
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 100506

ÄÄÄuuu222ÂÂÂIII¼¼¼êêêÚÚÚ���������¦¦¦|||±±±���þþþÅÅÅ���
···bbb���µµµeee���fff&&&ÒÒÒuuuÿÿÿ*

1õ�1)2)† §ýÿ1)2) M�1)2)

1) ( H®&Eó§�Æ, ô��í�&ÿ�&E?n­:¢�¿, H® 210044 )

2) ( H®&Eó§�Æ>f�&Eó§Æ�, H® 210044 )

( 2011 c 7 � 6 FÂ�; 2011 c 10 � 14 FÂ�?Uv )

�
l·b�µ¥uÿ�f&Ò, ïÄ©Û
E,��5XÚ���m­�nØ, JÑ
�«Äu2ÂI¼ê
����¦|±�þÅ�ýÿ{. T�{±2Âi\I�Ä:, |^g'é¼ê{(½ Lorenz XÚ�i\�êÚ�
mò´,¢y��m­�, (Ü���¦|±�þÅïá Lorenz XÚ�Ø�ýÿ�., uÿ�f8I&Ò (]�Ú±
Ï&Ò). �ý¢�L², T�{�ýÿ�.äk���Ø�, U
k�/l·b�µD(¥uÿÑ�f8I&Ò, ~
�D(é8I&Ò�K�. �DÚ�{�', 3ü$uÿ���Ó�, U
k�/Jpýÿ�°Ý, 3·bD(e&
D'� –87.41 dB ��¹e, �éuDÚ|±�þÅ�{¤��þ��Ø� 0.049(–54.60 dB�) ü$Cü�êþ?
� 0.000036123(–87.41 dB�).

'�c: i\�, 2Â�mI, ��m­�, ���¦|±�þÅ

PACS: 05.45.Pq

1 Ú ó

·b´���5(½5XÚ¥duéÐ�¯
a
Ñy�mq�Å�$Ä [1]. ·bnØ�Ù¦Æ
����5,¦·bA5��f&Òuÿ�¡�(
Ü��
2�A^, X�Æ [2]!Y© [3]!Ï& [4]!
°º8Iuÿ [5]!ó§uÿ [6] �. ·b�µe�
f&Òuÿ´8c&Ò?nïÄ�9:��.

·b�µe�f&ÒuÿL§¥, ·b�mS
��ï�Úýÿ�©­�, ÙÄ:´ Takens[7] J
Ñ���m­�nØ, =ò$�·b�mS�N�
­ï�p��m, 3�±­�ÏfÿÀØC5�c
Je, ?1��m­�, 
��m­���þé�
.�ïáÚýÿkX���K�, ­�ëê´i\
� m Ú�mò´ τ . Ù¥, i\�ê�U
���
N±G�=£�¤�áÚf�����m��ê,

áÚf3T��m¥ØUk?Û�U�? [8]. ­

��mò´K�­��mS��æ�m�. yk�
��m­��{Ì�k Grassberger-Procaccia (G-P)

�{ [9]!C-C { [10] Ú�mI�{ [11] �, G-P �
{�,O��é{ü!Âñ�¯, ��{��¤�
'é�ê¬ÏáÚf�Øþ!
�)Ø�, 
�3
ÃIÝ«�(½Ú�5£8O��´ÉÌ*Ï�
K�. 2006 c Harikrishman � [12] JÑ�«^��
�ê5�OîAp��ê��{,¦�­�ëêØ
ÉD(Ú>.�A�K�. C-C {O�­�ëêä
k�p�O��Ç, �3(½i\II���3é
�Û4�:�65�r�Øv, �·^u?n��
êâ:ê�·b�mS�. 2007 cº�Å� [13] �
é·b�mS���m­� C-C {�Øv, JÑ�
U?. C-C {¤(½��ò�i\�ê�\O(
��, O��Ý�k��J,, ��O°Ý�3�
½§Ý���.�mI�{3��v
êâ��¹
eU¼��Ð�i\�êÚ�mò´, �´(½I
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��õ��²�5�ä.

