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Robustcontrol for a class of singular systems with time — delay

and output of disturbance

YANG Bo', MA Yue-chao'"?, ZHAO Jing-min', XU Ya-nan'

(1.College of Science, Yanshan University, Qinhuangdao 066004, China; 2. Institute

of Systems Science, Northeastern University, Shengyang 110004, China)
Abstract: Robust control was studied for a class of uncertainty singular systems with time ~ delay and dis-
turbance both state in input and disturbance in output. A sufficient condition was obtained for a singular
system by using Riccati equation approach and choosing an appropriate Lyapunov function. The design of
controller was proposed in terms of the solutions of Riccati equations. For all admissible uncertainties, the
closed — loop system was robustly asymptotically stable and satisfies a prescribed performance. The effec-

tiveness of the proposed design method is demonstrated by a numerical example.
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Ex(t)=(A+2A)x(t) + (A4, + DA (s -h) +
(B+AB)u(t)+(By+AB)u(t-h)+ Dyw(t)
2(t)=(C+AC)x(t) + Du(s)
x(e)=¢(t),t€[-1,0],h>0
(1)
AP 2(t)ER,u(t)ER,w(t)ER,z(L)ER
SHRRGRHRE R R, BRHEA, THREAME
¥4, E,A,A,B,B,,C,D,D; REAMEY
WL HIERE; 0A,04,,0B,AB,,AC BRE
FEAWEER

BRRAEWABER, HR T &G

AA=H FI(1)E,

AA = HyFy(t)E,

AB=H3Fy(1)Es

AB, = HyF((1)E,

AC=HsFs(t)Es (2)
K H,,E(i=1,2,3,4,5) REAMELBH N
BUERE, F( )RR T RAEXA RN R BER,
FI(t)Fi(t) <1, F;(t) B ITR R Lebesgue 7]
We,i=1,2,3,4,5,

EZIRBTH XRE

{Ev'c(t) = Ax(t) + Ayx(t - b) 3
2(t) = Cx(t)

A H MR TS RS R IR H 5%

u=Kx(t),KE R™*" (4)

FHRRK(N)SRERFBEFI () WBHAT TR
G B AR RIAREEQ)RAF(EM, BE,
Tk, BEA H.HEREFRIR 7o
HEHE (OMRE(DHWRBHATREN
Ex(t)=(A+2A+BK+ABK)x(t) + (A + -
AA+BiK+ABK)x(2-h) + Dyw(t)
2(t)=(C+AC)x(t) + Dw(t)
2(t)=o(2),t€[-4,0],h>0
(5)
X 10T mhr LRLK(3)
1) KRk 45 (E, A)IER, Thkr,
DBRERBEMNERER ¢ >0, FHEME o
(e) >0, B EBAWFTERS ¢(t), % sup |
p(e) | <8(e), (- h=st<0)Bt, RER (3) KR
()R 20,8 | #(¢) || <e(w(t)=0,u
(1)=0),
SIE 11 RGE(E,A)RAFH, INEH AL
A—NEME X, XE=E'X>081F
XA+ ATX <0 (6)

31 2" FAEEENKERE ¥V, 0 FEE
& HERMEER X, Z TR L.

XYX+XZ+2ZX+2TY"'Z>0 @)

EBX2 NFFHARRLES), Y o(z) =08, 10
RFEERERY V() FIHERE XE€ R "HIRE
B8 a>0,fE7 VO)BEREG)HIFEHER

Vis(e)D<=-all2(e) 12, y2(t)ER (8)

E™X = X'E=0
R o(t) =08 ,AFREG)R-KEBEN.

EX3 BRAFRLA 5), HEUTHED
%A

a) Y w(e) =0/, REG)RZIKEEMN.

b) MTREMEER v, EXRVMREFHT «
(¢)=(e)(Y €[ - h,01), AFRLE(S) M FTA
w()EL[0, o JHR | 2(e) lo<7 § w(e) | L BP
BAEEHR 7.

HEHBAOIRE(DHBE HE63H

2 &g

EE1 XEAHRREG), HEEUHERE P
ER" FREME R, RRMBEER K RIFES
#A,>0(i=1,,6),a >0, & Riccati FEH,

P'E=EP=0

(A+BK)™P+ P'(A+ BK) + PIPMP + N; <0

9
Hep

M = A4 AT + 27'BiBY + A5'HHE +
A{VH HG + A5 H HY + A6 ' Ha HY

Ny = A0 + MKK + A ELE, + A4EYE, +
AsETE, + AK'ESEsK
MEAFRL(S) RRBEN.

