAI T 454

AA AB Ey
AC AD E,

;H\:EF'Z E1,E2,H1,H2%73‘@§'I?&§&% E?Dﬁﬁ%ﬁ&h
F(t) e R AN 8 SER AR FERE, High 2 F(¢) " F(¢)
< 1.
Su(t) = OFF, A BRI SRS T
Ei(t) = Az(t) + Byw(t),
z(t) = Cz(t).

EX 1O @) e, Bkt [ th BARE, I8
KRR XRGB) BV
SR HA RS RO A%
u(t) = (K + AK)z(t), (4)
KK e R™ & 23 vk RS S i 42 i 4 1 2.
P50 23 5k ) A Kl A2
AK = EsFy\(t)Hs, FL(H)"Fi(t) <I.  (5)

A By, Hy b3 5 4E 1) AN SERRE, F(t) A AN
5T SN AR
RGE(DAEHAPERA Sz 85 (O 1E T 8 3R
RYNT:
Ei(t) = Ax(t) + B,w(t),
z(t) = Cx(t).

F(t)[H H], (2

3

(6)

Horp:
A=A+ AA+ (B+AB)(K + AK),
C=C+AC+ (D+ AD)(K + AK).

EX 2 RGBS ZOER T 3%
RYL(6)H /L
1) Huw(t) = O, IR GL(6) /& B VFIN;
2) HAH MEREF by, BIATH 5 Aw(t) 2%
P46t 2 (¢) 1) A% 346 bR £ 2
G ()]0 <7

XH: G,,(s) = C(sE — A)™' B,y N EHIER
B, WIRRAE B2 (A AT E ) LRGN EH
R Rt il .

511 16 AR X REQL AT H A
AH MR bRy 178 70 Wb 24 AF AR AR FE PREY,
Wi

YET =EY"T >0, (7)

YAT+AY "+ B,Br+7472YCTCOYT <0. (8)

IR 2000 %Y, H, BEAT & 24 48 5000 % 200
B, 0 ELY XS ARAERE, WX HAT R 2 FTF < I8
MiF,Y + HFE +ETFTHT < 0 (7884412, 17
EHKe > 0, Y +eHH™ + ¢ 'ETE < 0/%0r.
3 FE 45 (Main results)

EE1 BKXREQ) AT HAEAH,
PE BE 8 Ay () 78 20 b B 4% R 02 A7 7E 1E 8 X FR 3
B P UL S R, 15
AWT - WAT  « *

owr —I x| <0, (9

B} 0 *

2 :=

HrhW = EP + RTS,S € ROy AT & i
JLSET = 04T I B A FE.

E R AW =Y. BEAPRIE &R RS
FEHSE™ = 0, Frbh X (7)sor. FHR AR () &
Schurkh 5| BE, w] FIANGE ®) 7. 5| #, 751
FHIE.

W WARRRTT X RSBV H A AH g
Fabry, WAAAEAEZT S PEM AN, 115

I, 0 A O
0 In—r ’

0 0
HrAr A, € R™*"HSchurka & 5 fE. il
MB, = [BuT;l B;FQ]Ta CN = [Cl 02]7
Al LAESRS
C(SE - A)_le :Cl(SIr - Al)_lel - Cngg.
FH SCHR 8120, A7 AE 1E 8 M RRA FEQ i 15
AiQT + QAT + BBy,

Clthf - CQBw2BE)‘1
Ct - B,BY,CT
ng 1 1 w% 2T < 0 (10)
- I+ CngngQCQ
é\
Q — M—l Ql - BH)1B;£2 NT
0 — BBl —all|
HI AR (10) AT 77
QA" + AQ™ + B, B} +~72QCTCQ" <0,
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HE 3, 2E A (D) AR FEQ TS LS i

Q=M1 [I O] N-'N [Ql NT +

00 0 Q-
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Iy —B,1BL,Q5" 0 Qi N = W = EP + RU'SHA#w mfibE, S € Rl
—(Bu2BL, + al)Q3"! HeT R ESET = OMAT R BE, sym(AW™ +
0, 0 BZ) = AWT + BZ + WAT + ZTBT,
EN 01 0 NT + HAH R B PEHIR A Bt 35 3 Au(t) =
? (ZW=T + EsF\ (t)Hs) z(t).
e —BwlTBnggl _1] 0 Qs]NT, iE AR, 42 = KW', H4ESchur
—(BuzBy, + al)ds I, R (12) ] S T
W Qy € ROXO=r (T 35 IE B4 IE, Qs € A+ e IN I} +2,"607 0, <0. (13)
(n—r)x(n—r) -} ZAEL B A
R MR AR AR, 2 T
P—N Q. 0 NT, S=1[0 Q] NT, sym (AWT + BKW?T) + ¢, E\E}
0 Q2 A= CWT+DKWT+61E2E1F
P —~M~'B,,B,Q;" B,
| -M (BB, + al)Q3* HW?T + H,KWT
MR AR 2531 1) TS chur kb 1R, 726 1F 5 hH K o :E e
HE PR R, 49RO, Sl N o e
JE AT R, Qs WAE AR R AR, B 0 0 —e ]
—c1
SET=[0 Qs] NTET=[0 Q] [{) SIMT, II, = [ETB" EFD" 0 EXHI",

S € RO TR AL SET = 0 BT R
B, DA EEPEAHIE.

