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1 Ú ó

g 1963 c Lorenz 3Uíý��O(5ïÄ
¥1��uy(½5��5ÄåXÚ�3·by
�±5, ²LC 50 c�uÐ, ·bnØ����5
ÄåÆ�­�|¤Ü©, 3�f&Òuÿ!XÚ�
�!��Ï&9�mS�ýÿ�ó§Eâ+��
�2��A^ [1]. 'u��5ÄåXÚÏ�·b�
´��âOKïÄ��´ISc÷9:¯K, IS
	3ù�+�®²��
Nõ�'¤J. 8c®²
��2�@��½5�âÌ��): õÇÌ¥Ñy
ëYªã [2]!��mÑyÛ%áÚf [3]!
\4
�¡ãÑyëY�8: [4]!�±Ï©
 [5]!
u
5·b [6] 9[±Ï$Ä [7] �; ½þ�âÌ��):

Û%áÚf�ê�©ê [8]!Lyapunov �ê�� [9]

9ÿÀ�½ÿÝ��� [10] �. Ù¥�Ü©�â¤
æ^�Ñ´CA�c5�#nØÚ#�{, ®k�
þ©z?1
�\ïÄ, 
éu “õÇÌ¥Ñyë

Yªã” %�k©z?1¿Û, ���^·b��
�Å5?1)º [11]. õÇÌ3��5ÄåXÚG
��OL§¥�3=
"�ºæ^Û«�{U

��k��©Û��5ÄåXÚ�ª�A5? ��
5ÄåXÚ3ª�SXÛ?1üz? ·b)3ª�
S�©Ù9(�A:XÛ? ù
¯KÑ��?�Ú
ïÄ.

±F¼C��Ä:�õÇÌ, 3©Û�5!p
d5!±Ï59²­A5ÄåXÚ�ª�A�L
§¥u�X­��^ [12−15]. ¢Sþ, ý�õêÄ
åXÚLyÑ�r���5!�pd5!�±Ï
59�²­A5�E,A5 [16−19]. �éù
E,
ÄåXÚ, õÇÌJ±��k^&E, NõªÇ¤
©"y²(Ôn¿Â, $�ÑyJbªÇ½Ã^�
��ªÇ, E¤ù«(JÌ�kü�¡��Ï: �
´ª�©Û¤�6�ªÇVg�Û�5, �´�
ÅÄ¼êÐm��k"�. DÚªÇVg�é±
Ï�mS�âk²(�Ôn¿Â, 
éu¯õ�±
Ï�mS�, Ã{éÙ?1k�£ã, UìÃ�±
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Ïòÿ¤���ªÇ, "yªÇ¹Â, Uþ�³î
­, N´�)�Ø½��ªÇ¤© [20,21]. ±�Å
Ä¼êÐm/ªé�mS�?1©), �,3êÆ
¿Âþäk�~�{�)º, �ØU�â�mS�
g�A:?1g·A�©Û, Nõ�ÅªÇ¤©"
y²(�Ôn¿Â, ��mS�¤¹��&E"y
��5 [22].

�éDÚõÇÌ�3�þã"�, JÑ�«Ä
ug·A¸�©)�2ÂÛÜªÇ�{, l#�ª
ÇVg�Ý, 3¦ª�©Û��pg·A9ÛÜz
��uÐ�Ó�, �«DÚõÇÌÃ{Lã���
5ÄåXÚª�A�&E. 3�©¥, ± Duffing X
Ú�ïÄé�, ©Û
XÚ�{Zëê r Cz�ª
�ÄåÆA�. ïÄ(JL²: 2ÂÛÜªÇk�
�«
��5XÚ3ª�S�©
y�, uy
·
b�mS�3ØÓ¥%ªÇ?�N�A59ªÇ
N���q5. �*	��5XÚ·bG�eªÇ
ëY©Ù5ÆJø�«#�{, Ó��L²
T�
{�k�5.

