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Decentralized robust H-infinity control for value-bounded

uncertain large-scale interconnected systems
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Abstract. For a class of large-scale interconnected systems with value-bounded uncertainties existing in the state,
control input and interconnected matrices, the design of decentralized robust H-infinity state feedback and decentralized
robust H-infinity output feedback controllers is investigated in this paper. Based on the bounded-real lemma, sufficient
conditions for the existence of a decentralized robust H-infinity controller are obtained in terms of a set of matrix
inequalities. According to Schur complement, a homotopy iterative linear matrix inequality method is then put forward to
construct a decentralized robust H-infinity controller by fixing different variables. The controller obtained enables the
closed-loop large-scale systems to be robustly stable and to achieve the given H-infinity performance. Finally, a
numerical example is given which illustrates the effectiveness of the proposed method.
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F2BE

REHTRENEN:
5.(8) = (A; + M) x,(1) + Buo, (1) +

(BZi +ABZi)u.‘(t) + Z (Aij +AAi}‘)xj(t),

z;(t) = Cx,(t) + Du (1),
yi(t) = Cyux,(t) + Dyw,(t).
(1)

A =1, ,Nx(t) e B",0,(t) € R",u,(t) €
R™,z(1) e BY,y,(t) e B 3BINE i NTFRERR
A, R, B AT R e i
g,ﬁ&? Aii ’Bli’BZi’Cli ’C2i ’D12i ’Dzn ﬁﬁﬁ*ﬁmﬁﬁﬁ
MIEBEE A, HE I TRESS i T RERKER
W R/ AA; ABy, 71 AA; SRS I , 35 B A B
MBI ABEVE, BT I FBUER -

‘AAij‘< R;,|AB, | < S;,i,j = 1,2 ,N. (2)
Hrp R, A S, A EBAEFOTROLHEE, FHoh5
AA;,- *ﬂABzi GE:R ‘A ‘ <ABIE LR !eij‘g éijai’j =
1,2, «,N,e; Me, 53R A 1A 85,7 A
S I

A KECR R HR N
%= (A+AA)x + Bjw + (B, + AB,)u,
z = Cx + Dj,u, (3)

y = Cx + D, o.
Hrp
A=Ay, B = block-diag|B,, ,***,B x|,
B, = block-diag|{B,,,**,Byy!,
C, = block-diag{C,, ,-*,C\y},
C, = block-diag{C,,,"*,Cpy!,
D,, = block-diag{Dy,,>*, Dyt ,
D,, = block-diag{D,, ,***,Dypt,
AA = [AA;]wens
AB, = block-diag{AB,,,***,AB,,1,
x = collx, 2y}, @ = col{w,, ,wy!,
u = col{u,, ,uyl, z = coliz =,z ,
y = coliy, -, yyl.
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HRRRZGEERT, FHFAFENNS o BIgHER T 2
MR T, (s) WR|T, (s) . <v,HPyRM
FRHEHN—TEER

Bl 1 #A,BeR™,A=B WA CAC=
C"BC,VYC e R™ BT

512 ®XMYREAEEUNERVNBESRE
B, WX EBER « > 0,8
XY+ Y X< aX'X +a'YY

BROL -
SIE3Y EHaxmBEMEAAWKE A4l <D,
ks
Q(D) = AAAAT (D) = AATAA.
Hep
QD) =
\\DDT 1, IDDT|I < n*diag(DD"),
{n x diag(DD"), K1,
r(p) =
ID*DI, ID™DII < m * diag(D'D),
{m * diag(D'D), HE .

X H ,diag(R) =diag(ry ,ry, ") R =(ry) HAn

B %o PR 3 .

