
Ô n Æ � Acta Phys. Sin. Vol. 61, No. 10 (2012) 100501

ÄÄÄuuu»»»���ÄÄÄ¼¼¼êêê   ²²²���äää���···bbb���mmmSSS���������mmm
­­­���VVVëëëêêêéééÜÜÜ���OOO*

�2� 7ð ê�Â†

(Ü�à��E�ÆY|�ïÓó§Æ�>íó§X, 
' 712100 )

( 2011 c 8 � 2 FÂ�; 2011 c 10 � 11 FÂ�?Uv )

�u»�Ä¼ê (RBF) ²�ä�.3��5ýÿ�¡�`û5U, JÑ
|^Týÿ�.é·b�mS�
��m­��ü�'�ëê—— ò´�mÚi\�ê?1éÜ�O��{, ¿±�*�µd�I��â�ÑÙ�
`�O�. ± Lorenz XÚ�~?1ê�©Û, �� RBF üÚ9õÚýÿ�.¥i\�êÚò´�m��Zëê�
O�, ¿3��.¥é�O�?1��. (JL², T�{�±k�/�OÑi\�êÚò´�m, l
wÍJpý
ÿ°Ý.

'�c: ��m­�, »�Ä¼ê ²�ä, ëê�O, ýÿ

PACS: 05.45.Tp, 05.45.Gg, 02.50.FZ

1 Ú ó

20 ­Ve��±5, ·bÆ�,år¦
�
�5�Æ�%ÇuÐ [1−7]. ·b�mS�©Û, Ò
´r��5ÄåÆ=·b!©/nØA^u��
5�mS��#©Û�{ [8]. ·b�mS�¥%
¹X´L�XÚÄåÆ&E, 
��m­�´^Ä
åXÚ�{©Û·b�mS��Ä: [9]. g 20­
V 80 c�±5, IS	¯õÆöé��m­�E
â?1
���\�ïÄ, 8cA^�2���
á Packard Ú Stewart[10] JÑ�ò´�IG��m
­�{. T�{¥¹kü�'�ëê—— ò´�
m τ Úi\�êm. ùü�ëê�(½¬K��­
���m��þ, Ù�O°Ý��'XX��m­
��£ãÛÉáÚfA��O(Ý. Ïd, τ Ú m

��(½kX�©­��nØÚy¢¿Â.

C c 5, ® k Ø�é ù ü � ëê� � O �
{. éuò´�m τ ��O�{kg�'{!
Eg�'{!²þ £{!p&Eþ{� [11−13];

éui\�ê m �À��{kbC�{!Cao

{!Grassberger-Procaccia ({¡ G-P {) 'é�ê
{� [14−17]. ,
, �XïÄ��\ÚEâ�â»,

®²uyùü�ëê´p�'é!�Ø�©�, d
d�)
 τ Ú m �éÜ�{ —— �mI�{!
C-C {� [18,19]. X©z [20] $^²þ¸��m�
�i\I°�g�5(½��m­��ü�ëê;

©z [21] K|^�ò{éÜ�O­�ëê. d	,

©z [22—24] �Jø
 τ Ú m ü�'�ëê�O
�µd�I, Or
��m­�ëê�O���*
5Ú�&Ý. �´, é�kÄuýÿ5U�I�V
ëêéÜ�O�{, ¿��Ü©©z¥vk�Ñ�
*µd�I.

nþ¤ã, �©JÑ�«Äu��5�.ýÿ
5U�VëêéÜ�O�{. T�{|^ Gauss ¼
ê�ï»�Ä¼ê (RBF) ²�ä, éØÓëê�
e��m­���·b�mS��ýÿ�J?1
µ�. ¿± Lorenz XÚ�~©O�Ñ
 RBF üÚ
ÚõÚýÿ�.��`ëê�O�.
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2 RBF ²�ä�.

Moody Ú Darken[25] �â<a�M��«�S
ÛÜN!9�U�aÉ«��A:, JÑ
 RBF 
²�ä. T�äÏ�Ù{ü�ÿÀ(�Ú`É�¼
ê%CUå, 3Ãõ+���
2�A^.