2 Ä u g · A ¸ � © ) � 2 Â Û

ÜªÇ

2.1 ½½½ÂÂÂ999ÙÙÙ���{{{

��5ÄåXÚ�¸�), �N
ÛÜ�m�
�S)Ì�ÅÄ�4�G�, Ø=����ä�
ÄÌ���I, �����ä±Ïå©½(å�I
�, Ïd¸�&E�'uÙ¦�ÛÜ4���äk
Ôn¿Â. �
¿©J��mS�¥¸�&E, �
©ïá�«g·A¸�©)��{, Ù�nXã 1

¤«.

dã 1 ��, éu?¿���"þ�zlÑ�
mS� x(i), (i = 1, 2, · · ·, n), ÏL­EJ�ÛÜ
4����{, U�©)� m �¸�fS� p1(i),

p2(i), · · ·, pm(i), �¸�fS�%¹
ØÓ�mm
�ºÝ9ØÓÌ�ºÝe�ªÇ9Ù�AUþ
&E.

b�?¿��¸�fS� p(i), (i =1, 2, · · ·, n)

¥�"¸��ê� N , KÙ�mm�ê� N −1, K
���Ù�mm�S� ∆t(j), (j = 1, 2, · · ·, N −1).

,�ÚOS� ∆t(j) ¥�­E��9Ù�A­E
�ê, ©O�¤#��mm�S� ∆(k) Ú­E�
êS� s(k), (k = 1, 2, · · ·, L), Ù¥ L �pØ­E
�Õá�mm�����ê. ���Ñ¸�fS
� p(i) �2ÂÛÜªÇ�½ÂXe:

vk =
1

∆(k)
, (k = 1, 2, · · ·, L), (1)

ª¥, 2ÂÛÜªÇ νk L�ü �mSÑy��
±Ï�gê, ù�DÚªÇVg�Ôn¿Â´��
�, þ´�Ä¯ú�ïþ�I.

?�Ú�Ñ¸�fS� p(i) ¥�2ÂÛÜª
Ç¤éA�UþVÇ�Ý½Â, =

ηk =
s(k)

Ns∑
k=1

s(k)
, (k = 1, 2, · · ·, L), (2)

ª¥, ηk L�2ÂÛÜªÇ νk 3¸�fS� p(i)

¥Ñy�VÇ, ù�DÚF¼C�Xê�Ôn¿Â
�éA, þ´�ªÇ¤©Uþ¤Ó�­�ïþ�I.

ã 1 g·A¸�©)�nã

2.2 nnn������mmmSSS���������ýýý���©©©ÛÛÛ

b�n��mS��

x(t) = 3 sin(2π × 1t) + 5 cos(2π × 2t)

+12 sin(2π × 4t). (3)

T�mS�dªÇ 1 Hz Ú 4 Hz ��u¼ê±
9 2 Hz �{u¼êU\
¤, æ�ªÇ� 100 Hz,

æ8�m 3 s, �O 300 :, Xã 2 ¤«.
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ã 3 � x(t) �g·A¸�©)ã, n��mS
� x(t) ²Lg·A¸�©)��� 3 �¸�fS
�: p1, p2 9 p3, ©O�L
 3 �ØÓÌ�ºÝe
�±Ï5A�&E, Ù¥ A L«¸���. p1 ´l
�S� x(t) ¥©)Ñ5ªÇ�p�¸�fS�, �
fS�ªÇ�gÅìü$, ©)L§´��g·A
�, (J���S� x(t) g�A�k'.