3 HHEBRSRE H, =6 &t
( Decentralized robust state feedback H-
infinity controller design)
xRS R EHIETE , R AR (4) B

u = Kxx, (4)

Hrp
K, = block-diag{K,,"*,K,," " ,Ky} € @,

@ NEETET R BKF L 44 B R3RIR S IR S R

SHARERES K e B = 1,2, ,N). ML)

R KRG H
{x = (A +B,K; + AA + AB,K,)x + Bw,

z = (C, + D,K )=,
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KRG,y MERAENER, EHFE«>0,8>
0 MR IEEEM P IR SR K(B—1T
BB S AL F RGN EFAITR) , 32

(5)

A PB G
T(P,K4,a,B) = [B}"P -yl 0 } 0 (6)
G 0 -y
W, AR A ROIRTS RIS RER(4) , B K B — 2R
AR BRI 25 6 R, (A LR P FF R R BE(S) i
fasE , - ELABER H, HEERTRIR v. K
A = PA +A"P + PB,K, + K;B,P + aPP +
BPP + o 'T'(R) +B'K T'(S)K,,
G =C, + D,K,,
T'(R) = T'([R;lyw),isj = 1, N,
I'(S) = block-diag{I'(S,),--,['(Sy)}.
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iE FAHK(6) WG TERE
M = PAA + AA"P + PAB,K, + K AB}P,

N = aPP +a”'T'(R) + BPP + B'KIT'(S)K,.
FIH3 38 1,2 F13 A75F

M 00 N 0 07
J=|:O 0 0j|—|:0 0 ol=<O.

o o ol Lo o o
& R
®, PB, G
@={BIP -yl 0 |
G 0 - yl-
Hrp

O, =P(A +AA) + (A+AA)"P +
P(B, + AB,)K, + K;(B, + AB,)"P.
We =T1TPK,a,p) +J, AR (6) X J <005
O <0. A RILT|1 Y THER R EEE.
EE®E1 P, X(6) H—ELBEEAER
(NLMI) , J33K %% NLMIL, 5| ASE¥ A € [0,1], 3F

. EERE

H(PyKdyayﬂyA) =T1(P9Kd9a9ﬂ) +AT2(P9Kd9ayﬂ)9
Hrp

[, PB, G
T,(P.Ksy,a,B) = | BIfP -yl 0O }
L G 0 -9I
2, 0 0
,(P,Ky,aB) =| 0 0 0},
0 0 0

Q, = P(A +B,K,) + [P(A +B,K,)1",

0, = aPP +BPP + a”'T(R) +B'KiI'(S)K,.
BER
T,(P,Ks,a,8), A =0,
HP Ky a0Bo0) = {T(P,Kd,a,ﬂ), A =1
R (7) aTLAR R (6) MR (B A O AR
31 BsEnr iR 3(6) Mig),
H(P,K;,a,B,A) <0,A € [0,1]. (7)
Jask (7)), B A Schur ¥+ 3| B W15 B 5
R () FHMHBNEEARFR(8) F1(9)

5, PB, G I'(R)T KII'(S)T)
Bi/P -1 0 0 0

G 0 -yl 0 o |<o,
F(RY* 0 0 -a'al 0
Lr¢s)k, 0 0 0

-A7'BI
(8)
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5, PB, G' P P
BiP -yl 0 0 0
G 0 -y 0 0 <0. (9)
P 0 0 -r'all 0
LP 0 O 0 -A7BH
Hrep
E, = (A+B,K,)"P+P(A+B,K,) + \aPP +\3PP,

Z, = (A+B,K,)"P + P(A + B,K,) +
Xa”'T(R) + AB'K;T(S)K,.