�©æ^ü�c� RBF  ²�ä, ¢yd m

�����N�, l
ïáåýÿ�., Xã 1 ¤
«. ÙL�ªXe:

x (n + 1) = f (x (n))

=
m∑

i=1

wiφi (‖x (n) − ci‖) = WTφ, (1)

φi (‖x (n) − ci‖) = exp

(
−‖x (n) − ci‖2

2σ2
i

)
(i = 1, 2, · · · ,m), (2)

Ù ¥, x (n) ∈ Rm ��äÑ\ � þ, f ∈ R1

��äÑÑ � þ, φi (•) � Gauss ¼ê, φ =

[φ1, φ2, · · · , φm]T �Û¹�ÑÑ�þ, m �Û¹
�ü���ê, ci Ú σi ©O� Gauss ¼ê�¥%Ú
°Ý, W = [w1, w2, · · · , wm]T �T�äÑÑ��
���þ.

ã 1 RBF ²�ä(�ã

3 �.�µd�I9ëê�O

d Takens ò´i\½n [26] ��, ��À�·
��ò´�m τ Úi\�êm, ��m­���Ä
åXÚ��©XÚ3�©Ó��Ä:þ´ÿÀ�
d�. ù^½n�·b�mS��ýÿC½
��
j¢�nØÄ:.

éu��·b�mS� {x (t)}, �Ñü�Ä�
ëê τ Ú m ?1��m­�, ���� m��G
��þ:

x (t) = [x (t) ,x (t − τ) ,x (t − 2τ) ,

· · · ,x (t − (m − 1) τ)] . (3)

3 ­ � � � � m ¥, � 3 X 1 w � � � 5 N
� f : Rm → R1, =

x (t + τ) = f [x (t)] . (4)

�âù«��5N��¦, ïáþã RBF  ²�
äýÿ�., ¢yéTN� f p��¼ê%C, /
¤����k��·b�mS�ýÿ�.. T�.
�ýÿ(J��Oëê τ Ú m EE�'. äNL
y3Xeü��¡: ��¡, ò´�m τ Úi\�
êm �À���K����m­��°ÝÚ�þ;

,��¡, 3|^ RBF ²�ä�ýÿ�,�¦Ô
ö�ä�ÎÜ�©êâ�A�, òÑ\� ²��
�êÚÛ¹� ²���êþÀ��i\�ê m,

ù�Qk�;�<�ÀJ�Ì*5Ú�E5 [27],

q�±¦i\�êm ��O�\°(Ú�&.

·b�mS�ýÿ�.~^�5Uµd�I
kéõ, éuüÚýÿ�.ÚõÚýÿ�., Ùý
ÿ5Uµ��IOqk¤ØÓ. üÚýÿ�.�
	�´z��ýÿ:�°Ý, �^üÚýÿãÚü
ÚýÿýéØ�ã?1½5£ã, ^ýÿþ�Ø
� PMSE (prediction mean square error) Ú²þ�é
Ø� ARE (average relative error) ��½þ©Û�µ
d�I; õÚýÿ�.K�5­ýÿ:ª³Ú�ý
ÿ�Ý, ^õÚýÿãÚõÚýÿýéØ�ã��
½5©Û��â, Ó�$^�½Ø��e����
ýÿÚê��½þO��µd�I.

þã½þ©Ûµd�I�êÆL�ªXe:

ýÿþ�Ø�:PMSE =

N∑
i=1

[x̂ (i) − x (i)]2

N∑
i=1

[x (i) − x̄ (i)]2
, (5)

²þ�éØ�:ARE =

[
1
N

N∑
i=1

∣∣∣∣ x̂ (i) − x (i)
x (i)

∣∣∣∣
]

×100 (%) . (6)
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��m­�ëê τ Ú m �UC¬��/K�
���.�ýÿ(J, þãýÿ5Uµd�I�±
�ß/�NÑù�(Ø. ëê�O�äNÚ½Xe.

