57 3 2008 3 Vol.57 No.3 March 2008
1000-3290/2008/57 03 /1431-08

ACTA PHYSICA SINICA (©2008 Chin. Phys. Soc.

*
T
210016
2007 5 23 2007 6 11
Lyapunov-Krasovskii Lyapunov
Duffing
PACC 0545
12
1.
13
1—6
13
37 Lyapunov-Krasovskii
Lyapunov-Krasovskii
8—I11
1
2
Lyapunov Lyapunov-Krasovskii 2.
561 = X3
Xy =f %t 4 D A x 1 -1
=1
+gxt ut +di 1
x, ER x= x| x5 |
ut €R" dt
n . fxt g oxt

*

60234010 05E52031

+ E-mail anne_ zm @ hotmail . com



1432

57

Ajz x -1 T,
" Ti < T L=1 r
1 Afi x t -1
Af; vt -1 =0F xt-7, +0 x1t-r1
F,- €ER 6,
5, €R
”é\i x 1l -1 H Sci¢i x I —T;
¢ ¢i'
1
o]+ )
X = + u 't
/ g
0
0 O 0
+%r1 E+
DZ/Afi X l-T d t

i=

=Fxt +Gzx1t ut
+AF x t -7 +D 1t .

3.
Xq
Dt =0 2
x=F xt +Bgaxt ut
+BZAfixt—ri
i=1
0
B:[ ]GRZHXII. xd: xgl
Ill
dezT el =x-—xy
e t =F x t +ngt u t
+BZAfixt—z’i T
=1
m=n g xt
u=g xt 1 Ke ¢ +ud+BTbcd—fxt

K
. 5 4
=F xt +BAfxt-7 - Xy

+ BKe t +Bud+BBTbcd—fot
= Fxt —Xx4+BB'%x;-Bf xt

+ BKe ¢ +Bud+B2Afi X t-T;
iy

Ry

RN

+ BKe t + Bug+ BY)Af vt -,
i=1

0

X1d
de X 24

€

+ BKe t +Bud+BZAf,- Xl -1
i=1

= A+ BK e t + Bu,

+32Afi Xt - T
i=1
0 I,
A:[ ]€R2nx2n. 6
0 O
Uq
K 6
V=1 Pe

5 ¢
e Pe + leTP'e
2

e A+BK'P+P A+ BK e

+ e PBu, + eTPBzAj; xt -1
sl

<

S

¢! A+BK'P+P A+ BK e

l\)|>—*

+e'PBu, + ¢'PBY)OF, x t -,
i=1

r

R A [ PT ——

i=1

¢! A+BK"P+P A+ BK e

l\)|>—‘

<

T 1 r1 T TpT
+ ¢"PBu, + 321, e" PBO.O"B" Pe

1 <O g
+?2Ff xt-7, F, oxt-r
i=1

r

el PRI
i=1

+i2¢2 x t -1
2£=1 ' !



1433

3
. _ g .o 3 . o
’ {_,yapunov Krasovskii 2. =7, | e'PB|? 1
Vi :% J Fl x z, F x 7 6
1Y -y
Lyapuno
+ $ x ot dr yapunov 1
V=V +V + L}/ tr 010, 22 721“%
Vk:% VF xt Foxt + 4 xd @=@—@/~c=x—x
o1 , :
. . 1 L e
-Fl xt-7, F xt-1 V=Vx+Vk+§271iltr@z!@i
— ¢2l x t -1 1 < —
+ 2 Z }/ZLI K K
i=1
V.+Vi<ge A+BK'P 214 1516
: 1 o T
P A+ BK e+ ¢ PBu, nge A+BK P+ P A+ BK e
1< . - V<0
+ 52 PB0.0;B" Pe
izl
o 4.
+> > F x 1t Foxt
2 =
v ol etpn | 22 ¢
2 3
1< g0 thn
+ 3 Z. ¢i x t . 7 RBF
7 Ug Dynamic structure adaptive RBF DRBF
T 1.
wy = - %Z O'B"Pe + ¢"'PB | ¢"PB | %%,
= . —lex_/dtl——l Bl |—>| e O
+ e'PB _IF: xt F, xt e 4
+ e'PB "¢ x ¢ 8 B id
0,=00" % =2 B [«—
x'PB 7! . e=0 -
4
Ug Mz M
[1 Hxll;«sov cr
px = x .
0 l«ll =0 i
8

