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1 Ú ó

�mS�©Û®²k
����{¤Ú¤Ò,

âC©Û´Ù����ïÄ�� [1−3], 3¢S
¥, �mS�  ´�²�, ù�U¬��©Û
¥���Ø�(Ø, �X “Jb£8” �y��Ñ
y, =ü��5vk?ÛÏJ'X�Cþ, %ké
p��'5. 3í�*ÿ]�¥, �«ª³ÚD
(�E¤��²5Ø�;�, Ïd, ïÄ�«~
���²y�éíÿâC©Û�K��©�.

�ödcÏL�þê�Á�ÿÁ
�«ª³éw
Ä£ØCq� (moving cut data-approximate entropy,

MC-ApEn) �{�K� [4], (Jw«, ±Ï5ª³!
�5ª³Ú��5ª³é MC-ApEn �{�âCu
ÿ(JK���. �ÿ�XÚ/ïÄD(éÙâC
uÿ(J�K�.

duÉ	r½Ú¤ì��ÿþØ��K�, í
�*ÿ]�¥Ø�;�/�3�«D(Ú6Ä�
�²y� [5−8], ¦*ÿ���íý¢G��m�
3X�½�*ÿØ�, ¦+�±é�©êâ?1È

Å?n, �½Ø�U���ØD(, ùk�U¬é
í�*ÿ]��©Û(J�)�
ØûK� [9−11],

�X, k¸D(ÚpdxD(��3¬é�mS�
�§�'5�©ÛE¤�½K�, ¦¤¼���m
S��IÝ�ê�ý¢&Ò � [12]. �©Ì��
Ä
*ÿ]�¥ü«'�~��D(: k¸D(�
pdxD(. �)k¸D(��Ïkõ«, Ù¥�
)>^Z6±9Ï&XÚ��æÚ"�, Ï&XÚ
�>ím'ÚU>ìG��UC�. ��´g��
)
�Å&Ò½>^Z6�, í�>fÏ&���
ÑÑ&Ò�UÑyØè!X�&Ò�ý�y� [13];

du�«>^Z6�K�, í�>f��¬É�Ø
Ó§Ý�K�, ÏØ�;�K��í�*ÿ]�
�O(5, pdxD(Ò´Ù¥�«��K�Ï
� [14], §´áÅ&�¥�3�E,Z6Ï���.
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u@£íÿCz�S3�� [16], íÿâC�uÿ
�8Ïé@£íÿCz�5�9íÿýÿk�
¿Â. DÚ�íÿâCuÿ�{Ì�k: wÄ -t u
�!Mann-Kendall {!Cramer {!Yamamoto {!
ÈÅuÿ{!Fisher �`©�{Ú��VÇâC
:uÿ�{� [17]. UDÚ�{��, CAc�U
uÐ
õ«#�{ [18−34]. Pincus lïþ�mS
�E,5��ÝJÑ
Cq� [35−37] (approximate

entropy, ApEn) �Vg, ®��2�A^ [38−42]. �
é1� [43] (ÜwÄEâò ApEn ^uíÿXÚ�
âCuÿ, ��
�Ð�(J. Û©²� [44] Äu
Cq�uÐ
wÄ£ØCq�, �wÄCq��',

T�{U
��O(/uÿâCm©��m, �´
©z¥==ïÄ
n��mS�âCuÿ��¹.

�uD(3]�©Û¥d3�Ø|K�, �©
3ïÄ�«ª³é MC-ApEn K��Ä:þ [4], ?
�Ú|^��5�mS�ïÄ
k¸D(Úpd
xD(é MC-ApEn �K�, uy MC-ApEn äk�
r�|DUå.

2 � { [44]

2.1 ApEn ���{{{

ApEn ´�«Äu>�VÇ©ÙÚOþz�m
S�E,§Ý��{, Ù�{Xe [35−37,44]:

1) é�mS� {u(i), i = 1, 2, · · · , N} ?1�
�m�, ��ê� m, âd��E�|�ê
�m �#�þ X(1), X(2), · · · , X(N−m+1), Ù¥

X(i) =
{

u(i), u(i + 1), · · · , u(i + m − 1)
}

,

i = 1, 2, · · · , N − m + 1; (1)

2) O�?¿�þ X(i) �Ù{�þ X(j) �m
��éîªål d[X(i), X(j)], =

d[X(i), X(j)] =max
[
|u(i + k) − u(j + k)|],

k = 0, 1, · · · ,m − 1; (2)

3) � ½ N N   �� r, Ú O z � � þ X(i)