·b�µe�f&Òuÿ�DÚÚO�{õ
æ^Äu�ÅnØ�&Ò?n�{, ò�µ&Ò
w��ÅD(, %�Ñ
·bS3�ÔnA5, ¦
�.�¦^É�. l��m­���ÝÑu, |^
·bS3A5�k|u3·b�µeuÿ�f8
I&Ò.

ISþ, Kenshi � [14] ïÄ
|^4�k��
·b�mS�êâ­�Ù��5ÄåXÚ�.,

���m­�3&ÒuÿA^Jø
nØÄ:.

2011 c Diogo � [15] æ^­yþz©Ûl�Å&
Ò¥_J�·b&Ò
, é,
�Å&Òäk�½
�·^5, �é�f&Ò�uÿ5U¿�?1©Û.

3��Ä�A5�r·b,Å�µe,©z [16] æ
^­�Ä�A5Ú·bÓÚ�{é�f8I&Ò
?1�OÚuÿ, ÏLÀJÜ·�ÍÜXê, �²
w/ü$uÿ(J�þ�Ø�.

3IS, w�ì� [17] �â·bÄåXÚ��
�mò´�I­�nØ, Äu|±�þÅr��
��5N�Uå, ïá
·b�mS��|±�þ
Åýÿ�., ��
�Ð�ýÿ(J. 2008 co�
� [18] |^XÚé�ÅD(&Ò��¼5Úé�f
±Ï&Ò�¯a5, ïá�f±Ï&Ò�½þuÿ
�{, ��
éÐ��J, �vkïÄ3·b�µ
Z6e��f&Òuÿ¯K.

2007 c·�|^ ²�äk�/l·b�µ
D(¥uÿÑ�f]�&ÒÚ±Ï&Ò [19], �u
ÿ���$. 2010 c·��é ²�ä�3 “L[
Ü” ����.�zUå�¯K, JÑÄu�Å©
)����¦|±�þÅýÿ�. [20], ÏLO\
éó�å�|©/U?Ø¼ê�ëê, Ù°Ý!u
ÿ�J'DÚ»�Ä¼ê (RBF)  ²�ä�k

wÍJp. XÛÏLk�/­���m5Jp�f
8I&Òuÿ��J, XÛ|^|±�þÅ��{
ýÿ·b�mS�Ø�, Jpýÿ�°ÝÚu��
J,´·�8c�ïÄ­:.

�©òïÄÄu2ÂI¼êÚ���¦|±
�þÅ�·b�µe�f&Òuÿ, ÏLÄu2Â
�mI�g'é¼ê{(½ Lorenz XÚ���m
i\� m Ú�mò´ τ �m�'X, ¢y��m
­�, ïÄÙ·bA�, |^���¦|±�þÅ
ïá Lorenz XÚ�Ø��.¿é�mS�¥�8
I&Ò?1ýÿ, ÏL��ØÓ�8I&Ò?1�

ý�y, Óyk�Ù¦uÿ�{?1'�, ïÄÙ
uÿUå.

2 · b � m S � � � m ­ � � n
ØÄ:

· b X Ú d õ � g d Ý 5 û ½, 
¢ÿ &
E õ´� � X Ú ��ê� ¡ 
 � � Ü,   �
��m��üCþ�mS� {x1, x2, x3, · · · , xn},

Ù¥ tj = t0 + j∆t, j = 1, 2, · · · , N , xj = x(tj)

| ^ ü C þ�m S � ­ � � � m, k | u ï
Ä · b X Ú. é u¢ÿ�m S � {xj}, b��
Ä å X ÚáÚ f�ê� d, Ù i \�� m, ­
��m ò ´� τ , K ­ � � Nm � d �� þ
� Y = {xj , xj+τ , xj+2τ , · · · , xj+(d−1)τ}, Ù¥ j =

1, 2, · · · , Nm, Nm = N − (d − 1)τ . ù Nm � m�
�þ3 m���m£ã�;,�±ò·báÚf
��Ðm, 3ÿÀ�d��¹e¡EÑ�ÄåXÚ.

