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Controlling chaotic system by RBF neural

networks nonlinear compensator
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Abstract: A nonlinear compensation controller with RBF neural networks was developed, a hybrid control technique for
chaotic system based on linear state feedback was presented. The chaotic behavior of controlled system could be directed to the
desired targets or periodic trajectory. The effectiveness of the proposed method was demonstrated through numerical simulations
on the chaotic Lorenz equation.
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1 5|3 (Introduction)
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2 [a)@iH#iA (Problem description)

ZBIRMEISREK:

X = f(X) = filX) + fu(X) = AX + fy(X),
(1

KB, X = (2,2, 2,) ARERETRE, m R
RERER, (X)) = AX BRERAX) BEHERT .S
WEH, (X)) RBREERERS, SBAHE, K
PN LTt o U

Bit—EL s, Kl (X)) RRGFE
LS fv(X) KIERUE, SiRE

Fn(X) = fu(X) - Ju(X) ~ 0. (2

ML R RGUL VR R R RS, B EOTERER
SRBEERHSETHERE R KR HTREER .
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pensation and linear control) '
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X = AX + fy(X) - fy(X) = AX + fy(X). (3)
SR MIRE fy(X) = 0 AT, AR &
GENGRNRR, R EHBEHBEARES
%

X = AX + bu(2). (4)
Horh (A, b] AT, u(e) AEHIBMA AT RRE
u(t) = - K'X + »(¢). (s)

K v(e) BROMNBRAGS K = [k, k" RER
YRR 2 8, AT REEEEE A - oK FRIEHEM
B B RO, FRARESHES R
X = AcX + bu(1). (6)
XE Ac = A - oK' AN EBGE YRGS K, TR
iE A AR ERRE.
EHFEREURZE, B £y(X) BT, MAFH S
X = AcX + bw(t) + fy(X). (7
RE—BHEBE v(1) = OF, B REFHHE
AL T E e EE R FR(T).
ER R
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WL, MR RS (7) 2 P& SR WHERE W, Hbh
|- | ZERKEREK EHTSEAXH6]. BT
Fu(X) 5 OXFZRGLIR A B B 18] 3 L B el AR Ok, B ik
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BB RO A ST B B, IR it e 884
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Fig. 1 Structure of control system with RBFN compensator

ACHME S B SRR BT IER MRS,
HERARELERMRE fv(X) ERERE®)
BN, ZERIPRE RS S 38 E R AR AT N
AP RS ) X B RBFNs fEAME R 48, s
RIZZH07 & RBFNs P ZEHA =l RS %, B
AL E RSB BRI 2 ) B BB A R
2 SR P 18 34 42 1) 2 R 01 R 2 4 420 T B TS
B, kBRI y, ATRAIT

2 2
¥ = Ewkie(—ll X-cI°726) (9)

XE L REICIE, ws REEMRHSH A
ZEMAR, X REGARE, ¢, B i MERBHF
LUATFEHRPL), 0 RE i MNRATE, ERET
BHRERBES PR FTE(LUTHEARTE) . X
SPHBHE PR b BIESIEEEREE R
TR BT R R BRI A B, &R C-3
EIRISEHAE ML .0 . % F RBFNs, B4 .0 A8
HWEBRANEE, FEEETFHER.

B TR K-ERE W C-IERIGX LK E”
BB BERE T L JRBEAD . FOCITREFM
B, ATRAOEEHBRX SR, FabzEas TR
RERRE, RE—MIBEN C-HERKEEL.
XMAEEEE— A B ERAEH+.C, ER
A ER B AL ARNESH . BERELTRA:

1) MBEREDRL ¢(0),) = 1,2, 0, ¥
¥E 90 UESHEABEXHOER ¢, I
Lk=1

2) HEEAE o (k) 5P (k) ZEULEEE
Bk BERRER 4,(k) RRKE® 4,(k),
] B 4R AR B PG (k) K& (k).

IMj=13n,.:

O BIERE v(k) SPLZEE

(k) = Lotk — eI 2. (0)

@& j» s, REXQDBEFRL
{C](k + 1) = Cj(k) + ACJ(k),

A (k) = 7R OR [ o(B) - (k-1 D)
H
Dz(k)Dj(k)e-D“(k), dj(k) >0,
oCk) = {D,(k)e“’n("), (k) = 0. (12)

Di(k) = p(k)/d3(k), Di(k) = d2(k)/di(k),
D,(k) = d%(k)/p(k),
Hd,(k) >0, a=s:2 d,(k) =0, a=2(d (k)
2 c;(k) 5 o(k) ZHB/MEFER).
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Q@ BEX (1B ¢ (k),
{cs(k +1) = ¢,(k) + Ac,(k),
Ac,(k) = p(k)O(K)[v(k) - ¢,(k - 1)].

