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ABSTRACT

The Neural Networks Approaches to the Control
and Synchronization of Chaotic Systems

Abstract: The synchronization and control of chaotic systems have capacious
application foreground. Many kinds of methods for synchronization and control of
chaotic systems have been brought forward. However, The control theory of chaotic
systems is still not perfect so far because of the complexity and particularity of the
dynamic behavior in chaotic systems. Especially if the mathematic model of the
system can not be actually constructed and the known formation is less, the classic
control methods can not act well. Study on neural networks has made great
progresses in this decade. It has been proved that the neural networks can approach
any continuous nonlinear function. This specialty makes it potential to control the
system which is highly nonlinear or uncertain. On the basis of summarizing the use of
neural networks in the control of chaotic systems, three kinds of neural networks
approaches to control chaotic system are presented. The following is the main work of
this thesis:

1. On the basis of generalizing the appliance of neural networks to the control of
chaotic systems, the prospect of research is discussed.

The main applications of neural networks for chaos control are operating as
identification model or controller. Identification is the base of design for control. It is
important for the control of chaotic systems to construct favorable identification model,
but conventional identification methods can't do it well. Comparatively, This work can
be well done by neural networks. If neural networks are trained by error signal to get
the appropriate control signal, it is operating as a controller. The control methods
based on neural networks can also be combined with the classic control methods. An
appropriate control scheme should be selected according to the particularity of the
controlled system. The amelioration of control scheme and computing way using
neural networks is the emphases of research. Moreover, other networks, such as
function networks, have appeared. They work on the same principle of neural
networks. But they can choose different functions for hiding layer, so they can

approach chaos easier.
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ABSTRACT

2. A method to the control and synchronization of the scalar chaotic signal is presented
using neural networks with linear outputs in this thesis. We modeled the controlled
chaotic systems in neural networks with linear outputs. Based on Lyapunov theory and
control methods of nonlinear systems, the change law of weights of neural networks
and a nonlinear feedback controller are designed. The scalar output of the model can
synchronize the given scalar chaotic signal.

Chaotic signal with continuous wide band frequency spectrum is not periodic and is

similar with noise signal. These properties make it suitable to secret communication.
The development of chaos synchronization makes it realizable to use chaos for secret
communication. The crux of secret communication is the secrecy of secret key. It has
been pointed out that declassification can be realized by reconstructing phase space.
The method presented in this paper constructs the chaotic systems using neural
networks. The scalar output of the reconstruction model can synchronize the given
scalar chaotic signal. This method offers a new way to get secret key. Both theory
analysis and simulation results illustrate the validity of the method.
3. Neural-based observer is integrated with synchronization control of chaotic systems.
Assuming that the chaotic systems can be separated into linear and nonlinear
components, a neural-based observer is constructed by tracing the nonlinear
components of the system using RBF (Radial Basic Function) neural networks. The
synchronization control of the system is accomplished.

State observer is a realizable dynamic system in practice. It is driven by.the input
signal and output signal of the observed system. Its output can trace the state variable
of the observed system properly. Because the complexity of nonlinear system, the
design of nonlinear state observer is difficult. Neural networks have advantages in
nonlinear control, so the design of neural-based observer makes a progress. Its
applhcation for chaos control attracts attentions. The structure graph of the neural-
based observer presented in this thesis is illustrated in Fig.1 The state estimation of the
chaotic systems is realized. At the same time, the synchronization of the system is

accomplished. Both theory analysis and the results of computer simulation illustrate
the feasibility of the method.
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chaotic systm

A-LC ]-——l

RBF neural
networks

Fig 1. The structure graph of neural-based observer |

4, The application of dynamical neural networks in synchronization and control of
chaotic systems is discussed. The results of computer simulation illustrate the
feasibility of the method.

