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Decentralized robust H-infinity output feedback control for

uncertain interconnected large-scale systems
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(School of Information Science and Engineering, Central South University, Changsha Hunan 410083, China)

Abstract: The decentralized robust H-infinity output feedback control problem for interconnected large-scale systems
with uncertainty in state and control matrices is considered in this paper. A design method based on the bounded real
lemma is developed for a dynamic output feedback controller, which is reduced to a feasibility problem for a nonlinear
matrix inequality (NLMI). Firstly, in order to solve the NLMI, a homotopy function is selected to express the NLMI. Then
the NLMI is reduced to two bilinear matrix inequalities by applying Schur complement lemma. Finally, the controller is
determined iteratively by homotopy method, which enables the closed-loop large-scale system to be robustly asymptotically
stable and to satisfy the given H-infinity performance.
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Lemmas)
Z L& RN T RGN E A RS KRR
s SR AN R R SRR K R 4, I RGN R
A
5(1) = (Aui + MA@ (E) + B wi(t)+

N
) Z _Aijxj (t)7
Jj=1,5#i
zi(t) = Crizi(t) + Diosui(t),
yi(t) = Coix;(t) + Doy wi(t),
1=1,2,---, N,
b 2y (t), wilt), wit), zi(t), yi(t) 73 N 5 A>T
RAEPIRES S BRBI A T4 A« 485 4 R mg
%iﬁﬁ'ﬁﬂ rﬂ%; %EIEAW By;, By, Ci, Ca; 5 Digi, Doy
HYERAE A BB, Ay AT AT RGN
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é\

A = [Ay]nxn,

B, = block.diag{ By, , Bin},
B, = block.diag{ Ba1, - , Ban'},
C, = block.diag{C11,--- ,Cin},
Cy = block.diag{Cyy, -+ ,Can},
D1y = block.diag{Dia1,- - - , Dian},
AA = [AA N«

AB; = block.diag{ ABs;,--- ,ABan},
E = block.diag{Ey,--- ,Ex},

G, = block.diag{G11, -+ ,Gin},
Gy = block.diag{Ga1, -+ ,Gan},

xr =col{zy, - ,on},w =col{wy, -+ ,wn},

(B2 + ABay)u; +
(D

2

u=col{uy,--- ,un},z =col{z1, - ,2n},

Yy = COl{ylu'” )yN}u

Ik RIS EIE 4
L(t) =
(A+AA)z(t)+Biw(t)+ (B +ABy)u(t) =
(A+EF(t)Gy)z(t)+Biw(t)+
(Ba+EF(t)Ga)u(t),
z(t) = Chx(t) + Dy 2u(t),
¥E 1 block.diag F7=Bext i 4.
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“)

S
A. = block.diag{ A1, -, Acn},
B, = block.diag{B., - , Ben },
C. = block.diag{C,,--- ,Ccn},

7ch}'
D)y 5 (A R B o 2 T s Ay
{ to(t) = Acwe(t) + Bey(t),

. = col{xey, -

5
z(t) = Cexc(t). ©)

H 05 A NG B R R S8
{ Ta(t) = Agza(t) + Baw(t),

(6)
Z(t) = Cclib'd(t) .

Horr:
xq = col{z,x.},Cy = [Cl D12Cc] )

A+ AA (By+ AB,)C,

Ay =
! B.C, A,

I

By
BCD21

Gy
DIQCC

Bcl = 7Ccl =

M6 T 51 M Bhw(t) B8 40 2 () 1A% R
HT..(s)Hh

Tzw(s) — CCl(SI - Acl)_lB(:l' (7)
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3 ECEEEH T ES 1M B 1T (Decentralized
robust H,, controller design)
EE1 MMEELEMy > 0, FfEe > 0 )&
B xR IE @ AEPEX, Y R X M SEFEF, L, Q,
U, V (BT IR YRS AN T RGN LRI
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Ji Jy By WE
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T(X,Y,F,L,Q,e)= <0,(9
( Q,¢) BYWT —AI 0 )
W1 Cl 0 —’YI
X I
>0, 10
Iy (10
vt =1 - XY (11)

