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Abstract: A nev design schane of decentralized hybrid adgptive intelligent controller for a classof M M O nonlinear
systan sw ith the high-order interconnections isproposed The design is based on the universal goproximation cegpa-
bility of the Takagi-Seguno (TS) fuzzy systemsand neural networks A coording to the principle of certainty equivar
lent control, a decentralized adaptive neural network controller enbedded w ith fuzzy basis functions is designed to
achieve the tracking objective w ithout computation of the TS fuzzy model The goproach does not require the upper
bound of the uncertainty tem to be known through some adaptive estimation The closed-loop intelligent control
systam isproven to be globally stable in the sense that all involved signals are bounded, w ith tracking errors con-
verging to zero

Key words decentralized adaptive control; intelligent control; fuzzy model; neural networks interconnected sys

tans

, /
[1, 2] (s 221 [3, 4] , SID
, , L yapunov
: 2003-12-09; : 2004-02-12
(60074013, 10371106); (KK 0310067);
(1SG030606).

(1964—), , , , ; (1979—),



1224 19
. SISO ,ami  R™ (2) , bni
M MO , [5] > 0,ri .
[3,4,6] : (1)
[7]. gi(Xi) , y .
[6] 1 gi(xi) > 0,i=1, ,n
3
(l) fi(Xi),gi(Xi)
, TS (.
[8] Ri: IfzisZiTheny = ax + bu,
[9, i=1, 1 (3)
10] TS al R"b R i |
,z R . umi(2)
. z Zi , (3)
[11, 13] , M I-
e l (2) ( )
TS ui(z) (aix + biu
y = Zl I ) (4)
Zlui(z)
(4)
y = Z P(z) (aix + biu). (5)
Pp) = 2 (®)
2 Zluk(z)
A [11]
Xi1 = Xiz, (ai})T Rmi,bi} R" (1) TS
Py
Xim, = fi(xi) + gi(Xi)Ui+ nN(x, 1),
Xi1 = Xiz,
i= 1, ,n (1)
P. X = (Xil, ,Ximi)T Pl I
R™ Pi y Ui Pi Xim, = Z %(ai;Xi‘F bi}Ui) + di(X,t),
;fi ;gi(Xi) i = 1' n (7)
1660 o @ (6),d:(x, 9
)ix= (xi,x3, ,x8)' R",m-= Zmi .
- @
P, M ii Xmi = AmiXmi + Bibmir, (8)
i = X, Plixi= Axi+ Bi(zl%(aﬁxi+
Mg i=1, ,n (2) bi;Ui) + di(X,t)),

a:LXmi + bmiri,

Xmim; = -

CXmi = (Xmit, ,Xmiml)T R™i M i

i= 1, ,n (9



11 1225
{o lon - 1} [0 I 1} by di(x, ) # 0, (12)
Ami = ,A i = .
- ami 0
B.= [0 0 1]" R" Ui = Uir + Ui (13)
PI €= Xmi Xi= - Uit Ui* ,Uia
(e1, ,em)', s= [Al 1le A= -
[An, Az, A 1 1" R™ ! pTit + RBF Q Fii (xi),Gi(x)
Am-opT™ 2+ + A1 Humwitz : S -

0 , 6 — Q (8) (9)

&= Ani€ - Bi[zi R (ai xi + bjui) +
1

amXi- bmiri+ di(X,t)], (10)

S = - 2 R (aijxi+ bju) + vi- di(x,t).
(12)

vi= [0 AiT]Ei- ami@ - amiXit+ bmiri
b (xi) di(x,t)

2
bi> b (xi) = bo> 0 ila_((ij')': (03

3

|di(x, 0 | < > @+ Glsl+ + Gls)

G T ) b (xi) =
Z @b, bo  bu ( )-
1 1
[7] , di(x, 1)
Fi(xi) = Iia*-x- ,
Z by
Gix) = Y- _(_QI_(LJ-)_SJ_
5 Pb; 2[ qabi}J ’
aiE,biJT ,di(X,t) = 0,

ur = - ZI RE; (xi) + Gi(xi) + Ks, (12)

V= s/(200 (xi)),
Imei(t) = 0 ai,

K> 0 :
(12) (9)

Fi(z) = Wi @ (z) + 6(z),Vzi

(14)
Gi(zi) = Wi'®2(zi) + 6(zi),Vzi & (15)
W= arg min O{Z,SUQJNilechlj (zi) -
Fi(z) [} (16)
Wi = arg er121“TW(IJZ{Z,isug7 W 2 (z) -
Gi(z) |- (17)
:Wi*lj,Wi*Z Wi= [wai,wa,
wil" RN, > 1 cd(z) = [R PR,
®1" RN vzi= [xI,s,vi]',i= 1,
ni=1 ,h
6= maxly Feu@ + e@| 09
. 1
€ = G+ biozltﬁ, (19)
di = &+ 1(k)E,
1, k= 1,
I (k) = ok=2 .n (20)

R I NEPE S S
.Elk— Zl 2bIO gﬂ,g— 2b|0 lela,|— 1,
k=1 ,p

Uit = KSi - Zl(R\NAile (1) q:\l(Z_u) +

W () @ (2), (21)

Ue= 6 (1) sgn(s) + ZpdAik(t)szk’l. (22)

Wiy () W 2(1), 6 (1), di (1) t

W i, W 2, € ,di . 1
W) =- MBsdu@).j= 1, .1 (23
W) = Msd(2), (24)

€)= Mls|, (25)



