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Robust decentralized reliable H. control

for uncertain large-scale systems
GUI Wei-hua, CHEN Ning, WU min
{College of Information Science and Engineering, Central South University, Changsha 410083, China)
Abstract: The design of decentralized robust reliable H,, controller is studied for a class of large-scale systems with para-
metric uncertainty. Based on linear matrix inequalities, the sufficient condition for the existence of a decentralized robust H,
state feedback controller has been presented despite possible actuator failures within prespecified subset of actuators. The given

example shows the application of the method.
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1 3|5 (Introduction)

B , ATHACKAAEEI B H EWBAT
FERRERERI Y HTORGRER FEEL
GEMRAER, BITHMERBRBELEFETLERSE
ZFBIAYRE. AL, MENRETREERYE
B.AEUEEHMENARZINGFEARENE
AKX EER, THERKN TR H 25 78
MR E ST —RECS BERELERLEH
REFEHRE M FARAREXRBKARAENTHE
B H,, #& %77 T B 45 5 A0 85 W HRGE . SC[7 14331
MIREEGKEGE, R T THEH HoEH B E. &
B3R He W A0 LA e L a4k B 24 R,
S nE JRZ 3

EXE N —LEBEAHERXRBERRA, AR
B8RSR H. RERBRIERI[ORIT T E. XK
FALHEELAERXN TS, ST HIEHBENE
B R —E 5 kBT, HEERIER R RS i
EMAEF —E X Ha HERE.

2 @) Bi#iR (Problem description)
HEBH NI TFRAARHRBERRG, KT R
5 AR
% = [A; + AA; () ]2 + B, + Diw; +
12 {4;,'(!)35,', (1)
z; = Ex;, 1 =1,2,--",N.
Hrb, 2 € R, u; € R™, 0, € R% Ml z; € RS 25
HE i NMTFEREHRS FERHWA THBARNBEE
Wi R, B AL B, E; D, B AEHENERKE
BEKE. . RAE() BETHBESRYE: (A, B) £
TREL. I A4,(1) BRFREMN LK. A4,(2)
RRTFARERHABHEHE , RAMNEFOTER:
AA;(E) = LfFi(l>Gi- (2)
Hep, LG REMEBOERE. F;(¢) BEARE L%
B F A R BUE B, ST & Lebesgue AI #4 #, L1
B
FI(0)F(t) < I. (3)
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(A = block-diag(A,, ", Ax),
B = block-diag( B;,"**, By),
C = block-diag( Cy, -, Cy),

D = block-diag( Dy, ", Dy),

{E = block-diag( E,, ", Ex), (4)
L = block-diag( Ly, -, Ly),
F = block-diag( Fy, -, Fy),
G = block-diag( Gy, ", Gy),

K = block-diag( K;,:-, Ky).
H = (Ay).,, RREIA, W 1788 FITER AR 4
HsEME,x = [2] x5 xy], XRBEKAG,

AR RGAWESPERFTE N
2 ={(A+LFG + H)x + Bu + Dw, (5a)
z = Ex. (Sb)

PATER T AT, P - ES KM, iEHh
Qci2, -, m, X—WAMTFRERLETS BRI
R BETTRERERGER. 5 —FMEHN Q
{1,2,-,m} - Q, X—HHPIITERLEY. 3HiE
WHEESIAWMT 2
B = By + Bj. (6)
Hh B, MBy BHRO MO EEMEB XM ERNE
MERN. WTRAEREPRELHERFZEH LD
MROER, RE—BttE, RMNBELEREBERN
1, A S ERUE, BRAGE IIEEEEARY
55 , BTMESHEABIXS £ RIMIVELERERK
B —EIPATRIEHN o c 2,33 BRAMT 2R
B = B,,, + B,,—,. (7)
H B, MB; B4 F B, B T4 KEB 053 AR 17
FEX , AEEBINTEL
BoBS = BB + By_.Bh_.,
{BﬁB}, = B;BY - By_,Bh_.,. (8)
R®1E wy = (07 of]T,HP o, € R™BH TN
RPTBAM WL TIRE A .
BN T ARE LB
u = Kx, (9)
FEBR(DMOO)VARMARRLE S, BB BT R
BERSQ), AT REEMH IR TH o N FHR
FTBRRBITEN TR o, B TFHRMEHE:
D) XIrEEFNATAEHE, ARG S, 28
ZRBE;
2) BE ¥y > O, THEBFFNAFEME, AT
o Bz REBERNT, () WE:
I Tulle < 7, Yo € Ly[0,).

THAEXPEAINIL/EEMSIE.

