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ROBUST DECENTRALIZED CONTROL FOR UNCERTAIN INTERCONNECTED
SYSTEMS WITH TIME-VARYING DELAY
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(1. Department of Mathematics and Computer, Shenyang N ormal University, Shenyang 110031;
2. Department of Automatic Control, N ortheastern University, Shenyang 110006)

Abstract: In this paper, the problem of robust decentralized control is investigated for a class of uncer-
tain interconnected system w ith time-varying delay. Using LM I, a type of mem oryless linear controller is de-
veloped, which renders the closed-loop system asym ptotically stable. Finally, a numerical example is pre-
sented to illustrate the results given in this paper and simulation shows that the method is very effective.
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2 RGFIR LI ENTH(System s description and prelim inaries)
2 L8R IR 2253 7 RERE IR AN 8 N AR R AL S RS

xi(t): [Aio"l‘ AA,o(t) ]xi(t)+ [A,‘l"r AAll(t) ]x,‘(t- T(t))+ Bm,-(t)-&- Z H,‘]'X]'(t- T](t))

xi(t) = R(t), t€ [to- h t] i=1,2,...,N o (1)
H x(H€ RESR i DT RGEAEMZ] ¢ BRI wi(H € RWEH i DT RGN Z ¢ BTN 7 5
Aw, Au, Bi A H o 2 BATE B0 W AE AR B, @ 1) R LL R M S WME R AL AA (D, AA L (1) A E 1%
S PR B I, SRR RGP I RS EATENE, () 20, T(H 20 (j=1,2, -, N) & HAKE, H
FAAERE n, k F k(= 1,2, - N) IAMERE 20 f
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0SS T(H, T(H Sh<+ o, MHS<k<1, T(H< k<1 j=1,2,..,N (2)
AR, B2 RGE(1) FHIAHE T AA W FT AA 396 4 551
AAi(): D,‘()Fio(t)Eio, AA“: D,‘]F,‘](t)Eil i: 1,2,-~«,N (3)

HHA Dy, Da, E o, E o A E YL EAAEFEFE, Fo(t), Fa(H) 2EA Lebesgue FIMITCE FIARFAFE, Hl
SRS

Fi(H) = Fu(t) S I, FW(HFa(H ST i=1,2,...,N (4)
RS ERIF T 0] s XF 2R 0 AN 38 AR I 2 A R FE( 1), BEvh o B PR TG D2 RS i il
u = - K,-xi 1= 1,2,-~~,N (5)

AT R SRVF AN E 1, PR R4
xi(t) = [Aio- BiK,‘+ AA,'o(t) ]xi(t) + [Ail + AAn(t) ]x;(t- T(t))

+ D, Hux(t- T(H) i= 1,2,...,N (6)

=1, j# i
AR, 4 o
Ao = block diag( Ao, Az, ---5 Ano), A1 = block diag(Aw, Aa, -, An1),
B = block diag(B,B., .--,By), Do= block diag(D o, D2, ---, Dno),
D, = block diag(Di1, Do, -+, Dn1), Fo(t) = block diag(Fio(t), F2(t), -, Fno(1)),
F.\(t) = block diag(Fii(t), Fu(t), .-, Fni(t)), Eo= block diag(E o, E 2, -+, Eno),
E, = block diag(Ei,Ea, ---,En1), K = block diag(Ki,K,, ---,Ky)
H FRBLH NS i AT5 j AR B PSR, x= [« 27 28 T, WA RGi(6) /TSN
x(t) = [Ao- BK + D Fo(t)Eo]x(t) + [Ai + D Fi(HE, Jx(t- T) + Hux- (7
Kb xe= (2l (+ 1) x3(t D) o xb(t w) ]
IR 2.1 B x, y€ R MERWA IR, e MAEE —MIEFE, W

a'y S ex’x+ €'y'y (8)
H 11 H 12 o H IN
, . Hy H» .. H -
S8 e e AMIEAYMFE - T T T TN O RS Snm 2o AEAERERE H (1
HNI HNZ HNN nx n