ÚÚÚ½½½ 1 ¼�·b�mS�, ?18�zý?
n. ���mS��È©Ú�Úêâ:ê, ©O�
ï RBF üÚÚõÚýÿ�., ¿(½Ñ�g�µ
d�I.

ÚÚÚ½½½ 2 ÐÚ�Oëê������, ¿©O
�½ÐüÚÚõÚýÿ�.¥�Ôö��êÚÿ
Á��ê. I�`²�´, éui\�êÕá�O
�.,ÄkA^Ù¦�{(½Ñ�mS��ò´�
m.

ÚÚÚ½½½ 3 éuý?n��·b�mS�, �â
,|�½�ëê�?1��m­�.

ÚÚÚ½½½ 4 ò­����mS��\ RBF ýÿ
�.¥, ?1ÔöÚýÿ�ý, ��éA�µd�
I�.

ÚÚÚ½½½ 5 éu�O��S�z�|ëê�, ­
E�1Ú½ 3, 4, ���Üëê�µd�I�.

ÚÚÚ½½½ 6 �âµd�I�4�:éA���'
ëê�ý�O�, ¿�P¹.

ÚÚÚ½½½ 7 �âëê�ý�O�, UY�1Ú
½ 3, 4. Ö�3T|ëê�e�mS�ýÿ��Ü
&E, =µd�Iê�ÚýÿØ�ã�, ?1��.

ÚÚÚ½½½ 8 [�'�z�|ëê�O�éA�µ
d�Iê�ÚýÿØ�ã�, nÜ©Û(½ÑT�
.�`�ëê�O�.

4 ê��[

4.1 Lorenz ···bbbáááÚÚÚfff

�©À�²;·b Lorenz XÚ�~, ÙL�ª
Xe: 

ẋ = a (y − x) ,

ẏ = −xz + rx − y,

ż = xy − bz,


a = 16,

b = 4,

r = 45.92.

(7)

�ý©ÛL§¥, �Ð�� [–1, 0, 1], Ú��
�� 0.01, |^o� Runge-Kutta {O��¹ 11000

êâ:�·b�mS�. ��y RBF ²�ä�
.�°Ý, 3�ý©Û�c, k7�^ (8)ªé��

êâ?18�zý?n,¦Ù/¤��þ�� 0, �
�� 1 �IO�mS�.

X (i) =
x (i) − Ex

σx
, (8)

Ù¥ {X (i)} �8�z��IO�mS�, {x (i)}
��©�mS�, Ex��©�mS��þ�, σx�
�©�mS��IO�.

4.2 üüüÚÚÚýýýÿÿÿ���...���OOO

4.2.1 i\�ê m ��O
�~�]�K�, � Lorenz XÚ X �I©þ

þ� 3000 êâ:�¤·b�mS�, |^p&E
þ{¦�Ùò´�m τ = 12.3000 �êâ:3üÚ
ýÿ�.¥, �c 1500 :��Ôö��, � 1500

:��ýÿ��. òi\�ê m ��Å�l 1 O
� 12, |^ RBF üÚýÿ�.éØÓ m ��·b
�mS�?1Ì�­�!ÔöÚS�O�, ±�Ñ
ØÓ m �e�ýÿþ�Ø� PMSE ãÚ²þ�é
Ø� ARE ã, Xã 2 Úã 3 ¤«.

ã 2 üÚýÿþ�Ø�ã

ã 3 üÚýÿ�éØ�ã
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ÏL©Ûã 2 Úã 3 ��: m = 6 ��ý
ÿþ�Ø� PMSE ��4��; m = 5 ��²
þ�éØ� ARE ��4��. � m = 6 �, ý
ÿþ�Ø� PMSE �4��� 2.2×10−5, m = 5

g�; 
� m = 5 �, ²þ�éØ� ARE �4
��� 7.2×10−2, m = 6 g�. òü|ëê�O
� τ = 12, m = 5 Ú τ = 12, m = 6 ©O�\ RBF