513 1Y & 52 REHEYBEMN T EXTRE
BE,P=P,L,CREABLSEBRNARERE, F(1)
EATEHERE, B2 (3), 54

E + PLF(t)G + GTF'(¢)L"P < 0,
YBHMNSHFAEWRER ¢ > 0, B TRRL
B 4+ ePLL™P 4 ¢1LTL < 0.

BIEAY W XMYREAENERNHER

R NN ERER a« >0, H
XY + VX < aX"X + oYY

BRST .
3138 31 XPEEABAERE
Hy, Hy - Hy
me |l e
Hyy Hpyy -+ Hpyy

Yo H; R, EEEEH,(k=1,2,--- ,N) 8 H
N n

= > H, B> HHY 2S5 H B H R 50E R B
k=1

k=1

X AR
3 BESEWE H, =% (Robust decentral-
ized reliable H,, control)
HARSG)MERHSEZOHWBRHARRERE RN
%2 =(A+LFG+ H+ BK)x + Do,
{z = Ex. (10)
BN EBAHEERAAE O TEENS| A,
51 48 EBHARAL(10), HEEAEN
ER y M AFRSBATEE F() , EFE—1
EEXFRME P, W2
(A + LFG + BK + HYTP + P(A + LFG +
BK + H) + Yy *PDD"P + E"E < 0 (11)
HZAG)RBE_KEBEN,HHE | Tl -
<7, Vo € L[0,»).
TS ST A R MBS # He R
SRBEHRFORITTE.
EBE1 XNEBAENER v, EHFELEER
BEX >0,0>0,e>0Ff8 >0, #E
W, =

A, XET X¢* D [X - X] ]
EX -1
GX — €l <0.
DT -7

(X e XTF _diag(81,,8%)]

(12)
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A
N
1 = XAT + AX — oBB" + eLLT + D, 8, H, HT,

k=1
H, WESIE3IN&G MEHARFRRE(10) KBE
BWE | Tl « < y. A, BIZIZHRSREBE
WA TRAH

u =-§BTx-1x(z). (13)

iE B8 4,F XK, MARRL(10)

BEHBE | Tl « < 7. BRADEHFE

A"™P + AAP - pPBB"P + H'P +

PA+PAA+PH+y2PDD"P+E"E < 0. (14)
ZRIANAHEEHESIEMGIE1LEAE

AATP + PAA = (LFG)"P + PLFG <

ePLL'P + ¢7'G"G. (15)
XHBpEsIE2Mm3E

H'P + PH < 6PHH'P + 671 =

2|

PES,,H,,H,,P+ Ea,,lz (16)
%F‘*iﬂi’:(lsm(lw %Ti‘:ﬁE_L

AP + PA - oPBB"P + ¢PLL"P +

e 'G"G + y2PDD"P + E"E +

(ESkH;, P+ Za,,ll <0, (a7

'Ji\“(l4)ﬁE:Z Xj‘i:t(n)ﬁizll‘lﬂﬁﬁu P, 4
X = P!, 3@ Schur ¥ Ff B R (17) %M FR(12).
UE£E .
E1 RTREBXADEHR, ATHNT HM
Jal 3

){min‘g Y

s.t. -X<0,-p<0,-e<0,-6, <0,W, <O.
(18)

Y F LR e, 5f LM 2 # T 258 M4 A R 50K

ﬁ_[ﬂ.

TREBABTRE(DREE H.EBR v 8
BEESBTR Ho HEM — 0 &0

EE2 MEESFEMER v, EFEEEE
FEX >0,0>0,e >0, >0 HE

(19)

C A4 XET X6 D B, (x - x] ]
EX -1
GX - ¢l
DT Y < 0.
B, -7
L(X e XTT ~diag(8y, 3w

A
Ay = XAT + AX — pBaBY + eLLT + Z&kH,,HT

H, % R3IE 3 &KG, ﬁﬂ]ﬁﬂ”—ﬁﬁ?ﬁ.ﬁ%ﬁ wc DR
et b RG(S) M) WRNHAKRRETR

BEA | Tulle < . MA, BiZiZRER B
H2R A B T RAH

u=- %BTx-lx(z). (20)

iE H¥E B, MB; MEX,HRES)FEHE
QOB KK B5H

%= (A+LFG+H—§B,;BI-,X“)x+[D B, )y,

z = Ex.
(21)
B3 E 4, 5B, MARRGE(13)BEAH
BT« < 7y BRODEFE
ATP+AATP - pPB; B P+ H'P+PA+PAA +
PH + y2PDD"P + y2PB,B'P + E'E < 0.
(22)
ZRBRXAS)MKX(16)M T RIFEL
BaBh < B;BY. (23)
= F R
A"P 4+ PA - pPBaBLP + ¢PLL™P + ¢7'G"G +

Y 2PDD"P + y2PBzB5P + E'E +

P(Z‘akaH,,)P + Zaklz <0, (24)