As the actual system is a dynamical progress, some information of the close-loop
system may be lost when it is approached using static neural networks. Dynamical
neural networks differ from static neural networks. It is actual a nonlinear dynamical
system and it contains dynamical progress by means of feedback. It is used to
approach the whole nonlinear system in control. In this paper, dynamical neural
network with one hiding layer is used to approach the chaotic system. The state
variables of the reconstructed system can trace the desired value via adjusting the

control signal and the change law of weights.

keywords: chaos; synchronization; neural networks; neural-based observer;

dynamical neural networks.
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GLiEH P BRI Z N,

§2.4 FFEERR) BN KRR
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% RGBT LR IEN g, (x), AR TRFRY S5 A B Y

(3.1)
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IR RIRIE S ML .
SRR PRI JLATIE IR0, 25 £, (x), &, (x) F h(x) i S — 4 1F

FER T, BETLUE IR h(x), Fe, (0) X (32) FRRSHE LB
y. TREAEEEEH
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.

H o
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FrB MM MEME R EEREMENE Y SREREN LR — KW
2%, {0 RBF MR, BHAMNKE,

Mt AL RBHUAHTTURRAN:

291 -



B=& FPWERREESRSEROREMS T

f(x,q,)=qh(x) (3.8)

K, f(x,q,) BB, ¢, ANERBERE, h, () RHERZNER
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a(2)FIB(z) T LA 145 I 4 ik o
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, * (3.9)
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AR E ET R,
r‘i’a =2r,¢e PB
! a (3.16)
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-
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#
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FHIBITHIE— N HEMERA D Lorenz IBIERSZH M .
Lorenz 24t A4

X, ~10%, +10%,
%, |=| - %%, +28% - %, (3.24)
; .Y ”y 8 ]
_x3- xlxz —*-*}:3
L 3 _
EEx EABEES.
%ﬁiﬁ/\gﬁmﬁ%%:
Z) =z,
$Z, = Z, (3.25)

2, = 4(z) +b(2)u
F R (3.13). (3.14) FiorfiE#l88 Zxt (3.15), (3.16) FARrmI4L ¥k
SILE . & RBF ?Méﬁﬂ%%ﬂ&(:)%ﬂé(z)n RBF M MR &M B4 10

MEEY A, BERMNTOERERESE L M50, FERLERY.
4
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R=l0.1 of, O=|0 2 0
0 0 1 0 0 3]
A] LARAS .
2.8051 2.9343 1.0000
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TR 2% LI T IRHEE SR P

§4.1 ] & & H
SEMT RS,
{i' = f(x) .0
y = s(x) |
{5} = £(%)+ Bu(r) w2
y = 5(%)

AF: x,xeR" , fRP>R"IHELHTEWE, BeR™, ueR",
y =s(x) 1y =s(X) RRLENBHBET.
REAHEZ MBMEEI R -G ER B M u(r), #14.:

lime(r) = lim(% ~x) = 0 (4.3)
AL B, e()IAREFERE.

ATHREBREE, RE @2)UHER—1SBNRSERES. BRES (4.2)
MEZGDHHFMBIRESI A RGA2NFIEERESZP, BIMAEENR
PR, B): 3 Bu(®) ®itH G(s(x)—s(x)) » IMAKEEESF, E44.2)
’BtEj"JFit:
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TEZ%W@.DME . BERSRANBHENL X G4REERRE @G DRPREN
WBL, #—it, EREEREVEEE x(0). x(0), X @3IHPAL, K (44)
BREAELZG.DRIRNER, FRERESERITSFFRRN LT REGE2D)ME L.

§4.2 S5 WM R

TR, {EBFREEATE, RERMBHTIET AMIREAXER. Tk
AFERMAEE. 2EBRRAERTEBMEHMERRSR M. RARA
FRETRIFAHES TEERRRABIN, FLERSEEEERE LR
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BAMERRAD =(4,B,C) WRERE x FREEEDR . WRHTHRA
OBy MEAu MGy EARRAR, REFE—AMHE X WE T,

B lim(x ) =0, WD, B M MRETNE. A LEHE LT

BN B[R RGEVMNEFEREREM T R Ee=x-x OB TF XL
#2400 DURS B 03 3% .

W RF RS BSPREMTHREHRITRIE, EFH AR RS WS .
HIRHEZHWME 4-1 Fos. EMARRMNBRENE TN T RBRIERIE.
U R E X, ERATFFRES x THEN, RBAMIIKEH v Ay B
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s PEFENRTRAMA L, SHABRNRFARE,, FELU-EREERN
BEEBTREMETRE x . HLCREUNBEHBLZ.