1

ug=-—pe > OBPe+ ¢'PB | e"PB| %,
i=1

+ ¢'PB 'Fl xt Faxt

+ e PB "¢ vt . 9
1 3 5
K
A+BK"P+P A+BK <0
9

@, = 7,,B" Pec' PB 10

4

e t =Fxt +Bgxt ut

+ BZAﬁ X t-71

=1
+ Bd t - x4 12
5
u=gaxt ' Ket +uy+ Bk,
-fxt +u, 13
u" = u"”, + u”S 14
uml nﬂs



1434

57

13 12
e t = A+ BK et + Bu,
+BZAfixt—ri
=
+ Bu, + Bd t .
16
dit =W'GC X & 5 +eX
X — xll le u'l' 6 R2n+m
XEA, A, oWl
e X
€,=Xlsglg1>d||eX |. ¢
u"”r
u,, = — ﬁ’/T@ X E ;]
uns
U,, =— sgn BTPeg'bt
G X & 9 & =8 g =9
G X & g
:(A;X§5+C§X§;7 & - &
+ 6 -9 +0XE g
16 — 18 15 19
e t = A+ BK et + Bu,
+BZAfixt—7i
o1

+ BW'G + BW' GL.€ + é;ﬁ

+ BE — Bsgn B'Pe ¢ t

e X W=W -Wé=¢"-8q=9
RBF E
IEl <¢
DRBF

DRBF

*

7

15

16

17

18

19

RBF

TLU  threshold logic unit

TLU
. TLU
TLU
TLU
TLU
o =aexp e, - E, + 1 -aexp e, - FE
> 1 L=1L+1
{p 21
o<l L =1L
e[m: H X n _xd n || emls =
NOSK e 2 M
i=n- M-1
L=1 n
E, E, O<axl
Ero1 =
77L+1 = Aelr‘d A
2 12
13 14
1 .
DRBF 21
W =0,Ge" PB 22
B=o, PRV G " 23
H=o, 'PBW'G, " 24
¢, =a, |l " PB] 25
0, O, 03 04
Lyapunov
V=V +V + %)’f'tr 0'0 + %72_1152
Lo i+ Lete
+ 2Ultr W'w o+ 2025 &

I STV T s
*25,1 1%25 9 ¢ 26



1435

¢ =¢-¢ .26

V:%eT A+BK"P +P A+ BK e

+ ¢ PBE — ¢'PBsgn B'Pe & t
-¢' e Bl

Vg%eT A+BK"P+P A+ BK e
+ [le"PBII I EI - [le"PB] & ¢
- o-¢ "l PR
sEeT A+BK"P+P A+ BK e.
A+BK "P+P A+ BK <0 V<0
17
1 2
m=n
g xt
w =L, +gxt g xt ' Ket

T -
+u +Bx,-fxt +u

n
T ’
u=g xt u

=g' vt Ly+guxtg xt ~

T-
x Ke t + uy+ B x4

-fxt +u, . 27
12
=Fxt +Bguxtg xt +1, u

+ BZAfi X l- T
iz

+Bd 12 —.lxd—Bu/

= A+ BK et + Bu,

+ BZAfi X t-71

iz
+Bu, +Bdt -u . 28
u, dt —-u
28
X= x x;, e u €
R3n+m
3 28
27
1 . DRBF
22 — 25
21
2.
6.
Duffing
561 = Xp

X, =-0.16x ¢ —x, t —0.1x, ¢
+37.5cos 1.29¢t +2.5u t

2
+2Afixt—ri +w ¢
izl

w t = 15cos 1.29¢ .
x"0 =0 0"
L=3 M=15 E, =0.2
E,=0.6 y,=7,=12=106=0.6 0,=0,=0;=1
c,=0.8.

1

2
EAﬂ Xt -
i=1

=0.25x, t - 0.015 +0.1x, ¢t - 0.015
+sint x t-0.015 +0.3cos t x, t —0.015
+0.0lx7 ¢ -0.02 +3sint x, ¢t -0.02
+0.0lx, t —0.02 +2sin ¢t x, ¢t -0.02 29



1436 57
2 2

2

ZAﬁxt_Ti 3. 2 a 3 a

i=1 2 b 3 b DRBF
=0.5x;, t -1 +x, ¢t -1

+0.8cos t x; t =1 +sint x, t -1 24 3 d DRBF

+2sin ¢t x, t -=0.5 +0.0lx] ¢ -0.5 ’ . 3.

