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Robust stabilization for a class of discrete-time singular

systems with uncertainties
MA Shu-ping, CHENG Zhao-lin
{School of Mathematics and System Science, Shandong University , Jinan Shandong 250100, China)

Abstract: The robust stabilization via state feedback for discrete-time singular systems with norm-bounded time-invariant
parameter uncertainties in the matrix £ is discussed.In a series of equivalent transformation, the equivalence between the stabi-
lization under discussion and the robust stabilization via state feedback for uncertain standard state-space discrete-time linear sys-
temns was obtained. In terms of linear matrix inequality(LMI), a necessary and sufficient condition where there exists a robust
state feedback stabilizing controller was given. The design method of the controller and a solution of the controller were also giv-

en. The effectiveness of the proposed method was illustrated through an example .
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EXEEAREEBTTRE

(E + MgANy)x(k + 1) = Ax(k) + Bu(k). (1)
Hp x(k) € B RS, u(k) € 5 BEH. EEE
€ 3" & R,rankE = r < n,A € F"", B € R*P,
My € R™™ Ny € R AEHIEHRE, A € RN
BIAEARWE, iR ATa < 1.

EX 1M DFR(E,A) HIENE,# det (zE -
A) %= 0.
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766 = % B & 5 N H 20k
2) R (EA) 2HRARM, MEE AT, B SHME M, N € = f§if5

degree{det (z£ — A){ = rankE. I vM I <1, (8)
3) MR (E,A) (ARG Ex(k+ 1) = Ax(B) )R Heh | - || $5i8E%, N, M, (7).

FER, R HE I ENAY, H det (zE - A) = 0 BYFT
AR EROLTF LA S S RO a9 AL R P
EX 2 H(E.A) BEIFN, HEHAENR.
HRM, faEr.
A BB — RS R s 2%
u(k) = Kx(k), (2)
FEEAHRE ATA < THITARAERHE, RE
(DA EZEFR, M ESL (1) #it— e
7SR A E e 28
SIFE 1 AR RBE AR (2) 153
BATA < I WFTAE RN ARTE, RE (1) B3R
AR,
rank( £ + MyANy) < rankE = r.
5131 AIEBIE D TR TR RGBS .
5| FE 1 AT, & ) A, T3 A ASREXS
nE g9k, BT R EEA =FIETE B0 M, = EM, ,
K No = NoE B F Rtz (5138 3) . A3+
OFEE — BE2FATIMANE ENBEBEE,
FRMBASL (1) FnTEiE.
g1 MR ATA < T HFTA B A28 R

(3)

E, B
rank( E + MyANy) = r. (4)
ﬁiﬁ 2 N() = N()E. (5)
0O E O
®ig 3 rank[ E A B =n+r. {6)

E OE A= oARK() RIEMS, MBI ERS
(E,A,B)Y- BEFSIOE UV ERRL (1) GRS LNER
BHLERME, AXFRER A = O RS (1) B M.

BX rankE = r < o, MGFEETREE M, Ve 270
f#15

. 0 Ay Ap
MEN = » MAN = ,
0 0

Ay Amn
B,
MB = [ ], MM
B,

[
0= M, ’

01, N'x(k) = |

(7

(5)
N()N = [Nl

xl(k)]
xz(k) )
He Ay € Z7,By € 27, M, € Z7", N, €
0 x (k) € Fyx(k) € T

3178 219 MEMBE 1 oL S TETER S R
FERIA QERAMRE ATA < 1 KT AZ A5
£, RE AR EFEFN, W —EFERNET

B ) H, M AHE ATA < T HIFAER
HA%E, I + M\ AN, 4B 57, B

(1. + M\AN,)"" 0
M._X = _1 y (9)
- MuyAN (I, + M| AN)) I_,
A
I 0
MAM(E + MoANo)N = [ ]. (10)
0 0
Ei -
(I+CcD)''=1-C(I+DC)'D (11)
GIEE
I - MAN, 0
T |
- M'.ZANI [n—r (12)
,Z = A(Iq + NlMlA)_l,
T2F
An-MA N A, Ap-MA N A,
MAMANz[ . N ]:
Ay —MA N\Ay Ap-MA N\Ap
[AIIA Am]
Ay Apad’
B, - M|AN|B| B\
T i N L
(13)

