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Delay-dependent robust and non-fragile H. control for linear

time-delay systems with uncertainties
WANG Wu, YANG Fu-wen
( Department of Electrical Engineering, Fuzhou University, Fujian Fuzhou 350002, China)

Abstract: The problem of robust and non-fragile H.. control is addressed via state feedback for linear time-delay systems
with norm-bounded parameter uncertainties based on a method of linear matrix inequality (LMI). The sufficient condition for
the solutions to the problem is presented in terms of one LMI, which depends on the size of delay. Also, through congruence
transformations, change of variables and Schur complements, all parameters of the LMI are linear. The solutions can be readily
obtained using existing LMI Toolbox without pre-selecting any parameter. A numerical example is provided to demonstrate the

validity of the proposed design approach.
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1 3|3 (Introduction)

L TEEHRASERASREE IR —
EHMREER, BB EHNEERNEA MR
B AR B R s 2 R0 B SR A BT AR Bl 28 I
REMBREHE A H. B BIER P2 —. X
REGZWEHE H. BH BB TREAANS
w3 BRI R R R A E R RSN
B9, TSEhR b, 5 2889 SC Bl F88 4 (40 A/D.D/A
%) B E AR E ) SRR, 8RS
AL — EHATHE M, T s A 3R R G et
BE T BEER (R R E MBI . R b, R JE M5 5
IRIRE 0 A8 AT TR AR AR AR 4 - ) & SCF B LM
FEBUHTABENBRERENEEIERS
H. RER B 2%, (B AR AR5 RaE, AR He
EBUNTRER 7. HHIBSAEMTS LML LM

W e A A 2000 - 11 - 13; 4045205 H 3H: 2002 - 06 - 26.

BERAHAZ M B SHEHEN.MA, 234
A A BN Schur b5 1 3R, % LMI R B &
AR KM, XAESHET BUREE A UF A LML
Toolbox ZR1G## .
2 EHIENES H. K5 K ##Z % (Robust and
non-fragile H., control via state feedback)
FBINT AW ERTE R
(1) = (A +84(1))x(1) + (4, +
AA(1))x(t-h)+Bw(t)+Byu(t),
(C +AC(1))x(1) + Du(1),
0,1t <O.

z(1)
x(1)

(1)
R, x(1) € “" ARERS,u(r) € T" HEFHE
#H,w(1) € P ATHHMAR w(t) € L[0,o],
z(t) € 9 REZFZEHHL, A,A;,By,B,,C,D A

B ERAQRBEEE(69974010) B 8 & Sk & THUGFBITI(DQ000 - 14) ; B E B ABIEE S (F97009) EBHT B .
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BESEHBMEER FEIHESEEXRN 0, F
AA(t) = H F,(t)E,, (M + HF(L)E)"X""(M + HF(1)E) <
AA(t) = HyF (1) E,, (2) M™(X - eHH")"'M + ¢ 'E"E.

AC(t) = H3F\(t)E;.
Kb HLE(i = 1,2,3) A ERAESEERNCHIE
B, B F(t) ABNVEREHBRE FI(O)F () < p)l.
h R E B, R

O<hs<h. (3)
K FAERE 55 RS AR H 2%
u(t) = (K + AK(¢))x(2). (4)

AP, K WRER IR B ERE, EH S LB AT
E AK(t) EXHA
AK(t) = HyFy(t)E,. (5)
He HL E, WA EREHBWCHMELER, B
FI(t)Fy(t) < pal.
BEHBWERTRSEQN),BHAXEEN
2(t) = Ag(t)a( )+ A () x(t—h)+ Byw(t),
{z(t) = Cx{t)x(1).
(6)
A
Ag(t) = Ax + pIFl(t)Ela
Au(t) = Ag+ HoF2(t)E,, Cx(t) = Cx+ H3F,(t)Es,

AK = A+ BzK, CK =C+ DK,
i{l = [H] BzH4]a I~12 = HZ’ EI = [E’Ir EI]T’
Ez = Ez, I~{3 = [HS DH4]’ E} = [E’; EI]Ta

F|(t) = diag {Fl(t)’Fz(t)}’ Fz(t) = Fl(t)-
2R
FI()F\(t) < Bi» B = diag {p11, 0,11,
FI()Fy(t) < B2y B2 = ol
EHH FESLERA, BT ATHMAA S
E[z.ﬂ.
SI1 XNFEENE z,y FIEKFEX >0, 4
-2y < TX 7'z 4+ yT Xy,
5132 MTHEEEYNHEBUERE M,H,E R
F()WR FT()F(t) < I, BA TR ISR .
a) TEEH:: >0, F
HF(t)E + E"FT(t)H" < ¢ "HH" + ¢E"E.
b) EEHEE e > 0,5 X > 0,H /- EXE"
>0, F
(M + HF(t)E)X(M + HF(1)E)" <
MXMT + MXE™(el — EXE")"'EXM" + cHH".
) EEER >0, X>0,BX-cHH >

EE 1 XMFAFRRLG6), LEHIER ¥ > 0,
HHREEEXNHRE P, X,(i = 1,2,3) {#1%

(&0 T <o, )
Hep
Q(t) = (Ag(t) + A (£))TP+ P(Ax(t) + A (t)),
Y(t) = [PAx(t) A%(t) Alk(t+h) PB, Ck(t)],
Z = diag (RN (X, + X, + XD LR XL R,

v*I - hBTX;B,, 11,

MARRG(6) ZRERRER, BHE || z2() 1, <
vl w(e) |l 2.

iE IEBAT R SCER (2 ] P e IE  1E
g =5

EER 1P, Z504NNEEFHD
F (1) , ARG, TEARTIHE 2 HER(7)
) F(¢), AISEILT 2.

