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interval discrete-time singular systems
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Abstract: The problem of state feedback robust H.. control for a class of interval discrete-time singular systems is dis-
cussed. Firstly,a kind of equivalent description of the interval discrete-time singular systems was given. Then a sufficient condi-
tion for the solvability of the problem and the explicit expression of state feedback robust H-infinity controller were obtained in
terms of matrix inequalities. The designed controller guaranteed that the closed-loop systems was regular, causal, stable and
satisfying a prescribed H-infinity norm bounded constraint. Finally, an example was given to demonstrate the effectiveness of the

proposed method.
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1 5| & (Introduction)

IER, X TEBS XAENARZH T AL
BIRR R TE , SRS T R B RIBT SRR -5 7R SLhR
R R RS B TERIRZE S RBIRRES
HZE Y518 7 58 B R e, It A S BN
EWRYRIFEN . Hh - EAHEETHANR
HEBEENE T TTERE - BRENX AR,
XERTIBHX A RS AXPitie T —HK A5
B XREHRERRE B H. EH 8. 555
BTXRERAEN—FEMHREL HRET RS
BHEEAERX,BRATHERZERERRG &
H. =5 R 250, AL TRERRE
BH ERSNME L, R REM T
B T & AR R
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2 (e EEA 5 T & H iR (Problem formulation
and preliminaries)
ZERNMTREAPVKET XELSK:

{ Ex(t+1) = A'%x(t)+B,w (1) + B'u(s), 1
(1) = C'x(1).

Hrp, 2(1) € B" WEGHREME, o(1) € R'E

w(1) € L[0,=) HRGHINEIMARE, u(1) €

RPHRGEMERWMARNE, (1) € BT HEGEWIE

HlamE,Ec RV BEFEBUERE, H rankE = r <

n, B EABEYERMEEIER, A", B' M C'H# 2

X (A} %6 5, Rt

Al - [Am,AM:I —

{A = (ap) € R"xnlag-‘ < a; < dff,

i,j = 1,2, nt, (2)
BI — [Bm,BM] —

BT H L TAEE R R S AR S BRI H (12421005 1T A B2 & % B9 H (2001401041) .
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%5 FHC% KEER YRERER RS H, 5§ 801
1B = (by) € =P |p7 < by < b)Y, HRT RS
i:1,2,"',n;j=1,2,' Pl (3) { Ex(t +1) = Apx(t) + Byw(t), 6)
=[cm, ") = 2(t) = Cox(1)
*C—<%>€’“\TS%<C% R By TR RAR R SRS
i =129 = 12,0l (4) BRI R x(0) 2. X RG(5)
XHE, A" = (o). A" = (o)), B = (b]),B" = ToRZS T,
(b.}’)ycm = (CZI)yC" = (Cy) AR PO u(t) = Ke(t), (7)
< ’ ) SRR RS
to = AEA =y = ASE {&u+n=zﬂn+gwuxfei,m)
5 _Bm+B'W u __(t)_B”—-Bm zEt):Cx(t),F}G F3. )
0= 2 BT Ml T 2 HA, A = Ay + BoK + DF(G, + G,K),C = Cy +
oo () c” _ cm Dy F5G;.
0:__2_,(::: I‘i]: 2 "
. AR B2 R B i wes(7) , 15
Dl:[\/’Tlely'"vmel!""\/Tlenv'" vV e ]z R RG(8)XTA F € F,F; € F3ELITHEE
Gu [\/_18\ \ne \/-19\ \/—me} € - "x" *Eﬁ? ) é{ ) j- ?% )m% —tE'IEnJ
- x 1) 3 w(t) = 0B, RE(R)WHE—XEIEN
ZJJR“”’““""f%“"JQMfLJW 1 A ER R RREN:
Gu=[~/l—nélv"'v Lyps \/_15’1 \/l—n,,é,,] SR H) || G(z)“m < 7.
ﬁEq e,(i=1,2 ,n)ﬁﬂﬁ\ﬁ{jﬁ%%%lﬁu, LE‘ G(Z) C(ZE—A) lBlry >0% E_(Jrl‘%‘—
& = 1.2,p) W p BB RS, 9. BB o e = s pl C(e)] Jh o
= IF | Fy = diaglayy, ay,, s am e s am ) s 4’ T uclon ™ ’ max
N M R KA A

laji< i) = 1,2, ,nt,
Fy = {Fy] Fy = diag(BrsBryr s Bus  Bap) s

Bil< 1,i = 1,2, ,n3j = 1,2, p!.
BRHA FIF, < I:.FiF, < 1,12 5 1, 550N
n® By F np B SR %‘EMﬂﬁTUﬂﬁ%ﬁ[ﬂE Ds, G;
Ml F,.