Takens ½n�Ñ, ��m;,¥�z�:�3
N�'X

Yj+τ = Ψ(Yj), (1)

�éu Yj , Yj+τ ¥�k xj+dτ ´#&E, ¤± (1)

ª�±U�¤

xj+dτ = F ([xj , xj+τ , xj+2τ , · · · , xj+(d−1)τ ]). (2)

Takens ®y², 3êâÃ¡õ�ÃD(À/�,

e m > 2d + 1, ­����m�ò�ÄåXÚ�
ÿÀ5��3e5, � Takens ½néu�mò´�
ÀJ��Ñ`². ¢�ïÄL² [21],�mò´ τ L
�½L�Ñ¬é��m­���þ�)K�: � τ

L�, ��m��ü�� x(tj) � x(tj+τ ) �ÉL�
�, ­���m�áÚf÷��mÌé��Ø ,

=P{; � τ L��, áÚf�Ä�A5¬C�Ø
�'.

3 Äu2ÂI¼êÚ���¦|±�
þÅ��f&Òuÿ�{

éu�mS� {xj}, �3��Ü·�ò´ τ ,

¦�3­���m¥�XÚ;,QÃØ �Øò
U. ­���m¥?¿ü��I�ò´�m�2Â
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i\I� Γ ����Ú [22]�

J =
m−1∑
k=1

C1
m−k(kτ − Γ ), (3)

�uXÚ­½5, l���Ý�Ä, 3 J = 0 �Ä
:þ, ����, ¤�­�XÚ�Ò�­½, =

σ2 =
m−1∑
k=1

{[
m−1∑
k=1

C1
m−k(kτ − Γ )

− 1
C2

m−1

m−1∑
k=1

C1
m−k(kτ − Γ )

]2
 . (4)

� σ2 = 0�, m, τ � Γ �m�'X��Ün.
m−1∑
k=1

(
m2(m − 3)[(m + 1)τ − 3Γ ]

6(m − 2)

)2

= 0, (5)

?
í�
m4(m − 3)2[(m + 1)τ − 3Γ ]2

36(m − 2)2
(m − 1) = 0, (6)

z{� m = 0, 1, 3 ½ J = 0�, ��Ün. 3��
�¹e, m > 3, � J = 0��`, ��

Γ =
m + 1

3
τ. (7)

g'é¼ê [22]

c(Γ ) =

N∑
k=0

[x(t0 + (k + 1)Γ ) − xa][x(t0 + kΓ ) − xa]

N∑
k=0

[x(t0 + kΓ ) − xa]2

(8)

Ù¥ xa =
1
N

N∑
k=1

x(t0 + kΓ ). � c(Γ ) = 0.707�,

Γ ��ZI�, d�, m Ú τ ��Z'X�±(½.

| ± � þ Å (support vector machines, { P
� SVM) äk��z�.�(�ºx, l
Jp
�.�zUå�`:, Ù*Ð���¦|±�þ
Å (least square support vector machine, {P� LS-

SVM) ÅÚA^3·b�mS�ýÿ�¡, �©3
ÙU?­��.�Ä:þ?1&Òuÿ. �.�E
,§Ý�ûu|±�þ�ê8, 
����m��
ê, ��ê��
±Ï���Ú©�k' [23].

kÔö8 S = {(xi, yi) |i = 1, 2, · · · , N }, Ù
¥ xi ∈ Rn, yi ∈ R, Ôö��ê� N , �â(�
ºxz���nò£8¯K8(����å`z
¯K.

min
w,b,ξ

J(w, ξ) =
1
2
wTw +

γ

2

l∑
i=1

ξ2
i ,

�å^�

yi = wTϕ(xi) + b + ξi, i

= 1, 2, · · · , l, (9)

Ù¥, ϕ(•)�Ø�m�N�¼ê;  �þ b ∈ R; �
Nëê γ ∈ R; ��þ w ∈ Rn;Ø�Cþ ξi ∈ R.