HRIEE 4-1 ARSI 2R TR
x, = Ax, + Bu+ G(y ~ y,) = Ax, + Bu+ Gy — CGx,
IE
%, =(4-GC)x, + Gy + Bu (4.5)
HXF x,—RERNBRRERE, BRE x BIHE;
¥, — RSN R0 R R’
G —IRAEW W3R HiRE RIRERE.
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BT CSCHURIERE SRIP M2 MNE RN T A

Y

41 #EERES W 2R

RN (4.5), ATLLERSHNEZRAAE 42. NEHPATLELH, ©FHRDT
AN, —PMRGSMUARZMESIE R, — PMRERNRGHHE Yy . EH—
MU ER SRS T E X, . REBEMEFER R T G MIEFEM (4 - CGO)YHIE
HHIAE .

B 4-2  K(45)FRrPRES I 23

BT IFEEREHNRRNE  ERMSIN R — BB EME. SIEEERS
FIR ST BRI FTRM 70 FAFFHEH, 7 80 EREBTRAMERE, 3
ELAERE TS MR TE, TURAAY BRE/RBIEEE. & icEE.
HIENE NS ESREMBEMEE 5 F 8, XERITFERETHK B
RERSGR, FEERAUNNFJAIEFREDTREHER.
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BINE LIERNEESRFNHEMSUNETE

42 W 45 IR S 38 K 0 2 X Bk D R e R LLAE RN B I AR 2 T BR 2D g
71, BHIEZATELERBEUFSIMBENTANE . ETMEMNSE RS
R RGPS RE S, ETHENZIPRSUMRRAIRTED] T
—H k. BTHEMBAREUN [T TET U AME, —KEIER
ENH], EREHRANRRSFERE A, FRHCH R AR S
JHARBNRA KRR SRFEAFINTERRERES TR, BEFIM
B R EX RAVMA RS IR O AN 5 — K EF R A28 5 %0 8 2 B KR
HI IR ZE R B P LI 8 AR EUOERE, RAEENX S FIFHA(L I BE
B BANHEX-ERRANMEMENNRZNRTE .

§4.3 MM REWNIZ T

AR FEANTR, RERERERN f(x) Fs(x) BHER

{ f(x) = Ax + h(x) 6>
s(x)=0Cx
BRI PRETERERXH:
oy
{x X+ h(x) 47
y=Cx

Rf: 4. CHEEER,
hix) 2— M EZELEHRE.
EMBEEERABEL MR, BEXHFEREBRERES BRSNS SRS TS
ZHA B, Lorenz ZRYCFIE [C B B AR B axX N4 1t
RN@ENTHERERB () BETERAMELET. XHEG7), Wk
TR 28 -

x=(A-LO)%+ Ly + h(%) (4.8

Hoep, x REMGE, L AWNSMERE. RSBt REe=%—x, H:

é =(4-LC)e+h(X)— h(x) 4.9)

D)2 WA R R W R R R E RS BN L B TR EMA S TE, UTF
EH A1 FH T RMBRERE MR,

EH 4.1 WHTAEMEEMEZGHRAREEAG.8). WMRA(X)HL

i
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4 f& Lipschitz &1+ th(:f‘) ~ h(x)[ < y[.i’ — xl , Hy < Anin (Q%’lmax (P)* H,

P,O RHIEEXI R, W2 Lypunov 572 (4 - LCY P+ P(A-LCY=-0,

HWilime=0.

o

BEBRABHT L—EH, RREHRERTREMIE BN
ity st L, ey <t @ k) nanRgEE N

LM, ERBREGETOERYE, KEEMNERES A(x) KEITHE. A
TIEENXNER, ¥ RBF AN IABREWME TR, FIAH RBF H£M
(8 KIS h(x) « 51\ RBF WEREEHPREW MRS 4-3 Frow:

A-LC

RBFH#1 £ 5] 2%

B 4-3 RBF #8120 &% W0 0 88 4 4 &

BATEZRFTELISH: RBF MEMBMHL A LLRRA:

u-c) (u-c
q,..—;_R,[( tl_z( I)