'J‘ﬁ(22)h'2:'1: Xﬁt(%)iﬁmﬂﬂﬁéu P14 X =
P!, 3 Schur*b‘f«%i“(%)%’drjfi(w).
EgE .
E2 RATRBXANEHZE, THENT B/
fa] 3

min Y
X.p.e.8,

s.t. -X<0,-p<0,-e<0,-8 <0,W, <0,
(25)
S F bR ] 8, 6] LMI ¥ ] T R4 M 4n fE R
ﬁ[ﬂ_
4 E5I(An example)
EEHANFRAWBRMATEALRSEON), Kb

RN
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0 0 0
=y o=l B0 1,
21 5 2 D, 1 E, = [0 1]

1 0 0.2 0
A R M AT
! 0 -1 Gy 0 0.2
2 0 0.1 0
L=[ L =[ ,
2= g _ol & 0 0.1
R = B = [P0 0
0 cost
%
0000 00 00
00 1 1 00 00
H: ,H= ’
'“io 0o o0 o0 2710 0 0 O
0000 2200
EHRIEHESI B IR TE BE—- N TFRENSE
AT ES AR R, I
0.3 0 0 0 -1 0
1 0 0 0 0.5 0
Ba=1o 000’3 =0 o ol
0 0 1 0 0 0

4y = 1. BIEEHE 2,8 LMI(19) 0] 1§ 53 #0] &
RIS 2%
K = block-diag{ K, K} =

6.4620 -9.7723 0 0
22.7468 - 18.1722 0 0
0 0 —1.1438 - 5.9427
2 T
!
0
-1
25 3 4 e 8

t/s
B RBER 1A T RGRPIRE W B 2%
Fig. 1 The state response curve of the first subsystem
when possible actuator failures

0 2 4 6 8
t/s
P2 KRB SR 2 AT REEATGIRA RN Hh 28
Fig.2 The state response curve of the second subsystem
when possible actuator failures

WHNA T w 80 ~ 0.5 B BEYLE, BT 46 &
=2 11%x, = [3 1]"#THE, SRW0E
IM2FR,FHNERREEFANFREVRSH
& GTAESERERA AFBHTRERITTEREER
B, A LA B A A B 1Y .

5 £ (Conclusions)

AN —-FAEBEIRAHEERBEKERESL, B
BESBVTE Ho RERBRERHHFHRITFE.
BENTRE H. B HIBE RV BRI T XBEXKES.
FRALHEEEAERNFE, AT RHESEHTEN
B A NERNSETREGEAEANRRZGHER
E—E 8 H, HE8E.

£ X 3L Bk (References)

[1] Wang Y Y, Xie L H,de Souza C E. Robust decentralized control of
interconnected uncertain linear systems [ A]. Proceedings of the 34th
IEEE Conf. on Decision and Control [ C]. New Orleans, Louisiana,
USA, 1995,2653 — 2658

[2] Shang Q, Sun Y. Decentralized robust H., control for uncertain inter-
connected large-scale systems [J]. Control and Decision, 1999, 14
(4):334 - 401 (in Chinese)

[3] Wang X, Gao L, Zhang C. Quadratic stability and decentralized sta-
bilization via state feedback for uncertain interconnected systems [J].
Acta Automatica Sinica, 1999,25(3):397 - 401 (in Chinese)

[4] Wang X, Gao L, Zhang C. H. small-gain condition on quadratic
stability and connective stability of uncertain composite systems [J].
Control Theory and Applications, 1999, 16(4):600 — 602 (in Chi-
nese)

[5] Veillette R J, Medanic J V, Perkins W R. Design of reliable control
systems [J]. [EEE Trans. Automatic Control, 1992,37(3):290 ~
3

[6] Seo C1J, Kim B K. Robust and H.. control for linear systems with
parameter uncertainty and actuator failure [J]. Automatica, 1996,32
(3):465 — 467

[7] Huang S, Lam J, Yang G H, et al. Fault tolerant decentralized He,
control for symmetric composite systems [J]. IEEE Trans. Antomat-
ic Control, 1999, 44(11):2108 - 2114

[8] XieL, FuM, de Souza C E. H,, control and quadratic stavilization
of systems with parametric uncertainty via output feedback [J]. IEEE
Trans. Automatic Control,1992,37(8):1253 - 1255

[9] Gahinet P, Nemirovski A, Laub J, et al. LMI Control Toolbox

[M]. Natick MA, U.S.: The Math. Works Inc., 1995

XA A

HI4E AT 2002 455 2 15 206 ;.

BF 7 197044 w4 BT LM Tk R AT, K
ARG HEW H R MG A R

£ & RATI2002 45 2 H5E 206 I .


http://www.cqvip.com

