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Decentralized Model Reference Tracking He Output Feedback Cortrol
for Nonlinear Interconnected Systems

TONG Shao- cheng, WANG Tie chao
( Liaoning Institute o Techrology, Jinzhou, Liaoning 121001, China)

Abstract: A fuzzy decentralized model reference tracking H o output feedback control method for a class of nonlinear inter
connected systems is studied based on state observer. First, an equivalent F S fuzzy model represents the nonlinear interconnected
system and fuzzy decentralized observer is designed. Then a decentralized fuzzy observer and model reference Hoo fuzzy controller
based on the observer are developed. The sufficient conditions for the stability of the fuzzy decentralized system are proposed by us
ing Lyapunov function combined with linear matrix inequality (LM1). Finally, the simulation example is given to illusrate the effec
tiveness of the proposed methods.

Key words:  decentralized fuzzy H « control; paramelric uncertainties; observer; linear matrix inequalities; stability analysis

ES , (PDC) , Heo
(IMT) , Heo
s TS
(1,2
’ ’ Heo )
’ (LMI) , )
[3]
, [4, 6]
° 2 2
[ 3]
tS , i
Heo N
i
zi(t)  Fu z2t) Fap - z(t)Fy,
: 2005 06 28; : 2006 01- 16

973 (No. 2002CB312200) ; (:No.2005219001)



2222

xXi(t)= (Au+ MNAy) xi( 1)+ ( Byt ABy)ui(t)
+ Z Ruwxr( 1)+ (1) (1)

h=1h#k
JFa(g=1,2 - 1) cz(t)=[z1(t), 2l )]"

s

, .k
)
()= Dy W[ (Aa+ AAw) xi( 1)+ ( Ba+ ABy)u(t)
+ Z Rmkxh(l)] + Oy(1)
h=1hZk
'k
yi(t)= Z Wy ( Cax (1) (2)
k :
i zi(t)  Fip z2(t) Fu
zi(t) Fi,
$u00)= Agi(t)+ Bun(t)+ 3 Rufn(t)
h=1 hZk
+ Ly (ye(t)= yr(t))

()= Giki(t) (3)
k .

. "k N
Ri(t)= D Bl Augdn( )+ Bun( )+ D Rukn(t)

i1 h=1h#h
+ Li(yiu(t)=Ju(t))]
i
Pe(t)= D HaCiki(t) (4)
, Li , Ay, By s A,
Ci
(PDC) ,
.k
i:
zi(t)  Fu  zot) Fo zi(t)Fuy,
wi(t)= Ky (2(1) - xu(t)) (3)

5 s

"k
w(t)= O MKu(®i(t)= xa(t)). k=12 - N (6
i= 1

i=

> Ki, .
cen(t)= wi(t) - £x(1),

en(t)= xp(t)- 561»([)

N Tk

Tk
= DL D0 D _1—( AAg+ AByKi) xi( t)
N-1

h=1h#k i=1 j=1

1 1
+ N g A ABuKi— LaGi) e(t) - v
* ABKxu( 1)+ Ruen(t)] + @u(1) (7)
k .

xrk'(z): Ar/exrk(z)"’ rk(Z) (8)

s Xn(t) k 5 A
s t) (4),(7)
(8) , ; :
xi(t) T
e(t)| = DL DL DMy
x,il(t) h=1h#Zk i=1 j=1
Ap+ BiKy - BuKyp - BuKi| | xi(t)
. ]ﬁ 0 Az— LGy, 0 ei(t)
0 0 A X (t)
AAj+ ABzKi - AByKy - AByKi] | xi(t)
+ ]ﬁ[AAH AB;K; - ABiK; - AB%I@] ei(t)
0 0 0 xu(t)
Ry O xi(t) I 0 O] @x(t)
+ [ 0 R 3 e(t) + [l 0 ﬂ [rk(i)] (9)
0 0 xu(t) 0 I 0

xi(t) O(t)
xi(t)= | e(t) Op(t)= [rk(t)]

