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Adaptive inverse control of Hénon chaotic synchronization
YU Ling-hui, FANG Jian-cheng
(The 5th Unit, Beijing University of Aeronautics and Astronautics, Beijing 100083, China)

Abstract: Motivated by neural network theory, a general control construction approach based on adaptive inverse control
theory is proposed for achieving chaotic synchronization under the condition of noise perturbation . First, the control method struc-
ture is introduced. Next, based on the neural network algorithm, the identified controlled device and learned sending controller are
presented to construct the adaptive inverse controller construction. Thirdly, the feasibility of noise elimination and chaotic syn-
chronization are verified in the presence of perturbation by using the proposed approach. In addition, adaptive inverse control is an
open-loop controlling system with easy implementation for field-test.
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1 5| (Introduction)
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LB B T —E MR, BESEFSH
BiZ AL IR R Z B KR B FE AR ¥ S
AR E IR 5 X BE B MRS M, XELUR T
FIR BN 2 . A SCAT X X — VAR, %o & 3% S AT i
e al S B ey 0) 8 b an = Prd VR TE 2y Ik AL
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2 8@ ##iR (Problem fomulation)
RIR MR R R g

x(n+1) = T(x(n),y(n)),

y(n +1) = x(n) D
BEXES x(n),y(n) . ENAAREEEPE L
BRERES s(n) 5 x(n) — BN LSRN RS
F,x(n + 1) BHRERF TR . EZBORFA A
RE IR S HITHRE . BICRARE N

£(n) = p(n + 1),

2
p(n) = T'(£(n + 1),9(n + ). (2)
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'x(n+1) = a - bx*(n) + cy(n), (3)
“y(n+1) = da(n).
3R Hénon BLER B HERT HEATHI N
Ix{n+1) Jda(n+l)
dx(n) dy(n) ~2bx(n) ¢
T |3y(n+1) dy(n+l1) :‘ d 0 = —ed.
dx(n) dy(n)
(4)

ATRWEE | J| = ¢d 0, Hénon BRE L AT %
;28 cd = OB, BRER RN —4EBL R, A SCHY
BEAFEERRENREH B [J]l = od <0,
AEH% 153 Hénon BRZ AN RHRINT
_1'{x(n) = d'ly(n + 1),

) y{n) = c'l(x(n+l)—a+bd_2y2(n+l)).
(5)

R 4Rk S R T 0 L R B R R
RE RG, IELF L HE B 1513  SEHBOR A3 )
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EX BREHEBRHs) FEAA(2), 88
o A B (5B MR 75 G — ME N B AR X & R S A4S
AL w(n),uln) fERERE S, uln),
u(ny) EFENERERPZPES TNERERES
BBERES o (n),u (ny), BB BORER, E X
(2) BB 2(n),9(n). o £(n),9(n) A n 4EMm
B,u'(n),u (ny) ARSEHENESE. Y n— o
MERXRESHBRRGEERLH. Y n — o B,
RERGEHEWRRGHETE 2(n) > 2(n),9(n) -
y(n), BREBMT ZFZEWIFEZE.

3 FEZF (Main results)
3.1 ¥2H75 %4543 (Control method structure)
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£(n) =
f(f(n—l),'“,f(n—ny),u(n),"',u(n—nu)).
(6)
RF:2(n) b m 4ERE, u(n) K v EEHIEA
ny,n, SRR L(n) A u(n) BB f(x) RENEE
LR

F2H WH—REHBRGIE R, I

B R VE R E | R REEHIEE NNC. I EXR™ AT
T—ANREERTIE], (5 B E 5% T LAl st R 18
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18, R0 T g
u(n) =g(x(n),2(n-1),-,2(n - n,),
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Fig. 1 Structure of chaotic synchronization based
on neural network adaptive inverse control
3.2 AR PO (Identifying plant model)
FEZERITRT R 3 2 BP NEXT REHIT
BIL R AR PR . P48 0 8Uh R B
1

a(x) = 77 (8)
PR 614 H2 5T B P RS
o=l ) -Z (s DP9

B/, TR AT BB BT

Aw(n) = al£2(n+1) -« (n + 1)]p%(n) +
BAw;(n - 1), (10)

AGi(n)=al[£(n+1)=x'(n+1)]+pA0,(n-1),

: (11)
Avij(n) =
a[f(n+l)—x'(n+l)]a'[neti(n)]wi(n)p}(n)+
BAv;(n - 1), (12)
Ay(n) =

al£2(n +1) = 2’ (n + 1)]a' [net;(n)]w,(n) +
BAY(n - 1). (13)
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Eal
HpmARRA
. £(n - 1), O<igm-1,
Pi(”)={ . .
u(n-—i+m), m<i<mi+k.