ã 2 n��mS����Å/ã

ã 3 x(t) �g·A¸�©)ã

ã 4 � x(t) Äug·A¸�©)�2ÂÛÜ
ªÇÌã, ã¥©ONy
¸�fS� p1, p2 9 p3

�2ÂÛÜªÇ9ÙUþVÇ�ÝA�, �¸�
fS�¤¹ª�¤©Õá, ª�¤©dp�$?1
Cz, Ø�3­E½��Z6�. p1 �¹ 3.70 Hz,

3.85 Hz, 4.17 Hz 9 4.35 Hz �lÑ2ÂÛÜªÇ¤
©, `²�3 4 �Õá�ØÓ±Ï5�mm�, ù
�:lã 3 ¥��±�ßwÑ; ù
ªÇ± 4 Hz

�þ�¥%���S©Ù, `²¸�fS� p1 l
ÚO¿Âþ5w, ÙA�ªÇ� 4 Hz, ù��S
� x(t) �¹�pª¤©�Î. Ó�/, 3¸�fS
� p2 9 p3 ¥U©OJ���S� x(t) �A�ª
Ç¤©: 2 Hz 9 1 Hz.

nþ¤ã, g·A¸�©)�{äkûÐ�g
·A5, ©)(J��Õá, ;�
DÚF¼C�
±�ÅÄ¼ê/ª?1r�©)¤�5�Jb½
��¤©, �2ÂÛÜªÇ�O�Jø
�â. J
Ñ�2ÂÛÜªÇVg´l#�ªÇ�Ý9ÚO
¿Âþé�mS�?1A�©Û, â»
DÚªÇ
Vg¥±Ï5���, ©Û(J��S�g�A�
k', Ôn¿Â²(, ¿�U
k�J���mS
��ªÇA�, ���5ÄåXÚ�ª�A�©Û
Jø
�«#Ãã.

ã 4 x(t) Äug·A¸�©)�2ÂÛÜªÇÌã

3 Duffing XÚ�ª�A�©Û

3.1 Duffing XXXÚÚÚ···bbb���ââânnnØØØ©©©ÛÛÛ

�ÄXe Duffing XÚ�. [23]:

x′′ + rx′ − x + x3 = F cos(2πf0t), (4)

ª¥, r �{Z', F �±Ï-yåÌ�, f0 �-y
åªÇ.

�
U
lnØþ(½T Duffing XÚÑy
·bG�¤÷v� r, F � f0 �ëê'X, ��
â Melnikov )Û6Ä{O���, T�{U
��
XÚ�
\4N�äk Smale êLC�¿Âe·
bK�, �XÚëê�uK��, XÚÒ�UÑy
·bG� [24]. ÙäNÚ½Xe:

ò (4) ªU��6Ä�§

x′′ + εrx′ − x + x3 = εF cos(2πf0t), (5)
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ª¥, e �6Äëê. XÚ��d�

y = x′,

y′ = x − x3 − εry + εF cos(2πf0t).
(6)

� e = 0 �, (6) ª � M � î X Ú, Ù M �
îþ�

H(x, y) =
1
2
y2 − 1

2
x2 +

1
4
x3 = h. (7)

� h = 0 �, �3 2 ^ë(V­Q:�Ó�;
�, ÙL�ª� [25]

x0(t) = ±
√

2sech(t),

y0(t) = ∓
√

2sech(t) × th(t).
(8)

Melnikov ½n [26]: � Melnikov ¼ê

M(τ) =
∫ +∞

−∞
f(q0(t)Λg(q0(t), t + τ))dt, (9)

XJ�3� e Ã'� t, ¦ M(t) = 0, d M(t)/dt 6=
0. Ké¿©�� e, dXÚ�A�
\4N�¥, Q
:.ØÄ:�­½ØC6/�Ø­½ØC6/�
ö7î���, =d�7Ñyî�Ó�: (XJ�
��ØC6/©OáuÓ�Q:.ØÄ:) ½î�
É�: (XJ���ØC61©Oáuü�ØÓ�
Q:.ØÄ:), l
XÚk�UÑy·b).