M z0(10), (DAL (1) ZRENT
2 (k+1) = Ajax (k) + Apaxa(k) + Biau(k),
{O = Asax, (k) + Apaxo(k) + Baau(k).
(14)
RIEMBE 3 ATHER (4, B] fTWE #
TFEAEA R P € RU-rep)xOmrep) fifify

[A»_;z B»_,]P = [ln_, 0]. (15)
TR HE i
Py Py _ _
P = [le Pzz], (A BiJP = [4A B,].

(16)
XERE (14) fEI0 FAER RAEHR
%, (k) I, 0 0 [ = (k)
[xz(k) 0 Py P12:|[x2(k):|, (17)
u(k) 0 Py Pypllu(k)

Hep z,(k) € 377 u(k) € 7P MASK(14)F M i
HiLH
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x(k+1) = Apax (k) +(Ap-MA NA )i (k) +
(B) — M\AN,B)a(k),
0= Ay (k) + (1, - MZANIAIZ)-iZ(k) -
M,A N\B,u(k).
(18)
B (11), (12) &5k T HRZ R L.
I3 HiF1~3ML.FRE(GFEERE

RER e Q), M—EF A EH R
P.H
P = Alel _A?l B2 . (19)
KAz - KyA%'By + 1,
;122 = Apn + B)K, 3!35?,1%35
I Ni(My - ApMy) | < 1, (20)
Hep |l - $Ei%.

SIHE3FEH, EAFAETLWM9) K P HEH/R
(20) B2, MRS (14) (B RS (1)) B HR S RS
oAb o] R T

AEHBIE | Ni(M - ApMy) | RS P RIEIRK
AX,5 M, N#EREX. TEHSE PRI
B, i

_ [Pn PIZ] _ [ Az - Ay B, ]
{ - pzl Pzz - sziz_zl - sziz_lez + 1,
Ay = An + ByK,,
(21)
[P _ [Pn PIZ] _ [ﬁ%zl - AR'B, }
Py Pp K)A7 - K:A%'B, + 1,
An = Ap + B1Ky,

(22)
M P, P EEHEER(15), S

A

(An 31]([P21] [P“] =0, (23)

21

(54 )
(-3 - [3e.a czn. o

MitiER(21),(22) #EE

{det(I,,_, - B,Q) =0,

-

=px(n-r
K, = k2+0(fn-r—320)_11322’06j -
(25)
i X i [AIZ Bl]P = [AIZ B]] }=(24) HETS
[A) Bl][P”] = Ap+ B\Q. (26)
P2l
A 20 (20) AL, AR RN (1) AT HEAR
{ (L_,-MAN\App) ' = I+ MbAN,A ),
A= AL + N((M) - ApMy)A)Y, %

Zd R, RE(18) il FEMEEIL N
ok +1) = (A + M) x (k) + (B + AB)a(k),
{xz(k) = - (L., + MJAN,A ;) ((Ay -
MA Ny A x, (k) - MyA N\ Bia(k)),

(28)
Hrp
;111 = All - 212A217
[AAH = - (M, - ApM)ANAy,, (29)
ABI = - (Ml - Alez)AANlél-
EX 3 THEBBAL «(k+1) = (A +

AA)x(k) + (B + AB)u(k) RE TR E &
u(k) = Kx(k) I ZIREGERY, X BAUSFAEXT IR
EE®HME X > 0115
(A+AA + (B +AB)K)TX(A + A4 +
(B+AB)K)—X<O (30)
518 4°) AEELEKHERE Y.L MR,
Y= YO, Y+ AR + RVATLT < ORE , 1 A =
AL+ JA) L ATA < 1, BHAUHGFELE R > 0,
f#78
-1

Y+ [e'R" eL][JIT JI] [EZTR] < 0. (31)

€
3 FELR(Main results)