ïá Lagrange ¼ê

L(w, b, ξi, α) = J(w, ξ) −
l∑

i=1

αi(wTϕ(xi)

+b + ξi − yi), (10)

Ù¥, αi ∈ R� Lagrange ¦f. �â KKT (Karush-

Kuhn-Tucker) ^��
∂L

∂w
= 0;

∂L

∂ξi
= 0;

∂L

∂b
= 0;

∂L

∂αi
= 0, (11)

��Cþ ξi Ú w, ���5�§| 0 IT

I Ω +
1
γ

I


 b

a

 =

 0

y

 . (12)

ÎÜ Mercer ^��é¡¼ê���Ø¼ê, �
©ÀJ RBF ��Ø¼ê5ïá SVM £8Ø.,¦
^� RBF Ú£8¼ê©OXe:

K(xi, xj) = exp

(
−‖xi − xj‖2

σ2

)
, (13)

yi =
l∑

i=1

αiK(xi, xj) + b. (14)

N!�Nëê γ Ú»�ÄØ¼ê¥� σ 5(
½ LS-SVM �.. ò¢S����mS���.ý
ÿÑ�n��mS�?1é'¦�, ^ªÌ©Û{
�©ÛýÿØ�, ?1��'�5(½´Ä�38
I&Ò.

4 �ý¢�

Ü·�2Âi\I� Γ éA��;,QØò
U�ØØ , �â m, τ � Γ �m�'Xª (7) �±
­�Ñ�þ�Ð���m, Äu LS-SVM ��f&
Òuÿ�.�Ä�¢�Ú½Xe:

1) |^2Â�mI{(½2Âi\I� Γ , �
â m, τ � Γ �m�'Xª (7), (½Ü·�i\
�m Ú�mò´ τ , |^ (2)ª­���m, ¿�y
�m�Ün5;

2) ïá8I&Ò�·b�µ&Ò, À�Ü·�
¢�êâ, ©�ÔöêâÚÿÁêâ5Ôö�.;
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3) ÏL�.�ý��n�êâ�¢Sêâ�
[Üã, ?�Ú��Ø��Ì�ã/;

4) éØ�Ì�?1©Û, ²wÉuÙ¦Ø�?
K¬�38I&Ò, l
��uÿ�8�.

4.1 222ÂÂÂiii\\\III������(((½½½

Äkæ^;.� Lorenz ·b�.?1�ýï
Ä. Lorenz �§�

ẋ = σ(y − x),

ẏ = −xz + cx − y,

ż = xy − bz,

(15)

Ù¥, σ = 16, b = 4.0, c = 45.92. Ð©�� x =

10, y = 1, z = 0.

ÏL FractalFox2.0 ^�é�©ÄåXÚ?1
�êO��� d = 2.03, � m > 5. � m = 5, O�
2Âi\I� Γ , �ý(JXã 1.

l é g ' é ¼ê� � ã L § ¥, � � Ú �
��, ­��²w; Ú���, ­�ÅÄ��. �
�
¦ c(Γ ) ���Ý/�C", �UÀJ��
²ï��, Xã 1 ¥IP?, �� Γ = 115 �,

c(Γ ) = 0.0030. d�, c(Γ ) ´¦ x(t) � x(t + Γ )

��5Ã'����.

ã 1 g'é¼êã

↩  

↩

↩







x

y

↩  

x

z

↩  




















x

z

(c)

ã 2 ­�ã/ (a) �©�áÚfã/; (b) ­��áÚfã/; (c) ­�� LorenzáÚf3����þ�ÝK
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4.2 ···bbb&&&ÒÒÒ���¼¼¼���

�â (7) ª(½ m = 5, τ = 57. 3d^�e,

?1��m­�, ­�(JXã 2(b) ¤«, ��²
¡þ�ÝKXã 2(c).

