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Robust Decentralized Control for a Class
of Large-scale Interconnected Nonlinear
Systems with Mismatched
Interconnections
FU Qin®? YANG Cheng-Wu'

Abstract
design for a class of large-scale interconnected nonlinear systems

In this paper, decentralized state feedback control

with mismatched interconnections and bounded disturbances is
given. The decentralized state feedback controllers are obtained
by using the linear transformation of the states of each subsys-
tem. When the state feedback control laws are applied to the
systems, the closed-loop systems without disturbances are glob-
ally asymptotic and the states of the systems can converge to a
region of the origin which depends on the bounds of the distur-
bances when disturbances are bounded. A simulation example
shows the feasibility and effectiveness of the conclusion.

Key words
back, decentralized control, mismatched interconnections

Large-scale interconnected systems, state feed-

KA H TR R GG 73 A% ) e v S AF SR A ) B I T )
P B, 0T RS, A E IR A BB AU
I I A I O 5 i 1 2 7= W L LT [ NGS5
S SCHR [1—-2) A BAT 2t e U HLIR IR R G AT T #2 0B
vb, T T B ARG I AR S, A8 R BRREZTR
S, BRI AN T 25 TR AT H A 2 il BT
SCHR [3—4] PrATFSTINY ZRGE 0 HLIBCIH A2 DLRC 44, SCHR [5—7]
DUL3F HL IR IBUAN I R DT FE A PR IR R GE kAT T #5830t SRk
R e R ERIE, il M1 RO AR S 0T
L HRITAN I R VE R A A 0 AE ™ S BB A LB R &8, eyt
AT, B ARSI 5.

A SCHFIU A SNSRI IR M R 10 &
SMHCR A BRI v B, 12 2R 48 1) BRTIUAN G A2 DU 4 1, 3%

WRFH M 2006-12-04 Wi H Y 2007-08-23

Received December 4, 2006; in revised form August 23, 2007

LA B A AR IH (04KJD110168, 06KJB110107) FlaR MR
2 Bt AR R Y B

Supported by Science Foundation from the Ministry of Education of
Jiangsu Province (04KJD110168, 06KJB110107) and Key Academic
Foundation of University of Science and Technology of Suzhou

1. FRTEE TR ) TREEBE Mt 210094 2. JRINEHA BN FHEC: R 95
M 215009

1. School of Power Engineering, Nanjing University of Science and

Technology, Nanjing 210094 2. Department of Applied Mathemat-

ics, University of Science and Technology of Suzhou, Suzhou 215009
DOI: 10.3724/SP.J.1004.2008.00488

B T BB Bt ik, 2o Ras AR A
ARG, BTN, RS AR R GE I 4 JR i R e 1
w; ENA R FI, RGIIMRAT I, HWCSCE S (K A 20
W, AR SIS AT R, PRSI, 2 AR %
SR A RO, HARE BRI 5 sl 9 52K,
U, SN T AT LR AN,

1 e R A
Z BT A KRB B E St R 4
2; = Az; + Bu; + fl(z) + dl(z7 t) (1)
ZEHi =1, N BRENMTRL, 2z € R", us € R

R i A TRENREFBA, 2 = [T 25257,
£i(2) € R™ ROLH I, di(z,t) € R A1 Fdka), i

0 0
A=
0 0 1
0 0 0
nxn
0
0
B =
0
1
nx1

S S |- ) WA 0 2K, 1 e = /ST a? , Al =
PCATA). i1 i n W, AR (1) TERIF B

Bi% 1. ||di(2,t)|] < di,d; A&HE (ATRERAD).

g 2. fi(z) = X7 2,9i5(2), gis(2) € R HARM, IF
H 19 (2)] < cijy cij A2 TRNIEFHL

L. W LSOk [3—4] AR IEE S (I, (2)] <
SN, Bl |), B 2 B piy = 1 IGHE.

3138 18, (A, B) W%, 1745 n POWFRIEERE P Al n 4E
= K, 15

P(A-BK)+(A-BK)"'P=—-1I 2)

JRAT.
R (1) BB MR HORAS RS 1) vt A3
IR B e

U; = ai(zi)7 041(0) =0
it
1) M di(z,t) = 0 I, 5 2 = 0 JEHIFF RS

A mnE e e s (i =1, -+, N).
2) Mdi(z,t) #0, 1 ||di(z,0)]| < di I, B

M z(t) AR, BACSRER U — AN A0, Z A0 5330
PIAH R, PR, ZABE N (2= 1,--- , N).