EB1 REBERI-~3IRL.MAGEDHFEESE
BERERBREREEHE QMR LELGRRT
TR 22)WERE P, R RS (28) FHEEBRE
SRR e fb i i 2%

a(k) = Kx; (k). (32)

iE REEERGE(D)SRERERQ)HRLN
MIBMRGEIRE A'A < T WIFTHR R ERHE 2
FVH, MR IR 1~ 3 B M (7)), (10),
(BYHA, RE (14) 5RE3RB ulk) =

[K, Kz][ }*@ﬁiﬁ@lﬂ%%@%
xz(k)
{xl(k + 1) = Anx](k) + /I]Z,’Iz(k),
(33)
O = AZle(k) + Azzxz(k),
Hrp
An = A + BiK, - MIZ-NI(AII + BIKI)’
Ap = A + BKy - M\AN,(A); + B|K>),
As = As + ByK, - MbAN, (A, + B,K,),
Ay = Ayp + BoK, - M,AN (A + B\ K,),

(34)
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B oW B w5 N H ¥l %
BRI . BB ENT LRI, X (38b) Hl 1,(k) WHE.
{xl(k +1) = (111 - /ilzfizz_lf{m)xl(k), T BEREERE PFEBEA(R)FES
a(k) = - AV Ay (k) 3 mrEsRmREAEHEGY)  MAKAL (36) R
MRS (S) MR ATA < T AR AR R SEN EFIAHE ATA < 1B 2 E

E TR AE 1.

BP WU FR, K = K, X RG(28) L)
), W R
{xl(k +1) = (A, + B,K + M, + AB\K)x(k),

‘E:(]f) = — ([n_,. + M:AN}A]:)_)(AZI —
MQ_AN](A“ + Blk))xl(k).
(36)
/\¢
K = Ki,Ap = (Ap + BiK) AR,
_ . (37)
Bl = - (Al?. + BIK?.)A?.Z_ B?_ + Bl.

WE(11),(12),(34),(35),(37) , &t B TR

Ap o+ BiKy + My + AB Ky = Ay - Apdyp™' Ay,
(38a)

x(k) = - An ' (22(k) + ByK % (k)), (38b)

H1(38a) K, R EL(36) 5 &40 (35) A - B R EUE

B MARKGOXNFARKE AT A < T HRAEAH

SRR SE(14) LA
u(k) = Ky (k) + Kyxa(k), K, = K, K, = Ky,
(39)

K, iR (22) Bk WA S R4 (14) MR B 3R R 4
HR(33),H || N(M, - AnMy) | < 15 Ay AEH
RMARRE ATA < 1 IR ARZE A L, AR
5t(33) 2N, IEI%E’J HEMFRE(3S5). 41t
BT A R B8 AE, NI RS (35) REEM , i
WA R A'A < T IR ABEALHE, AR RE
(33) 2R EHY. E{a%ﬂﬁ H5#:(7),(10), (13) P FI & 4¢
WFEEERSRGRELERE u(k) =
[K K, N"'x(k). UEEE.

I8 2 IREIE 1~ 3 giar .

D ZGUNRG(U)) FEEBERERBRE
ez Z I e L E AR HELER e > 0,1EF
R Q > 0 RAERE WFBIT LMI AT .

- Q AnQ + By W 0 e(M, - ApMy)
0A," + W'B,! -Q (oA, + W'BT)N,T 0
0 Ny(A,Q + B, W) el N My~ Apmy | <O 4O
e(M, - ApM)" 0 e(M, - ApMy)'N,T - ¢l
2) #F IMI(W0) A/, MESZ (D — P& B RIER(29) K EXEHRTH
SRWEGE BB { X Ay BIK}
u(k) = [K K,JN“'x(k), (41) B - +
b K = W~ K, MR (22T (Au+ BiK)T - X
E 1) R R ERR -3 T AL [‘(MI‘A“MZ’]MO Ny 5 BiE)] +
(KEG(14) ) HWEBERSRBRELFANBEEN TR 0