é'ã 2(a), (b) ��, ­��J�Ð, ã 2(c) K
l����þ�ÝK?�Ú�*w«Ñ­��J.

ã 2 `²­�áÚfU
k�/�NÑ�áÚf
�A5.

^Ú�� 0.01 �o� Runge-Kutta {¦)�
§ (15), �Ù x ©þ���ò·b&Ò, *ÿ 17000

�*ÿ:, P� {x(n)|n = 1, 2, · · · , 17000},�(�
XÚ��?\·b, � 3000 :±��:, òS��
Ý� 2000 �¢�êâ^uÔö·býÿ�..

ã 3 ¼�êâ (a) X ��þ�Ì�; (b) 8�z� X ��þ
�Ì�

ã 3 ¥��
·b&Ò�k�¢�êâ, X
ã 3(a), �
�B¦^ LS-SVM éêâ?1?n,

ýkòêâ?18�z?n, Xã 3(b).

4.3 LS-SVM ���...���ÔÔÔööö999ýýýÿÿÿ���ØØØ���

ò�©·b&ÒÑ\ LS-SVM Ôö��., �

��A�Ôö(J.

ã 4 ¥´vk8I&Ò�ÏL LS-SVM éÑ
\êâ?1Ôö,ÑÑ�ýÿêâ�n�êâ�[
Ü��n�.

ã 4 n�êâ�¢Sêâã Ù¥ Xt �LØ¹8I&Ò�
·b�mS� (±e{¡�n�êâ), Y t �L�¹8I&Ò�
·Ü&Ò�mS� (±e{¡¢Sêâ) ±eã¥þÓ

ã 5 nØn�¢�(J (a)Ø�Ì�ã; (b) n�êâ�¢
Sêâã

3N�ëêL§¥�±uy, LS-SVM´ÏL
|±�þÅ�Eín�., ÏdéÏfêþvk
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²w�� [1]. du¤ÉK�Ï���, Ì�ëê
� LS-SVM ��Këê γ ÚSØëê�²��
° σ2, æ^üX5|¢�{ÚS�­\��{(Ü
å5éëê?1N�, ÐÚ�äýÿ��n�ëê
� γ = 14351509143.8339, σ2 = 749.90673979757.

3ã 5(a) ¥, �±���ß/�ä8I&Ò�
�3, �´ã 5(b) ¥¢Sêâ�n�êâ�[Ü3
�NþÑy
²w �, �3 50 :?m©Ñy 
��K�ÅìO�. ®�8I&Ò��f&Ò, �
·bXÚäk�½|D5U, ØA3�NþéXÚ
�)L�K�, �UYN! γ Ú σ2 ±��ÜnG
�.

ã 6 γ = 108, σ2 = 100 ��ÿÁ(J (a) Ø�Ì�ã;

(b) n�êâ�¢Sêâã

3n�êâ�cJe, ã 6 òëêN!� γ =

108, σ2 = 100, 3�±Ø�(½�Ó�, n�êâ�

¢Sêâ�Ék¤Uõ, ?�Úü$�KëêÚS
Øëê�²��°� γ = 107, σ2 = 10, Ø
U�
±Ø� ���ä, �U�Ð/[Ün�êâ�¢
Sêâ. ã 7 Úã 8 é'uy, ü$SØëê�²
��°�, ã 8 �,U
éÐ/[Ün�êâ�¢
Sêâ, �´Ø�äN ��(½, cÙ´cà 
����
. ã 7 Úã 9 é'uy, ü$�Këê
�, ã 9 �,U
?�ÚJpn�êâ�¢Sêâ
�[Ü§Ý, �´Ã{(½Ø��äN ��éØ
��35��½�É�
{N.

