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RE: BT —MHERBRLENE ASEH CMAC(SOFCMAC) M BN EWBEEH s, oo
W RS, R RGO EREE RS, RERA SOFCMAC ML MEERBEN RSN LR, LINKRIE
KURUSIENRAERE  TRIIFEXRHEZEANRBEHERELB L ERFEE N HEAEHIEYH T SOFCMAC #
ZMERENERBEEHNASZENEEE.
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Adaptive reconfigurable tracking control of a class of

nonlinear systems based on self-organizing fuzzy CMAC neural networks
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Abstract: This paper presents a method of adaptive reconfigurable tracking control of a class of nonlinear systems based on
self-organizing fuzzy CMAC peural networks. First a linear asymptotic tracking controller is designed by constructing an aug-
mented system. Then the on-line learning-while controlling neural network SOFCMAC is used to eliminate the error caused by
the system nonlinearities, which will guarantee the system stability and tracking of system output to desired output. The stability

of the system is proved.
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1 5|5 (Introduction)

Mg AR EEIFLERENE SN, T
ZHWNATEEKHEREERHZP BEREEEH
RATHNABEABSER T ANELX TR . ZBTH
LKINGHHZEREER RGBS EMRZRSHE
BRABIAFTOOER . XX ENFRRETE
MEFEHLRBEHR FIEHEMEBNH LR,
FEHAENMBRECRENITNHE, TR RERSEHEREK
TR, TRTHEMES RS RS REER
PELZNANMHERE B RERSBRERE
HRZEESRERHEMNEHAE . 1 ]@ETH’ /D
HHREZRFAHINGREPHRIHELME,H
XR2]HEIUR /MO HIRZARERIERSETE
HZMBAWNADNECEBERE, FHRAEE RN
REAEE . XBIETFHEFRE —FERHERS
MERNEENERN R, BEREAETYE, BHEHE
MENSEEIBRTHHEHENDE, FRSEAR.

RS B 3 :2001 - 05 - 15 W 0 H 3:2002 -~ 02 - 28,

AXRHE—FIELXER AAEN CMAC HE RN 4%
BEN ERRGER T, BEBSWENT R4,
BT H 2R YW IR 2R 2 4 2% , Bl T SOFCMAC # £
MBEISEE/EBRBEAN P KBS P02 H
BAUE, ¥ NR, ERFETARERENREN
LR, UIHBRERERFUESIBM ARG RS, T

RIFFEREREARG E I EER RSB HBE

Bl CPIER TIEKEREHA T OIEHE

HaRPIRE TR A NE.

2 RGHMRAREHBEE D FiEi (System
definition and design of linear tracking con-
troller)

FRMTIERERS
{x(t) = Ax(2) + B(u(t) + f(x(2),u(2))),
y(t) = Cx(1).

(1)
HEP x€ R ,u € R",y € R°,A,B,C HiEHE
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B, (A,B) i[# . f(x,u):R* x R™ — R™ M R KK
FARLR MR .

EX 14 WE— (n+ s) BT RS
£(t) = Ax(t) + Bu(y),
g(x) = Mx(t) + Ng(t) + Ly,, (2)
y(1) = Cx(2).

H y, €R,s HIEEER, EH M € R*",N €
R, R LER™ . ZFTHEFMHBRL, MK u(e) = K,
x(t) + K, g(2) HWEMERER . P K, € R™",
K, € R™™.

1) ABREE. N TEEWHRS =(0) € R”
M g(0) €ER, SREQIXT MRS

2(t) = Ax(2) + B[ K, x(t) + K g(2)],

g(t) = Mx(t) + Ng(t)

2) WHE R N TEEWHRE «(0) € R",
g(0) €E R* RAEN 5,(¢) , HH ¢t > o B y(1) —
y.(2).

BAZBREKERATRERS

%(t) = Ax(t) + Bu(t),

y(t) = Cx(1). )
BE y.(r) IREKRES BT RGEWWHIERER
ke

(3)

u(e) = w(e) = K,x(e) + K. g(2), (5
FERGEN y(¢) FEBREBA 7,(0), X8 ¢(¢) B
ATHBWEREERB[TIIAL s M nm&,
HESH

g(2) = Cx(1) - 5,(2). (6)
HRX@EKG6) BR—N(n+s) T R4
2(t) = Az(t) + Buu(t) +r,
y = Cz(¢). (7)
H+
z2(t) = [«7(e),g™()]T,

et 2n- (2]

¢, =[c,0l, r =10, - 471"

R 1 TREM), BEEHA 5,.(¢) IH
RIFS ., 2B 7y > 0, Q, > 0, HWT Riccati
TREEEWR P, >0,

ATP, + PA, - 2YP,B,B’P, + Q, = 0, (8)
) AR
u, = Kz(1) = - yBTP z(1) (9)

