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Abstract: By analyzing more common failure models of actuators and sensors, the observer based H-infinity reliable con-
troller design problem for descriptor systems is studied. Using generalized algebraic Riccati inequalities{ GARI) with constraints,
the sufficient and necessary condition, as well as the design method that there exists H-infinity reliable controller for descriptor
systems is obtained in the case of actuator failures. Meanwhile, the design method and sufficient condition where there is an
H-infinity reliable controller for descriptor systems is obtained in the case of sensor failures. Due to the designed H-infinity reli-
able controllers, the resulting closed-loop descriptor systems are admissible and have H-infinity performance. Simultaneously, the
GARI with constraints are transferred into linear matrix inequalities (LMI) , and therefore , the design approach of H-infinity reli-
able controller for descriptor systems is reduced.
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1 5| & (Introduction)

WL R AT R AR M EHT T
KEMBIRD - EhE R R REE AR
12 gk AMNMEBERMER REMNALE
T AR EEN T X AEHFROE
A 3 S 20 e ) 1) R AL R g AT 6 1 4
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Wit k.
2 B SRY#A (Problem statement)
ERITNERAR
Ei = Ax + Byw + B,u,
z = Cix + Dpu, (1)
y = Cyx + Dyw,
He: x € BRI XRFEHRS; w € R ETHE
Asu € R™ BIEHEIA;z € R E2EHH;yC R
RMBRE L. BT XARKQ) EW. 5 E, A, B,
By, Cy, Cy, Do, Dy BREMMAE. BIR
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Al) (E,A, Cy) RERI B ko ETR 5 g = Tait e e G
A2) (E,A,B,) R-BERFOBK IR EESS ; - 2z T %0i
A3) DLIC, Dyl =1[0 1}; i = 1,2, ,m.
A4) Dy[ DY, B] =[1 ol. TRA
R BB — B W TRA o= aoll+ 8. [4]< 1 (D)
B u ]7, XE A, = diagl| Auil, | Baz| vy [ Ban| | R
A of SR IT SR H R Y HARUMREE R, K& LS5 A MR A B R
ut = e, i = 1,2, ,m. (2) .

—_— E2 Yo, -0, BHEGARAMRSESE
“ Fil B ORI ER T LR 55 (6) 2B L R FF AR89, R RE i B
O<au<ou=<a,, i = 1,2, ,m. (3) s

HRaisbl<an % ORI | AR X T IAT B HRER &

u = [uf wi o wn]h TR LR it He ol SR8 (5) , A8

FRA u' = aqu. Hr IR LAY (6) 71 (IE W B2 BTGBk ), ELM

a, = diaglau,ag, " aum!- (4) w Bl z G945 1% e WO [

E1 D ERATRMEEET MR, =, = 1,H
KOG A b = o, EREMMOPITHRES T MR e, =
0, MERSTXH[1,2] F u, KEFETSTE . (ML (2), (3)F
(OFRTRAE—BIZAMPIT IR PR A

) EX(@H AR o, = LW ELTHHRITREHF
TAE 2R o, = O, WIF/RATA AT 7 88 ¢ 2508 , LR B9 A
A XERGBAERRBRE S A XRL)BF SR
frevse SR IITE R RE S MR AN 3 METE.

) A3GHEARETE o, = 01ETE.

IV) "X RG()A kb

AR L 3 R TS RS MU R AT

BT 4R

{EE.: Af + Byw + Byu — L(y — Dyyw — C6),
u = Kg,

(5)
XE KRR ERE, L R S E . B
(1),(@)F(5), FTaMBERE T AR L RS
H

Exe=ﬁxe+l§w,
_ (6)
2 = Cx,,
xH
I IN'frxy - A+ LC, 0
vl ) LA |
o 11 lg - LC, A+ Bya,K

E = diaglE,E}, B = [0 B'",

C=[C C,+ Dpa,K].
/?\\
a0 = diagla,or, @ap, s daom !
A, = diaglA,, 80, Agnl s
H+

TB(S) = I:Cl + Dlzaa K]I:SE — (A + Bzaa K)]—IBI,

(8)
R T . < 7. 3y > 0FRARE.
K, N TFHH y = Ly v, 15, B
y] R E S, AR,
¥y = ayyi» j = 1,2, p. (9)
XH o W2
O<ay<ea,<ay,j=12,,p. (10)
Hea,<lilge,;. 2y =y 5 vl F
il
[ ()
a, = dlag{asl,ag,"',aspl.
é\
Zy0 = diag{asol’asm""’as(]pl »
A, = diag{Asl,AQ,"',ASp!.
Hrp
& . .
ag; = > ;gw, Ay = asjasojﬂso,’
J=12,,p
TR
a, = ano(l + 4A,), lAslgl. (12)

mE (1), ()R, FRISFHBAR S T WA X

RN

{Eex'le = (AO + AA)xle + (BQ + AB)we, (13)
z = COxle’