� d[X(i), X(j)] �u r �ê8, ¦ÑTê8��
þoê N − m+1 �' Cm

i (r)�

Cm
i (r) = {d[X(i), X(j)]

6 r��ê/(N − m + 1); (3)

4) ò Cm
i (r) �éê, 2¦Ùé¤k i �²þ�,

P� φm(r), =

φm(r) =
1

N − m + 1

N−m+1∑
i=1

lnCm
i (r); (4)

5)�ê m O\ 1, E 1)—4) Ú, � Cm+1
i (r)

Ú φm+1(r);

6) Cq���O�½Â�

ApEn(m, r) = φm(r) − φm+1(r). (5)

w,, ApEn �� m, r ���k'. Pincu ïÆ
� m = 2, r = 0.1—0.2 σ (σ ´�©êâ�IO
 �). 3�©¥, �ëê m = 2, r = 0.15 σ.

Cq��{�N
�mS�3�ªþ�g�
q§Ý, =S�3 m ��¹eü:|¤��ªm
�Cq§Ý, ±9��êCz�, �)#�ª��
U5��. ApEn ���, `²�)#�ª�VÇ�
�, S��E,, XÚ�ýÿ5��. §�Ñ#�ª
u)Ç��êO~��¹, Ï�Nêâ3(�
þ�E,5. Ó�§¿Ø´èã���áÚf,

Ïdé�«��5�mS�kéÐ�·^5 [43,44].

2.2 MC-ApEn ���{{{

MC-ApEn ´3 ApEn �{�Ä:þÏLwÄ
£ØEâ/¤��«âCuÿ�{, ÙäNO�L
§Xe [44]:

1) ÀJwÄ£Øêâ�I��Ý L;

2) l�©Û�mS��1 i(i = 1, 2, · · · , N −
L + 1, N ��mS�¥�oP¹�ê) �êâm©
ëY£Ø L �êâ, 2ò�{ N −L �êâ��ë
3�å����#��mS�;

3) O�#S�� ApEn �;

4) �±£Øêâ�I��ÝØC, ±Ú� L

ÅÚ£ÄI�, E 2), 3) Úö�, ���S�(
å��;

5) ÏL 1)—4) Úö�������XI�£
Ä� ApEn S�;

6) ÄuØÓÄåÆ5��êâÙE,5��
Ø�Ó, äk�ÓÄåÆ5��êâ�E,5�
ÉØ�ù�A:, (ÜÚ½ 5) ¥��� ApEn S�
�äâC:½âC«m.
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3 ØÓD(é MC-ApEn �K�ïÄ

3.1 nnn������mmmSSS���������ïïï

�
�[íÿXÚ���5A�, aqu©
z [44] �ï
��5n��mS� IS1, S�o
�� 2000, c 1000 �êâd Logistic �.�),

� 1000 �êâd��©Ù��Åê�[�).

Ù Logistic �§�

xn+1 = uxn(1 − xn), x ∈ [0, 1]. (6)

ª¥, Ð� x0 = 0.8, ëê u = 3.8, IS1 ��m�
üz�®dã 1 �Ñ, lT�mS���EL
§5w, üãfS�©OäkØÓ�ÄåÆA�,

� t = 1001, S�d(½5�. —–Logistic �§G
�=C��Å1�, =XÚ3T��u)
ÄåÆ
(�âC.

ã 1 ��5�mS� IS1 ��m�üC, S�o�� 2000, c 1000 �êâd Logistic �.�), � 1000 �êâd��©Ù�
�Åê�[�)

3.2 kkk¸̧̧DDD(((ééé MC-ApEn ���{{{���KKK���

�
ÿÁk¸D(é MC-ApEn �{�K�,

3n��mS� IS1 ¥©O�ÅU\ 12, 24 �k¸

D(, ©OÓ�S��Ý� 6%Ú 12%, k¸D(�
���3 0.9—2.5 �m, k¸D(�ê8�é�S
���, �S� IS1 �ÄåÆ5�Ø¬u)��C
z (ã 2).