ATLLEH M FREEMNSE P M A,(8) &%
TEH Ky, a,f B LML IR E € S8 K, f1 A, X
(9) MREXTFSHP, a7 LML, EI T LUE
B M FEESH A RIS R (8) KX (9) LU
KB (6) MR

BEER(T) 1,41 = 0 WEANVIELRE, BIE
AR T (K, P,a,B) < OKIRBGUIRM. FI7EK
MM, 7E T (K, Pra,B) <O LA R FRIERE
diag{P™',I,I} ,3#% X = P ,W = K,P™' R[50k
T,(Ky,P,a,B) <0, TK$B

=, B, (C,X+D,W)T
[ BT — I 0 < 0. (10)
C,X+D,W 0 -yl
Ho 5, =AX +B,W+ (AX + B,W)" HP#K, Hi
K1) g
P=X",Kd = WP. (11)
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Step 1 SR¥IIHME, 5 A = 0 WK (10) I
ﬁ(ll) J%*)J{E PoyKo;

Step2 W m H—FEEH FHE~HWLR
M BOEARIREH £, 384k = 05

Step3 S k=k+1Ff1A, =k/m BEEP,_, K
R (8) , IR IA%, WiFs = Step 4; W RA M, WK
1%@5@%&? K, #/7"\ K, = Ky, Eile K, Skﬁit(g) 1%
BN KR P, H4S P, I4 ZE Step 6;

Step4  [EE K, RWH(9). ELMR, R
Step 5; MR Af#, k1§ P HA P, [EE P, KIEX
(8) , 182N f# K, , HA K, = K, , 3745 % Step 6 ;

Step 5 4 m =2m HERAREKM m < m,,.
@ﬁpzu-l) =P, 9K2(k-1) =K,k =2(k-1) JEE
Step 3. AN m FEARREFIS K, Wi HEE TR

Step6 IR E < m M ZE Step 3. MNE &k =
m 55 P, R K, iR (6) K.
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B oW OB B 5 M A B2 %
4 SHEHEHEHRR H, =8 #E Jo = YA+ A;Y + LC, + (LC,)T +
( Decentralized robust output feedback H- (a +B)Y +a'T(R),
infinity controller design) T'(R) = T'([R, yun) »isj = 1,+-,N,
s T4 AR EHER , R AR (12) B I'(S) = block-diag{I’(S,), -, ['(Sy)},
{xa. = At B W, = C,X + D,,F,W, = YB, +LD,,.
w, = Cx,. iE AAR4) (15) (17) B8 S RIS FRAE
B, e BN i M REEHBORE A, B,

C, ATEWE W FEER. HH KM RREN

{xcl = Az, + B, (13)
z = Cyx,.
Hrp

x, = colix,x | ,x., =colix,, -, xnl,

A, = block-diagiA,, -, Anl,

B, = block-diag{B,, ,":*,By!,

C, = block-diag{C, ,+,C},

A = [A +AA (B, +ABQ)C€], = [ B, ]’

B.C, A, B.D,

C, = LG DIZCC]'
EE2 MMEELHEMy >0, 5FE«>0,8
>0 R EEERE XY IR AR F,L,
Q(B— N FHRIEETHN T R A A L4ERHILAC)
2

Juln B W
w, C}
T(X,Y,F,L,Q,a,B) = Jﬂ Jzi <o,
B, W, —vyI 0
W, C, 0 -yl
(14)
[X ’]>o, (15)
1Y

WEERARE KRG (1), FA7E 48U R R
2 (12) HHRMAR KRR (13) #HEfRE, B
EAARER H, YERETEIS v R T, EHlan
SRET B
A, =V'QUT,B, =V'L,C, =FUT, (16)
H
Uvt =1-XY. (17)
Hrp
J, =AX + XA" + B,F + F'B] + (a +B)] +
o« 'XI(R)X +B'F'T(S)F,
Jyy = AT + YAX + LC,X + YB,F + Q +

(a+B)Y + o 'T'(R)X,

Y 1%
V' UTXYXUTT - U"XU'T]’
= (15) F1 Schur #h5|FE[HE P R IEEHKE. 4
Q =VAU',L = VB_,F = C.U" F#RAR(14) , FIH
I 1,2 f13, 43R, 5T LUIES R AL