SR EERERFREARE HhE X3 M
F4(28) BETRERHE KBREN, Y HLY
A K RIEEEEX > 0,0 H ATA < T
Bt A AT E , R

(A + B1K + My, + ABIK)TX(Ay +

0
[m B K)TNT]AT[_(M'_ZIZMQ)T 0l <o,
1n+ Dy 1

(43)
Hi5 (3 4 B Schur #ME B (B EM FHEE

B\K + My, + ABK) - X <0, (42) e >0, M7
- X! Ay + BiK 0 -e(M, - ApM,)
(Ay + BiK)T - X e'(Ay + BiK)TN" 0
- - <0. (44)
0 [ N|(A11 + B|K) -1 - N (M] - 2M2)
—é(Ml —ZIZMZ)T 0 “(Ml—f_l]zMz)TN]T -1
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LEN BXRE () FEERERERBRTREL
A%, M Z 50 (28) Bl RS BT IR FE iy,
CTETESERE K, IEEERE X >0, MiTFHe > 08
A(42) B (44)Yr B Ty = diagl I, X' el, - €l
AER (M) EF T, G T, 4 X' = 0,
e? = e, Kx~' = W, MAX40) 7 .

ot BIRFELE e > 0, FEEM 0 RiE
B W iR (40), MR T, = diagi7, Q' L1,

Je

A X =

- %_,; Rt (40) £ T,, L% T2, )
£

Q'e = Ve, K = WO, IR (40)EMH TR
(44) , AT (42) BT

2) & IMI(40) A % , Wi LB K = W',
HEH 1 RaZH(MALGDERR (D) & ER
SRmEEREE. R,

X IMI40) T M, = 0, LBIE=/EL. T2
B

Wit HER -3, H My = EMy. W

1° ZE () FASBERESRIRRE LB H R0
TV ERMER FETER e > 0, TEFEK Q >0
KRR W #18 M, = 0BT, LMI(40) B57 .

224 M, = OB LMIAO)F #&, M RGE (1) &
PRSI E L E R8s A

u(k) = [K; K JN'x(k). (45)

H
Ky = (- PuAy + Pzzk) - Ky(~ PyAy + Plzl_(),
(46)

K, Hl#1% Ay + B, K, EARME—LERL K =
wQ-, P s (15) R .

G-

EARMMES FEABBRITHE/RK1~3
RS () e BRRER TR S SR ;.

DBV = [0,
BEEEE MM <1, &R, MA5 M =M,
N=N.,&M =0,%RNE6) & & M, =0, 5[
EINHEE KV KEET M, =0, 4 M, =0,
W RETCHE & M, 2 0, FemE 2) 8.

2) IERE YR MMy M) | <1,
Y AN NRIBA TR & Y 278,

My MHY] = []‘_’111_1 0]

0 Mpl 7T U N, Npl”
H M\, M3, Ny AR EESTER N, £ER,

i -

4 M= MM,N = NN,.

3) P QD AR ERESEH || MM, -
ApMy) | <1, 5B, 5P = P.K = K, #mE
5)H & R NEEREE 4)4 .

4) B Q € =»xn=0 @48 det(] - B,Q) = 0, ¥
i N (M, - (A + BIOIMy) | < 1,35 Q 1778, 0
A K, R (25) FiR, P s (22) iR, B4 5)
#:% 0 NETE, WIEELH .

5) % LMI(40), & F &, W4 4% H 28 A R
(A1) E TR, WEH RN )4

6) B P W (15) Fr7R , ff LMI(40) , 25 JC g, W
(IR TCAE s 45 0 f , T - 12 1 28 X (45) , (46) .

4 HH)(Example)
Bl HEEEEX (1) BARERS =,:

(o 0 0 01 2
E.—_OOI,A:[ZIO,

LO 0 O 0 0 1

[0 1
B=|1|, My = OS:I,
-1 0.25

N0=[0 0 O.SJ,Az’O\, Bzgl.

010 0 01
M:lOO,N:OlO},
0 01 1 00

ZETIE N, = 0,M, 2 08K, = [1 1], Wi

R(22),(16)18 N(M, - ApM,;) = 0.375 < 1,4,

=-1,B,=-2.%¢ = 0.5, ff LMI(40),1% Q =

11681, W = — 0.5840, #(F K = - 0.5, A1
K=[-05 1 1IN'"=[1 1 -0.5].

5 %R iB(Conclusions)
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Fig. 3 Response of the system controlled
by the fuzzy controller and adaptive NN
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