B 3CERL6,7 )R, X AR R (2) , (3)F1(4) 7] 43 5

FihrabER K FIIEL:
A= (A", A"]) = {4 = Ao+ DiF\Gy | F) € F\},
B' = [B*,B") = {B = By + D;F:G,| F, € F,},
C'=[C", ") = {C = Co+ D3F;G3| F3 € F,}.

il

"

é_\
Dz[Dl DZ]’
F={F|F = diag(F,,F,),F, € F,,F, € F,},

19 e 2]

WA DFG, = D,F,G,,,DFG, = D,F,Gs.
TREG(D)AIUSENRR I T RSE:
Ex(t +1) = (Ag + DFG)x(1) + Bjw(t) +
(By + DFG)u(1),F € F,
z2(1) = (Co + DiF3G3)x(1),Fs3 € Fi.

(5)

THEAE 5|3, LI .

1 EEYNAS(6)IEN BEERX
FHBRE(Y () = 08), I A H L3 REUE K
G(z) = ColzE - A))"'By R 6(2)| . < ¥ IR
SRR YRMIRER P c 2, HBLITHE
WA 55 X R a AT

E"PE = 0, (9)

y*I - BIPB, > 0, (10)

AQPAy - ETPE + C3Cp +

AYPB (7°T - BTPB)"'BTPA, < 0. (11)
He, v > 0 RAUSRSERNEEL

12 el H4ERNER A, D, G ULRR

PREERE PLANRFFEEARR € > 0, f#45
el - D'PD > 0, (12)
WHIHE Fe F, A
ASPDFG + (DFG)"PA, + (DFG)"P(DFG) <
ASPD(el - D'PD)-'DPA, + €G'G.
(13)
f 4 Y = (eI - D'PD) D PAy — (el -

1
D'PDY2FG, WA Y'Y = 0, T£
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ASPD(el - DYPD)'D"PA, - AGPDFG -

(DFG)"PAy + G'F™(el — D"PD)FG = 0.
FER F'F < 1. A[iES45 e80T JEEE
3 FELE (Main results)

EE 1 HERE Y > 0,0 ERL(5), WRFAE
WA RRIEH () KAl SxfcmpE pe -, ff
BARZER(9)F(10) B FAER
A"PA_E"PE + C"C+A"PB(¥V*I-BPB,)'BIPA< 0

(14)
SHETER F € FFy € Fy #8801, WA R 50(8)
W R 1), 1)
ZEHA G B 1R
S| 3 EHFERE O > 0, [#iR
8 - DiD; > 0,
WXHER F, € Fy, B

C'C < CJ(1=8""D:DD)'Cy + 8GEG4. (16)

iE F or- pips > 0, TEFIFHSIH 2 #5E
sk igis |, 15

C'C = (Cy+ D3F;,G3)'(Cy + D3F1Gy) =
CiCy + CID3F3G5 + (D3F16G3)'Cy +
(D3F3G3)T(D3F3G3) =
C3Cy + CEDL(8I — DID3)'DIC, + 8G5 G4 =
CILT + Dy(S8I - DID)'DIIC, + 863Gy =
CI(I - 87'DyDI)"1Cy + 5GG5.

TEEE .

S| 4 WURFFERRE ¢ > 0, {18

el - D'QD > 0,
MHEZR FEF. A

ATPA + ATPB,(¥*I - B{PB,)"'B{PA <
AJUA, + K"BYUA, + AJUBK + K'(B{UBg +
€GiG)K + ¢G1G,.