�â Melnikov ½n, 3-yåÌ� F �½�
�¹e, XÚG��{Z' r �Cz
Cz, A
^ Melnikov ¼ê�±y²TXÚ�k�·b«�,

Ó�éÑXÚ�·b�.K��

R(ω0) =
r

F
=

3
√

2Fπω0

4r cosh(πω0/2)
, (10)

ª¥, ω0 �-yå�ªÇ, � ω0 = 2pf0.

b��-yåÌ� F = 1, -yªÇ f0 =

1/2p = 0.16 Hz, {Z' r = 1—1.6, r ± 0.01 �Ú
�?1Cz, XÚÐ©^�� x0 = 0.4, ẋ0 = 0.9, �
mÚ�� 0.02p, ²ê�È©���ØÓëê r e
����mS�, z��mS�� 8000 �:��
�ýêâ. òþã^��\ (10) ª, nØþ���
·bK�� r = 1.15, ={Z' r �u 1.15 =ò?
\·bG�.

� 
 u � þ ã n Ø � k � 5, � ? � Ú Ï
L Duffing XÚ¸�©
ã½5©Û±9 Lyapunov

�ê½þ©Û?1�ýé'. ¯¤±�, Lyapunov

�ê´ïþXÚÄåÆA5���­�½þ�I,

§L²XÚ3��m¥��;�Âñ½uÑ�²
þ�êÇ, �� Lyapunov �ê=�½XÚ?u·
bG�. Xã 5(a) ¤«� Duffing XÚ� £¸�
�ëê r Cz�©
ã, ã 5(b) � Duffing XÚ�
�� Lyapunov �ê�ëê r Cz�­�ã. ÏLé
'��, � r = 1.15 �, Lyapunov �êdKC�, X
Úd[±ÏG�m©?\·bG�; � r = 1.26 �,

Lyapunov �êd�CK, XÚ(å·bG�?\ 2

±ÏG�; 3·b«� r = 1.17, 1.18 9 1.22 ?,

Lyapunov �êd�âC�K, Ñy±ÏI�y�.

dd��, Molnikov �{!¸�©
ã9 Lyapunov

�ê�·b�âOK(Ø��, þ��� Duffing

XÚG��½�k��â.

ã 5 Duffing XÚG��ëê r Cz5Æ (a) � £¸�©

ã; (b) ��� Lyapunov �ê­�

3.2 Duffing XXXÚÚÚªªªÇÇÇ©©©


yyy���

8cIS	ÆöÌ�ïÄ £¸��©
y
�, ÏL¸���ê9©Ù�¹5(½±Ïê, ù
�±Ï�Ôn¿Â�3�É. ¢Sþ, ªÇ�±Ï
�3;��éX, §�p��ê, 
�üöÔn¿
Â²(, Ïd�±ÏL©ÛXÚªÇ©
y�5ý
��«XÚ�±Ï5G�A�.

ã 6 � Duffing XÚõÇÌ�ëê r Cz�
©
ã, ôÚ�Ý�LUþÌ�, (Üã 5 ��,

� r = 1.4—1.6 �, XÚ?u 1 ±ÏG�, õÇÌÌ
�Uþ8¥3Äª f0 = 0.16 Hz ?; � r = 1.26—

1.4 �, XÚ?u 2 ±ÏG�, õÇÌUþÌ�8¥
3ÄªÚ 1/2 Äª?; ?\·b«��, õÇÌëY
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©Ù, ¿�3 r = 1.17, 1.18 9 1.22 ?U*	�²
w�±ÏI�y�; � r = 1—1.15 �, XÚ?u[
±ÏG�, õÇÌUþÌ�8¥3Äª9 1/3 Äª
?; �,õÇÌlª�þU
NyÑ�
±Ï)é
A�A�ªÇ¤©, �´��)�
ÏF¼C�¤
�5��ÅªÇ¤©, ù�±Ï)g�A��3�
É, î­Z6
 Duffing XÚª�A��J�.

