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Abstract : An observer based on fuzzy decentralized control method for a class of nonlinear interconnected systems with
time-delay is proposed. An equivalent T- Sfuzzy model is applied to the fuzzy modeling of the nonlinear interconnected
system with time-delay , then the fuzzy decentralized observer and fuzzy decentralized controller are designed. The
sufficient conditionsfor the stability of the fuzzy decentralized system with time delay are proposed by using L yapunov
function combined with linear matrix inequalities (LM 1s). Finaly, the smulation results show the eff ectiveness of the
proposed methods.
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Xk () = fae(xe(t)) + fae(xe(t- ha)) +
Fi ¢ gk(Xk(t))Uk(t) +h_Zkmen(t),

ye = he(xc (), xu () = (D).

(D
s Xk (1) R k
cuc(t)  R™ k

fuc(xe (1)), fac(xe(t- hd) L ge(xe (1)), fr(xn (D)),

he (xn (1)) he >0 k
s Frc(xn (1)) h
k 't [-7.,0];
0< h<T;k=1,2, ,N.
Takagi  Sugeno
(D Y
If- Then i(i =1,2,
1) :
R:If z(t) is Fuk,z (1) is Fix,
,20(1) is Fux, Then

Xk(l) = AumXk(t) + Azkxk(t- ha) +

Biuk (t) + 7121 Riexn(t) , (2

V(1) = Cucxw(t) + Caxu(t- he).
Fg(g = 1,2, ,I) ;z(1)
[z(),2(), ,z2(0]"
Ak, Gk, Azik , Cik

, k
Xk () =
"

ZIJ ik[Alika(t) + Acikxk(t - ho) +

Bikuk(t) + _Zt Rithh(t)],

"k

yk(t) = .ZUik[Clika(t) + Gk Xk (t - hk)].

(3)
k
R: If z(t) is Fuk,z (1) is Fix,

,zi(t) is Fik, Then
% () =
A&k (1) + Aok (t - h) + Bikuk(t) +

" (4)
h:ZkRihkkh(t) + L (ye (1) - 9 (D),
(1) = Gk (t) + Gk (t- ho).

A
xk (1) =
"

_ZU ik[Alik?(k(t) + A% (1) + Biux(t) +

_Zt Rikn&n(t) + L (yx (1) - 9k(t))]y

"

() = _ZHik[Clik&k(t) + G (t- h)l.

(5
u (t) = - ZlJ ik K%k (1) . (6)
Ki Li
3 [7-10]
e(t) = x(t) - % (1),
3 (6, k

xk () = Z »ZIJ il jk[(Alik - Bik Kik) xk (1) +
Acik Xk (t - h) + Bik Kikex (1) +

h:lzszithh(t)], (7

e T

a(t) = Z }ZIJ i jk[(Alik - LikCu) e (t) +

(Azik - LCoj) & (t - he) +

h:LkRihkeh(t) ] (8)
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N
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: Xk () - Rink 0
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Yik , r Lix(k =1,2, ,N,i=1,2, |,
K kZ K K
re) , Sk 2 Xk, Xok 2 Sk,
_lMliik X1k Rik
2 <0, (10)
L Rik X1k -1
'JZ‘Mznk VN - 1 Xk XakAoik - FikCaik
VN -1 Xak - 0
L (XokAzik - FiCoik) T 0 - Sk
<0, (11)
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Rik X1k - 0 <0, (12)
L Rik X1k 0 -
Maijk V2(N - 1) Xax
V2(N - 1) Xox -
( XoxAzi - FaCai) T 0
L ( X2kAzk - FixCai) " 0
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0 0
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- Sk 0
0 - Sk
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V(1) = Z[Xl(t) P (D) + XE () Poxe () ].
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V(t) < 0. (19) (20 )
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Xok Al + Atk Xak - LCik Xak - Xok Cll & +
(Azik - LikCaik) Séi]l;(AZik - LikCZik)T + Xon +
N

(N-D1+ L X3k Rin Rinc X2 < 0, (22)

h= K
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Bik Kik X1k - Xk KkaBJ( - Bk Kik X1k - Xk KikB ik +
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(23)
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. (21) (29 (9
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yi(t) = X (t) + xac(t - hi).
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» Mk , Ex » Yin h
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Ri: If xu(t) about - Tt/ 2 and xi2 (t)
about - /2, Then
xk () = Awmxe(t) + Asxe(t - h) +
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Bikuk (t) + Rim Xn (1) ,

CukXk (t) + Cakxw(t - h);
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cIf xu (t) about - Tt/ 2 and X2 (t)
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yk(t) = CukXk () + Guakxk(t - hy);
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yi (1) CiskXk (t) + Goskxw(t - hi);

2 If xu (t) about 0 and Xz (t)
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2
Bexux (t) + Rem Xn (1) ,
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B t R t
okl (1) + h:ztk ok Xn (1), % (0) = -4 - 4]T,X2(O) - [3 2]T,
Y (1) = Gox(t) + CouxXu(t - hi). xi(0) = [- 4 - 3]T x:(0) = [2.5 2]T.
, Atk , 1 4
Bik , Rink Cuik [5] ,
3 me 0
Axn = VA = ,
L- 0.5 - 1.5
) 0 0 0 )
Az = J , Aoar :|: Z-| , 2
L- 1.4 -0 - 0. <
[0 O 0 -1.5 = -2
Aocsx = JAxs = ,
L- 1.5 -05 0 g . . .
0 O 0 0 0 4 8§ 12 16 20
A = JAe = , t/s
L0.5 1.5 0.
- 0 0 0 0 1 1 xu(Y)
Ao = , A2 = , 20
L 2.5 - 0.5 0.
Gk =1[1 0];i=1,2, ,9,k=1,2, 2 10
h=1,2,h% k <
9 (12, ioof
=
Ku = [96.32 12.487], Kx = [94.56 12.362], % 12 15 20
K = [94.36 12.368], Ka = [93.94 12.256], ts
Kei = [96.51 12.506], Ka = [95.34 12.447], 2 1 (9
Kn = [93.69 12.196], Ke: = [92.94 12.198], 3
Ko = [96.9 12.469], K = [67 28.082], _
Kz = [61.64 27.779],Ks = [62.09 27.806], §
Ko = [66.53 28.033], Ks2 = [67.38 28.086], f I
Ko = [61.9 27.794], K = [64.8 27.871], ol
Kz = [64.4 27.915], Ke = [66.4 28.018], — e
[ 7.103 j [7.104 j /s
L = JLa1 = ,
L 2.424 [ 1. 425 3 2 (1)
'7.104j '7.105j
La = JLar = , 0t
[ 1.525 L 2.962 Q
'7.103j '7.103j B!
Ls1 = ,Ler = , <
L 2.924 L 1. 424 k.
'7.105j '7.1osj 5 -4
Ln = JLa1 = ,
L 2.926 [ 3.625 6 . . .
_ _ 0 4 8 12 16 20
7.103 j 6. 930 35] tls
Lo = ,L12 = ’
L 2.924 L - 3.219
[ 6.9137 ] [ 6.9345 4 2 xa(Y
L» = ,L32 = ’ 5
L - 3.517 8 L - 2.2230
[ 6.963 2] [ 6.971 4 | '
La = ,Ls2 = , T-S
L - 3.250 7 L - 3.758 7 ,
[ 6.924 4] [ 6.932 2] ;
Lex = ,L72 = y
L - 4.114 0 L - 1.720 6 ;
. | 6.9317 L. | 6.9307 |
7l 07210 " T L.37190 " ( 1118 )
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