] (4.10)

Rt.(x)zexp(—%—x) (4.11)

AF: u—nEMmARE.
c, —BITBETFTEHFL; i=12,---m;
o,—RiMRNENEE;
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SHIUE LIRS RPSRHEMBRRRIT

7E RBF #2M%d, oS8 hMEMREREUREIRE T RKF
ORERE., Ak THFEAEKSE, TURERZN—LEEE, BRETR
R OMERREE, HFEMBHFITETRFIEEIE. XEMEIATE
S SR FAUEERMW . RIE LIX RBF WEMLEHIPER, RBF BT
qg(x,w)=W¢(x) (4.12)

K. gx)=(R, R, R) T(x) HBEEHHHAE.

EH 4.2 BE-ANENERe I— P ELERH g X >R, FE—-IH
EEEWV=W, 8- RBFINTBRITKE RBF MK HHHE

lg(e, ") - g(x)n <e. HPlageE s Mg HX.

max
xeX

ER 4.3 RBF RBHEE g(x, W) XTFHER (x, W) RIEEMN.
I\ RBF fhz ML MI2S LA 5, N@4.8)%H:

£=(A-LO)x+ Ly +q(%,W) (4.13)

AF: q(x W) RBEME L. HEH —NEEMN RBF HEME AT LI
M. WERHZMBB{EEFERAE.
YR, REG T RZEe NHEEA:

e=(A-LCe+q(x,W)-h(x) (4.14)

S1E 4.1 X FndEafifEl

xn

, WRTEEEM, e R™, M, eR™, Hi>n,
78 “

M, (4.15)
BRI, B9, &

Ma = Ia = [Imcn Onx(f-n)] ?

Inxn
Mb = Ib = [0 ]

({-m)xn

AEAEHS | EARHE, [ REERZ RBF W& MEREY SH 4.
EHE 4,451 N TRERS (4.7), WIS (4.13) LTRSS 460E L,
ﬁ?%f—?fﬂlﬁﬁﬁ%?ﬁﬁp , Q42 Ti& Lyapunov 5 &
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HUE SCIERESRSNHERE U=

(A-LC) P+ P(A-LC)=-Q (4.15)
H RBF R AU L 8 an T AT

W =-[Le” PI g7 (4.16)
n

554 SR R G (S TR W R R, B) lime = 0. BIEZ (4.13) 5RMELA.7)

t—o

ERAY.
$4.4 REWHZR LN

FIHA AT BRI RXT Lorenz RGNS MRESHITHA, SEHXT Lorenz
R RR)E.
A T RAVIRE Lorenz RERIRIERN:

%, = -10x, +10x,

<X, =—xx; +28x, —x, (4.17)

X, = x,x;, —8(3x,

D HH

Y =1 % (4.18)

A @ DRI RN

0 0 —- X X, X
< i 3 | A3 ] | M1h (4.19)




WY& EOURME S FS e NS T ix

B[l

A=

-10
28
0

10
-1
0

0

0
8

—

3

, h(x)=

0

.

¥

C =

o O =

o = O

o
1

—_ O
o

IS 255ERE L T LB E (4 - LO)MIMFRREH[-3 -3 —3) k4.
F AT LB 3

L

1S

7 10 0
L={28 2 0

0 0 1/3

1 0 0]
O=[0 2 0f,

0 0 3

/6 0 0
P=|0 1/3 0

|0 0 0.5

A, L,C RAR @ D) BREHHEMERERBNRERS:

N

"<

-3
0
0

b

0
-3
0

0 ~7 10
0 |x+!128 2
-3} |0 0

0

0

1/3

—

y+q(xX,W)

(4.20)

4.21)

MM SIS Er A RBF W2 MERIE N 3—10—3 BIEH], xR, #3138 4.1 SR
RE A MEMER 10. WI\ESE 1, [ W], BHEUES:

I

7}

I,

.]3x3

_ r13x3
B 0'.-'}(3

O3><'.-'

Al
——

(4.22)

4. 16T ERMEEY RBF HA2MBHEER, HBHEMN% I
AKX 4.2, TJEANERRMT.
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e3--t
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16|
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5L

