56 9 2007 9
1000-3290/2007/56 09 /5111-08

ACTA PHYSICA SINICA

Vol.56 No.9 September 2007
©2007 Chin. Phys. Soc.

Bernstein

2005 12 27

Bernstein

RLS

Bemstein

PACC 0545

1963

Lorenz

Lorenz

Li  Yorke

3—9

10 11

He  Aguirre

Farmer Sidorowich

* NCET-05-0803

RLS

%
610054
2006 12 19
RLS
LMS
415
Bernstein
Bernstein
16 17
Bernstein
RLS Bernstein
Bernstein
Bernstein
Bemstein
Bernstein



5112 56
3 01
2. Bernstein Bernstein
P, m Bernstein
Calbd a b a b
1° fx€CO01 f«x m m= 2 fx€Calb Bernstein
1 Bernstein
B, f =B, [ «x B, f =B, fx
:Z(%) Cat 1 - " 1 =k=;f(a+%b—a)
Comti T RS ER o e N v B
1° fx€CO01 B, f
mler;OIil?iclfx—BmfI:O. 2 ,’llirgari]?fblfx—B,,lfI:O. 7
1 Bernstein 01 \x\z a+y b-a
Bernstein fx =fa+y b-a =¢y 8
1" ff x€ecol yzZ‘Z P .
limB, [ = /" « 3 1 B, $ =B,%y =
01 P i¢(ﬁ)cfgy‘“' 1—y ™" e>0 M
=0 ‘M
. m>M
1 Bernstein I¢y—Bm¢y|<€Vy€01 9
2" fx€Cc01 P
lfx =B, fx |l<e VYx& a b 10
O<sP<m
mn< f” ¥ <max O0< x <1 4
B, fx = (¢ )
. m" p
< m 1 m—P+1B’" f (a+*b—a)
smax 0 < x <1 5 \ -
B 1 xcfz(z:s) (-5=e) o
1. 2 Bernstein
2 Bernstein a b
’ ’ Bernstein
Bernstein
Bernstein
3" fx€CO01
1 fP x =0 x€ 01 B, f =0«
€ 01
2 fx 01 B, f 3.
01
3 fx 01 B, f 0 Bernstein
1 RLS



5113

n a; b, x

a, b, X X a,

9 Bernstein
RLS b, n
3.1. Bernstein
n Bemnstein 4
n m Bernstein
2" I ox X, n noom
Bm X X | H = Z th kPmk. Xi 16
f x x, n isti-0
m  Bemstein H= b, k k=0 m i=1 n
S N Ak k,
Bm f X1 X = Z/ Z[f(i 7’)
k=0 k=0 ‘M m 16
X P, %1 Pk, % 12 Bernstein 15 16
16
P % = Chixli 1 —x, "% 1 =12 n. m+1-n
13
3 " 1 1 16
x x
n | ox X, : "
. xAn
llm Bm f Xy xn, = f Xy xn +
m—>®
O<ax, <1 i =1 n 14
3
n a; by X a, b, x X a, b,
n 2
n m Bernstein
Bm f X X, n kz_ohl,klpmk](')
a, by x a, b, x X a, b, n
f X1 Xn
Y
. i h; mk \* »> An
n m Bernstein k,z=:0 5P () 2)
3 n m  Bernstein
2 hn,k,,pmk,.(')
m m k=0
Bm X Xn | a = Z E aklk,, k”pmkl X
K=o k=0 ¢
1 Bernstein
pmk” Xy 15
a= a., | . =0 m 1=1 n
P % i=12 n 13 3.2. Bernstein RLS
3 Bernstein m+1"
RLS



5114

56
Bernstein
RLS Bernstein 4.
RLS
4.1.
3.2.1.
1
n Bernstein n
m Bernstein Bernstein m RIS
A 0.
2 RLS P
A “
3 Ix m+1-n ?
H i HO
3.2.2. RIS H i 1 5
1 Bernstein
Ubkn
Ukn = uk uk-1
uk-n+1 " 17 1 A0 0.99
0.1
ui = Cx01-—x " Chab 1 - x, ™ 1 2
Cox!' 1 - x;°
2 n m 1
i=k k-1 k—n+1. 18
o vk 200
g =H kE xUk n . 19
x;, 1
L kE+1
2 RLS H i
Kkl =17 1/A1/§Jiiyﬁkknvkn 4.2.
20
€l = Xyt — Xy 21
Hk+1 =HFk +e,Kk+1" 22
Pk+1l = 1Ux Pk - 1/X Kk+1
xUbkn'P k. 23 1 Hénon
K i m+l-n x1 o =14y, - 14 s
P i m+1l-n x m+1-n Yur1 =0.3x, .
2 Kawakami
PO = 151 24 X = - 0.1x, + 7, .
I m+1-n X m+1-n y,,+1=xi—1.6.