(13)
Hep

o4 (K)/p(k)

9(k) = { s ds(k) > 0,
Oa

d,(k) = 0.

4) 8 (k) SEMPOZEER b(k) =
| e(k) —ci(k) I ,i =1,2,-,n, Bi 2 s, &5BE
BER h.(k) < p(k)d,(k), MER(15) HHEEH L
c.(k) FEDFAUE

[cc(k +1) = ¢, (k) + Acc(k),

(14)

7(k)d:(k) (15)

Ack(k)z— [cc(k)—cs(k)].

di(k)
5) k=k+1,:8H2).
TR HIEME p(k) #H(16) K

e—qr/(k-l)

p(k) = 7(0)e #/n)" 4 (16)
BB ABEME 7(k) B 17) %R
(k) = p(0)e # /) 4 e—q’::::”. an

XHE 0 < 7(0) <1.0,0 < ¢ < 1.0, NBIIGHES
BOAMPILHAERABUBNEREL, — K
7(0) USRI, 10 0.001, BRARALE p( k) B/hy; MBS
YNgrEt 9(0) BRAGECA, 0 0.5, BIAERE (k) K.
FEFHEH 4,(k) WEBIER o(k) WxX(12) H=%4
AR, MRPLULBEBHEAKZT, WHE W
p(k)/di(k) LK, XEFRBELBERLE S
LHHRUA KM BARNEE, B AKNRES

R IR S & (k) /3 k) Jem PR e
EFLMBEBNER, YEE 5P LRERSRE
BEEIAR Ho3 KR, o0 AL B AR A7 I B 3h B B
. % d(k) = obf, AEHP— PO BEARTE, M
HoAth d;(k) = ORP.LEER(12) BIE, BEH M
B, XSRS P LIRS . MBS RIT
B LR (13) #(14) BIE, AR R TH LA
W, ALR) FIHETENESES EBRIE (k)
IR FLRHER (1S BRIGOME . F&, b0
BUAER—LHISREE LB .
FRAMFARIHF N PSE X EBERGEIERER
4 RRA—AEIPEE, WHTR, (2,2, %.)7

ERIA, finlx) = (), fwa(2) o, fum ()T HE
I BAREVGRRLE , 2 >T BRT R4% SoBReg
fN(x) = (fm(x)asz(x),"'aiNm(x))T
RPN IR RG ZAME R R AELR R4 .
4 HREH|(Simulation example)
% & Lorenz J7BIE NI HI 5 05 LB,
X = AX + fy(X) =

~10 10 0 T, 0 |
2 -1 0 B el -nasl]. a8
0 0 —-g_ X3 X1%X2

S RBFNs IRBI R GIER R &, R G #5547
R RBFNs A RS, LB R ZHBRFAANIER
#5512 AR R R A R A BUAs 28 X 1
RYEAL BB AT, RS E B A 3 SRR
BARELE . IR 5E A RBFNs R iR% 5 k¥
BZER N 6.286 x 10°* (AL BRFERFERPA
0.01 s, MR HFE RS EAREHD) . 8 AERER b
=[1 0 1]J7{f{A,b} 7, REHERFEME L H
R -1, -2, -3, MR RS R i
u(t) = - K'X + o(t) =
-[-9.1865 11.9909 -0.0016]X + v(¢).
(19)
v(t) =0,Xo=[1 1 -1]"BPERGEHESD
BirE o MITEMK A 2 Fix.
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Fig. 2 Regulation curve after employing control

at 50th step
BREEFERIR AR E BAr REEN 1, AR
400 FY 771, B B 3 H R B 1P B 2 SR R 4 mie) o K E
R, BT ARG EEARAE (1% 4 - 10, BT &R
AR
u(t) = - KX + v(t) =
- [18.5670 18.4003 - 1.4171]X + v(z). (20)
B x, fE ARG AW, BD
y(¢) = €X = [0 1 0]X. (21)
2 ya(e) AMB BIRPE, SRR AGS
v(t) = H1(0)ya(t) = 13.3929y,(z), (22)
H(s) = C(sl - A + bK")"1b.
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Fig. 3 Tracking control of Lorenz equation
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REEEHEmZME 3 ix. B 4 hBRER
FEE || fv(X) | 9 IREME . R E SRS
AXEEMNRESEZIIRAR T RSB EH
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5 £ (Conclusion)

2 KA ) B PR BRI 48 (RBFNs ) R R & R
MERMBERENSGER, REBESIERENRE
AER % RS RIUEF R S RS
SETRME R FGHAT BARSLE MR T E a8 .
FHAE AR SR R G HRERE T iR A
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