xi(t) 0
I 0 0
I.= [l 0 ﬂ
0 1
A+ BiKj: - BuKp - BiKj
Aje= 0 Ag— LiGy, 0
0 0 A
Ru. O
R, = 0 Ry 3
0 0
AAj+ ABiKy  — ABiKj  — ABiKj
AAjr= [AA,:H AByK; - ABuK; - ABnK;;f]
0 0 0
. (9)
< IR SR 1
xp(t) = W ék ;/;U,-k pjk{mAg;,xk(t)
* ]ﬁAAﬂ»;k(U + Rilk;h(l)}+ L9 (1),
k=1,2, ..N (10)
G=0 (10 .
AAjy, ABy ,
[AAi ABi]= DuFu(t)[ Esn Eps]
. Dy, Evi Epy Fal1)
’ Fl(t)Fy(t)<I.
’ (4),
(6), )

HOO

Sl (1) = xa( )] Qulxu(t) = xa(1)] ] do



12

2223
t t
) - - - o - 1,
= I;H(t) Oxi(t)dt SEL0)PRK(0)+ pzjgmi(t) Ol 1) di
AAik: DikFik(t)Ejk (16)
(11)
- By ; oL 0
o W 0 Fy(t) 0 0
On - Qi . Dy=| 0 Dy O|,Fy(t)= 0 Fu(t) 0
0= 0 8 0 |, Qu= Q>0 L0 0 Dy 0 0 Fi(t)
- O O [ Eu+ EnKi - EwKi - Enki
3 Eji= | Eairt EpaKyp - EpiKjk  — EpiKi,
L 0 0 0
1 ) (16) (15, (15
P.= P, 1 '
N-o1 lPIrDik E
| B+ 0 Fu(t)[Ej 0 O+ | 0| Fi(t)
= D PR
N-17 <0 0 0
T
R 1P 0 |:N—1 quy;Pk 0 (i| <0 (17)
k h=1,2, .. N  hZk:ij= 12, .m  (12) [ 17)
s Oji= (At M) Pt Pu(Ajit M) &> 0,
2 1
. T _1 pp
P.= P}L.’ ~ Eyk N IPkD[k |:8ik11 0] Eﬂ. 0 <0
1 o =+ 1 S
(13), > H 0 0 0 el N—IDT*P"" 00
(11). 0 0
1 1
No1 B PRk TPl (18)
Schur , (18)
RwP: 0 0 <0 SR -
N — (Ay']ka+ P;,Ay'k+ o) * * * *
L e 0 L o2y N=1
1 _p, o1
N-1 N-1 RP, 0 0 0 0
koh=12 N  h#Zkiij= 12 ur  (13) . .
T 2
. Dy= (At M) Por Pi( At AAy). TR 0-5—7P 0 0 <0
: Heo Ej, 0 0 -—& 0
, (11) .
L ]ﬁD!‘kPk 0 0 0 - 8,7k11_
minp]f [32 (19)
(14) 14
st P=Pi>0 (13 > (9 o,
minp P
(13) AAyIU . k
(13) s.t. Pi= P> 0 (19) (20)
1 5
ﬁ(AATWP“ P.Mp) 000 P 0 0
B+ <0 (15) "
= X
0 0 0 P=| 0 Py 0
0 0 0 0 Ps3k
’ | 1 . Piy= Plyi> 0, Pnj= Phy> 0, Pygi= Piy> 0.
vo 1 Aulit P+ Q) PR Pk Py (19) , : Win= Puik, My= KpPiik= K;,
. T Wi, Ny= PoilLy, (19) diag
E= R i Py 0 0
) . (P I I ... I (21).
T 2
N- 11k L s L