3 Kent



Bernstein 5115
Xpp1 = ﬁ -1- B l X | B = 1.9. 27 . Bernstein RLS
4 Logistic
KXo = 4x,0 1 -2, 28 01 x
5 Lozi
n m A 5
Xpi1 :1 - 1'75 | X, |+ yu
29 Hénon 2 2 0.99 0.1
yn+l :O‘3xn‘
Kawakami 2 2 0.99 0.1
6 Tent
Kent 1 15 0.99 0.1
X, x"/a T S @ Logistic 1 2 0.99 0.1
n+
l-x, /1-a Yo > @ Loz 2 12 0.99 0.1
a =0.4. 30 Tent 2 13 0.99 0.1
1 Chua 2 Bernstein RIS
x=ay-x-fx 01 x
y=x -y +2z
= _ [8)” n m A o
fx =bx+05a-b lx+1l-lx-1] Chua 2 3 0.99 0.1
a = 10 B - 14.87 a = -1.27 Lorenz 3 3 0.99 0.1
b=—-068  =0.1. 31 Rossler 3 3 0.99 0.1
2 lorenz Wiem-Type 3 5 0.99 0.1
X=a y -«
Y 3
Y= 1% — %2 — )
' MSE RMSE .
z= xy - bz 1%
Heé 8.7723x 10715 2.0090 x 10~ 100
a=10b=83r=287=0.09. 32 X X
Kawakami 4.0055%x 10715 1.8425x10° ™ 100
3  Rossler
. Kent 5.6135x 1075 1.5444x 104 98.6
X==-y-2z Logistic 7.5028 x 1071 1.9575x 10~ 100
Y= x + ay Lozi 1.0462x 107* 2.7913x 10~* 97.4
. -5 -4
= b4z x—c Tent 9.2661 x 1075 2.7455x 10 97.8
Ch . =3 2.63 -4 96.4
a=0.15b=02c=10 7 = 0.28. 33 ua 9-T8IT>x 1077 2.6376x 10
. Lorenz 1.3155x 10™% 4.7545x 1074 96.3
4 Wiem-Type
) Rossler 2.0072x 10°* 7.2175x 104 96.9
x=-x+2.5y-z Wiem-Type 5.6443x 1075 1.4974 x 10~ 97.9
y=-2x+ 1.5y - 2.5z
z=5uy-1 - 01 2000 3
I y=0
wy = { r=0.18. 34 1000
0 ¥v<0 MSE
1
MSE = Wz xk - 9’6‘;» 2
k=1
1 2. RMSE
1 N N
Al ~ 2 1 2
RMSE:( x, — X, )/Zﬂﬁ,
k=1 k=1
unge-Kutta X, x, — 0. x, +
4 Runge-Kutt 0.025
31 34 T. 0.025
x x 01 5% .



Absent Image
File: 0


5116 56

2000

10 1

Hénon Tent  Chua

* FLEAH
o F{E
0 200 400 600 800 1000 1200 1400 1600 1800 2000
10°
~ 107
&
D 10720
10730 ® . . . L . . . . L
0 200 400 600 800 1000 1200 1400 1600 1800 2000
2 Hénon a b
MO T T 9 o AT el 79 et P o T | THEHM
b, oo T LL TR 2 11 SL AT 2l e L, | owmim
0.5
0 200 400 600 800 1000 1200 1400 1600 1800 2000
10°
~ 107
=
> 10710
(b)
107 - - - - - - - . -
0 200 400 600 800 1000 1200 1400 1600 1800 2000
3 Tent a b
+ BLMA
o FHI{E

10°
_ 10‘5 [
E
® 10710
(b)
107" s s s s . . . s s
0 200 400 600 800 1000 1200 1400 1600 1800 2000
4 Chua a b
200
RLS

RLS



9 Bernstein 5117
95%
MSE  RMSE 107
5. 200
Bernstein RLS
n m  Bemstein
1 Lorenz E N 1963 J. Atmos. Sci. 20 130 13 Farmer ] D Sidorowich J J 1987 Phys. Rev. Lett. 59 845
2 LiTY Yorke ] A 1975 Am. Math . Monthly 82 985 14 Zhang J S Xiao X C 2000 Acta. Phys. Sin. 49 403 in Chinese
3 Haykin S Li X B 1995 Proceedings of the IEEE 83 95 2000 49 403
4 Ling C Sun S G 1998 [IEEE Trans. Comm . 46 1433 15 GanJ C Xiao X C 2003 Acta. Phys. Sin. 521096 in Chinese
5 Zhang J S Xiao X C 2001 Chin. Phys. 10 390 2003 52 1096
6 Wang B Y 2004 Chin. Phys. 13 329 16  Zarowski C J 1997 IEEE Pacific Rim Conference on Communications
7 LuJ G XiY G2005 Chin. Phys. 14 274 Computers and Signal Processing 1 477
8 Dou C X 2005 Chin. Phys. 14 902 17 Mayer ] 2002 [EEE International Conference on Image Processing 1
9 Xie K Lei M Feng Z J 2005 Acta. Phys. Sin. 54 1267 in 824
Chinese 2005 54 1267 18 Mo G D Liu K D 2003 Methods of Approximation of Functions
10 He XD Lapedes A 1994 Physica D 70 289 Beijing Science Press in Chinese 2003
11 Aguirre L A Billings S A 1995 Physica D 85 239
12 LiJH LuJ A Chen S H 2002 Analysis and Applications of 19  Liang XZ Li Q2005 Multivariate Approximation Beljing National

Chaotic Time Series Wuhan Wuhan University Press  in Chinese

2002

Defense Industry Press  in Chinese 2005



5118 56

An adaptive approach based on Bernstein polynomial to
predict chaotic time series”

Yan Hua Wei Ping  Xiao Xian-Ci
School of Electronic Engineering ~ University of Electronic Science and Technology of China  Chengdu 610054  China
Received 27 December 2005  revised manuscript received 19 December 2006

Abstract
In this paper we propose an approach using the Bernstein polynomial to model the dynamics of chaotic time series.
Combining it with RLS algorithm we can predict the chaotic time series adaptively. Theoretical analysis and computer simulation
have demonstrated that this approach can provide high precision and satisfactory percentage of prediction for some typical chaotic
time series. Because of the fast convergence of RLS algorithm this approach can be applied to predicting short record chaotic

time series in real time.
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