54 6 2005 6 Vol.54 No.6 June 2005

1000-3290/2005/54 06 /2568-06 ACTA PHYSICA SINICA (©2005 Chin. Phys. Soc.
%
1t 2 2
! 321004
2 321004
20046 8 6 2004 10 20
LS-SVM .
Chen’ s Rossler
Hénon EEG
PACC 0545
1= LS-SVM
1.
LS-SVM
LS-SVM LS-SVM a
LS-SVM
LS-SVM
1—7 1415 1S-SVM
8
2.
Suykens
Least Squares Support Vector Machine LS-
SVM °
LS-SVM.LS-SVM
LS-SVM
. LS-SVM

LS-SVM LS-SVM

" 602145

"E-mail ymy@ mail . zjnu . net. cn



2569

6
LS-SVM
2.1. I
1S.5VM y x =;ainx,; + b. 5
LS-SVM
LS-SVM LS-SVM
X i i=1
l xiER" yLER 2.2.
y x =w'é¢ x +b 1
¢.
Xy, 1=k k+1l-1 x,€R" v,€R
k
Xk Y k X k = x x.
! v Y ko= " i mER
minJ w e :iwlw+lZe? Xt 1-1 Yi Yk+1 Ye+i-1 Xp Yk
wbe 2 2 €R. Q Lagrange a
yL:wT¢xl+b+elL=1 l b k . k
2 Q;/ k=K %, Xj+ k-1 i j=1 l
4 b a k = a ap, Apyi-1 Tbok =b, y k =y
5
Lagrange ki1
; = Dla; k Kxox, +0bFk. 6
waea:]we—Zainsﬁxi =k
i=1 U k :Q E+1y 4
+b+e -y 3 elT][ [ ] 7
a; Lagrange Karush-Kuhn-Tucker el y k
KKT i=1 l e w Pk =UFk"'
bk :4L"11fpkk : 8
0 el’ [o] A ¢ ¢ .
el Q+ 1y ak:Pk(yk—elelTPkyk)
e . el P k el
y|enooonens “T @ =Pk vk —elbk 9
alTQij—sﬁx ¢ x; =K x x;, 1 j=1 L.
K oxi Pk =Uk™ = QFk +1/y "
RBF K x;, x, =exp —Hxi—xsz/Zaz Wk HoE 0 0
: HE Dkl 7 [0 D k -1]
4 L5-5VM +5, ks, ke, k 10
4
1 h 'k =K x, x, +1/y H Lk =
K 2 % +1/7 K xp021 %
OK %1 % + 17 K %m0 % a
0 a
Dk = O O
5| |
U K x % K xp00 xp + /70

Sh k =

-1 HE'D E " ¢ k

=1/ hk -HE"'DE'HE



2570 54

k+l Xy yk+] X k x/ k “ O”
Xy Ql] k +1 - “ +11
K Xtk xj+k i .]:l l 1 Chen’s
Pk+1 =Uk+1"= Qk+1 1y ".
11 Chen’ s Chen
LS-SVM Lorenz
Rossler
= mx _
; k=1 Odr = Ay-x
O
Xk Yk E%%: C-A x-uxz+ Cy 14
Q k Pk %‘lz e B
bk ook vk de =
5 E<k+1 2
A B C 35 3 28 0.02s
3. m =6 =1 7 = 10000.
1 a b LS-SVM
Chen’ s x
x k k=12
30 T T T T
Xk =2k x k+<t x k+ m-17 "
m T . Takens 15 !, | g °
g | “: )i f L |
o i “‘H'H
= ]'“ql-\‘ it !
Xk+1=FXk k=12 N 12 -15
F-
Chen’ @
en s _ . . . .
30 0 200 400 600 800 1000
Rossler Hénon k
electroencephalogram  EEG
0.010
IS-
SVM
0. 005
Chen’ s Rossler
Runge-Kutta . —~
X 0.000
Root Mean Squared Error RMSE ®
-0. 005 E
N
RMSE:\/%EMC X k13 ®
k=1 -0.010 - - . .
N x k 0 200 400 600 800 1000
¥k LS-SVM . g
ek =x k -x" k. 1 Chen's a
RBF . 10 1 b RMSE = 6.13 x
LS-SVM 10°*