41 i 55 S ARDC R LRI — SR B LR AR 2 M AR St i 5 20 s 489

2 EFESR

A SCHR [9] HEBAED 2, BAT RS (1) MR TR

FPRASHH T MR, D By = diag((™ 0" 2,--- ,1,1),1 N
R IE W5, TEIRS St A e
zi = Eiz;
et
EB =B, EJAE; ' = 1A
L RS (1) Atk R
z; = lAZ; + Bu; + Elfl(z) + Eid; (Z, t) (3)

FATH T 2L
EIR 1. B 1M 2 BROL, WIARSE (1) B2 HOIRAS e bt
FEfIHE R
U; = az(zz) = —lKElZi = —lei (4)

JERR. EHARHISE I, R RE (3) HATE BRI
}Jik Lyapunov PR

N
V(z)=) z Pz
i=1

Hhz=[zT2z7---z5]".
1) Md;(z,t) = 0 #, ¥53K (4) R (3), FIHK (2) #44
) N
V= Z(*ZHZH2 + 22 PEIf,(2))
=1
MR 2 12
. N N
V=" (llzl? + 22l PEY 2i9ii(2) =
i=1 j=1
N N
S O(—lizl® + 22T P 29:5(2)) <
i=1 j=1
N N
S o=zl + 2P Nz 1z i)
i=1 Jj=1
A AN GG S AR

N N
V< Z (Ulz:l® + 1Py e (1= + llz511%)) =

=1
N
Z l+\|P||ZCz] 12212 +||P||ZZ%||ZJH =
i=1 =1 j=1
N
Z l+\|P||Zc” 1221 +||P||ZZCJ’L |2:]” =
=1 i=1
N Jj=
Z( l+\|P||Z(Cij + ;i) |1z (5)

s
Il
—

Jj=1

H
N
= max {1+]P] ;(Cﬁ +¢5i)} (6)
iy
N
V<=3 El
=1

2 A1, Ao 7302 PRI AR KL,
23 = —
JUES)

V < —2X3V

HI RGeS, S PRIFR R G 4 SR AR e 1.
2) 2 d;(z,t) #0, H ||di(2,1)|| < d; B, KL (4) 10N
X (3), MK (2) 7+

N
V =Y (—l)|z:|* + 22! PE/f,(2) + 22/ PE/di(2,1))

i=1

RIFIREIHE S 7 i, B 1 sl (5) AT s

N N
< (LIPS (e + ea))llzal*+
i=1 j=1
N
> 20 Pz || Bl da
=1

BATER 1> 1, W Ey|| = 1", HEARASE XS] 73

N N

Y PN (e + i) llz:l*+
i=1 =1

N

(PPl + 2 2d7) =
i=1
N

N
D (=LHIPID (e + ¢ia) + I1PIP)Z:1+

i=1 j=1

N
P2 g2

N
= max {1+HPHZ (cij +ei) +IIPIPY 21 (7)

Jj=1

i

N N
V<= lmll+ Yo
i=1 i=1



490 H | 1k

F {4 344

Jr A

N
V<XV 4 Y 1P

i=1

T SCHR [10] T EE 1 15

% 2 2 72
12n=242
V(t) < V(0)exp(—2Ast) + = ——
2X3
H
2\ = —
2

il

2n—2 2n—2

! _ el ~

213 A1
)

)I? exp(—2Xst) + )\4Zd2

i=1

N
> lal® < Z I2:(0
i=1

Bl (7), 1> 1, Bibh ||E|| =178 ||E7Y = 1, fuknT 3

N N N
> sl = Y w < 3 I <
] i =1

N N
Z 0)[1* exp(—2Xst) + Aa > _ di =
i=1 =1
N N
Z | Euz: (0)]|” exp(—2Xst) + Aa Y _ d <
i=1 =1
N N
/\4Z||z )1 exp(—2st) + Aa > di
=1

Jr A

N
l2||* = Z i) <
MYl

N
Az exp(~2Xst) + Aa 3 d?