üÚýÿ�.¥, ±�ÑéA�üÚýÿãÚüÚ

ã 4 m = 5��üÚýÿã

ã 5 m = 5��üÚýÿýéØ�ã

ã 6 m = 6��üÚýÿã

ýÿýéØ�ã?1�Ø, ��ã 4—7. ÏL*	
ã 4—7 ��, ü|ëêéA�ýÿ�JÑ��n
�, ýÿýéØ�þ��3 10−3 êþ?±S. �[
é'ïÄuy, m = 6 �ýÿ(Jw«Ù��ýÿ
Ø�� 6.4×10−3, ²þýÿØ��� 6.0×10−4,�
`u m = 5����ýÿØ� 8.8×10−3 Ú²þý
ÿØ�� 9.2×10−4. nþ¤ã, � m = 6 ��T·
b�mS���Zi\�ê�, 
 m = 5 ����
��øë���O�.

ã 7 m = 6��üÚýÿýéØ�ã

4.2.2 VëêéÜ�O
ÐÚ�OÑò´�m τ Úi\�ê m ���

��, �gUC τ(1 6 τ 6 30) Ú m(1 6 m 6 20)

���, ò Lorenz ·b�mS�éAz�|ëê
� (τ , m) ©O­�Ñ��m¿?\ RBF üÚýÿ
�.?15Uµ�. O���éAz�|ëê (τ ,

m) e�²þ�éØ���êâ| ARE (τ , m). �
²þ�éØ� ARE ¥� 3 �4��: (9.01×10−5,

1.11×10−4, 1.92×10−4), éA�n|ëê�g´ (τ ,

m) = [(1, 15), (4, 9), (5, 12)]. Ó 4.2.1 i\�ê�O
(Jé'��, VëêéÜ�O���²þ�éØ
�4�� (9.01×10−5) 'i\�ê�O�²þ�é
Ø�4�� (7.2×10−2) Jp
n�êþ?, �O°
Ý�ÌJp, ýÿ�J��wÍJ,.

òùn|ëê��g�\�ýÿ�.¥, �
� � A � ü Ú ý ÿ ã Ú ü Ú ý ÿ ý éØ� ã,

Xã 8—13 ¤«. ÏLÅ�*	ã 9!ã 11 Ú
ã 13, ���n|ëê� [(1, 15), (4, 9), (5, 12)] é
A���ýÿØ�©O� 1.90×10−4, 3.20×10−4,

5.59×10−4, �\O���Ù�A�²þýÿØ�
��g´ 1.32×10−5, 3.22×10−5, 3.80×10−5.
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ã 8 τ = 1, m = 15��üÚýÿã

ã 9 τ = 1, m = 15��üÚýÿýéØ�ã

ã 10 τ = 4, m = 9��üÚýÿã

ã 11 τ = 4, m = 9��üÚýÿýéØ�ã

ã 12 τ = 5, m = 12��üÚýÿã

ã 13 τ = 5, m = 12��üÚýÿýéØ�ã

L 1 Lorenz XÚüÚýÿ�.µd�Ié'(J

�O�{ �Oëê (τ , m) ²þ�éØ� ARE (%) ��ýÿØ� ²þýÿØ��

Õá�O
12, 5 0.0719 8.8×10−3 9.2×10−4

12, 6 0.1121 6.4×10−3 6.0×10−4

1, 15 9.01×10−5 1.90×10−4 1.32×10−5

éÜ�O 4, 9 1.11×10−4 3.20×10−4 3.22×10−5

5, 12 1.92×10−4 5.59×10−4 3.80×10−5
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Ó 4.2.1 i\�ê�O�é', ���¤k�
*µd�I�P\L 1 ?1é'©Û. dL 1 ¥
�êâw«, VëêéÜ�O�����ýÿØ
� (1.90×10−4) �Ðui\�ê�O���ýÿØ
� (6.4×10−3); 
VëêéÜ�O���²þýÿ
Ø�� (1.32×10−5) ��`ui\�ê�O�²þ
ýÿØ�� (6.0×10−4). éÜ�O���n|ëê
�¦ Lorenz ·b�mS����~Ð�ýÿ°Ý,

�þ���T�mS���m­���Zëê�
O�.