-

ALP + PA, PB, C]
{ B, P -yl 0 [<O.
C. 0 -yl
MARLSIHOMER 2 oz, B

FEREFE 2 1,30 (14) y NLMI, AT BUR SRS
FARTETEAR ARG R Bk #EAT AR . BIAZLEL
A e [0,1] FE B
H(X,Y,F,L,Q,a,B8,A) =

G(X,Y,F,L,Q) + AK(X,Y,F,L,Q,a,8), (18)
Hrep
A, AL, B, W|
G(X,Y,F,L,Q) = A A Wy G , (19)
Bl W) -yl O
W, ¢, 0 -+vI
A, = AX + XA" + B,F + F'B;,
Ay = A" + YAX + LC,X + YB,F + Q,
A, = YA+ ATY + LC, + C;LT,
Z, Zy 0 0
K(X,Y,F,L,Q,a,8) = Zn Zn O 0,
0 00
0 0 00
Zy =Ju —Ay, Zy = Uy -Ay, Zy = Jp - Ap.
(5 &z}
H(X,Y,F,L,Q,0,B,A) =
G(X,Y,F,L,Q), A =0,
{T(X,Y,F,L,Q,a,ﬁ), A=l

it R (20) W LAR R (14) B9,
H(X,Y,F,L,Q,a,8,A) <0,A € [0,1].
(20)
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FRRA Schur 305138, W18 2] 530 (20) %4

HIFEREARSFR(21) F1(22).

M, M) B, W X FT ]
M, M, W, CT I 0

Bl W, —yI 0 0 0

W, C, 0 -yl 0 0

X I 0 0 -ar'I(R)! 0

LF 0 0 0 0 -BAT'r(S)
<0, (21)
[N, N,, B, W! I I

N, N,, W, C] Y Y

Bl Wl —yI 0 0 0 < 0 

W, C, 0 -y 0 0

I Y 0 0 -o'A'T O

LT Y 0 0 0 -g'A

(22)

H
M, = AX" + XA" + B,F + F'B] + A(a +B)I,

M, = A" + YAX + LC,X + YB,F + Q + A(a + B)Y,

M, =YA+A"Y+LC, + C;L" + A(a +B) Y,

N, = AX" + XA" + B,F + F'B] + a'AXI'(R)X +
B'AF'T'(S)F,

N, = A" + YAX + LC,X + YB,F + Q +

a'A'(R)X,
Ny = YTA+A"Y + LC, + CJL" + «”'AT(R).

BEABEEE YA L,KX(21) BXTERX,
F,Q,a MR LML EEE R XM F,X(22) BXT
B Y,L,Q,a" M # LMI, FPRERBIEEAH
8L, BT AE L A5 10 A A B R g (21) #(22)
SR R (20) F1(15) LRBIME, T M4 &
KA.

Stepl A = OBMHERBIRE A =08y
K#(20) REMTKRM G(X,Y,F,L,Q) <0. X
(19) B H A, AR ALEWIER @, HTEWE
G(X,Y,F,L,Qy) < 0FR(15) KRR M2 RME
iﬂmﬁé{ﬁ X09YO’FO9LO;

Step2 & m I—EEE, HFHHE LR
Mo BEERIKE R £, 2k = 0;

Step3 Ak=k+1FiA, =k/m. BEY,_ ,L,_
sk (21) A1), PR TR, WEL Z Step 4; 4018
B, NSRRGSR fME X, F, 34 X, = X,F, = F. &

% X, F, KR (22) M(15), BHEMNME Y,L,0,
o B EAY, =Y,L, = L,Q, = Q, }5F Step 6;

Stepd  [EE X, ,,F,. K#EX(22) FzX(15).
IR TCHE, M55 Step 5; WRA R, MKB[ Y,LH
&Y, =Y,L, = L BEY,,L &IKMEX(21) A=
(15) , 15 R MHNHIHEX,F,Q,a,BHA X, ,F, = F,Q,
= Q,F% % Step 6 ;

Step5 4 m =2m HRARZMH:m
My fBRix XZ(k-l) = Xk-l’YZ(k-l) = Y, Fyuen
Fo i Lygoyy = Lok =2(k - 1) 5% % Step3. MR m
FHEA BB K, WX B 5

