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Ah出=act：Fuzzy neural network(FNN)was proposed tO identify the dynamics of a class of non-chaotic system without 

mattranatical mode1． result ofidentification was then used in inverse system method，by which cha0蜘 control of the 

system could be implemented． method was inde4Jendent ofthe exact mathematic model of the system tO be controlled．It 

was testified that error ofcontrol causedby the identification ermr was less than the identification ermr by properly desi倒 COn- 

trol 峨毗咖 ．Simulation results for continuous and discrete systems show the effectiveness of the rnealod． 
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一 类模型未知系统的辨识和混沌化控制 

任海鹏，刘 丁 

(西安理工大学 自动化与信息工程学院，陕西 西安，710048) 

摘要：对于一类模型未知的非混沌系统采用模糊神经网络辨识其动力学特性 ，将得到的模糊神经网络辨识模 

型应用于逆系统方法中，实现了一类模型未知非混沌系统的混沌化控制 ．该方法不依赖于被控对象的数学模型，就 

可以进行有效控制．研究了模糊神经网络辨识误差对控制精度的影响，证明了适当设计参数可以使由辨识误差引 

起的控制误差小于辨识误差．针对连续和离散两类系统的仿真研究证明了该方法的有效性． 

关键词：系统辨识 ；混沌化控制 ；模糊神经网络 ；逆系统方法 

1 Introduction 

In the last four decades，chaotic dynamics have been 

intensively studied，and the traditional trend of analyzing 

and understanding chaos has evolved tO controlling and 

utilizing chaos⋯ ．On the one hand．chaos is weakened 

or completely suppressed[2—4]when it is harmful；on the 

other hand， non-chaotic system is chaotified[5—8l
， 

which means enhancing existing chaos or creating chaos 

pmtx~ fully when it is useful，because of its great po— 

tenfial in non-traditional applications in the field of me— 

chanical，electronics，optical and especially the telecom— 

munication system． 

In this paper，a class of non—chaotic system without 

mathematical model is identified  using FNN and the佗一 

suit of identification is used in inverse system co ntrol 

method，by which the non—chaotic system is forced tO 

track a chaotic reference input，namely chaotification． 

Rtx：eived d~1te~200 —03—04；Revised date：2003—02一 l7 

2 Idenlffication of non-chaotic system US- 

ing FNN 

Co nside r a class of continuous non-chaotic system 

as follows： 

露1 X2． 

露2 X3， 

! (1) 

露 =／-( l， 2，⋯， )+ ， 

y ： 1- 

Where y is the output of the system ， is the input of 

the system． ∈R is the state variable，f(·)is a linear 

or nonlinear function ofx，which dominates the dynamic 

activity of the system．If ·)caIl be id~tified the dy— 

namics is determined ． 

From (1)，we have 

y( 
一  (t)=f(r，y(̈，⋯，y( )． (2) 
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The input and output of the system can be used to i— 

dentify the functionf(·)．FNN is intuitively considered 

becausl~ofits function approximation ability and cOlrlVer— 

gence speed．The training process can be shown by 

Fig．1．The details about the FNN and its training can be 

found in[4]． 

Fig．1 Training process scheme 

The discrete counterpart of(1)call be described as 

f．0Ⅱows： 

f l(JI}+1)= 2(JI})， 

I 2(JI}+1)= 3(JI})， 

{； l 
(JI}+1)= ( l(JI})， 2(JI})，⋯， (JI}))+u(JI})， 

y(后)= l(后)， 

(3) 

The function (·)can also be identified using the 

same process described above． 

3 Chaotifying control via inverse system 

method 

The inverse system of(1)can be described as 

The originally desired system[9]is 

I +口·，)，： 一。+⋯+口n一·)，n +口 r，(5) 【 
： ’，

( 
． 

It is difficult to obtain desired aim by using Eq．(5) 

ItS the desired system ．So the modified desired system is 

shown as follows 

『 + a1)，(n一 )+ ⋯ + an-Iy(1)+ 口几)，： 

{r(n)+口l r(n—1)+⋯+口n—l r(1)+0nr， (6) 
【 ： ’，( 

． 

And assuming：1)r(t)and its derivatives up to 

r( )(t)ale bounded for all t≥0，and the，z—th deriva- 

tive r( )(t)is at least a piecewise continuous function of 

t；2)r(t)，r( )⋯，r(n (t)ale available online． 

From F-XlS．(4)and(6)，we have 

Ⅱ = 

r
( )+口

lr
(n—1)+⋯ +口

n—lr
(1)+口

n

r一口ly(n—l】
一

⋯
一  

an-IY‘̈
一 口， )，一f(xl， 2，⋯， ) (7) 

I}efi_nition 1 e= r—Y is the tracking error． 

According to Definition 1 we have 

e
(n + 

l e
(n一 + ⋯ + a 

一
l e
( + e = 0

． (8) 

According to the pole placement rule，one can choose 

proper口f(i=1，⋯，t／,)tO make the system(8)asymp— 

totically stable，SO that the output Y can track the refer— 

ence input r． 

For discrete system(3)，the inverse system controller 

can be derived from the similar pl~ocedure．It is given as 

follows 

u(后)=r(后+t／,)+dl r(后+t／,一1)+⋯+d r(后)一 

dlY(JI}+t／,一1)一⋯ 一d．y(JI})一 (·)． 

(9) 