4.3 õõõÚÚÚýýýÿÿÿ���...���OOO

4.3.1 i\�ê m ��O
3õÚýÿ�.¥, �,À� Lorenz XÚ X

�I©þþ� 3000êâ:�¤�©·b�mS�,

^c 2000 :��Ôö��, � 1000 :��ýÿ
��. Ó�|^p&Eþ{(½ò´�m τ = 12.

Ó 4.2.1 üÚýÿ�.�Oi\�ê m ��Ú½
��: òi\�ê m ���gl 1 O\� 12, |
^ RBF õÚýÿ�.éØÓ m ��·b�mS�
?1Ì�­�!ÔöÚ�ýýÿ. ��, ±�Ñ�
�ýÿÚê�i\�ê m �m�'Xã, Xã 14

¤«. I�`²�´, ��ýÿÚê�Ø���½
�$u�ýÿêâÓéA��©êâ�m��é
Ø�� 10%.

ã 14 õÚýÿ��ýÿÚêã

ÏL*	ã 14 ��, ��ýÿÚê�4��
� 175, ¤éA� m �� 5. ò τ = 12, m = 5 �
\ RBF õÚýÿ�.¥, ±�ÑõÚýÿãÚõ
ÚýÿýéØ�ã, Xã 15 Úã 16 ¤«. ÏL*
	ã 15 Úã 16 ��, T|ëêe�­��mS�

3 RBF õÚýÿ�.¥�±ýÿ� 400 Ú�m, ý
ÿ(J'�n�. �� m = 5 �� Lorenz ·b�
mS���Zi\�ê�.

ã 15 m = 5��õÚýÿã

ã 16 m = 5��õÚýÿýéØ�ã

4.3.2 VëêéÜ�O
éuVëêéÜ�O, õÚýÿ�.��{g

´� 4.2.2 üÚýÿ�.�C, =Å�?1S�O
��Ñz�|ëê (τ , m) e���ýÿÚê��
êâ|, ¦�Tµd�I�4��� 360, ¤éA�
n|ëê��g´ (τ , m) = [(1, 17), (3, 6), (5, 5)].

Ó 4.3.1 i\�ê�O(Jé'��, 3Ø���
½���cJe, VëêéÜ�O�����ýÿ
Úê�4�� 360 ²w�u 4.3.1 i\�ê�O�
��ýÿÚê4�� 175,¦��O°Ý¤�Jp,

ýÿ�J��wÍ.

òùn|ëê�Å��\ RBF õÚýÿ�.
¥, ���A�õÚýÿãÚõÚýÿýéØ�
ã, Xã 17—22. �g*	ã 17!ã 19 Úã 21,

uyùn|ëê�­��mS�3 RBF õÚýÿ
�.¥©O�±°(ýÿ� 635, 635, 590 Ú, �`
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u 4.3.1 i\�ê�O� 400 Ú�ýÿ�Ý, wÍ
Jp
T�mS�õÚýÿ�5U.

���N©Û, ò 4.3 õÚýÿ�.�O�{
¥���¤kµd�I��nP¹uL 2 ¥. d
L 2 êâé'��, éÜ�O���n|ëê�
¦ Lorenz ·b�mS����~Ð�ýÿ�J,

�þ���T�mS���m­���Zëê
�O�.

ã 17 τ = 1, m = 17��õÚýÿã

ã 18 τ = 1, m = 17��õÚýÿýéØ�ã

ã 19 τ = 3, m = 6��õÚýÿã

ã 20 τ = 3, m = 6��õÚýÿýéØ�ã

ã 21 τ = 5, m = 5��õÚýÿã

ã 22 τ = 5, m = 5��õÚýÿýéØ�ã

L 2 Lorenz XÚõÚýÿ�.µd�Ié'(J

�O�{ �Oëê (τ , m) ��ýÿÚê �ýÿ�Ý

Õá�O 12, 5 175 400

1, 17 360 635

éÜ�O 3, 6 360 635

5, 5 360 590
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4.4 (((JJJ©©©ÛÛÛ���???ØØØ

3 4.3.2 õÚýÿ�.�VëêéÜ�O¥,

·�ò��m­�éA�z�|ëê (τ , m) e

���ýÿÚê��nP¹uL 3 ¥?1©Û
Ú?Ø. I�`²�´, 3L 3 ¥, 1ê�Li\
�ê m � (1 6 m 6 20); �ê�Lò´�m τ

� (1 6 τ 6 30).