ã 6 Duffing XÚõÇÌ�ëê r Cz�©
ã

ã 7 Duffing XÚG��ëê r Cz5Æ (a) �2ÂÛÜª
Ç©
ã; (b) ��� Lyapunov �ê­�

�â©¥½Â�g·A¸�©)�{92Â
ÛÜªÇ�{, ò�ëê r e�mS�©)��
�2ÂÛÜªÇ?1U\, ��2ÂÛÜªÇ�ë
ê r Cz�©
ã, Xã 7(a) ¤«. (Üã 7(b) ¤
« Duffing XÚ��� Lyapunov �ê�ëê r C
z�­�ã��, Duffing XÚ3ª�S���5ü
z5Æ� Lyapunov �êL�5Æ��. � r > 1.15

�, XÚ?\·bA�üz«m, 3 r = 1.17, 1.18

9 1.22 ?U*	�²w�±ÏI�y�, �'uõ
ÇÌ, 2ÂÛÜªÇ3·b«mS�©
ãÑy

kÀJ5�ëYªã©Ù, UþÌ� “�N” 3Ä
ª, 1/2, 1/3 9 1/6 ÄªNCëY©Ù, ªã/Ga
q, ¿�3ª�þØ�3P{ªÇ&E, �ªÇ¤
©äk�XÚ±Ï)éA�²(Ôn¿Â, ·bA
�üz«m��O���ß, �*	��5XÚ·
by�Jø
�«#�{.

3.3 ···bbb���mmmSSS������ªªªÇÇÇNNN���AAA555

� Duffing XÚ r = 1.2 �·b�mS� (�
ã 8), �ïÄÙª�©Ù9(�A5, |^�©J
Ñ�2ÂÛÜªÇO��{, ��Xã 9 ¤«(
J, Ù¥ã 9(a) � r = 1.2 �·b�mS��g·
A¸�©), ã 9(b) ��¸�fS��2ÂÛÜ
ªÇ. T·bS�g·A©)� 3 �Õá�¸�f
S�:p1, p2 9 p3, ª�¤©dp�$?1Cz, Ø
�3­E½��Z6�. p1 �2ÂÛÜªÇÌ�
3Äª 0.16 Hz NCëY©Ù, p2 �2ÂÛÜªÇ
Ì�3 1/2 Ú 1/3 Äª, = 0.08 Hz Ú 0.053 Hz N
CëY©Ù, p3 �2ÂÛÜªÇÌ�3 1/6 Äª,

= 0.027 Hz NCëY©Ù.

ã 8 Duffing XÚ r = 1.2 ��·b�mS�

dþã·b�mS��2ÂÛÜªÇëY©
ÙA:, k7�?�ÚïÄ “�N” ¥%ªÇNC
ëYªÇ���A5, �©|^��C�é�¹Ä
ª¤©�¸�fS� p1 ?1�ä)N©Û. ��
?¿�mS� x(t) ���C�½ÂXe [27]:

y(t) =
1
π

P

∫
x(τ)
t − τ

, (11)

ª¥, P ��ÜÌ�, Ù]�Ì��

A(t) =
√

x2(t) + y2(t)). (12)

�â 2.1 !¥½Â��mm�S� ∆t(j), (j =

1, 2, · · ·, N − 1), Ù¥ N ��"¸��ê, �3ü�
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�¸��m½Â�mS� x(t) �]�2ÂÛÜª
ÇXe:

v(j) =
1

∆t(j)
, (j = 1, 2, · · ·, N − 1), (13)

ª¥, ]�2ÂÛÜªÇ v(j) � (1) ª¥2ÂÛÜ
ªÇ vk �½Âaq, «O3ucö´¤k�mm
�����ê, 
�ö´pØ­E�Õá�mm�
����ê.