ã 2 ¹k¸D(��mS�, k¸D(��3 0.9—2.5 �mCz (a) k¸D(�ê n = 12; (b) n = 24

ã 3 �Ñ
ã 2 ¤«�n��mS�� MC-

ApEn uÿ(J, �wÄfS��Ý� 20 �, ¦+
ÏL MC-ApEn ��� ApEn ���Ñk�É, �
âCm©�m����, ApEn ��m�üCª³

�©�q, þ3 t < 1000 �, ÏLwÄ£ØO��
�� ApEn �²w�u t > 1000 ���/, ùL²
3 t = 1000 c�, �mS��E,5u)
²wC
z, ¿�XÙÄåÆ(�3d?u)
=C, ù�
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n�S� IS1 ¢S�ÄåÆ(�UC�¹���
�: 3TS�¥, c 1000 �êâ´d(½5ÄåÆ
�§ Logistic N��), ÙE,5��u� 1000 �
�Åê. �â ApEn �Ôn¿Â, ApEn ���, K
L«S�E,5�p, e£Ø��Ý�êâ, £Ø
E,5�é����Åê�¤¼�� ApEn ���
�
, =Ü©�Åê�£Ø���{êâ�E,5
~�, �n�S��ÄåÆ5����Î. l ApEn

�Czª³�±wÑ, S�l�«½G�â,=
C�
,�«½G�, âd�±N´/�äÑâ
C�m©�m.

�
�	fS��Ýéu MC-ApEn uÿ(J
�K�, �©éfS��Ý�?¿��¹k¸D
(� IS1 ?1
ÿÁ. ����©ÛÁ��~f,

ã 3(c) Ú (d) �Ñ
fS��Ý L = 2 �� MC-

ApEn uÿ(J, uyk¸D(éufS��Ý�
���K�E,�±�Ñ, �éufS��Ý�
����/��
�þÁ�, ��
Ó��(J.

Ø=Xd, ê�Á�L§¥�é�mS��ÅV\

ØÓ��ÚØÓê8�k¸D(, ÏL�ØÓº
Ý�wÄfS�uy, MC-ApEn þUO(/uÿ
�âC:. �
;�ü��~éïÄ(J���
5`ÑåØv�"�, �©éaqu IS1 �¯õn
��mS�?1
uÿ, � IS1 ����uÿ(J

����. 3ê�Á�L§¥ÏL�ØÓ�Ý��
S�ÚwÄfS�?1ê�Á��L§¥uy, �
�S��Ý�½, wÄfS���, MC-ApEn �{
uÿ���âC:� ���ß. ù�UÌ�3u
��þ�O\Uõ
 ApEn O�(J�½5. ù
L²�é�þ�k¸D(é MC-ApEn �{âC
uÿ(JØ¬�)wÍ�K�, MC-ApEn �{�
±éÐ/·^uäkk¸D(��mS��âC
uÿ.

&Ò¹D'~���é©Û&ÒS�A5�
~�, �
&Äk¸D(ê8Ó�S��Ý�
'~é MC-ApEn âCuÿ(J�K�, Äk�±
k¸D(����ØC, O� IS1 ¥¤V\k¸D
(�'~ (¹ØÓ'~k¸D(� IS1 ��m�ü
CãÑ), ÏLõgê�Á�uy MC-ApEn �{â
Cuÿ(JÉk¸D('~K���. ã 4 �Ñ

é IS1 V\k¸D('~©O� 5%, 10%, 15%,

20%� MC-ApEn �âCuÿ�¹, lã¥�±w
Ñ, ØØ IS1 ¹k¸D(�'~õ�, Ùuÿ(J¥
yÑ¯<���5, þ�±�~²w/uÿ�âC
:� �. ê�Á�L§¥�é IS1 V\
��'
~�k¸D(, �Á�(JL²k¸D(Ó�S�
�Ý�'~é MC-ApEn âCuÿ(JK�E,�
� (ãÑ).

ã 3 MC-ApEn é¹ØÓk¸D(�n�S� IS1 �âCuÿ (a) wÄfS��Ý L = 20, k¸D(�ê n = 12; (b) Ó (a),
� n = 24; (c) Ó (a), � L = 2; (d) Ó (b), � L = 2
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d	, �
ÿÁk¸D(���é MC-ApEn

âCuÿ(J�K�, 3�mS� IS1 ¥V\
�
êÓ�S��Ý� 10%�k¸D(, ¤¹k¸D
(�������S�¥k¸D(���� 5—

6 � (ã 5(a)). ã 5(b), (c), (d) ©OÐ«
�ØÓ

wÄfS��Ý� MC-ApEn �âCuÿ�¹, u
y ApEn ���m�üCª³þ± t = 1000�.
¥yXü«ØÓ�G�, �±�Ù/w�âC�m
©�m, `² MC-ApEn �{âCuÿ(JÉk¸
D(�Ì�K���.