+x, t —0.5 +4cos t x, t —0.5 . 30 RBF

1 29 30 2 e

Fit-7t = x, t—-7 x, t—17 3e RBF

F,t-7 = % t -1 X, L — T

¢1t—‘[= xft—r +x§t—‘[ DRBF

¢2t—r= xft—z‘ +x§t—r.

X1

X1

1.0

0.5

0.0

@

10

X1

(©)
10
0 ) S U SRR SR U U P L B S SR
/
0.5
0.0 I
: ©
_O. 5 1 1
0 4 6 8 10
t/s



1437

X3

X1
10— i 1.0 — -
e e et e AN U8 % B AW
.f j A 7 7 .:'
0.6 [ ] 0.6 : AN i
IR AR N BT AR R RO
NG00 OO 1 1 A T
B v e e L A T
L i RGN0 0
\\ Lo ]f L / .\ /
-0.6 { 0. 6 i ; -
/ . M
-1.0 1% (¥ AQ) “L0 i M (©)
0 2 4 6 8 10 0 2 4 6 8 10
t/s t/s
1.5 1.5
...... . e
L0 1.0 /M
% 0.5 / % 0.5
0.0 0.0 i
@ ©
-0.5 -0.5 L 1
0 2 4 6 8 10 0 2 4 6 8 10
t/s t/s
3
Nakajima H 2002 International Journal of Bifurcation and Chaos 12 5 Jiang SM  Tian L X 2006 Acta Phys. Sin. 553322 in Chinese
1067 2006 553322
Hua C C Guan X P Shi P 2005 Chaos Solitons & Fractals 23 757 6 Tan W Wang Y N 2004 Acta Phys. Sin. 53 4087 in Chinese
Park J H Kwon O M 2005 Chaos Solitons & Fractals 23 495 2004 53 4087
Chen J Zhang T P Li L X 2007 Acta Phys. Sin. 56 686 in 7 Sheng Y Tong W Chen X 2004 Automatica 40 2091

Chinese 2007 56 686 8 Nguang S K 2000 [EEE Trans. on Automatic Conirol 45 756



1438 57

9 Kharitonov V L. Zhabko A P 2003 Automatica 39 15 neural network 9 308

10 GeSS Hong F Lee T H 2005 Automatica 41 1181 15 Lee KR Kim J H Jeung E T 2000 [EEE Trans. on Fuzzy System

11 Wu H S 2004 IEEE Trans. on Automatic Control 49 2004 8 657

12 Rivals I Personnaz L. 2000 /EEE Trans. on Neural network 11 89 16 GeSS Wang C 2002 [EEE Trans. Neural Networks 13 214

13 Ham H SuCY Stepanenko Y 2001 /EEE Trans. on Fuzzy System 17 Lin Y Hu S S 2003 Control Theory & Application 20 497 in
9 315 Chinese 2003 20 497

14  LuY W Sundararajan N Saratchandran P 1998 [EEE Trans. on

Adaptive control of uncertain chaotic systems with time delays
using dynamic structure neural network *

Zhang Min'  Hu Shou-Song
College of Automatic Engineering  Nanjing University of Aeronautics and Astronautics  Nanjing 210016 China
Received 23 May 2007 revised manuscript received 11 June 2007

Abstract
A kind of control methods is surveyed to deal with a class of nonlinear systems with uncertain time delay. By combining the
Lyapunov-Krasovskii function and Lyapunov function the time-delay compensator with adjustable parameters is presented to
make the control input independent of the multiple time delays. At the same time the dynamic structure adaptive neural network
is introduced to eliminate the uncertainties in the chaotic system which approximates the function with better relationship
between the calculation rate and structure complexity by increasing hidden units when the tracking error is beyond the allowable

bound. The demonstration with a given Duffing chaotic system shows the presented control method is effective.

Keywords chaotic system adaptive control unknown time-delay dynamic structure neural network

PACC 0545

* Project supported by the National Natural Science Foundation of China Grant No. 60234010 and Aviation Science Foundation Grant No. 05E52031 .

1 E-mail anne_ zm@ hotmail . com