ã 9 r = 1.2 �·b�mS�ª�©Û (a) g·A¸�©)ã; (b) �¸�fS��2ÂÛÜªÇ

ã 10 r = 1.2 �1 1 �¸�fS� p1 �)N©Û (a) ]�
Ì�Å/ã; (b) ]�2ÂÛÜªÇÅ/ã

ã 10 �Ñ
 r = 1.2 �1 1 �¸�fS� p1

�)N©Û(J, Ù¥ã 10(a) �]�Ì�Å/ã,

ã 10(b) �]�2ÂÛÜªÇÅ/ã. dã��, ¸

�fS� p1 3Äª 0.16 Hz NC�ëYªã, éA
�´Ì��7 0.8 ?1ÅÄ!ªÇ�7 0.16 Hz ?
1ÅÄ�ü©þ�mS�, Ù]�Ì��]�ªÇ
��C5�ëYªã�/¤�Ñ
�z. d	, Ï
Lé¸�fS� p2 9 p3 ?1þãªÇ)N?n,

���aq(Ø, ?�ÚL²
 Duffing XÚ·b
�mS��ªÇN�A5.

3.4 ···bbb���mmmSSS������ªªªÇÇÇNNN������qqq555

c¡3©Û Duffing XÚ2ÂÛÜªÇ©
y
��, ®²J�
·b«�ØÓëê r e�ëYª
ã�©Ù �9/Gäk�q5, �â 3.2 !©Û
�L§, �±?�ÚïÄØÓëê r e·b�mS
�ªÇN�A5´Ä��3�q5. ©O� r =

1.15 Ú r = 1.25 ��·b�mS�?1©Û, ��
ùü�ëê r e·b�mS��2ÂÛÜªÇ, X
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ã 11 ¤«.

(Üã 9(b) Úã 11 ©Û��, ØÓëê r e
�·b�mS�þ©)�� 3 �¸�fS�, 1 1

�¸�fS��2ÂÛÜªÇ3Äª 0.16 Hz NC

ëY©Ù, 1 2 �3 1/2 Ú 1/3 ÄªNCëY©Ù,

1 3 �3 1/6 ÄªNCëY©Ù, �c¡©
y�
¤�(Ø��, ?�Ú`²
ØÓëê r e�ëY
ªã�©Ù �9/Gäk�q5.

ã 11 ØÓëê r e·b�mS��2ÂÛÜªÇ (a) r = 1.15; (b) r = 1.25

ã 12 ØÓëê r e1 1 �¸�fS� p1 �]�Ì�Å/ãÚ]�2ÂÛÜªÇÅ/ã (a) r = 1.15; (b) r = 1.25
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ã 12 � r = 1.15 Ú r = 1.25 �·b�mS
��1 1 �¸�fS� p1 �)N©Û(J, (Ü
ã 10 ©Û��, ØÓëê r e�·b�mS�1 1

�¸�S� p1 3Äª 0.16 Hz NC�ëYªãé
A�þ´Ì��3ÅÄ!ªÇ�7 0.16 Hz ?1
ÅÄ�ü©þ�mS�, 3éÙ¦·bS�?1©
Û�, ���
�Ó�(Ø. d	, ÏLé¸�fS
� p2 9 p3 ©Û, ���aq(Ø, dd`² Duff-

ing XÚ3ØÓëê r e·b�mS��ªÇN�
Aäk�q5, ù´��·b«�ØÓëê r eë
Yªã©Ù �9/Gäk�q5�Ì��Ï.

4 ( Ø

1. JÑ�Äug·A¸�©)�2ÂÛÜª
Ç�{, â»
DÚõÇÌé�±Ï�mS�3ª

Ç½Âþ�Û�5, äkûÐ�g·A5, ©)(
J��Õá, ª�dp�$?1Cz, ;�
DÚ
F¼C�±�ÅÄ¼ê/ª?1r�©)¤�5
�Jb½��¤©, ���5ÄåXÚ�ª�A�
©ÛJø
�«#Ãã.

2. Äu Duffing XÚ, ÏLUC{Zëê r, u
y
XÚ�ª�©
y�, �'uõÇÌ, 2ÂÛ
ÜªÇÌ� “�N” 3¥%ªÇNCëY©Ù, ¿
�Ø�3P{�ªÇ&E, �ªÇ¤©äk�XÚ
±Ï)éA�²(Ôn¿Â, ·bA�üz«m�
�O���ß.