INF, T RR 6 A2 ANl 2 P 29 ()R DR IBE R &R Si),
A7 £ 73 WU HY S 1t 428 T 4% (4), 18 4 1 ) 1 A K
RGL6)E PR AR 2, I 2 45 0 MH TERETR
Rl T () oo < 7. HL2ERO)~(I1)H7E— AT AT
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<]22 = G22 + 5YEETY + 8_1(G1)TG1,
Gll = AX + XAT + BQF + (BQF)T,
Gy = A"+ YAX + LC,X + YByF + Q,
GQQ - YA + ATY + LCQ + (LCQ)T,
Wy =C1X + Do F,Wy =Y By + LDy,
Wy = G1 X + G5 F.
UE A SO~ (D I fif KA 3 Ui 5y X Bk
FFE X o
Y \%

X =
TNyt U XYXUT-U- XU T|’

13X (10)FISchurkh 5| #E L 7] %
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S SRR
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Aoy Agy
le Zgl _ J11 ng . G11 Ggl
Zo1 Lo Ja1 Jao Go1 Gao
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R B
Ay AL 00 7 23,00
J = Az Az 00 . Zo1 4200 <0
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& XL
Ky K, B, Wt
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| BT WX —~I 0
1 2 i
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y
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BYX oIl —~I 0 |<o, Bf Wi —I 0 0 <0. (19
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ETETY 0 0 —e_ AT

76 bW gy i A Fediag{ I, I, T} R 47 e
diag{IT~*,I,1} nj{%
Al Xa + XaAa XaBa C)
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4 Rf# S (Computation algorithm)
FH & BT AN, Gl KA RO~ D AT BSR4

Tl #R O 2, 1y KA (9~ (1) IS BE A1 T 3K
NLMI(9). H §i 3K MNLMIE 3 A5 1R 4 1) 7 1, A
T Rk AR R SR A 2009), BRI A6 08 U 4 (1) 7]
1 PR BOR £ 78 1ZNLMI, P i Schurkh 51 #UE HiAk
PRSI MR AN S 2, B i 1l ek IR AR AR SR A
SIS € [0,1], F 2 XHBER %L

H(X,Y,F,L,Q,e,\) =

G(X,Y,F,L,Q)+ \K(X,Y,F,L,Q,¢), (15)

Hrp:
G, GL B, W[
G21 G22 W2 CT
G(X,Y,F,L,Q) = BT W 1 01 ,
Wy ¢y 0 —yI
K(X,Y,F,L,Q,¢) =
T(X,Y,F,L,Q,¢) — G(X,Y,F,L,Q).
TR H 2
H(X,Y,F,L,Q,e,\)=
{G(X Y,F,L,Q), A\=0, 16)
T(X,Y,F,L,Q,¢),A=1.

183 SRk A (17T LA 21 9) iR
H(X,Y,F,L,Q,s,\) <0,A€[0,1], (17)

B4\ MO A5 51 I o 43 3 ) . b skt
(17), % %t % 2 B FSchurkh 31 B, W) A 5 5] 5
A7) AR A2 (18)(19)

My MY B, Wt Wi

Moy My, Wy CT GT

BYWE—~I 0 0 <0, (18
W1 Cl 0 —’}/I 0
W3 Gl 0 0 —5>\,1]

)
K}

My, = Gy + eAEE",

My, = Glay + eAY EET,
Myy = Gay + eAYEETY,
Ny =Gny +€_1>\W:;FW3,
Ny = Gay + e 'AGT W,
Noy = Gag + 871/\(G1)TG1.