=1

|| exp(—2Ast) —|—)\4Zd

i=1

B ULAR 2(¢) 155, BSR4 S5 1
FINT d; AR, Pl TN, ZAREE N, O

iE 2. RO BRI VS L4 1, EIEWIRtfErp, 2R
F I J7 6 R W AR e e K By RO 381 L TR T ) A — I, BT
Eiz;=z;(j=1,---,N), FTLL, 53C#k [3—4] X LL, AL
WM RAE MG T R G e LG HF 45

3. dE 1 R AR, BB F s VAT
BRI,

3 mEEH
BN =2,n=2 BEWMFNLKRL

211 = z12 + 211 €08 (221 + 222) + 221 cos(z11212) + cost
Z12 =u1 + 212 €08 (221 + 222) + 222 cos(z11212) + sint
291 = 222 + 211 c08(221222) + 221 cos (211 + 2z12) + cost

Z22 = Uz + 212 €Os (221222) + 222 €08 (211 + z12) +sint (8)

“(2) ()

g11(2) = cos (221 + 222), g12(2) = cos (z11212)

Rl

g21(2) = cos (221222), g22(2) = cos (211 + 212)

cost
sint

dl(z,t) Idg(z,t) = (

Fillein =cia=co1 =coa =1, ;LK = [2 3], I
5 1
4 4 3++5
P= , IPl=
. [
4 4

M E T, A (6), B

I=1+@B+V5) =4+V5

A1 (4) 300 BUR IR

ur = —2(4 + v5)*211 — 3(4 + V5)z12

uz = —2(4+ V5)?221 — 3(4 + V5)z20
FTEARZE (8) A

211 = 212 + 211 cos (221 + 222) + 221 cos (z11212)

219 = —2(4+V5)?211 — 3(4 + V5)z12+

212 €os (221 + 222) + 222 cos (z11212)

Z91 = 222 + 211 €08 (221 222) + 221 cos (211 + 212)

—2(4+ \/5)2221 -3+ \/5)222+

2.22 =

212 €08 (221222) + 222 cos (211 + 212) 9)



4 A 5% E AR HIBRIU) — SRR BRI R ST 5 B 0 B )

491

I

211(0) = 212(0) = 221(0) = 222(0) =1

MZRSE (9) MUTEERAE 1 ~ 4.
LIEhA A ER, i (7), |

1 (4) 92 BUR B HIAE

39
8

39

Uy = *2( 3

11 11
+ g\/g)QZu -3(=+ g\/g)zl2

39 11 39 11
Uz = *2(§ + g\/g)ZZm - 3(@ + g\/g)zm

PTAREE (8) KA
Z11 =212 + 211 €0s(221 + 222) + 221 cos(z11212) + cost

. 39 11 39 11
Z12 = — 2(§ + g\/g)zzu - 3(@ + g\/5)212+

z12 cos(z21 + 222) + Z22 cos(z11212) + sint

221 =222 + 211 €08(221222) + 221 cos(z11 + 212) + cost

39 11 39 11
Zoo = —2(— + 7\/5)2221 —3(=+ *\/5)2224-
8 8 8 8
212 cos(221222) + 222 cos(z11 + 212) + sint (10)

W

211(0) = 212(0) = 221(0) = 222(0) =1

WAL (10) 0T HETRAE 5 ~ 8.

State

1 2 3 4 5
Time /s

Bl 1 211 ML
Fig.1 The trajectory of z;;

State

0 1 2 3 4 5
Time /s

K2 2z SRE7IRU
Fig.2 The trajectory of zi2

State

s s L L
1 2 3 4 5

Time /s
K3 2o MBI

Fig.3 The trajectory of zaq
1
0.5
0
05
Ll
s
)
25
-3
35

i 2 3 4 5
Time /s
K4z HIBLL
Fig.4 The trajectory of za2

n n L L
20 40 60 80 100
Time /s

K5 21 IHLLE
Fig.5 The trajectory of z1;