(15)

(a7n

(18)
Hed, 0 = (P - B BDU = (07 -
e 'DD)-1
iE REEMRW5IHE, G P+ PB(FT -
BTPB)'BTP = (P! — y*B,BD)"' = 0,
T2

ATPA + ATPB,(¥*1 - BTPB,)"'BTPA =
AT[P + PB,(¥*T - BTPB,)"'BIP]A =

;{TQE = (AO + BoK)TQ(AO + B()K) + (G] +

G-K)T(DF)TQ(Ag+ BoK)+ (A9+ BoK)'Q(DF) (G, +
G-K) + (G, + G.K)Y'(DF)TQ(DF)(G, + G,K).
HF el - D'OD > 0, M EE - MEXGmiE=
TR RS | 28 2, P ORI PR R B SR 5 | 3R
AToA <
(A0+BoK)"Q(Ap+BoK) + (G + G, K) (G + GK) +
(49 + BoK)'QOD(el - D'OD)'D'Q( 4, + ByK) =
(A0 + BoK)™L O + OD(el - D'ODY'D'QI( Ay +
BoK) + €(G, + G-K)'(G, + G-K) =
(A9 + BoK)T(O ' = e 'DD")""( Ay + BoK) +
(G + GK)'(G, + G,K) =
(Ao+BoK)'U(Ag+ BoK) +e( G+ G, K)' (G, + G, K).
¥ EREFETFES 676, = 0,636, = 0 ANATIES
5. IEEE .

T A S H W 0] 58 R R
KRG T ax FIRE & 7 %

EIE 2 AELE y > 0, WIRIETE A AT FRAE
Me P8 A%(9) #1(10) oL, IF HFER R ¢
> 0,8 > 0, B A%EX(15) F(17) WL, MAFTEXS
PREIEERIE V, = 0, B LLF AT

V = BJUBy + €G3G, + V, > 0, (19)
ASUAG+ CHT=87"DsDY) " Co+eGl G+ 8CA Gy -
E'PE - AJUB,V™'B{UA, < 0, (20)

MRS (5) K& B H, 3 1] [0 A &7, T EL R &%
H. RS S 45 i 2 2T U
u(t) = - V'BEUAx ().
Ho, U = (7' - ¢'DDYHY,Q =
yiB, B,
iE X RS (5) MRS R I il 2% (21), AP
K = - V''B{UA, B R (8). WA BJUA, +
VK = 0. T2, FIf5 |3 3 715138 4 LURAFA (20)1%
ATPA-E"PE + C"C+A"PB,(¥*I-BTPB,) 'BPA<
AJUAG-ETPE + C{(1-87""D3D1) ' Co+¢G1 Gy +
8GYGy+ K'BY UAg+ AL UByK + K'( B UBy+¢G3 G,) K <
ASUAg—E"PE + CI(1-87"D3DY) ' Cy+¢G| G +5G} G5-
ASUB V' B UAg+ (B UAg+ VK)' V-1 (BYUAg+ VK) =
AJUAg-E"PE + CY(1-8""DiD}) " Co+eGT G, +5G) G5 -
ASUB V- 'BEUA, < O. (22)
BAEL9), (10 504 A, FIAER 1 Bia]fi
WEAEBRMAEEILE.  IEE.

(21)
(p' -
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4 ¥{E5)F (Numerical example)
FEXEEHT XRE(), K+
221 (1 1 ]

e[ Y ae
00 0 [0.9,1.1]

2 Y I
PPl 7 T g [o.9.1.1)8
¢ =[[-0.1,0.1] 1].
2R
1 1 1 0
AO:[O 1]’ 0:[ ]7C0:[0 1]1
0 0
H, = ] ]H 0.1 0].
1 0 0.1 Hy 0 0.1 L ]
i
0.5 0
P:[ ],7:1,5:2,8:11,
0 -2.5
V_[o o]
Pl 2.8d7

WIEHE 2 B A AN SE U AL I, B H, FE 3
AR % , B B Ho RS R a8 A

u(t) = - [(1) _12 x(1).

5 #5i(Conclusion)
KB ARG R —REENSHEAE LR
B AR TR XA B L REHRE R B
BREH ERHRE. X TEEAEXAE THAER
SRIREHE H ERHBN RS &0, BN EH 1,
Ehl 2 AR AR R EN KR 2 E, mHE
Y EW) Ho HERETEHR .
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