A LLE W, 25 S HY, L MaR18) & L T X,
F,Q,e MMM A, &2 S HXF, W
KAZEKXRTY, L, Q, et HILMEMFEAEX, Wil
B AN A4S 2 5O\ R0 A8 % SR AR (18)(19) W) 1] 43 2]
AR (S) IR, R b A T 1R SR Af 500 3R

Step 1 I\ = OB M A PIGHE. 9N = 0
ik ff RS M TR HG(X, Y, F L,Q) < 0
EXG(X,Y,F,L,Q) < 014 Ay = Qr, MG(X,
Y,F,L,Qp) < 0JbsUELMIfA) 8, n] sk 753 AT Hoxt
AL RIWIUEE X, Yo, Fo, Lo;

Step 2 WM A — N IEEE(LLIIM = 2), F4
EM ) EIRM o (FEUIM 0 = 210). BIEACIREL
MK, IFAK =0,

Step3 4K = K + 1fl\g = K/M. 7EYk 1,
Ly A0 Tl K i 0(18) 1 20(10). W R ANAFAE
ATAT AR, WI%% 25 Stepd; W AFAE AT AT iR, DU SR A5 skt
XY, Q H4 Xk =X, Fxk = F,Qrg = Q,
1EX = Xg, F = Fg, Q = Qg A Tl K
KRANAOVERIF N R HAYx =Y, L = L 345
% Step6;

Step 4 Xk 1,FK1%1¢?ﬁL;&ﬁﬁ
K (19)(10). W RAAFALE 04T fif, W ¥ 22 Steps; W
TEAE AT, WISRABY,L,.Q HAYx = Y, Lx =
L.Qx = Q, Y = Yx,L = Lk,Q = Qk 4%
PR 3 3 SR A A A8)(10) 1 B AR N (1 il H 2 X e =
X, Fx = FF#: % Step6;

Step 5 AM = 2M Hil LR &M M <
M ax. 1E&X2(K—1) = Xk-1, Yv2(K71) = Yk_1,
Fyk-1) = Fx-1, Lok —1) = L1, K = 2(K - 1),
T 2 Step3. WM PMEAREFRIE K, WHZHL T
fif;

Step 6 UWIHRK < M, ¥ 2 Step3. WHK =
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M, WA ROQOM#, HEX = Xk, Y = Yy,
F=Fy,L =Ly, Q=Qx Me > 0;

Step7 #HUVT =1 — XYH4AV =1, sk
12U, Bt X (12) kG 28 () IS4

TE 2 HSCHRIS, 12,131 K 2 2 SOk AT 4 ) 42 124 B
VEWCEL, A G ad 1o [ AS A SR v DASRAR SR 4 e i — A ]
TR, SIS 5 LA AR AR L, BB RO s 2
S IR AP EAS I T 90 1 3B X
5 H4l(Example)

ZIBHWA T RGBT AH 2 KRS(), HL

He
21 10 11
A= B Ci1=C10=
11 30711 11711 12 00]7
1 1
u=[12] pui=[11].an= [} 3],
21 211 12 0 —2
-2 =3 10
A B
22 9 _ 11|’ 12 0 1]7
0
By = By = D191 = D19 = [1] )
-1 0
A21: 9 _1 76121:|:1 2],022:[—1 1i|
0.2
El == 7G11 = |:O6 04:| ,G21 - 06,
0.1
0.1
By= 5| Gu= {0.4 0.2] Gy = 0.1,

fEy = 10, M = 10 FREHAT RS0 1 50 H x5t
8 53 3 A
Ztcl(t) -

| 86982  4.6884 —7.4059
] e (t) + [ ] (),

_98.4598 —47.0380 90,0942
21.752(1(:) =
—2.3108 0.8536 8.3424
e2(t t )
—3.0774—18.0463] zealt) + [—20.3656] va(t)

w (t) = [6.4520 2.8453] za(t),
us(t) = [0.3866 1.0403] Tea(t).