XH

o[- [ n 50,
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%31 PRERISS .|~ R4 He 7T St FH 409
A B,K EHBRARE™X = X'E = 0%,
Ao = [_ LayC, A+ ByK + ch] ’ 4 XTFHITH/HER H, 7] EHEH (H-in-
B, 0 finity reliable control with respect to actuator
Bo = [ 0 B,+ L(I- aso)Dm] ’ fault)
Co =[C, DpKJ, SIE 5 FHEM D, MERRX A3, 2

0
AA = [ ]AS[C2 0] = DAH,, (14a)
- Las()

AB = [ ZI ]AS[O Dy ] = DA.H,, (14b)
- s0
He
0
p=| . J.#=tc ol m=T0 Dyl

BEIE 2 MAER T TR RS ERRET
BT RS, 1% H, TR HIES (5) , R R
X ERGE(3)EF, B w, B 2 B1E RS

T.(s) = ColsE, — (Ag + A ) '(By + AB),
WE [ T.(9)]. < 7.
3 A& A2 (Preliminary knowledge)

EX 1 =HEFEA (E,A, C) AT, R
FAEERE L HEREM(E, A+ LC)BE; =8EHA
(E,A,C) BN BkohBENL, tNRAE R L, R
SH(E,A + L,C) k.

X2 JXERGE()MIATES (ERER) HH
R (4) (R (1)) Rt , AR X RS (6) (RS
(13)) A B85 R BUE E R He TUBCE 5, WIFRAH
ARHEERATE (RS )R (4) (X (1)) B 2%
(5)RT™ XFELG (1)) Hy, AT SEMEFE 4%

X7 XERGE ()L EE AR REREA
H, WS, X —#RFRA He, B SR

BIE 117 MR (E,4) TRk RE &4
72 deg(det(sE — A)) = rank(E).

51T 2" =HEMEA (E, A, C) ATRFIK hEE
WM FEERERGFEERE L, FEBEXN(E,A + LC)
=iF.

SIFE 3% X TREMEAE LG4KRNEM

Y, M FIN, MR ATA < of IAZER Y + MAN +

NA™" « O RV BABERHREE ¢ > 0#15
Y+ eMM" + ce"'N"N < 0

51 4% T NERS

Ex = Ax + Bu, y = Cx,

B B ICGE-4)"Ble < Yy WRELRGR

GARI

ATX + X"A + C'C + r?X"BB"X < 0,

Ry: = I - eDja%eD, > 0, e > 0. (15)
il
Ni: = CI[RG' - Rg'Dpay(e™'1+
a.0DH Ry ' Dipagy) a0 DLRG'IC, = CICy,
(16a)
Ny: = eCTR;'Dypa%gBIP — CTRy' Dypage(e™' 1 +
a0 DD RG Daagg) (a0 BIP +
ea 0D Ry ' DyyaioB3P) = 0,
My: = £ P"B,a? DL Rs' Dppa’oDY; +
D,a20 DR ") D1aalo BIP +
e*P"Byalo DRy Dyato D Rg' Dipa’o B3 P —
e P'Byaly DRy ' Dipalo D, Ro ' DipaoBI P -
e’ P BraiyDi2 Ry ' DpaioBiP =
- e*P'Baayy By P.
TR0 A7 B UEBA O A
ER1 A XAESE(DHEERBE AL, A2)F
A3) JUXTF ¥ > 0, HEFRAEWPATHR R BIE R (4)
POCBEE , PRERS RS (6) B3, L Tu(s) ] o < v 89
REFMRWRAE E'P = P'E = 018 GARI
ATP + P"A + y?P"B,BTP + CTC, -
e’P"ByasB1P < 0 (17)
A% R He W MR ER(5) 5
K== (el + ayDLR5' ' Dypayy) ' laoBiP +
a,0DL RN Cy + eD a0 BIP)]. (18)
R LB LRLE(E,A + LC,) FIF.
i B HEIE 4, FEERE X HELK
E™X = X"E = 0 } GARI
A"X + XA + y?X"BB"X + C"C < 0. (19)
KEl X HEFEA WEBEA#ATIRE X =

[ 7] Ao

(16b)

(16¢)

X3
A+ LC, 0 "X, X,
[—LQ A+Bza,,K][X3 P]+
X, XnT[A + LG, 0
[X3 P] [ _ LG, A+B2aaK]+
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w 5 M H

0k

T
A2 el -
x, pllsg, X, P
[eonn
CT+KTGBDT2
TN RS
* *
H

% T1
XHRY "R AR RIS, FRERK(7)
=3
Ti: =(A + Bya, K)"P + P"(A + Bya, K) +
y2P"BB{P+(Ci+Dpa, K)'(C;+Dpa, K) =
(A + Byayol I + ADK)'P + PT(A +
Bya,o(I + A)K) + 7'2PT3131TP +(C +
Dypao(I+A)K)(Ci+Dpa,(I+4,)K) < 0,
B Schur ¥, T, < 0 M T
rA P'B, I}
BlP - y*1 0
r, 0 .