= L2 e m SN H = 2 H A2 HOH T RSN, L8 5 S nx n, B,
W AGRGEAIE I m AT R R N - o AT I H (1< 1)
B 1 FATAI S AR, JEA I BRI xS, ISR 5| B R

3 i%?ﬁ%(The main results)
EH 1 B EEREH e, a, & MY 1S Riccati HFEAZEL

PAy+ AP + P(- YBB"+ MP+ Q< 0 (9)
FELERTIRIE SEMRFFE P= black diag(P 1, P, -, Py) (P € R "), WM I IC LIRS SOt il 4
u=- Kx K= %BTP (10)

AR R G 7) L ke, Horp
Q= 6'ESEo+ 6'ETE, + (6'+ 1)I

1
1- k
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ik %%Lyapunov?ﬁl%l
V(x)) = x'Px +J” x"(0)6'1+ &'E{E))x(0)do+ th xj(0)x;(0)do
T =¥ T
WAR V(x) EIEER, V(x) W RG(7) B FHCN
V(x)) = x"(){PAy+ AiP - YPBB'P + 'EIE,+ (6 '+ 1)I}x(t) + 2x"(£)P{DoFo(t)Eox(t)
+ [Ai+ DIFI(HE, Jx(t- D+ Hxd - (1- Dx(t- D(6'I+ &'ETEx(t- 7T

- 2 (- af(t- Ta(t- T) (11)

FIFHGHE 2.1 AR T4
2x"(H)PDoFo( HEox(t) < €x"(HPDDsPx(t) + & 'x"(H)ESEox (1)

(S

1- k

2x"()PA x(t- T < x"(HPAATPx(t) + (1 - k& 'x"(t- Dx(t- 1

€

2x"(t)PD\Fi(HEx(t- T) < 72kxT(t)PD1D1TPx(t)+ (1- be'x"(t- DEEx(t- 71

1 -
Freg 2.1 AT LGB 2. 2 nf 3
2T (HPHxe= 22" (DP X H e < X {2 (DPH HIPx(h) + - Haday

=1 =1

m N
= 2 U (WPHHIPx(H + 2 (1- Bl xt-
- %

B L EARZERARN 11, B AT (9) AT 15
V(x) <- (k- Dx'(t- D(6'l+ &'ETE)x(t- 7T) - Z (k- ) lhxt- T)ll?
H(2): X 6 '1+ & 'ETE > 0 A V(x)< 0. HthEHAFIUFE.
FZIEAER(9), BN P R IEEH I, MAFEAEE P= Pt R ANSE 2 (9) PR i 43 0 2o e Fi A AR E K P, U

ANGER ()t T TR FE A S5 L
AP + PAy- YBB"+ M+ PGG'P < 0 (12)

Hfg=1 eE? eET €
R 2 AR e, 6,

I 1]
, Ay AR AR BEANSE A (LM 1)

P+ PA;- YBB'"+ M PE; PE! P P
E,P - el 0 0 0
E.P 0 - el 0 0/<0 (13)
P 0 0 -l 0
P 0 0 0 -1
FEAEXTFRIESE B FERE(P = block diag(P1, Pa, -, Py) (PLE€ R™ ™), WO TEACIZIRAS B i il 4%
u=- Kx K= %BTF" (14)

{EPIIR R GE( 7) LA e,
iE A Schur 2L A (12) S5 (13) 250 1, R e BARIE
1 LM 1Y Riceati 7 FE 7 AH FUER, FLAUB: 75 1A 75 B9 56 X 2 B E AT o] P 2 B o] — kb1
HR ) R ( VR ABAEAE ) XN SR I 5 22200 Riccati FEFEASE A S AR 7 1)
AR 5 e R4
x(f) = Awi(t) + Bu(t) + ZN‘, Hiyxi(t- D (TAFH (15)

N



44 & & 5 & 30 &

FEASCHT TR R GE IR IR L.
MR 1 EAFAEIEH B e MY 1EFF Riccati HIFFANEES

PAo+ AP+ P(- YBB" + m P, HH)P + I< 0 (16)

FEAEXFRIE EfREHBE P = block diag(P1, Pa, -, Py) (P€ R" ™), WIS M JC ic 2R SO il 48 (10) 48
MR R G5 (10) FI(15) BT faoe.