EE 2 XFHARERLGG), HEVER Y > 0,
HEHLETEEMNFRE P, X.(i = 1,2,3) MEH e« >
o(i = 1,2,3,4,5,6,7) {#7§

[QK Y

o (®)

<o

K
Qx = (Ax + AQ)TP + P(Ax + Ay) +
RPA,(X, + X,) AP + ¢, PH\HTP +
(e, + he;) PH,HIP,
Y = [E" PAX,+X,)E] Ny PNy, Nis PB],
R = diag | R, R,,R3, R4, Rs, R¢},

H
E" = [E] E7), N} = [A%x E] A} Ej),
N2 = [A¢ H,), Ni; = [ €k ED),
R, = diag {e,/B3),€2/ B},
R, = A" (ey/B, — Ex(X, + X,)ED)),
Ry = h™'diag 1 X, — e,H,HT,es/PB,
X - €5f~12ilg’€5/.32} s
R, = diag | X5 — e ETE,,e6l!,
Rs = diag {1 — e;H;HY, /5,1,
Rs = y*I - hBTX;B,,

WA ARG (6) R#TERER, HERE | 2(0) |2 <
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ylw(e) |,

i HEM1IAMSIE2, 3B AT

151k .

3 B8#IENRSS H. KERHEHI871& 1 (Ro-
bust and non-fragile H. state feedback con-
troller design)

RIEER 2, FHAHAHENHRE(DFE

RS Ho RS SR FE RS (4) T 51
EE 3 MNTARENHREQ), HATEH

ARXQ)MEHHER(3). HEFEEEENRKE X,

F,Y,(i = 1,2,3) fi¥¥ o, > 0(i = 1,2,3,4,5,6,

7), #1%

o L] <0, (9)

vl

Q=XA+A)"+(A+A)X +
F'BY + BoF + A)(Y, + YAl +
a H HY + (a5 + a3) HyHS,

Y = [XE" A, (Y,+Y,)E} ANT &N, NY B,],
L = diag { L, Ly, Ly, Ly, Ls, L},
He
E' = [ET EI], N, = [A, H,],
NY = [(AX + B,F)" XET xaAY, xET],
N} = [(CX + DF)Y  XE}],

L = diag {a\/B,a2/B}

Ly, = a3/By - E)(Y, + Vo) E],

Ly = diag le - 04211;{{,04/[31,

Y, - asH HY, as/Bst s

Ly = diag | Vs — agBEYEy, agl],

Ls = diag {1 - a7ﬁ31~1§,a7/ﬂ1f,

Ly = y’I - BTY;B,,
WEEERB R BEHR ), EAfEHER
(5), FERARRK () EERE, BHAE | =(0) ||,
< 7w, MHEHBIH w(t) = (K +
AK(t))x(t), K = FX" ' 451,

i HEH2O[GHR RS (6) #infaE, B
WE (D)l < vIwl)ll, WFESFEMHEHR
(8). UM% U = diag | P~ , I, hI, kI, kI, 1,1} ,%¢
RNQ@) AT U AT U, S X =P ', F=KP!,
Y; = hX,(i = 1,2,3),a0; = (i = 1,2,7),a, =
he;(i = 3,4,5,6) SEAIBHIR(9).

4 %1t 3E5) (Example)
WEG() WBREEHFZ(GONEISEN
2 -1 2 0.20.1 0
A={0.3—5 0},Ad={0 0.3 0},
5

1 0 0 0 0.1

0.1 0.2 10

Bl={0.3 0.4},32= o 1],
0.5 0.1 2 3
301 0.7 10

c-| o=, 3
1 0.5 2 0 2

H, = diag {0.1,0.2,0.3},
H, = diag 10.1,0.1,0.2}, H3=[0'2 0 0] ,
0 02 0
0.1 0 0
0 0.2 0
E, = diag {0.5,0.3,0.4}, E; = diag {1,1,1},
E, = diag {3,5,11, p, = 0.9, p; = 0.9,
EHEHN b < h = 0.6. F|fl MATLAB LMI Tool-
box, LMI (9)KIf# N

H4= ], Elzdiag“,l,”,

0.3200 -0.1230 - 0.786l
X =|-0.1230 0.5476  0.4607 |,
~0.7861 0.4607  5.6560
~0.9845 —0.4456 — 3.1094
L oeses -o0.5361 -5.37811"
y = 0.5914.

B2, AR AR 28 A
u(t) = (K +AK(t))x(t).
He ’
[— 7.0555 -1.1931 - 1.4333] .
-0.5001 -0.2501 - 1.0000
TESE PR AR 2 B R 42 il o, AR SOOR A A 3 sl A0
BA

u(t):[

-7.0555 -1.1931 —1.4333] (1),
-0.5001 -0.2501 -1.0000
WREHISR SR LR EH BER(S), B AFTiRT
HEHR SRR RIEA R R KR HEEEN, BA
Y = 0.5914 BT IR AKF.

5 % (Conclusion)

ACHA LML 58, SRR S RSP #, % it
TARENIH RAAENE BN He 8% % H
EHFEERIR S R —A LMI FER48 ), T B % LMI
R SETRARRA X LML BTE SRER RN, AR
SRSEFHEGE T AR LMI Toolbox K157 .
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