From Eqs．(7)and(9)，ifthe function厂(·)or (·) 

can be identified from the input and output of the sys— 

tem ，the control is free of the system mode1． 

4 Theorem about tracking elTor 

I}efi_rfition 2 The identification model of厂(·)is 

y( 
— u= ·)． (10) 

Definition 3 The identification error is 

△ = ·)一，(·)． (11) 

Definition 4 I is the tracking error caused by A． 

Theorem 1 For the given system (1)，the inverse 

system controller Eq．(7)is used and the functionf(·) 

in Eq．(7)is replaced by ·)．If only the proper con— 

troller parameters n (i=1，2，⋯，t／,)ale selected，the 

inequality l≤ A can be ensured． 

Proof Replacingf( )in Eq．(7)with )，we 

have 

u = r
( )+ 口

l r
( 一1)+ ⋯ + 口

n—l r
(1)+ 口 r

—  

a1)，( )
一

⋯ 一 a n
_

1)，(̈
一 n 一 ·)． 

(12) 

Substituting F_Xl—II)into Eq．(12)，we have 

u = r
(n)+ a

lr
(n—1)+ ⋯ + a

n_lr
(1)+ 口

n
r — 

alY‘ 
一

⋯
一

an-IY‘̈
一 口 一A一，(·)． 

(13) 

According to Definition 1，we have 

4  

， 

、 

n 

2  

，  

一 

y  

= = ；  = ： 

． ． 

u 
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e
( )+ 口

le
( 一 )+ ⋯ + 

n—l e
( )+ 0 

= △． 

(14) 

Since the system (8)is asymptotically stable，the 

system (14)has finite input and output． 

△ can be regarded as a series ofpulse inputs with dif- 

ferent amplitudes．So at the time ti，the A can be repre- 

sented by△(t ) (t—t )，where△(t )is the identifi— 

cation model error at time ti．Then the zero-state re- 

sponse of system (14)at ti is 

e(t一 )：△( )∑Aiep ( )． (15) 

A 1／Ⅱ
k=l

(s ) ( = 一，n)are 

 ̂ i 

the poles of Eq．(14)，which carI be determined by the 

controller parameters ai(i=1，2，⋯，n)．Ifthe distance 

between two poles among all pOles is big enough and the 

poles are negative enough，Ai is small enough and e(t— 

ti)attenuates quickly enough to warrant that the error 

caused by FNN model error is less than the FNN model 

error．In other words， l≤ A． 

Therefore the clockwork control precision can be en- 

sated if the precision of the identification Call be en- 

sated． 

Rem ark 1 The requirement of the inequality l≤ 

△ is coincided witIl the requirement that the ins~mta- 

nt~us state of e atten~tes very quickly．So we carI de- 

sign 0 (i=1，2，⋯，n)to make these poles be negative 

and far away from each other． 

Remark 2 The error c．．ausl~ by FNN model is dif- 

ferent from the total control ell'or，the total control ell'or 

or the wacking error is larger than that caused by the 

FNN model error． 

Remark 3 There are sI ne limitations in the param- 

eter design．Ifthe distance between any poles is too big， 

it may C~lSe the control variable u in Eq．(7)to be too 

large to realize for a real controller．Therefore the pa- 

m eters should be selected finely to balance the conflict 

described above． 

The counterpart theorem of Theorem 1 for discrete 

system can be developed and testified usirIg the method 

similar to what is found in the context ofLiterature[4]． 

For both the continuous and the discrete systems，if 

the reference input r(t)or r(Ji})is chaotic signal，the 

inverse system method caIl be used to control non—chaot一 

5 Simulation examples 

{ 。一2 一 ，+ ， (16) 
f三l= 2， 

{ 。 ，一 一 。c —r 一6 c 。c —r s， 
When 6l=0．5，62=一号，r=1，the output 

4．5 

2．5 

O．5 

一

1．5 
-

3．5 

t／s 

(a) 

t／S 

(b) 

Hg．2 0州 of system(16)andtracking哪  

Example 2 For discrete case 

r l(Ji}+1)= 2(Ji})， 

{ 2(Ji}+1)=一 l(Ji})一 2(Ji})+u(Ji})，(18) 

LY(Ji})： l(Ji})． 

The chaotic reference system is 

fyl(Ji}+1)=一ksin(Y2(Ji}))+Yl(Ji})， 

{Y2(．j}+1)=Y2(．j})+，，l(．j}+1)， (19) 

LW(Ji})=Yl(Ji})． 
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When J}=1．16，the discrete system(19)is chaotic． 

Set dl 0．64 and dz=1．5 in Eq．(9)．The forced out— 

put ofthe system(18)and the control ell'Or are shown in 

Fig．3(a)and Fig．3(b)respectively． 

From Fig．3，it can be siren that the method is also ef- 

fective for discrete systems． 

： E—  

ceiving end，thiskey signal is more secure． 
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