2224 2006
_]ﬁ Q - ]ﬁBngk - ]ﬁ( BiKi+ WiuQi)  Riw 0o 0 ]ﬁl
* ]ﬁ o) 0 0 PPy O ]ﬁp 2k
* 0 0 0 0 0 0
* 0 0 0 0 0 0
* 0 0 0 0 0
0 0 0 0 0 0
, x 0 0 0o 0 - ]ﬁpzl
0 0 * 0 0 0 0
0 0 0 0 0 0 0
* * 0 0 0 0
* * * 0 0 0 0
0 0 0 0 0 0 0
* 0 0 0 0 0 0
0 * 0 0 0 0 0
L o 0 * 0 0o 0 0
0 0 WinEh+ MEb;  WinEly+ MyE g, 0 N_l ID* 0 0
0 0 - KEhi - KjiE% 0 0 ]ﬁPzszik 0
! P33 0 - K}\Epy, - K)Ep 0 0 0 ;PmD ’7‘
N1 j J N-1
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
- ]ﬁpzl 0 0 0 0 0 0 0 2
1 _ ]ﬁpzz 0 0 0 0 0 0
0 0 - &l 0 0 0
0 0 0 - &l 0 0
0 0 0 0 - &d 0 0 0
0 0 0 0 - &l 0 0
0 0 0 0 0 - &d 0
0 0 0 0 0 -&d
. (23) (IMI). , Schur
O= PiyAs+ AuPzsi+ O . (23)
Q= AuWi+ WA+ BaMy+ MBh+ WinQu Wi, ApWi+ WigAh+ BuMy+ MuBL W, <
®= PpiAs+ AWPo— NiCj.— C?/.NTA |: Witk = ;]i| N0
, Ho , (EVP), Py, P3y,
min { Wy Py, Pagy/ P (22) o
. ) | min { Paoy Pas Ni) P?
s.t. W= Wiu> 0, Por= Pay> 0, Pgi= P33.> 0 (21) " T (25)
s.t. Pay= P> 0, Pay= P3y> 0 (24)

: (2 Wi

s s

ApWin+ WiyAl+ BuMy+ M)BY+ WiuQuWiy, S0 (23)

K;. (21)

Ho

min{ Wi Pa P33P’

s. t.

(22)

(24)

(26)



12 : 2225

4 + Z Rupen( 1)+ (1)
16, yi(t)= Caxi(t)
ol t)= vult) VT
, Xi(1)= (Asi+ M) X, Bsi+ ABs,) u,
e Dkﬂ;—dkmk(zﬂ MLuk(t)+ 3 EkjEWthk xp(t)=( 5k+2 sk) Xk( 1)+ ( Bsp+ ABsp)u(t)
& k = Lh#Zk k + Z Rspn( t)+ o(t)
* [ cos( 8= On) = cos(x (1) = xun(t) e
+ 8= O ]+ On(t) wn)= Gudt)
= e (27) 6 x11(t) 0 xit) /2,
i . . xi(t)= (Aer+ M) xi( 1)+ ( B+ ABey)up(t)
wn(t)€[-/21/2]  xp(t)€[- W21/ %21 Y Rouen( 1)+ (1)
. N . ' _ T[/Z’ h=1hZk
(()J)T/z 2(t) : il t)= Cgx(t)
1 xu( t) - W2 xp(t) -2 7 wu(t) W2 xn(t) -V

X (t)= (A7i+ A7) xi( t)+ ( Bu+ AB7 ) ui(t)

xi(t)= [A1k+ AAw) xi(t) + (Bur+ AB ) wi(t) + h=§ . i Rl 15 o0 1)
*Rupxu(t)+ @p(t) h= 1 h#k
yi= Cuxi(t) il t)sz Cix(t) s .
2 x11(t) -T/2  x12(t) 0, ' xu(t) x12(t) -2,
2 Xi(t)= (A7+ A7) xi( 1)+ ( B+ ABy)wi(t)
' = 2
Xi(1)= (Ay+ AAz)xi(t)+ (By+ ABay) w(t) + ,,:%‘;k) S Rt s )
*Rowxn(t)+ @p(t) o Ch:lh)¢k
= Y )= Gl
Yi(t)= Coyxp( t) . . I s

3 u(t) =2 xult) ™2 %(1)= (At A7) xi( 1)+ ( Bo+ ABy)ui(t)
xi(t)= (As + A3 ) xi,(t) + (B3 + ABs) up(t)