ã 7 γ = 107, σ2 = 10��ÿÁ(J (a)Ø�Ì�ã; (b) n
�êâ�¢Sêâã

²LëêN!Úé'©Û, �(½ γ = 107,

σ2 = 10��n��ëê. �âØ�Ì�, �±*	
�3 200 :� 250 :�mØ�Ì�AO�, dd�
ä(¢�38I&Ò.

L 1 ·bS�ýÿ�.5Ué'

�© éó�å LS-SVM[20] LS-SVM[20] SVM[20] RBF ²�ä [20]

SNR/dB –87.41 –71.33 –62.82 –54.60 –30.20

RMSE 0.000036123 0.0080 0.022 0.049 0.058
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ã 8 γ = 107, σ2 = 1��ÿÁ(J (a)Ø�Ì�ã; (b) n
�êâ�¢Sêâã

Ón�^u�f�u&Ò�uÿ. ��f�u
&Ò s(n) = 0.005 sin(2πfn), 8�zªÇ� 0.3,�
f�u&Òé·b�µ·Ü&Ò�&D' (SNR)

� –79.8418 dB, ²L��m­��, ^ LS-SVM

?1ýÿ, ���Këê γ = 100000, SØëê
�²��° σ2 = 1, ��ýÿ(J�þ��Ø
� (RMSE) � 7.3240×10−5(�L 1). �âØ�Ì
�, �±*	���u]�&Ò, �u&Ò�Ø�
'��, ���±*	��3 100 :� 2300 :�
mØ�Ì�AO� (Xã 10), dd�ä8I&Ò(
¢�3, �äN �Ã{(½.

éu LS-SVM �ëê��, �,�ý¤��
n�ëêéuØ�Ì��(½'�O(, �´é
�.�n�êâ�ýÿêâ�[Ü
ó, �Kë
ê γ = 100000, SØëê�²��° σ2 = 1 ®
²'�O( (Xã 11(a)), 
d�Ø�ÌÝ38I
&Ò?Ø²w (Xã 11(b)), éØ� err(n) ?1¯
� Fourier C� [24], |^©z [19] ¥��{O�
Ø�Ì�ªÌã, �3Ìªãî¶ 0.3 ?Ñy�
p¸�, dd�½Ø�, Xã 11(c), ?
uÿÑ8

ã 9 γ = 106, σ2 = 10��ÿÁ(J (a)Ø�Ì�ã;(b) n
�êâ�¢Sêâã

ã 10 γ = 100000, σ2 = 1��Ø�Ì�ã

I&Ò.

ã 11 ¥ γ = 100000, σ2 = 1�, ÏL LS-SVM

ýÿ�Ñ�êâ�¢Sêâ[Ü�Ð (Xã 11(a)),

�´3 0 � 1300 :�mØ�å©�äN �%J
±.½ (Xã 11(b)), ÏLÌªC��(½8�zª
Ç�äN � (Xã 11(c)).
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ã 11 Lorenz XÚÿÁ(J (a) LS-SVM XÚ[Üã; (b)Ø
�Ì�ã; (c)Ø�Ì�ªÌã

�?�Ú�y�.�k�5, æ^ Chen’s XÚ
���y�.. �, Chen’s XÚÚ Lorenz XÚ3
/ªþ�q, �üök��«O, �cö3ó§A
^þäk�2��cµ [25].

ẋ = a(y − x),

ẏ = (c − a)x − xz + cy,

ż = xy − bz,

(16)

Ù¥, a = 35, b = 3, c = 28. æ^2ÂI¼ê{(½
i\�Ú�mò´ m = 6, τ = 51. 3 100 :� 150

:�mu·b&Ò x(n) þU\��Ì�� 0.005

��f]�&Ò s(n), d�]�&Òé·b�µ·
Ü&Ò SNR� –90.5270 dB, ��ýÿ(J RMSE

� 2.22388×10−5, `²uÿ5U�p, �k|uu
ÿÑ8I&Ò.