k



2571

2 Rossler 3 Hénon
O. E. Reossler Hénon
1976 {xk+1=1—Ak h Tey ko
Rossler y k+1 = By k
Eﬂd—f =y + Ax B=03 A k =1.37+0.05sin k/5
Ak
E%Z =— x+ 2z 15
0 13 m=3 c=1
%:zy_cug 7 =10000.
3 3 a b
A=B=0.2 c e
22.33.54750576789 10 11. enon *
C C
c=5.17 1000 2.0 . - T
0< k<1000 C=4.7 L 4
1000 100< k<2000 . C Lolde]
Rossler . = W‘HI’ ’IH H
0.1 m=6 5=0.5 S “’ il 1 "
0.0 b ’ ‘ ) f
¥ =10000. % } l |
2 a b LS-SVM
Rossler x 1.0 3
i o]
2.0 - A .
0 50 100 150 200
k
0.030
S
® 0.015 .
%
E“ 0. 000
0 500 1000 1500 2000 Rl
k (b)
-0.030 . :
0.015 . . : 0 50 100 150 200
k
0.010 |
0.005 | 3 Hénon a
b RMSE = 4.40 x 103
= 0.000
-0.005 4 EEG
-0.010 ® k EEG
-0.015 : . .
0 500 1000 1500 2000
. EEG
2 Rossler a
10 1 b RMSE = 1.40 x EEG

1073



2572 54
m==6 o
=1 7 =1000.
4 a b LS-SVM EEG
S
B
=
g 4.
LS-SVM
LS-SVM
0 50 100 150 200
k
0.015 IS-SVM
0.010
LS-SVM
0. 005
£ 0.000
®
-0. 005 7 o
-0. 010
-0. 015
0 50 100 150 200
k .
LS-SVM
4 EEG a b
RMSE=1.80x 107"
Zhang S LiuHX Gao DT and Du S D 2003 Chin. Phys. 12594 8 Vapnik V N 2000 The Nature of Statistical Learning Theory New
Guan X P Tang Y G Fan Z P and Wang Y Q 2001 Acta Phys. York Springer
Sin. 50 2112 in Chinese 9 Suykens J A K 2000 Neural Network World 10 29
2001 50 2112 10 Ye MY and Wang X D 2004 Chin. Phys. 13 454
LiuD Ren H P and Kong Z Q 2003 Acta Phys. Sin. 52 531 in 11 Ye MY and Wang X D 2004 Acta. Opt. Sin. 24953 in Chinese
Chinese 2003 52 531 2004 24 953
Tan W Wang Y N Liu Z R and Zhou S W 2002 Acta Phys. Sin. 12 Ye M Y 2005 Acta Phys. Sin. 54 30 in Chinese 2005
51 2463 in Chinese 2002 54 30
51 2463 13 Kuh A 2002 IEEE Ini. Joint Conf. Neural Networks 3 2104
Zhang J S and Xiao X C 2000 Chin. Phys. Lett. 17 88 14 Ma ] Theiler J and Perkins S 2003 Neural Comput. 15 2683
Small M and Tse C K 2002 Phys. Rev. E 66 66701 15  Kivinen J Smola A J and Williamson R C 2004 /EEE Trans . Sig .

Freking A and Kinzel W 2002 Phys. Rev. E 65 50903

Proc. 52 2165



6 2573

Chaotic time series forecasting using online least squares
support vector machine regression”

Ye Mei-Ying' ¥ Wang Xiao-Dong®  Zhang Hao-Ran’

' College of Mathematics and Physics ~ Zhejiang Normal University  Jinhua 321004  China

2 College of Information Science and Engineering ~ Zhejiang Normal University ~ Jinhua 321004  China

Received 6 August 2004  revised manuscript received 20 October 2004

Abstract
A chaotic time series forecasting method based on online least squares support vector machine LS-SVM regression is
proposed. The difference between the online LS-SVM and offline support vector machine SVM s that the online LS-SVM is
still effective for the chaotic system with a variation of the system parameter. Four chaotic time series namely Chen’ s system
Rossler system  Hénon map and chaotic electroencephalogram EEG  signal are used to evaluate the performance. The results

verify the ability of the method in chaotic time series prediction.
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