Step 6 LNk < m,, M Z Step 3. {U k =
m, 5% X,,Y,,F,,L,,Q, FlliE¥ o, HX(14)
(15) HIf%;

Step7 @ UV' =1 - XY, #4738 SEEK
U,V #EmA AR (16) RIBERER(12) S
5 {FEHI(Numerical example)

ZIBHWND T REHRAAHER R KRS
(1), Hwp

Ay = [_i :)]aBu = [1 (1)],321 = [(1)],

T

11 11 0
A12=[0 2]’ 1 =[0 0] 121 =[1]’
Cy = ;]T Dy, = [1 T,Azz = [_z :?]

D,, = [O]T,Ru _ [0.1 0.05],5l _ [0 ],

1 0.15 0 0.1
0.10.15 0.05 0 0
Rz = [0.1 0.1 J R = [0.1 0.05]’ 2 = [0.1]’

FAASCHITTE FEy = 10,m = B IRMET R
B ECH, RERBHE R 3
Kd:[ - 27.3658 -40.3248 0 0 ]
0 0 10.0614 - 34.3211
SrEH, f S RS R AR
[ -5.8587 -2. 3394]’
- 114. 5800 - 54.9100
[ - 6.5504
[

s 4650], c, = [17.3721 17.5380],

-3.9546 -0. 6067]

Acl
Bcl
AL'Z
-0.9429 - 10. 2951
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ERAREMZNELME2 R T ESRERAL
AR AREEER T, AR REHNBR KT RE
4 AA; F1 AB,, 7E5% B RS B N EUREE R, (H, {580 ¥/ hFRAEEEN y = 10, REHEH S
HXTM AR ARG H, I mER L IR, N WS TR
A1 WRA%0H, Meimabgstnt i

11. 1509

= ,C, = [0.5702 1.1306].
2 [—16.1209] 2 = ]

Table 1 H, performance index of closed-loop systems vs. its corresponding plot of Figs
THEN H, {ERETEAR XL ER) B K A (2%
A4, AB, RERB WHRGR RERR i SR
0 0 2.7534  5.8069 B 1 AR B2 2R
R; S, 2.6330  5.7883 B 1 A E L B2 A B ek
R, - S, 3.0570 5. 8340 B 1 EEEESR B2 A E S ELR
- Ry S; 2.5226  5.7878 B ARSRIE  E2 ARSI
~R,; - S, 2.9084  5.8332 B 1A B2 B
0.5R,  0.58, 2.6895  5.7970 B 1 A7 E LR B 2 47 B gk
-0.5R;, -0.5S, 2.8259  5.8187 B AELES B2 AHESES
-0.75R, 0.25S, 2.6607  5.8014 B AESRE B2 AEAR%
35 T . 35 . .
3 3t 7
™ 25 o
L g
& 2
K <
4 g
1.5
j [ BRI SR W BT AR
107 107 10! 10° 1073 107! 10' 10°
5% / (rad + s 5iE /(rad - s7)
B 1 RERBREE THARRER KA FAEMZE
Fig. 1 Greatest singular value plots of closed-loop systems. state feedback case

BoR#AME
BRARE

10 107 I10' - 108 010’3 107! 10! 10

$iZ / (rad « s7Y) iR /(rad - s7)

B2 @B TSR R KA R 2
Greatest singular value plots of closed-loop systems: output feedback case
A —HAEEAFXA R, RARCE R EAKRE
BEHIE TR EHSEARAREERREEER
E, AW R AER H, HERIstR. (5 K4 RBIE T X
PiRrSiEeE s (i

Fig. 2

6 £5it(Conclusion)
BT — AR A B 45 10 B 0 G Bk B R AR TR BUE
RARERRBE KRS, FRESHEE HORE R
SRR th BB A BT T . R IR O T
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singular large scale systems with parameter uncertainty [ J].
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