ã 12 Chen’s X Ú � y ( J (a) LS-SVM X Ú [ Ü ã;

(b) γ = 100000, σ2 = 1 �Ø� Ì � ª Ì ã; (c) γ =

1.5049 × 107, σ2 = 3.6953 × 106 �Ø�ªÌã

ã 12(a) ��2ÂI¼êÚ LS-SVM �(Ü�
�{E,�±¦�ýÿêâ�n�êâ�Ð/[
Ü, lã 12(b) ¥�±w�, 38I&Ò�3Ü©
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�Ø�Ì�²wpuÙ¦ �, ²L�.ëêN
!, � γ = 1.5049 × 107, σ2 = 3.6953 × 106 �, �
±(½3 100 � 150 :�m�38I&Ò. ÏL
é Chen’s ·bXÚ��ý, ?�Ú�y
Äu2Â
I¼êÚ LS-SVM ��f&Òuÿ�{�k�5,

`²�.äk�½�Ê·5, éu?n¢S¯Kò
�\(¹.

5 ( Ø

�â·b�mS���m­�9ÙÛÜ�ý
ÿ�A5, �©|^Äu2Âi\I�g'é¼ê
(½�`i\�êÚ�mò´5­�·bXÚ�
��m, ?�Ú|^·bXÚ�áÏýÿ�A:,

æ^ LS-SVM {ýÿ·bS�, l
¢y�f8I
&Ò�uÿ.

3��m¥, òëêà�u�KzëêÚØ¼
ê�²��°, æ^ÏLØ¼êò���mN�

�p�A��m���5©Û�{ —— ���¦
|±�þÅïáüÚýÿ�., ¿�ò3·b�µ
¥��f8I&Òuÿ=�¤lØ�Ì�¥©Û
¿(½8I&Ò��3. ± Lorenz ·bXÚ��
�µ, ©O±]�Ú±Ï&Ò��8I&Ò?1�
ý¢�, ²L©ÛL²T�{U
éÐ/uÿÑ8
I&Ò!uÿ���$, 
��.� RMSE 'D
Ú RBF ²�äÚ LS-SVM �{Jp
C 2 �þ
?, ��±�âØÓ8I&Ò(¹/N��Këê
ÚSØëê�²��°, ¿(Ü¢S&Ò�¹��
"N��·Ü�.. ¦^ Chen’s ·bXÚ?1�
yÚ©Û, 3�½§ÝþJp
ýÿ�.�Ê·5,

�Ð/%C·bXÚ�¢SÔnL§, Jpýÿ°
ÝÚ�f&Òuÿ�J.

3¢S·Ü&Ò¥Ø�r�·b�µ&Ò!
�f8I&Ò	, �~¹kxD(, Ïde�Úó
�ò­:ïÄxD(�éXÚ�K�, JpXÚ�
|Z6Uå, Bu¢SA^.
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Abstract

To extract weak signal from the chaotic background, in this paper we analyze the theory of state space reconstruction of compli-

cated nonlinear system, and put forward an estimation method utilizing the least-squares support vector machine (LS-SVM) based on a

generalized window function. In the algorithm the generalized embedded window is taken as a foundation and the correlation function

method is used to determine the embedded dimension and time delay of Lorenz system and so the state space reconstruction is realized

and by combining the error forecasting model in which the LS-SVM is used to estimate the errors, the detection of the weak target

signal, such as transient and periodic signal, is achieved. It is illustrated in the simulation experiments that the model proposed can

detect the weak signals effectively from a chaotic background and reduce the influence of noise on the target signals, which possesses

minor forecasting error. Compared with those conventional methods, this method has a remarkable advantage in reducing detection

threshold and improving the accuracy of prediction. When the signal-to-noise ratio is –87.41 dB in the chaotic noise background, the

new method can reduce the root mean square error nearly two orders of magnitude, reach 0.000036123, while the traditional SVM can

only reach 0.049 under the condition of –54.60 dB.

Keywords: embedding dimension, generalized window, state space reconstruction, least-squares support vector
machine
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