FEBE 1 A A H R P R S8 H P RE TR AR
4.4078, /N T4 E TR RERE AR 10, HLFIFA KR SEH

A s 30 LA AR SRS, IX R WA P SRAS 1 23 s 3 S
P % A1 R, PHEA K 2R 0 58 T 1L S 06
JE4E [ H oo P RE AR

AT Ut W B T VR R SRR SR AT AR, A
SCER T AN T PR BEA A FLA By, 16 % H 1430
G BN R IR, JHEO0E 2 ) P A R GEH L PE RE TR A,
VPR R G i AR LT 70, 0 IR PR e K 7 (L A e 2
BB 7R, A5 545 AR WIHE AN A (AN 8 LR R,
VA 2R S8 ) e KT 5 (B (Hoo YE B0 2 /N T HUE R E
(¥, PR R G RFAEAE 32 AT DS, RGP AR 1
BT IEE] T EOR.

4.5

4+

351

3_

25

o fE

107 10° 10°
M / (rad-s™)

0 1
107 10° 10°
SFE [ (rad-s™)
1 B TE T IR R G K AT e (i it 26 18

Fig. 1 Greatest singular value plots of closed-loop systems
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Table 1 Hg, performance index of closed-loop system vs. its corresponding plot of Figs
Ay E
PR REAEAE Hoo ERETRFR 0 N [R5 AT S fE 1 2
AAy ABgy;
0 0 —2.3840+3.8217i —3.3087+1.2061i 43846 Pl 1 L s gk
—30.4347 — 16.9488 — 16935 — 3.2347
E;Gq; E;Go; —2.55144+3.8351i —3.502441.3000i 4.4023 K1 - ek
—29.5528 — 16.9395 — 1.7228 — 3.1384
E;G1; —E;Go; —2.0176+£3.8154i —3.0863+1.0941i 4.3873 Bl Lk
—31.3262 — 16.9631 — 1.6448 — 3.2951
—E;G1; E;Ga; —2.7641+3.73751 —3.5653+1.3081i 4.3804 1 R 2k
—29.4712 —16.9352 —1.7102 — 3.1818
—E;G1; —E,;Go; —2.2083+3.7544i —3.1433+1.1375i 43739 K1 Bl sk
—31.3004 — 16.9588 — 1.6563 — 3.3384
0.5F;Gq; —0.5E;Ga; —2.1979+3.8283i —3.1941+1.1517i 4.3858 Kl 1T B4
—30.8885 — 16.9559 — 1.6745 — 3.2642
0.75E;G1;  —0.75E;Go; —2.3759+3.8501i -3.3396+1.2218i 4.3940 BT Lk
—30.2215 — 16.9475 —1.7043 — 3.1978
—0.25E;G1; —0.75E;Go; —2.2036+3.7924i —3.1676+1.1433i 43786 B k2

—31.0950 —16.9573 —1.6653 — 3.3019

MFRILL K AT DU e, 78 AR SC T 3R 45 #5 4il
BIMEHT, MR MH M RE R bR 8 7E4.37 /2
A, /N T SC91HIH o P BEF F58.65, X 3 W/ AL
BT 3iAS s 28 V6 R R 48 A W0 I 10 45 1,
LSO AR ST HEEE D, 5340 SC[91 T 3R A3 H5 i 2% &
ok oK, M LUSE IR, AR S PT I 4E  2 S EUR D,
R SEIL N BT L AT LU Y, B AN
SERBNTLLMFRFR RGN TR0 4538 B A
B D [ OR ST
6 %518 (Conclusions)

B R — MR A R B AR 4 Sl R B A7 AE S BUOA
SEMEIRIR R, WU B FRH o B Hh S i
Tl BTt vk, BT S g | B, F 4 B sl A
HH S Bt ) 2% R A7 AR S AT I 45 O — 2 AN A5
(AR, a8 R AR R R AR 7 BB e H oo B
A RS 5 T8 AR, s A Al
CiEZNE R W AR =A@ N el Ry = [Bei =il
FEI AL 25 58 I H o PEREFR 7.
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