iERfR

V(x)=2T(e)PTEx(¢) + [ * a7(s)Re(s)ds

V(x)=x(e)"PTEx(t) + 2" (¢) PTEx(¢) +
T (t)Re(t) - xT(t = h)Re(t - h) = (Ex(2)) T x
Po(t) +27(t)P"Ee(t) + 57 (£) Ru(t) = 2T(2 - h) x
Re(t-h)=4"(£)(A+ DA+ BK+ ABK)Px(r) +
() PT(A+2A4+BK+2BK)x(s) + 27 (£ - h) x
(Aj+ DA+ Bk + ABK)Pu(e) + T(t) PT(A, +
DA+ B K+ ABK)x(t-h) +xT(¢)Re(t) -
2T(t-R)Re(e - h)<2"(s)[ATP + PTA+ P'BK +
K'B™P + A7 'PTA ATP + A;'P"BBTP +
A7'PTHHGP + A ' PTH,HLP + A5 ' PTH,H{ P +
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A YPTHAHLP + 2,0 + A,K"K + A3ESEy + A4ELEq4 +
AsETE, + AKTES E3K]%(t)

V(x(t))<-all 2(2) |2
ARG (5)R_KBBER,

EE2 FRIXRZ(DHERER H.BE
B, MPHELETSENS P NESCEMSR EELE
—NESRR v, URFEGRESE A,>0,(i=
1,,8),e >OMRMTA%ER

y2I-D'D - \,D"HHID >0 (10)

(A+BK)'P+ PT(A+BK) + PMP + N, + B
<0 (11)

XE=EX>0 (12)
Hf

E=CT(I-A3"HsHE) "1 C + (C™D + P™D,) x
(y*I- DD - A\ D"HsHED) -1 (C™D + P'D,)T

M = 27447 + A7'ByBY + AT'HHL +
ATVHHY + A VH HY + A VH HE

Ny = M1 + KK + A;ELE, + A,ELE, +
AsETE, + AKTES EsK + (A7 + Ag) EL Es
W u=Ke(s)= - [el + AgESE;] "' B'Px (1) BT
XARGE(DK H15H18%,

ERE:AREE X 3, HEARMS ) L. B
FH 1A, ARRLEGS)EM,BE, Kikrb. HiE
%M b) RaL. ZEEMT Lyapunov BREX V(x) = e
() PTEx(e) + [ £ (s) Re(s)dso
BFY o(t) =087

V(x)=a':(t)TPTEx(t)+xT(t)PTEé(t)+xrx
(Re(t) -7 (t - h) R (t - h) < AT (t)[ATP +
P’A + PBK + K'B'P + A{'PTAATP +
A7YP'BBIP + A;PTH,HIP + A;'PTH,HIP +
AsYPTHHTP + AS'PTHLHEP + A1 + MK'K +
AELEy+ A4ETE, + AsETE, + AKTESE,K1x(t) +
2T (£)P'Dyw(t) + o' (¢) DI Px(t)

J=[§(8)2(t) - Yw(t)w(t)d = [ 57 x
(£)2(2) - Vw0 () w(t) + V(t)dt - V() + V(0) =
[el(Cc+AC)x(2) + Dw)]T[(C+AC)x(2) +
Dw] - Y*w'w + 2(¢)PDyw + w™DT Pe(t) + 27 x
(:)(A+ DA+ BK+ABK) Pr(t) + 2" (t) Re(t) -
27(t-h)Rx(t-h)

AT(t)PT(A + DA + BIK + AR K)x(t - h) +
2T(L)PT(A+D0A+ BK+ ABK)x(1) + 27 (2 ~
R)(A, + 2A + Bik + ABK)Px(t) - x7( ) Px x
() +27(0)Px(0) <27(¢)[ATP + P"A + PTBK +

K'B'P  + A{'P™A,ATP + A;'PTBBIP +
ATPTHHAP + A;'PTH,HLP + AS'PTHHIP +
A VPTH3HEP + A1 + 2,K'K + AsEJE, + A,E}E, +
AsETE; + AgKTES EsK + (Ag + A7 ") EsEf + CT(1 -
As HsHE) Y € + (C™D + P™Dy) (7*1 - D'D -
AD™HHED) ~'(C™D + P™D{)T]1x(2) <0

BEA N Top(s) | « < 7o UEHES

3 BIEHIF

ERAFENHE XRGE()E

E=[ ]A[0202 [02 0.1
B=[l'5],Bl=[(l)2],D1=[0_(1).1],C=[10],

0.1 o] (0.1 0
o 01’ Lo o2

]H5—01E|=

’

D=1[0.11,H =
H, = [g.l], H, = [01

0.1 0 0.1
o 011’ lo o1

0.02,E5=[0.10.1],Fi(z)=sin(~:—),i=(l,-",

] E,=0.1,E =

5)"°:2+i.2t°
R F Matlab S AZ50(10), (11) , S EHIEEEL
WF A
A=1.1,4,=103,23=1.0,4,=1.3,2s =
1.5,A6=1.2,4;=1.1,23=1.2,7=0.8,e =0.1

2.5508 0
4 P=
i [ -1.8519 0.1079

218.3939 124. 2098]

“l124.2008 72.1342
K= -12.8686 -7.3568]
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AUFHRE(DEEHRSE v = R(DERATHOR
AR LR , HBIE T A SO EURTT B IA B
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FIFB Riccati F RT3k, BB RGHILIEE
RFE Sl R T RMERCILRERAB#E H.
B, ERAFRESERELRR H.THH
HiERE, P ESEHHES T AR T H
f7E, 3 B FiHENLEH.
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Fig.1 State trajectories of the
closed-loop system
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