‘ﬁﬂﬁwwqﬁfrﬁmfﬁfffﬂW«-’“N‘w%——uﬂ
i

el

- - oo b e L e -

0.5 1 15 2 2.5 3 3.5 4 4.5
t(s)

5-3 ¥ x, NRMRER

§4.5 X E /p &

ABEHHZMERN R SEARSEHIREE R ERERERIRE
B BALUR S NELERTHTRT, MHREMBBTRERAK L
W#a, HiEHET RBF MEMBHRSHUME. TR T X RERICREN
Wi, FENSRBERAMNELES. BtV REERIIEH 71X
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BEE BHRGNSHSHENSE X

BAE HHBENSHEHEPSEITE

H T LR RER AR, A RSHNELEE - 1EENT
B, THSEHFRAETAH ERXTEIROKE. FRATHSHEMSE
#, SISHENGEHTHZNEHETEEENFFLERSE, EENENRE
THNEE. EER, ATMEaMEBENHAESRENSRETENE,
JURVI G S MEHERCLRNH . FsSHEmMeEsl oy — T EFHEK
H AR Bk .

§ 4.1 FhFMHAE ML

FSHL MEMNENGSRTHENEERTERAIMEMNE, EER
SHENBEEPBA T ZHWAINA; EEEBELRENIISERE, A
A R ftaE B ait.

NEWEMERR EE—NMNEEEN T RE, FHEHRABIAHFEME, X
KHEMZURBREZENATAEESHELE. WREAMEREENMFTESR
R%Z, BEBEFTEBINATRHBEME R INA—LMINAT. AR RIRE
EREINE LS ABHSEENES. FAHBERSERYRBRREARET
¥ Rl A Bk AN [l ) [B] AP0 45 P 4% 45 I8 Y. Jordan &Y 10 Elman &Y. AR & 5-1

B o
T | T
W =
T I
S e
L T
AN =
Jordan [ 48 5 ¥4 Elman M8 £5 4]

B 5-1 PIRrEiS Mg g R
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ROE RERLKEIEREME TE

EAEHEARNHEMERERET Jordan WKL, &F - TRE
R F A 48 O 25 g B T Bl 5-2 s

5(x,)
{.il = a,x, + by, . »s(x)
|
s(x,)
X, = a,x, +b,v, s(x,)
s(x,)
I[i" =a,x, +b,v, > 5(x,)
X3

52 HFH—MEEMHEWEREE

A kST S b palectr ik ¥
x = Ax + BWS(x) + BS'(x)Vu (5.1)
X, WREAxnPIBERRE, VEAxmPIBREEME; AMBEaxn¥A
R, BEXATESWNaL,, i=12,,n; S(x)RnéaE, HTEA

s(x,) = k‘_“ +6,
l+e ™
S'(x,) BnxnXi AR, RXATLEA
s'(x)) = kz_‘, +0,
1+ e

XFWkk, WL,LEFAFOER, 0,10, ¥ H, #H2Es(x)>0,
s'(x)>0, i=12,,n. FTUFRY, EXNMIEHEMENHE—ZRLER) S
R4, B_BERIBHAKAEL RS .
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FRE BHEIRMNEIEMERSE T

§5.2 B H KR #H
ST (5.2) BRI AR Y,
x= f(x)+ g(x)u
EQEF" XER”, HERm’ f(x)z(j‘l(x)a'“:fn(x))r’

p— —

En 7 Bim
gx)=| + 1

_gnl gnz gnm_
AT LAR P 5-2 FioRRI Mg R T .

X=Ax+BW S(x)+ BS'(xXV u+&,()+&,(Du

Kep: E,(OME (Du RREURE, W RV RBEHRE.

diE - MERE x, . T FERERE N

e=Xx,—X
E X
r=A4x, - x,
E =diagie,,e,, ¢}
Ps(xl) e 8(x, )-
S"(x)y=| : : :
_S(xl) S(xn)_
RIS R

u=G B'S" " (x)(-BWS(x)~r)

(5.2)

(5.3)

(5.4)

(5.5)

(5.6)

Kb, G, =[el +VVI'VT, I BmxmBRsEfE, WAV ZW MV 8

HitE, ¢ RHBERENEER.
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FHE BHEANSSHEMNE LA