L 3 õÚýÿ�.VëêéÜ�O�¤këê�éA���ýÿÚê�

Úê 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

1 1 23 34 76 79 79 309 176 176 176 176 309 309 359 358 359 360 360 359 358

2 1 22 33 77 79 360 359 309 358 359 359 360 176 176 176 175 79 79 79 79

3 1 22 31 79 176 360 358 176 358 176 175 175 79 79 79 176 79 79 169 79

4 1 22 33 76 359 358 360 176 176 174 79 175 79 79 79 176 79 79 78 72

5 1 22 34 40 360 176 176 175 79 175 79 79 176 79 131 76 79 30 30 31

6 1 22 34 34 360 176 175 79 175 79 176 174 78 79 31 31 28 25 32 34

7 1 22 42 79 176 175 79 175 79 176 174 79 29 28 26 26 34 34 20 18

8 1 23 78 79 176 79 176 79 79 78 78 28 27 25 33 34 20 18 10 6

9 1 23 78 77 174 175 79 79 133 79 30 25 29 34 30 19 11 6 6 5

10 1 24 79 79 175 174 79 136 79 78 26 34 29 20 7 9 6 6 3 1

11 1 26 79 79 176 79 79 77 77 28 22 30 19 9 8 7 2 1 0 0

12 1 29 75 75 175 79 79 78 33 32 28 19 6 4 6 2 1 1 1 1

13 1 32 7 76 176 79 78 34 28 23 8 8 6 5 2 1 1 1 1 1

14 1 23 3 77 79 130 79 79 8 8 6 4 3 2 1 2 2 2 1 1

15 1 22 14 78 79 79 79 25 9 7 6 5 2 2 1 2 3 6 0 3

16 1 21 7 71 148 77 34 32 19 8 4 4 1 2 1 2 5 1 2 1

17 1 21 14 74 74 78 34 31 18 4 4 3 1 1 2 2 2 1 4 4

18 1 21 13 75 75 34 32 20 9 4 3 1 2 1 1 1 3 3 3 3

19 1 3 13 45 77 78 9 6 5 4 2 2 2 2 2 1 1 1 2 2

20 1 0 13 7 75 78 22 5 4 3 1 1 1 2 1 2 2 4 3 4

21 1 0 10 18 74 34 18 4 3 2 2 1 1 1 1 3 7 3 2 3

22 1 0 1 12 73 9 6 4 3 2 2 2 2 1 1 2 1 1 4 4

23 1 0 1 34 33 10 7 4 2 2 2 2 2 2 2 3 3 3 3 3

24 1 0 4 33 33 24 12 4 2 2 2 4 5 3 4 4 4 4 4 4

25 1 1 12 29 34 32 6 4 2 3 2 2 2 5 2 5 4 5 4 4

26 1 1 14 17 79 19 4 3 3 2 2 3 2 5 4 4 3 3 3 5

27 1 2 25 68 34 18 4 2 2 2 2 3 7 6 6 4 5 2 6 1

28 1 3 20 72 35 8 4 3 3 2 3 4 5 5 5 5 5 5 4 4

29 1 4 20 72 22 7 5 3 4 4 2 3 5 5 5 5 5 3 3 3

30 1 5 2 72 24 6 4 4 4 4 5 4 7 4 3 4 9 0 6 5

ÏL©ÛL 3 �±��:

1) ��ýÿÚê�4��� 360, A��Ü©
Ù3��mò´�«�; τ � 1�, m ��±l 12

�� 20; τ � 2�, m ��Ul 6 �� 12; 
� τ �
� 3�, m ����� �� 6 � 9;