ã 4 MC-ApEn é¹ØÓ'~k¸D(���5�mS� IS1 �âCuÿ, k¸D(��3 0.9—2.5 �mCz, wÄfS��
Ý L = 20 (a) k¸D(�êÓ�S��Ý�'~ P = 5%; (b) P = 10%; (c) P = 15%; (d) P = 20%

ã 5 ¹k¸D(���5�mS� IS1 9Ù MC-ApEn âCuÿ (a) ¹�êÓ�S��Ý 10%�k¸D(���5�mS
� IS1; (b) wÄfS��Ý L = 10; (c) L = 20; (d) L = 50
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3.3 pppdddxxxDDD(((ééé MC-ApEn ���{{{���KKK���

ã 6 �
ÿÁpdxD(é MC-ApEn �{
âCuÿ�K�§Ý, én��mS� IS1 �g
V\
&D' (signal-to-noise ratio, SNR ) l 5 dB

� 100 dB Ø��pdxD(. ã 6 ©O�Ñ
 IS1

V\ 22 dB, 23 dB, 25 dB, 30 dB �pdxD(�
��mS�üCã. ã 7 Ð«
wÄfS��
Ý L = 50 �, �A¹DS�� MC-ApEn uÿ(
J, l¥�±w�, �X SNR ÅìO�, MC-ApEn

uÿ��âC:C��\�ß, =BéurÝ��
�pdxD( (SNR = 23 dB), MC-ApEn �U
�

ã 6 ¹pdxD(�n��mS� (a) &D' SNR = 22; (b) SNR = 23; (c) SNR = 25; (d) SNR = 30

ã 7 MC-ApEn é¹ØÓpdxD(�n�S� IS1 �âCuÿ, wÄfS��Ý L = 50 (a) &D' SNR = 22; (b)
SNR = 23; (c) SNR = 25; (d) SNR = 30
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Ð/£O�©S�¥�âC&E. ÏLõ|ê�Á
�uy, SNR = 22 dB ´�±uÿ�âC:� SNR

�.�, � SNR < 22 dB, MC-ApEn uÿ��âC
: ���ß§ÝÅì4~; � SNR > 22 dB, Ù
uÿ��âC ���ß§ÝÅì4O. Xã 7(b)

¤«, � SNR = 23 dB �, ApEn ���m�üCª
³± t = 1000�.¥yXü«ª³, �±�Ù/w
�âC�m©�m.

ã 8 �Ñ
�±�n��mS�Ú¤V\
pdxD(&D'��ØC, ~�wÄfS��
Ý� L = 20 � MC-ApEn �{�âCuÿ�¹.

� SNR = 22 dB �, ApEn ���m�üCª³l
�«½G�a�ª/=C�
,�«½G�,

3 t = 1000 ù���, =�mS�ÄåÆ(�u)
UC���, �±�Ù/w�âC�u) (ã 8(a)).

�
�yÁ�(J���5, ê�Á�¥��
Ø
Ó�Ý�wÄfS�, uyÙ MC-ApEn âCuÿ
(JÄ��� (ãÑ), � SNR �� 22 dB �Ò�±
�Ù/uÿ�âC:� �, SNR ���, uÿ�
�âC:��ß, é MC-ApEn �K���. �uÿ
�âC:� SNR �.�����U���þ��
�k'X.

ã 8 MC-ApEn é¹ØÓpdxD(�n�S� IS1 �âCuÿ, wÄfS��Ý L = 20 (a) &D' SNR = 22; (b)
SNR = 23; (c) SNR = 25; (d) SNR = 30

4 (J�?Ø

�©ïÄ
k¸D(!pdxD(é MC-

ApEn âCuÿ�K�, uy�mS�¥¤¹k
¸D(�ê8Ó�S��Ý�'~Úk¸D(
���é MC-ApEn �âCuÿ(JK���, L
² MC-ApEn �{ék¸D(äk�r�|DU
å. �é�Ý� 2000 ���5n��mS� IS1

\\pdxD(, éuØÓ�Ý�wÄfS�, �
uÿ�âC:� SNR �.�þ�� SNR = 22 dB,

ù�U���þ���k'X, ùL² MC-ApEn

�uÿ(JépdxD(�äk�r�|Z6U
å. (Ü�©Údc�ïÄ(J [4] ��, D(!ª
³��mS���²5é MC-ApEn K���,

ù�T�{3¢S*ÿ]�¥�A^Jø
j¢
�¢�Ä:.
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Abstract

Affected by some factors such as external forcing and the measurement errors of instrument itself, observational data often

contain noises, disturbances and some other false information. To solve this problem, the effects of different noises on moving cut

data-approximate entropy (MC-ApEn) are investigated in this paper. The results indicate that MC-ApEn is little affected by random

spikes and Gaussian white noise, which means that the MC-ApEn method has strong anti-noise ability. The results provide an essential

experimental basis for the wide applications of the present method to observational data.
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