492 H | 1k

F {4

-5 L n L L
0 20 40 60 80 100

Time /s

6 z12 MIHLL
Fig.6 The trajectory of 2

15
Wb
05t
2
&
ok
0.5
o 20 40 60 30 100
Time /s
E 7 Z21 H‘]iﬁﬂi}l
Fig.7 The trajectory of za;
I
08t
06
04t
L, 02f
2 o
02}
—04f
~0.6
08 . . . .
0 20 40 60 30 100
Time /s
@ 8 Z29 H‘]iﬁﬂi}l
Fig.8 The trajectory of za2
A
4 Z5ig

AR T — AN L VLA IR B LR AR 2 M R &
(K3 0 ORI B TR A 5 3R [3—4] AHEE, A
TEUTHRAL R VLR A& PF e T AR DL RC A0, JF HARZEHe n 7wl
LIRSS 1A SR Pl I G 2R SR 2 10 e AR Hon) R
GEEAT T RO, AR T ARG (SO [4] 1
g AR ), Ui EAEBIE T kg

References

1 Liu Hui-Ming, Jing Yuan-Wei, Zhang Si-Ying. Model ref-
erence adaptive decentralized control for a class of large-
scale composite systems. Control and Decision, 2005, 20(2):

191-194
(WL, JEoefh, K. —RAG RGNS E 1IN 5 #E
. Pl ek, 2005, 20(2): 191—-194)

2 Xie Yong-Fang, Jiang Zhao-Hui, Gui Wei-Hua. Decentral-
ized robust H., control for value-bounded uncertain large-
scale interconnected systems. Control Theory and Applica-
tions, 2006, 23(3): 329—335
(BT, R, FE DA BE A E TSR R RS B Hoo
Pt ymEie S A, 2006, 23(3): 329—335)

3 Pagilla P R. Robust decentralized control of large-scale inter-
connected systems: general interconnections. In: Proceed-
ings of American Control Conference. San Diego, California,
USA: IEEE, 1999. 4527—4531

4 Pagilla P R, Zhong H W. Semi-globally stable decentral-
ized control of a class of large-scale interconnected nonlinear
systems. In: Proceedings of American Control Conference.
Denver, Colorado, USA: IEEE, 2003. 5017—5022

5 Xie S L, Xie L H. Decentralized global robust stabilization
of a class of large-scale interconnected minimum-phase non-
linear systems. In: Proceedings of the 37th IEEE Conference
on Decision and Control. Tampa, Florida, USA: IEEE, 1998.
1482—1487

6 Xie S L, Xie L H. Decentralized global robust stabilization of
a class of interconnected minimum-phase nonlinear systems.
Systems and Control Letters, 2000, 41(4): 251—263

7 Jain S, Khorrami F. Decentralized adaptive control of a class
of large-scale interconnected nonlinear systems. IEEE Trans-
actions on Automatic Control, 1997, 42(2): 136—154

8 Khalil H. Nonlinear Systems. New Jersey: Prentice Hall,
1996

9 Liu Yi-Jun, Qin Hua-Shu. Stability of nonlinear systems with
mismatched uncertainties via linear dynamic output feed-
back. Acta Automatica Sinica, 1998, 24(2): 145—153
(=%, ZRALIB. AT AFILEC AN & A eV R G 2 e sh i
RUVEE. AR, 1998, 24(2): 145—153)

10 Zhou Shao-Sheng, Fei Shu-Min, Feng Chun-Bo. Control of
muli-input cascade nonlinear systems with bounded distur-
bance. Journal of Southeast University, 1999, 29(6): 1—4
(LI, e, atff. A SRS 2 AL B R S
. AR, 1999, 20(6): 1-4)

B 8 BRHTRYE) ) TR LT, IR e I 4
AU, FEZRTFUTT I b 2> e 5 AR R Ge G el AR
#. E-mail: fuqin925@sina.com

(FU Qin Ph.D. candidate in School of Power Engineering at
Nanjing University of Science and Technology, lecturer in De-
partment of Applied Mathematics at University of Science and
Technology of Suzhou. His research interest covers decentralized
control and robust control of nonlinear systems. Corresponding
author of this paper.)

HBE
FRZE.
(YANG Cheng-Wu Professor. His research interest covers
2D systems, descriptor systems, sampled-data systems, and dis-
crete event dynamic systems.)

Yz, BRI 2D ARG, | XARS, KRG H R