][Cl 611-1)12451B K:I < 0.

T2: = < 0’

Hep
Iy =[A+Bya,g(I+A)K]"P+ PY[A+Bya,o(T+4,)K],
I'y = Cy + Dpay(l + A)K,
X
s P'By TI{7 [ P'Byay
T,=|BIP -7I 0 |+ 0
r, 0 -1
P'Bya,g !
0 ALK 0 0]

Dyyay

AJJK 0 0]+

Diza a0

<0, (20)

He
I3 = (A + ByaoK)"P + P'(A + Bra oK),
I'y = Cy + Dpayk,
M5 3, T, < 04 HOUYHFHEREK « > 0F18
I's P'B, Iy
BfP -y 0 |<oO.
It 0 Iy

T3: = (21)
XH
I's =(A + BzaaoK)TP + PT(A +
Bya, oK) + K'e 'K + eP"B,a?%, B3 P,
I'e =(Cy + Dypa,oK)" + eP"Bya2, DY,

Iy =-1+ €D12030D1T2-

= (15), I Schur b5
T4: = (A + B2a50K)TP + PT(A + BzaaoK) +
K'e 'K + eP"Bya?BIP + vy 2P"B,BTP +
(Cy + Dpag oK + eDpa%oBIP)'RG'(Cy +
DpaoK + eDpalyBiP) < 0,
HXO8)FHERE KA T, HEIESH
Ts =A"P + P'"A + Y?P"B{BIP + Ny + N, + N] +
Mo + {K + (e7'T + a,oDLRy ' Dpayg) ™" -
[awoBi P+aoDLR;(Ci+
eDpaoBIP) 1171 + ayoDhR; ' Dpagy) -
{K + (e7'1 + a,oDLR; ' Dpag)™" -
[¢20BiP + a,0DLRG'(Cy + eDpaoByP)]} =
AP + P'A + y*P"BBIP + CIC, -
e2P"B,a%,BIP < 0.
BI=C(17) Aoy P e BAERE P4 L L i
E 011X X; Xi Xa%E o
[0 E] [X3 P] - [X3 P] [0 E]ZO’
ZEB EXPMETH, BMER P U EAH. &
BEHIRIE.

o BUERE K AR (18), A EHIEN
0,017 B M TR Har, X5 3, e
FMTFRQ0). FE T, < 0. IHFERAK E'P =
P'E = 0,513 4,585 (E,A + Bya, K) HFHH
| 7.()] . < 7.

THIEHARFT XRZ5(6)FF. T

A+ LC 0
det(s[E 0]—[ * 2 ]):
0 E - LC2 A + B2aE K

det(sE — (A + LC,))det(sE - (A + Bya, K)).
MMM (E,A + Bya, K) FI(E, A + LC,) BIA
F. X

E 0 A+ LG, 0 ))

deg(det(s[o E]_[ _IC, A+ Bya, K] =
deg(det(sE — (A + LCy))) +
deg(det(sE - (A + Bya, K)) =
rank( E) + rank(E).
TR XRG(6) BT . T HEIIFE.

3 mXmI7], R k—BH BIR E = diagll,,0,
HEAf r = rank(E). TREBHAREME'P = PPE=0/W
GARI(IT)EM T

ATP 4+ P4 - &2P"B 0% BIP P'B, (T

BTP -1 0 } 0
o 0 -1
17)
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B34 BRERIS % . L E S H, W e Rl 411
P, 0 12). 3, M, < OFMTHFE: > 0FF
wwr- |0 Olemamrenarzrs ) EI51E3, M, < 0%
Py Py . i@ Zs Z, CT
p R(n—r)xr,P E R(n—r x{n-r .P EJ‘ ii. —t (17') ZE
L€ f ‘ L My: = | 2T Z; 0 |<o0,
diagi P~", 1,1} F % diag P, 1,11 ,3%% P, = P75
PTAT 4 AP, - 2B,a%,B] B, PICT Co 0 -1
B -¥1r o0 <0, H
C, P, R Zy = AJP + P"Ay + eP"DD"P + ¢ 'HTH,,

TR IMI(EHERAER), AT LML THA K.