(14)
.(10) ~ (14)51: net,(n) B p2(n) 4P IR B A
Fsd s (RSO BLRR IS o, S AR B s 2
B B BN 3,12 00 1) 5 oy B} RS2
HEHERB 10, Py SRR o 2% NNT
B

a'(x) = a(x)(1 - a(x)). (15)
HF: o HFEITRO < a < 1); 8 HIEHEREHE
AR RRiRY , RS ECE RS

3.3 ML= #8% (Neural network controller)

ATEMRGELIAMIF B GEEEYT
KB EIEXTRIEN BP MG, @it g
HERG T REHITIHEER . FIIBERE
FEWETT AT BRI E R HS LR RS
O R TR e BN OF O .
K 3 EM G ER SR, BRARER m MR (X
HIFES RS my = 3,BEWEEHN 1), BiER
LA B w00y HE 5 R B B KL, 05,75 H
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WiRZE R

J = lx(n) - 2() 2. (16)
ML ITTHR R BA
B2 f(x) = /(1 4+ %), (17)
wmE g(x)=-e*)/(1+e%).  (18)

BUTRAEFBBEAKX:
d(n+1) =[2(n+1)-x(n+1)]g[ls(n)],

(19)
wy(n +1) =
v3;(n) + pd(n +1)by(n) a_xgﬁg (20)
73(n +1) =
73(n) 43+ D byy(n) ZEL0EL), (21)
wyy(n + 1) =

waii(n) +p8(n+1)vs; f'[s5;(n)]ay(n) 571’(%;1—)’

(22)
ng(n + 1) =

0i(n) + ud(n + 1)vs;f [ 55;(n)] a_x'(anTWLl_)’
(23)

Sl a0 HRERIBHA, 5o HEEHA, by W
B, 1 W HUREA, u R R R, . 2
THEO < g < 1. RFWELETE THER

(10) ~ (14)78:3], Bp

dx'(n + 1) 3
Jdu -

Ix'(n + 1) 2p*(n) JInet;(n)
2 ap¥(n) Inet;(n) Jdu(n) ~

Zwi(n)a'[net,—(n)]vm(n). (24)
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3.4 BIBEMNEEH E %P B (Steps of adaptive in-
verse control algorithm)

1) B % NNL. i FXTRBIA R B B
B R RE, BT UL, BRI 45 NNI /E R 7E £ 3t
BRI E, By L IE R B R B MR IR 2, &
ARG AR u(n) BIFFN BTG

2) RA1EE x(n),£(n),uln);

3) K ix(n),£(n - 1), ,2(n - n,),uln -
D, uln - n)  BIAMEMEERZREE uln);

4) # u(n) MAX G R L ML AE RS ;

5) F(8) ~ (15)18 IEAR R AL (E S BRI ;

6) A= (16) ~ (24) 18 I+ 45 A S FIME ;

7) & [E 2)  ARERIETT .

4 {HEEH|(Simulation example )

% [8 L) Hénon MR IRIEIF S HKEIET, £(n)

FEWES , EBOR TR AR T
{ £(n) = d”'u)(n),

7(n) = ¢ Hul(n) - a+ bd‘zu'f(n)].

(25)

B FEAXm M IEREER S, WEETE
X ROE R R T B EEh S
i B4 F2 A, U e s 1

u;(n) = u,(n) + Af ~ x(n + 1),

uy(n) = u(n) + Af = y(n +1).
Hep: 2(n),9(n) AEKBHEEREGES, AN
HEHERAE RN, a,b,c,d NEHSH, U REH
W.YREBE N a=1,b=-1.4,c=0.3,d =1
B, IEAR M REZ2IREHURS  fATHEE SN

Af = - 1/3sin0.8n + 0.1/3y*(n + 1).

K% Hénon RENE 2 iR, HiBME RE R
DR «(n) BN HKZHWE 3 iR, HERSE
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Fig 2 Hénon system chart

x'(n)

B4 RESE & (n)BERHAIZLE

Fig 4 Time-variation chart of state component x’(n)

5 %52 (Conclusion)

ASCET BP M4& AN H I8 B a5 6 R, ) H
TR 4R MR i A] M, 78 15 18 MR 75 3l 77 7E 1S
ST XHRIESE REHAT TR PR BT
BENS A 20 Hh 7 AR MR 75 XF [R]85 i v BRI 38 . B,
FIBI L Hénon RAEHT THE MG EGEREH T A
BT .
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