E1 EMILL TR XREQ) AN HE
SEo | B L B R AEREY U5 M EP + RT S, %4518
TR T 5B e R 2 TE SE SR RE Lo, AT AT L 420
FIMATLAB# A4 LML 247 K it

THAEESHIMEM L 4B TAHE XA
G DAFAE A H RS SO 28 B — A 7240 b 2L
Z%AE.

I 2 AHiE] XRFEWOAAEFIEH RS

S A% 0 78 0 Db AR A A, A7 AE 1 8 X RR AR
FEPRVERER, Z DL ACH $e,, e > 0, {14

S ox ok ok
o By ox ok x
E=| By 0 —-I = «x <0, (12
En 0 0 Zy *
| H W 0 0 0 —eof ]

o
En=sym(AW'+BZ)+e,E\E +e,BEsE; BT,
S0 =CW" + DZ + e, E,ET + e2DE;E] BT,
2= =71+ e EyE] +e,DEsET DT,

En=H W'+ H,Z + e, HyEsEX BT,
Eu=—el+e,H,EsENHY

[1]

6, = [HsWT 0 0 0].

HREEAP LK + AKRE K, IFid A, HaUG) M
G125, AR 13T
A, < 0.

FRAESchurkh 5|3, 28 a4 1
Ay + 51]]2]7; + 5;19592 < 0. (14)

Hrp:
Ay =
sym(AW?T + B(K + AK)WT) % x
CWT+ DK+ AK)WT  —2I x |,
B 0 -I
11, = [E1T E2T O] )
Oy = [H{W™' + Hy(K + AK)W™' 0 0].

EHFEA T MLA+AA, B+AB, C+AC,
D+ADIEA, B,C, D, 3 A As. Hxl(2) A 51 #2
AER, ASFER1DFF R A5 < 0.

AR E L, Az < OFEM T MR R G0(6) AT H A
HH MEREFR bRy, I A3 < R AW gy S A0 .
il B,

2 U E M H oo MERE TR ARy, TIT LU i SR AR 2k 1k
E BN S5 S (12) 19 AT AT 1) AT 2 R e (DI — A6 08 1
PEH oo IR S B2 i 2. R G0 (1) I S U P Hoo IR A S4B
Tl U AT DI ek SR A a0 T AR Ak ) A5 2
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min 2
{P,R,el,m’y ’ (15)
s.t. LMI(12), P > 0,21 > 0, e2 > 0.

4 HHl(Example)
T2 AN A
Bl 1 FERAW TSI LRSQ3):

PO L B U
00 0.5 1
0.5

By, = .C=1[10].
0.2 [1 0]

WS =[1 —1],y = 0.6, HMATLABH [JLMIT H
FE P AIAFAE I R AT AT iR
_ [ 98.3375 —28.2922

=02 1
982022 28.3375 | T (0-2996 0.1785)

i AL ERAEAE AR (9).
B2 R AATU N ZEIAHE] RS

E:107A: 1'5_1,32 ~1 |
10 2 5 0.2
1 02 0
B, = ., C=[12], D=0.2, E,= ,
1 c=[12 0 "o 0.2]

10
E,=10.10], H = [o 1],H2=

ik

S = [0 1], ARG B #PEH R S B
i #2(3), I SoVE R AR 1 2 Sk s B AT XS A,

Hrn:
0.1 0
By =11 1]7H3:[0 02]-

75 e H MR RE ¥R bRy = 0.6, WA FIMATLABH
(FILMI L H 4 feasp R fift 2 M 1 B AN 25 s (12) i w47
PR, T LA
K =[9.8915 3.7999].

HE—25, F HIMATLABH ILMI L L 4 gevpR it 1
A1) (15), BT PASR IS L H o M BEFRFRy = 0.1857,
T ELGH I ) 428 1 2% 188 25

K =[-10.7390 24.8529)].
5 %58 (Conclusion)

FEE TG AFAE IR B TS I 1, AP T R
ATVEEAT TN E | SRS R A H o 728 1 1] 2,

2 T AR I e PR R AS S ORI (A7 5
ST HL RSB IIAT A5 5| B SRR B, FHEZAPEAS
SR IR TAE) LRGAFAEHAEH IR
A& R A K 78 A, IR R TR I o
FIEA. T T B HGIRAE T A ki v AT
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