5 XRTHRRBBEEN H. 7T EREH (H-in-
finity reliable control with respect to sensor
fault)

THABZRBFUET T LRL H, TR

ERE T
TR 2 J"XER(DHRMIZ A1),A2),A3)

MAL) EFEER X MU SEREQWETEY

GARI

O =A"X + X"A +27y2X"B,BTX -
X'ByBiX + poC3Cy + CTC, < 0, (22)
E=ATQ+ Q"4 +37%Q"B,BIQ +
X"B,BiX - Cill-'¢c, < 0, (23)
BARE'X = X'E =2 0M E'Q = Q"E = 0. H+h
po = Y (e¥’ - )7, K

I = diagisl,sz,“',s (24)

1,

XHE
8 =el|pol [1- asoj'l +e(er? =171 -

a0, sgn(e (67’ = 1)) + eadyy, j = 1,2, p.

HIT YRS PEESF B IR (11) B RS, 3
IXREODEY, B [ T(s)] . < 7. tend HL AT
FEUHERRG)V K ELEAETREH
K=-BIX,L=_0Q"ct'.
iE 4

(25)

Z, P'(By + AB) C}
M: =Ii(BO+AB)TP - 71 0},

Co 0 -1
Heb Z) = (Ao + AA) P + PT(Ay + A4), FI3R(140)
=K (14b)75

AgP + P"Ay P"By C§
M, _{ By P -7 0 |+ Z,+ Z],
Co 0 -1
P'D
Kz, = { 0 :|A5[H1 H, 0],X8 A, WER

0

Z, = P"By + ¢ 'HTH,,
Zs = - (Y1 - e 'HIH,y),
FIA Schur #b, M, < 0 &4 F
My: = AP + P"Ay + eP"DD'P + ¢ 'HTH, + ctic, +
(P™By + e "HTH,) (Y?1 - ¢ "HJH,)"'(P"B, +
e 'H{H))" < 0.

w o -
e AN R R
A3), A (25), I 1 il XY A R iE B A5
Ze 2
RM3RT = [ T ],
Z7 Zy
Hrf
I I
e[
o I
Zo = ATX + XTA + 00C3Cy + CTC, +
v 2X"B,BTX - X"B,BJX,
Z; = epyC3(I - a ) LTQ - y"*X"B,BfQ,
Zg T+ QTLCZ + C;LTQ + XTBzB'ZTX,
= ATQ + QTA + e(ey? - D'Q L(ex%ad -
2ag + I)LTQ + 272Q"B, BT Q.
WIdE R IEH S

por<|0 0]
3s0Z9’

Hrp
Zy =A"Q + Q"4 +3772Q"B,BTQ +
X'B,BIX + QTLC, + CIL"Q + Q"LIOLTQ,
T ER(24). B (25) FHER LA L
K, A (22) K (23)18
RM3R" = [@ 0] < 0,
0 E
TEH M3 < 0. B Schur #M& M, < 0,7 M, < 0 X
ST M, < 0. FIKH Schur %653
(Ag + AP + PT(Ay + AA) + CECy +
v 2P"(By + AB)(By + AB)"P < 0. (26)
X


http://www.cqvip.com

412 7 W B

®

5 m A BnH

T
re= o Qo 6l
T T
e o).
(X+Q)'E - Q"E
_Q'E O"E =
[ET(X +Q) -ETQ
_ ETQ ETQ
) [X(T)E

= ELP,

0
H RPTE.RT QTE] =0, X

P'E, = EIP > 0. (27
RIEX(26) KX (27), 5B 4 H, AKX LFESH
(13)FE. BT ]. < 7.

4 EUTESEFAREMNEX = XE= 0
GARI(22)FMABUREM ETQ = Q"E = 0 #) GARI(23)4}
HEMF IMI

Zy 2B, X 'c¢! Xx-"¢cT
2B - 71 0 0

_ < 0, (22)
C,X"! 0 - p5'l 0
C X! 0 0 -1

He 7z, = X TA"+ AX"' - B,B] Bf#t
X = [X" O]GR""".
X, X
He: X, € B75X, = X] > 0;X, € R~V %, €
R(n—r)x(n—r);Xrﬁj‘ﬁ,u&I_Ml
[ATQ + QTA + I1 I:J.QTB,]
<0
V3BTQ - 72

A Q. HPIEMK Q 58K X EAMRMN SR, T =
X'B,BIX - CIII7' C,.
6 4518 (Conclusions)

AIEHE T XRGE () EPATEE B BB
AT HEHH, TREERMSFORE R, REEK
A BRI AL T 4 Ho R BSN A S £
30 BEH T BRI .

(23)
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