2
2 + D Ruca( 1)+ 9u(t)
+ Z Rywxn(t)+ @(t) h=1 h#k

h=1 h#2k
il t)= CGxt)
()= Canf 1) (

» Ak, MAip, By, ABy, R,
oAy 0 el 2 el Gi=[1,0].
xk(z)z (A4k+ AA4k)xk(t)+ (B4k+ AB4k)uk(t)

1 1

08 5 3

06 05
B oaf E . /
= 02 =
x 0 X -05fF - ’
202 2
=04 3 4
- o~
X :g: \ '\‘ \ X 15T

.10 5 10 15 20 25 30 35 40 2 0 5 10 15 20 25 30 35 40

time/s time/s
(a) KA x..(‘)ﬂE##ﬁé X . (5) REZR 111(’)3‘“%8%&5 x(0)

g E
x )
-}
5 i
X X

o 5 10 15 20 25 30 35 40 '1'40 5 10 15 20 25 30 35 40

time/s time/s
(c) RETE x () B HRE xu() (d) REZER x2() I B RE x2(0)

B 1 ORER TR 5T AR R H 2%



2226

2006

0
Ark= [

1 0
1:|,I‘1(t)= [ . ,
-100 - 10 100sin( 0. 5¢

0
rof 1)= k= 1,2;
1) |:10000S(0.5L )]

0 [0.0064 00] 0 [0.0025 ol] _—
"L o oo 7L o ool T

Matlab IMI (26),
Ki=[- 16.244 - 13.744] ,
Ki=[-19.551 - 17.75 i= 1,2, ....7
r1050. 2] r1049. 9] 1049.
L= , La= ,La= ,
L 2492. 3 L 2488. 3 2488.
[ 1050. 3] ©1050. 2]
L41: P L51:
[ 2495. 5 [ 2492. 8
[ 1049. 9] [ 1050. 3] 853.99
Le1= , L71= ,Lp= [ ‘:I ,
L 2488. 1 L 2495. 1 495. 6
R N [854.04]
7 Laor. ol 7 Lags.odl > 7% L497.3]°
. 854 , M 854. 04] . [854.0;1]
27 L 495,74 * 7% L488.970 "7 L497.2

[x1(0) x21(0) x12(0) x20]] =[1 0 1
0.02, 1 (a)~(d)

s

(PDC) Ho

[1]

[2]

[3]

(4

[3]

[6]

K Tanaka, T lkeda, H O Wang. Robug dabilization of a class
of uncertain nonlinear sysems via fuzzy control: quadnatic sta
bility H o contmo] theory and linear matrix mequalities| J|. [EEE
Transactions on Fuzzy Systems, 1996,4(1):1- 13.
H J Lee, ] B Park, G R Chen. Robust fuzzy control of nonlinear
sysems with parametric uncertainties| J|. IEEE Transactions on
Fuzzy Systems, 2001, 9(2) : 369- 379.
Feng Hsiag Hsiao, Jing Dong Jiang. Stabiliy analysis of the fuzzy
large scale sysems| J]. IEEE Transactions on Systems, Man, and
Cybernetics Part B,2001, 32( 1) :122- 126.
Werr June Wang, Leh Luo ch. Stability and stabilization of fuzzy
Large scale sysems| J] . IEEE Transactions on Fuzzy Systems,
2004, 12( 3): 309- 315.
C S Tseng, B S Chen. Decentralized fuzzy model reference track
ing contwl design for nonlinear interconnected sysems[ J]. IEEE
Transaction on Fuzzy systems,2001, 9(6) : P5—- 80P.

Ho [11. ,2006,21(6):31- 48.
Tong Shaocheng, Wang Tiechao. Fuzzy model reference track

ing Heo control for nonlinear interconnected sy sems[ J]. Control

and Decision, 2006, 21(6) : 31— 48. (in Chinese)

, 1960 , >

’

. E mail: j2sc¢@ sohu. com

, 1971 , >