FABEHE 2, HEL 1 A EE AT R MR BE AR5 20 LM ) # i 0 R

e 2 EAPAEIE T H y AR A S (LM 1)

AP + PAY- YBB"+ mY,HH] P
1 <0 (17)

P I

FELERTIRIE SEMRFFE P= block diag(Py, Pa, -, Pn) (D€ R ™), WM HLEANE TGRS St il 9 (1.4) A7
MR R G5 (14) FI(15) BT faoe.

20 T M DL S B ) R G A RN (0 0 L R GRS D RV N B R B B L AT L
/Ny, R SCT 5 1T A 0R 2 B il s ) 10 8 SR (s B0 1) 6 R 22 S B 1 ) R et I T (L P AN 25 3R (8) ANk
AN
4 Bl¥(Exam ple)

e R AN & I AR I A 5 R 48

1 0.2+ T 1
xi(t) = xi(t) + xi(t- T(H))
-1+ e - 4+ s Si1 5
0.3 0
+ ui(t) + 5 x2(t- T(t))
3+ 20 1+ S20 0.2 0.2+ 2
xa(t) = xao(t) + x2(t- T(H))
1 0.6 I+ sy
0 0.4 0.2
+ | ux(t) + | 3 xi(t- T(t))

Hofr(t)y=0.204+ sint), T (t)=0.3(2+ sint), n(t)=0.3(2+ cost), ry, sij&
A ESHL, WA ) <0.2,] s <0.2(i=1,2, = 0,1).

0 0 T20 S0 0 0 0
g AAo = , AL = , AAy = , AA2y = , Dio =
o S10 S11 0 0 0 So1 0.2 0.2
0.2 0.2 0.2 0 0 0.2 5=r; O )
D20= 1= »Ea= , Fij= (i=1,2,/=0,1)
0 0.2 0 0 0.2 0 5sij

D= Du= Eio= Ex= I, JIZAF(3) Fi(4) AL

P m= 2, k= 0.4, k= 0.3, H LM I(13) " f##3 P= block diag(P,,P.), ¥= 22. 8994, Hrf

0.5135 1.0149 _ 1.6124 - 0.04‘
1.0149 3.33611"° Pa= 0.04 1.0816
FH (1 4) AT A48 PH R R G0 £ e 16 70 BOG il AZ Ze MRS IR i il 4
u = - 38.8986x, + 8.4011x,, ux=- 0.2627xy - 10.5956x

ORI AT 10 (0) x12(0) x21(0) x22(0) J= [2 - 1 2 - 3], rj= 0.2sint, s;= 0. 2cost(i= 1,2, j= 0,
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-



1 3] R Je A8 AN A I AR I i 2 15 2R 8 1A 65 20 A ) 45

= -
s 1
o f S o e
- ,'"- . ) J——
1 _f 1 N
I i
=] -2
"at -3
o . z 3 . a 1 =z 3 -
B 28— AT RGEIPIRAS R Hh 2N\ Kl 2 8B AFRENRIS Y h 2k
Fig.1 The state response curves of the Fig. 2 The state response curves of the
first subsystem secong subsystem

VE 3 030 s 1, 2SR UE S 5 1P R (8) UL, DRI TE v F He s B 1 MRS S s i 2. i i A
SCHEW 2, WUm= 2, H LM 1(17) W fi#f5 P= block diag(P., P2), ¥= 3. 8398, i
1.0397  0.0393 - 0.4764
0.0393  2.7797 - 0.3609
- 0.4764 0.3609  0.8628
FH I P A5 CRAIE P PR 3R G0 s A RDIR A S 15t 2 154 il

— | 1.5914 1.286%
1.2861 1.7801

g
o

2. 6556.7621 - 0.891 9X22 - 1. 8394X23
1. 75063(21 - 1. 87279{22 - 3. 97493(23

W= - 3.7036xu + 1.5971x1s  us = ’_

T 4 008 TR, 3 TR TR BORPEATIA N 0'05\ ). 25 L
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