3. ÏLF�ËAC�9]�2ÂÛÜªÇ�
©Û, uy·b�mS�äkªÇN�A59ªÇ
N���q5, ù´��ØÓëê r e�·b�m
S�3¥%ªÇNCÑyëYªã¿�/Gäk
�q5�Ì��Ï.
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[13] Relaño A, Muñoz L, Retamosa J, Faleiro E, Molina R A 2008

Phys. Rev. E 77 031103

[14] Nikitin A, Stocks N G, Bulsara A R 2007 Phys. Rev. E 76 041138

[15] Ogawa Jun, Tanaka Hiroaki 2009 Probabilistic Engineering Me-

chanics 24 537

[16] Babu H, Wanare Harshawardhan 2011 Phys. Rev. A 83 033819

[17] Gong Y B 2011 Phys. A 390 3662

[18] Hu Y H, Ma Z Y 2007 Chaos, Solitons & Fractals 34 482

[19] Braun S, Feldman M 2011 Mechanical Systems and Signal Pro-

cessing 25 072608

[20] Jonathan M L, Sofia C O Bivariate 2010 IEEE Transactions on

Signal Processing 58 591

[21] Laila D S, Messina A R, Pal B C A 2009 IEEE Transaction on

Power Systems 24 610

[22] Gong Z Q, Zou M W, Gao X Q, Dong W J 2005 Acta Phys. Sin.

54 3947 (in Chinese) [÷�r, q²U, p#�, Â©# 2005 Ô
nÆ� 54 3947]

[23] Wang K, Guang X P, Ding X F, Qiao J M 2010 Acta Phys. Sin. 59
6859 (in Chinese) [�%, '#², ¶U¸, z#¯ 2010 ÔnÆ
� 59 6859]

[24] Yang M, An J P, Chen N, Wei J C 2011 Transactions of Beijing

Institute of Technology 31 329 (in Chinese) [
�, Sï², �w,

¥µÃ 2011 �®nó�ÆÆ� 31 329]

[25] Hartley R, Zisserman A 2003 Multiple View Geometry in Com-

puter Vision (2nd ed) (New York: Cambridge University Press)

p95

[26] Ma S D, Zhang Z Y 2003 Computer Vision-Computation Theory

and Algorithm Fundamentals (Beijing: Science Press) p67 (in Chi-

nese) [êw�, Ü�l 2003 O�ÅÀú —— O�nØÚ�{
Ä: (�®: �ÆÑ��) 1 67 �]

[27] Feldman M 2011 Mechanical Systems and Signal Processing 25
3205

170504-8



Ô n Æ � Acta Phys. Sin. Vol. 61, No. 17 (2012) 170504

Feature analysis in frequency domain of Duffing
system based on general local frequency∗

Tang You-Fu1)2) Liu Shu-Lin1)† Lei Na2) Jiang Rui-Hong1) Liu Ying-Hui1)

1) ( School of Mechatronics Engineering and Automation, Shanghai University, Shanghai 200072, China )

2) ( School of Mechanical Science and Engineering, Northeast Pertroleum University, Daqing, Heilongjiang 163318, China )

( Received 12 November 2011; revised manuscript received 15 January 2012 )

Abstract

Owing to the limitations of the concept of frequency for power spectrum and the inherent defects of Fourier transform, a novel

concept of general local frequency is proposed. Based on a approach to adaptive peak decomposition, the dynamic feature in frequency

domain varying with parameter r of Duffing system driven by periodic signal is investigated. And a phenomenon of frequency bi-

furcation is found. Moreover, coninuous frequency bands exist near the central frequency of chaos time seriers at different values of

parameter r and their shapes are similar. By demodulation analysis of Hilbert transform, the modulation characteristic and modulation

similarity of chaos time seriers are summarized. The above study shows that the proposed approach to general local frequency based

on adaptive peak is effective for freature extraction in frequency domain of Duffing system. It provides a new method to observe a

continunous distribution of frequency bands for the non-linear system in chaotic state.
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