FEREGHFBEHERGFEARERS 7.(1).
iE W
3 EHIRE BB (System error dynamics)
BT bR RGO W FEEIEL T, 18 RE R
RL A 53R B R RGE(4) KM R Z [BIFFFEIR 2 .
URG@) MR ()R R EEH R
v = wy EFATIERNAFREEISHFER A
2a(t) = AL z,(t) + 1, (10a)
Ym(t) = Coz,(1). (10b)
Hep A, = A, + BK. MURGK() AR (6)HERH
WITREH
2(t) = Az(t) + B,(u(e) + f(x(e),u(t))) + r.
(11)
% 85| A SOFCMAC &M 4& B & B Hl v,
HWRIR & EH 3
u(t) = u,(1) - u,, (1), (12)
MARGEODEERR(2)HERT, X RO T HIF
AR5
2(t) =Az(t)—Buy(t)+B, f(x(e),u(e))+r,
(13a)
y(t) = C,z(t). (13b)
B30 (10a) B £ 3K (13a) , § SOFCMAC # 4 M 4% &
FEHREATHREITRE
é = Age — B, [f(x,u) — uy(t)]. (14)
i R SORCMAC 5 #il u,, 68 EH 4 3F £k ¥ W
flz,u), BAREFSRGRE, TRIEPEM RS
TERE.
4 BELEN CMACHEZNE R BENE
=] & 3% (Self-organizing fuzzy CMAC neural
networks and its adaptive learning algorithm)
EX 2 CMACHENHA x. € R BUEH N,
AMRBASTAIUBERCH 0(i = 1, ,N), BE
HSH—PPBH (i =1, ,N), IR ¢ HEAEIE.
BEE o HEAXE. EYEFEPL o, TE
a(x,) = (aj, a2, ,ap)"HHE C,M1,EF x, €
@i, W a;(0;,2.) =1,FM a;(0;,%x,) =0. B8R a(x,)
Jg Z R B AR [8) B
EX 3 BEAzcR BKEHK G =1,
N) LR o BB o BXER S, MBKAEE
|l o; — = II2
o = exp(- T2(3/3)°

0, otherwise.

), iflo; - 2. Il <&,

(15)
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RO15) T AR EKE DO, BA B BOK, BT B B
ARG BRAR B M

ETFBRAEFEOES, TREENMILOKER R
a(x.) = Casryoyapy)7, M3 5] SOFCMAC % i
y. € RY,

N
Y = Zwijaf}-(xc)’ i = 1’-.."1' (16)
j=1

BR.EHa; >0,%e =1, HEHRS o, =0,
a(x,.) BILAZHFE R o(x,), 18 CMAC LA
SOFCMAC I TF K18 B, [F Bt i F 51 A BK 48 B &9 4%
&, WEET CMAC B B R B 1k 44 79 | hash B 5
HE-FREREBEHE.

Bk BAEEAE N ARKES e =1,
N) B0 o MEI KA BHARR SR #ELT,BBRA
BREERBEZHERBE, UR B NBREE o, H
AE%EIR, TREAATHOBARLH. BE
WHELREAE,N,0(i =1, ,N), W HHAR¥IH
EHEBRMT ,KP N RBREIE AR S <L 61 H
BB, 0o WBRBERSHRME, n) BR¥EISI1
AREA S <L B IR ERSEENS J B
P o) MEBRT, 0 BB o %2,

1) M.

N =1,a0(0< ag<1),8>00%i=1,-,N°,
nd = 1,i =1, ,N,W° HNEEHE,I = 1.
2) #BRUSHE a(x)), KA
af(xi) = (aflvafZ!."!afl\H)T-
3) L a; = jngl')fv‘afj.
4) #F a; = ag, MWW
nl; - n[1‘1+ 1, M = N1,
o = ol + —lj[xlC - o'l
nj
B, #BHET
N = NM'e, nM:l,o‘M:xi, ay = 1.
5)
W=-qglle'PB, | FW — Fa("PB,). (17)

H > 0,F > 0,P AT Lyapunov 72 %
AT P + PA,, +21 = 0. (18)

v
6) y; = Ew'yaﬁ(xi).
j=1

5 JELRtE R SAY P IR Tt (Stablity of non-

linear system)
EE 2 BHARAKR CMAC AR SR A

woo= et eT, )T P 2 AT REERA, AT
RERESHERSHMLNIRE, o Hu £3EF
EEHLEAIINES , URIEELPE -ITEEE
fRAETED) . u,, i SOFCMAC B B uyy = Way,
HeP N,o, WKEE 1H#HTEIMERH. M SOFC-
MAC & M 2% 538 iR S ka8
ule) = () = wy(e).
MHEEREREN)AREE.
UE B
6 {AE & H(Simulation example)
AWUEAR L H,ZBINT B H TME Van Der
Pol 373 250

(19)

~-u

:i:'+w2x—ax+ﬂt2x= u+(x2+x2)li_u,
1 +e

y = x.

Hfa=-20w,B=lal, FREGEERTESL

(1). K+

0 1 0
TP
- W a
flxou) = (4 2) Lo _ paly,
1 +e
WY =-10,w = 0.4n, HERE x,(0) =
0.15, x,(0) = 0.1.

< &0t) = Cx(1) -y, y, ANERSEH A . W
AW RGE(T), My =5,Q, =51, HEH 1
18 R SRR PR & IR R R
u(t) = [-5.8984 - 5.7263 - 3.5355]z(z).

BREAHARLEN CMAC HE BB A x. =
[z,e,u]l, BN u,, HREZ 1T SOFCMAC #
Z /4% 818 bR E, W IR R 55 (1) B9 H R R
Mz y BERSEZERE Ly, WERWE 1 Hix. 6
ER AR RS R L R E
Hid .

14
1.2}~
) [ SRS —
E 08
06l :
04l 7 .. RIS 5, |
H Ay
oL ; ;
0 5 10 15
ts
B SRR A R

Fig. I Output responses of reference model and oscillator

(F4#% 77 W)

ik


http://www.cqvip.com

#1M

BERF - AANERENIHENHRENBA-SHERRR 77

B EAH BFRMBREEUR, 7 X M2k .
5 %51 (Conclusions)

AXRET XA EHFEOREARAH
FELUENERENBA-RLERMBT L, ZWE8
FTHEBERAENSA-BHERXKEFEIETE
Bis, EBESERE. D T ARG TE TR mE
Z WARLERHEBIERABSHBS TR
A AL E A TR WABES R E. A
XA E LM #5R, B i1 LMI A2 3k
HRA,XEAREXTHEH Matlab ) LMI TR
Kig .
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