AL W AT
W = ~EBPS"(x) - 5,}? (5.7)
R, P B2 5 Lyapunov 712
PA+A'P=-1 (5.8)
pIstFAERE, S, REBRITEERENEREL.
B AUE Vi e
~Bed A < 7ef] =B Y 7y 20
: TY, — . .
Pl Bpster +TABE “:’;’;2 N =R BBaly <0 (59)
BBl -5 Bz

ﬁ¢,?=WhW<WMJLLWﬂ¢%m&H%ﬁ%%Eﬁﬁu
i

k, = B(I, -VG) (5.10)
C] !CZgC3jC4’C5 Hﬁ?ﬁu;]':%itﬁﬁ%:

co2les| 1P c.2[s7) 1ol 62| P

- CozlE] A = (511)
EH S AP fx,, X, X, B—BHERN, BRERRLG2), HEIHEG.)
F(5.8), WHENG.S), MEMEREVO)BEVQ) 2w, Z#OcCR" L, &

-

e, W,V 383 Dle W,V .v<y), HEW =W-W, V=V-V,

y =2C K, + G, +26 ¢, []"‘ + -;—5wMj +5,M?,
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5 EZYE Lorenz RET IR IX A

LEHIEEAFENREZRE X, X, X, BREEFT K.

##a =10,b, =28,

-3
4=| 0
0
1P =

0
-3
0

(1/6

0
0

0
0

-3
0
1/6
0

40 0
B=|0 4 0.
0 0 4
)

0
1/6.

—-10x, +10x,
— XX, +28x, — X,

x,x, —8/3x,

BES I R (5.6), BEIIB(G.NHF5.9).
S, =6,=01, M, =M, =1, w=02, £=0.001 (FE&ERWE

5-3. 5-4 F15-5 Fyoso

§5.4 X EFE /N 4

§5.3 it H M K

(5.12)

ABERITTHSHEMBEREESPHINA, FATEGEIERTH
EEMEME T ANBIERER D S1EHIMATTH.
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BARE R AREHE

VR RERE A Rt R (252 EE, RSB E LR A B BRI R
B, MIFHBEEHSHIBA TIRABIR, R T EMHRSERE. EER
2R Z I AR SRS og) SR TR R
B, EENESYE. WEMKEEEEITRESIFEEERERE T el L ER
FEARR MR ERHE RENEAI T HEEE XK ). FRcE a5 Az
BAERLAEHIEEY, R TETHENKKBERZFLEHIRE. EXEHE
TR E MR TSI TIT SRR, BT =M HMAEMEERIRE RS
R TiE. AR RS G RAT TN AR, A EERRE
ST

1. BERRTHEMEIERERGEISHE TSN, SF| HME M
RIEREHIRESRER T W,

2. ST —MRAZES DS RESIUTRIBE S RS EH %, %
TEFI &R B EME SRR AER, FHT Lyapunov
WSIER M RGIEH T &, Wit S PSSUER A 5% R HIEH]
o FEMEENR R AR E P T4 ERFRIBHES. Hig
ST S BRI G REARUE S T XM ER R .

3. BHELMSENNESREARSENESEER, ERERERRESRIMA
LR ARSI HRIR T, FIRAMEMRBIRERSIIFFL M
75, #iEHi3ET RBF HEMEAPRANMEE. e T IHRERSRESRMR .
A, [l SERGRTE R SR RS E]. TRV RS R T EM 7 AT
M. EhRL, BREERETEBEET LTS ERM. Flan:
Lorenz R CHEE RAY. LU ITEREE —RHE.

4, BT TEEMEMSERERSES TN, FMAENRIER TH
SR MBI NRARS F R HIR AT RENE .

HTRBERGRHRE, RECEHA T SRR FEHISEENZE, |

KA AR R . EEATRETREBERHINA, EFFZ EHERRE,

AARIME, MHHEMEHTRIEREFESEHFATEERE —EHR
WIEE BARRKBRBAEIAX SR EIEL, RS EFEMRMITR. Aot
ZMRIEHILEH), ATRIEERE KR E AR BUER TR, R InTeus
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