2) éu��mò´�«�, ýÿ°Ýþ²w
ü$, p�ê�ýÿ(JéØn�, ØL� m �

� 4—6 ��ÿ, ýÿ(J'Ù¦ëê�Ð, ù�(
J�<y
c¡Õá�O¥i\�ê�O���
(5 (τ � 12, m � 5);

3) éuÓ�ýÿÚ�, m �¬�X τ ��O�

~�, ÏL?�Ú�ê�©Û%uy m*τ ��
Ø´~ê, §¬3�����SÅÄ, ~X��ý
ÿÚê�4��� 360, ¤éA� m*τ �3 15—30
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�mwÄ; Ó�L 3êâw«, τ ��CzÌÝ²w
' m ��, Ï
 m Ú τ �m�´Cq��''X.

ÏLéþãL��[�©Û·���, �kÅ
��Ä¤këê����¹, âU©Û'�¿¼�
�`�ëê�O�. 3·bÆ+�¥, ­���m
EâÒ´|^ùü�'�ëê (ò´�m τ Úi\
�êm) ò�½��mS�¥%õ�&E¿©/w
³Ñ5, ±B¡EáÚf�A�, ��°(©Û!
ýÿ�8�. �XEâ�Øäâ», NõÆö®²
uy, üëê�éÜ�O¿©|^
üëê�m�
�p'X, (½�ëê��ÎÜ¢Sêâ��Û5
Ú��5, ;�
ÕáÀ�ëê�Û�5ÚAÏ5,

¦�­�Ñ5���m�\bC�©S��AÛ
A5. Õá�O�,�±���½ τ �e��` m

�, ����ëê�  ´¤¢� “ÛÜ4�”, �
��� “�Û4�”,¦ýÿ°Ý?�ÚJ,, K7
Lò m Ú τ éÜå5©Û�Ä. ù��´Vëêé
Ü�O���(J`uÕá�O��­���:.

5 ( Ø

�©JÑ�«#.�Äuýÿ5U�Vëê
éÜ�O�{, =± RBF  ²�ä�ïüÚÚõ

Úýÿ�., |^�.`û�ýÿ5UÚ�*�µ
d�I, é Lorenz ·b�mS���m­��ü�
'�ëê?1
�O. ÏLéþão«ØÓ^�e
ëê�O(J�©Û, ��ÑXe(Ø.

1) d�ª�µd�IÚýÿã©Û��, Vë
êéÜ�O���ýÿ�J²w`ui\�ê m

�Õá�O. ��m­��ü�ëêNy
­�á
Úf�$�­E5Ú�r��'5, VëêéÜ�
O¿©|^
ëêm��p'X, k�;�
Õá
À�ëê�Û�5ÚAÏ5, y²
��m­�E
â¥VëêéÜ�O�{�Ðuüëê�Õá�
O�{.

2) þãVëêéÜ�O�{�Ñ
Äu�*
µd�I4��n|Ünk��ëê�O�, Jp

(J��*5Ú�&Ý. ùn|�`�ëê�O
�3�ýÿ�.¥?1��, Ùýÿ°ÝÚýÿ�
JÑkwÍJ,, y¢T�{��15Úp�5.

3) VëêéÜ�Ol�Û�ÝÑu, �Ñ��
Nýÿ(J�8
,. À���`�O�¥Qká
ò´p�ê�, qk�ò´$�ê�, ù
Ñ��
�m­�Eâ3¢Só§�A^Jø
´L�n
Ø�â.
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Parameter joint estimation of phase space
reconstruction in chaotic time series based on

radial basis function neural networks∗
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Abstract

In this paper, we propose a joint estimation method of two parameters for phase space reconstruction in chaotic time series, based

on radial basis function (RBF) neural networks. And we obtain the best estimation values, according to some objective standards.

Furthermore, The single-step and multi-step RBF prediction model is used to estimate the best embedding dimension and delay time,

and Lorenz system is selected as an example. Finally, the estimation values are tested in the original model. The simulations show that

we can obtain the best estimation values through the method, and the prediction accuracy is significantly improved.

Keywords: phase space reconstruction, radial basis function neural networks, parameter estimation, prediction
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