1226

& Y M

W (0 (1)

(e0)sgn(s),d, (1) s
/

di (t) = ’743‘2k, k=1, ,p

(26)
N> 0,M> 01> 0,M:> 0
1 (1) (7)
(2, (13), (21), (22)
(23)  (26)
3,
1 e
V() = %; (X) (27)
(100 (12), (27)
Vi(t) = ms[ leq'?bi; (Ui* - Ks) -
Zi q‘?bi; ui- di (X, t)] . (28)
2 3
Vie(t) £ - ks+ s(ui - w) + |3|‘l%"%‘—t)‘l_
i (X )
K + s(ui - u) +
" (X)I |[zzzz|a|] (29)
L yapunov
V(1) = Zn [V i1+ Ej,iiWNileWNilj +
Ao, Ao
Ejﬁzw Wz + 2)73éjz * 2'74210'4 '
(30)

n Ii
Zl{- KiSi2+ Si[' ZI%NNileCD1+

WNiTquz - KSa) ] + |Si |6vi -

19
’J: :W~i1j: Wi*lj- Wilj,W~i2: Wi- Wi, €= €
!E 6,dk= di - di

8 Vv (1) t (13), (21)
A (24), (29)

V(1) <
" (1)
i

se-

369 3, [b. <x>z S glst |SJ_
2. HIZWNLWAMJ W+

12, Ao gt
rl366+ nAZldlkle y

5| Blet rhys 58kt -
5| lles 25 ¢k«
N DRALIR
skl 333 doe] ks
. [J.b;olzp Z t}J -

zn o]+ Z Zg‘k'SFk ang|s|2:
€ |s|+ Zl Zld‘*k s

R

3
T€ = G+ b?olzla, &k = Zl _thbiol.qj', &=
%bfolzpl an z:j,du: Si+ &, dw= &, k= 2, . P

V(1) < - K< 0,Vt> Q

ZZ Ks' < -
1

~

s, W ij,W i2, €, dix

(31)

L,V (t) L,
I:s?dts V() - V(o)]/k Lo,

Barbalat

s(t) L2

,Im|s|— Q

tooo

Im |eil|— Q

t—o0

e I xil < I el + I xamill



11

1227

s/(2bn) < V() <V (0),Vt> 0, xi Q Vit
> Q0 Q= {Si(t) ||Si(t) |S ‘J 2biv (0), I W iy (O) Il

SW, w0l < Wioz}.

[13]

2 [11] ,
[11] ,
(sat(*)); ,
(200 (23)
V\'/Ailj (t) = PI’Oj(- nl%SicI:\l) =1, 1 (32)
W () = Proj(Tsd): (33)
€M) = Mls|- ae; (34)

di(® = M- G du(d,k= 1, ,p (35

Proj(*) B9 e o,
"l O
3 , SISO
[11] , TS
H TS 1
TS
( [11] );
( ) , [11]
5
TS M MO
(References):

[1] shiL, Singh S K. Decentralized adaptive controller de-

sign for large-scale system sw ith higher order intercon-

nections[J]. IEEE Trans on A utanatic Control, 1992,
37(8): 1106-1118

[2] GavelD T, Siljak D D. Decentralized adaptive control:
Structural conditions for stability[J]. IEEE TransA u-
tanatic Control, 1989, 34(4): 413-426

[8]WangL X. Adaptive Fuzzy Systens and Control—
D esign and Stability A nalysis[M ] New Jersey: Pren-
ticeHall, 1994 102-181

[4]Wang L X. Stable adgptive fuzzy control of nonlinear
systans[J] |EEE Trans on Fuzzy Systens, 1993, 1
(2): 146-155

[5] Spooner J T, Passino K M. D ecentralized adaptive con-
trol of nonlinear systems using radial basis neural net-
works[J] IEEE TransonA utanatic Control, 1999, 44
(11): 2050-2057.

[6] Zzhang T P. Stable adgptive fuzzy sliding mode control
of interconnected systens[J]. Fuzzy Sets and Systans,
2001, 122 (1): 5-19

[7] Huang SN, Tan K K, Lee T H. A decentralized con-
trol of interconnected systems using neural networks
[J] I1EEE TransonN eural N ew orks, 2002, 13(6):
1554-1557.

[8]LinW S, ChenC S Robust adaptive sliding mode con-
trol using fuzzy modeling for a classof uncertainM MO
nonlinear systens[J]. IEE Proc d Control Theory and
App lications, 2002, 149(3): 193-201

[9] GoleaN, GoleaA, Benrmahanmed K. Stable indirect
fuzzy adaptive control [J] Fuzzy Sets and Systans,
2003, 137(3): 353-366

[10] GoleaN, Golea A, Benmahanmed K. Fuzzy model

reference adaptive control [J]. IEEE Transon Fuzzy
Systams, 2002, 10(4): 436-444

[11] GoleaN, GoleaA, Benmahanmed K. Fuzzy approxi-

mation-based model reference adgptive control of non-
linear systans[A ] Proc o 2003 IEEE Conf on Con-
trol Applications[C] Istanbul, 2003 836-84Q
[12] Zzhang T, Ge S S, Hang C C. Design and perfomance
analysis of a direct adaptive controller for nonlinear
systans[J]. A utanatica, 1999, 35(11): 1809-1817

[13] Narendra K S, Oleng N O. Decentralized adaptive
oontrol[A ] Proc o theAmerican Control Conf A n-
chorage[C] A laska, 2002 3407-3412



