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1 Ú ó

óÀ(´�«p�g=!äkr^|�¥f
(, ÙóÀË�&Ò�±Ïäk�p�­½5, �
��4à^�e���¢�¿!g,.�­½�
�¨ [1−3]. Cc5, óÀ(duÙ3O�!½ !
�Ê!UNÔnÆ�+�¤âwÑ5�2,A^
cµ
FÃÉ�2��'5 [4−7]. ,
, duóÀ
(ål/¥�~��, ÙË�óÀ&Ò3DÂL§
¥Ø�;�/É�¯õÏ� (XÚÑò´!Ñ�!
�éØ�A!/¥$Ä�) �K� [7], <a¤�Â
��óÀ(Ë�óÀ&Ò~~�~�f��D(
¤ìv. �kk�ÈØóÀ(Ë�óÀ&Ò¥�
D(, JpÙ&D', J�ìv3D(¥�k^&
E, âU¦�YéuóÀ(&Ò�ïÄ�A^¤�
�U. Ïd, óÀ(&ÒüDéuóÀ(�Y��
Æ!A^ïÄÑäk4Ù­��¿Â.

óÀ(&Ò´;.��²­&Ò [8], DÚ�
Fp�©Û�{éu�²­�óÀ(&Ò´Ø·
Ü�. �Å©Û���«�~;.��ª©Û�
{, ÙäkûÐ��ªÛÜ5!õ©EÇ!��'

5�A:, 3&Ò?n+�LyÑ4r�)·å.
1995 c, Donoho[9] ÄgJÑ
ÄuK�?ng�
��Å��D�{. 3IS, ®k�
Æöò�Å
©ÛA^�óÀ(&Ò��D?n¥. 8c|^�
ÅC��ØóÀ(&ÒD(��{Ì�´MK�
{�^K�{ [8,10]. duùü«K�¼êÑ�3
X�
�k�"� (XMK�¼ê�ØëY5!^
K�¼ê�ê�ØëY5±9d§�OÑ5��
ÅXê��?n&Ò��ÅXê�m�3ð½ 
��) , ù
"���K�
�Å�K��D��
J. �©3é�Å��D�n©Û�Ä:þ, ò�
«��K�¼êÚ�«g·AK�À��{A^
�óÀ(Ë�&Ò��D?n¥, ¿©Oæ^^K
�{!MK�{Ú�©JÑ��{é B1953+29 ó
À(�Ë�óÀ&Ò?1�Å��Dé'¢�, (
JL²�©¤JÑ��{3k��ØD(�Ó�
U�Ð/�3�©&Ò�[!A�.
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�/ª:

di = fi + zi (i = 1, 2, · · ·N) , (1)

ª¥, fi �ý¢óÀ(&Ò, zi �D(.
é¹DóÀ(&Ò?1�D, Ò´�¦�U/

�ØÙ¥�D(¤© zi, ¼�ý¢óÀ(&Ò fi ¦
�U°(��O� f̂i, �Ò´¦�3 l2 �ê¿Âe
��zXe�ºx¼ê [11]
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, (2)

é di ?1lÑ�ÅC��, ºx¼êÒ=z�
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)
=

1
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i=1

(
f̂i − fi

)2

=
1
N

∑
j,k

(v̂j,k − wj,k)2. (3)

Ù¥, wj,k, v̂j,k �ý¢óÀ(&Ò��OóÀ(&
Ò��ÅXê. 3�Å�Sé¹DóÀ(&Ò?1
�D�¯K, Ò=z�¦�þãºx¼ê (3) ��
z�¯K. 3�Å�S&Ò�Uþ~~8¥3�ê
Ì����Xê¥, 
D(&ÒduÙªÇ!Uþ
Ì�é©Ñ, ¤±Ù�ÅXêýé���, �©Ñ
u�Ü©�ÅXêþ, Ïd²L�Å©)�, �±
@�&Ò�Xê�uD(�Xê, ù�Ò�±é�
��·��K� T , ÏLK�� ��{é¹D&
Ò?1�D?n.

3 �«���K�¼ê

Donoho ��ÅK��D�{©�^K�{Ú
MK�{. ^K�¼ê�:

v̂j,k = sign (vj,k)max (|vj,k| − T, 0) . (4)

Ù¹Â´ò�ÅXê vj,k �ýé�ÚK� T ?1
'�, �u½�uK��Xê� 0, �uK��Xê
?��Ù�K����, ¿�±ÎÒØC. MK�
¼ê�:

v̂j,k =

vj,k, |vj,k| > T,

0, Ù¦,
(5)

=� |vj,k| �u�½K� T �, òÙ�"; � |vj,k|
�u�u�½K� T �, òÙ�3.

lþã^MK�¼ê�½Â��, ^K�¼ê
�,3 ±T ?ëY, �Ø��, 
�d^K�¼ê

�OÑ5�ÃD&Ò��ÅXê�ýé�o'ý
¢��ÅXê�ýé�� T, l
K�­�&Òé
ý¢&Ò�%C§Ý, �­�&Ò�5Ø�;��
Ø�; 
éMK�¼ê5`, �,dÙ�OÑ5�
ÃD&Ò��ÅXê�ý¢��ÅXê ��",
�Ù3 ±T ?QØëY, qØ��, l
¦�D�
�&Ò3&ÒâC?�)�$y�. ��Ð�K�
¼êAT´Q�¦�OÑ��ÅXê��©�Å
Xê� �¦�U�, q�3�Å�ëY, �Ð�
äk��D�p��ê. ©z [12] Ò�ï
�«÷
vþã�¦�#��ÅK�¼ê. #��ÅK�¼
ê�:

η (x, T,m, k)

=



x − 0.5 · Tm · k
xm−1

+ (k − 1) · T, x > T,

0.5 · |x|
m+[(2−k)/k] · k

Tm+[(2−2k)/k]
· sign (x) , |x| 6 T,

x + 0.5 · (−T )m · k
xm−1

− (k − 1) · T, x < −T,

(6)

Ù¥, x ��ÅXê, m, k �K�¼êN�Ïf, Ï
LN�§���, �±OrK�¼ê3¢S�DA
^¥�(¹5. ëê m (½K�¼ê�/G; k (
½K�¼ê�ìC�, ��3 0 � 1 �m. e k → 0,
K#K�¼êª�u^K�¼ê; e k = 1, K#K
�¼êª�uMK�¼ê. #�K�¼êØ=�Ñ

MK�¼ê3K�NC�ØëY5Ú^K�¼
ê3?��ÅXê��3ð½ ��":, 
��
�3
^MK�¼ê�k�`:, Ó�TK�¼ê
�´�����. �éu^!MK�¼ê5`, T
K�¼ê´���`!�(¹�ÀJ.

4 g·AK�À�5K

©z [13] �Ñ, ¹D&Ò²�Å©)�, ý¢
&Ò��ÅXêÌ����3ÛÜ���3�r
�ºÝS�'5, 
D(��ÅXêÌ�Ï~��
�ºÝS�'5�éf. âd, �©JÑ�«Äu
��I��g·AK�À��{.

éz��pªf� Dj , P vj,n � � n ?�
�ÅXê, W �± vj,n �¥%!��� M ���
I, M ��� 3, 5, 7 �. ÏLÜn��ÛÜ��I
�¥% ��ÅXê�K�, �¢yg·A�ÅX
ê�� . �(½��I�¥% ��ÅXê�K
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�, ÄkI�UeªO����Ú�K� [14]

Tj = σn,j

√
2 · ln

(
N

2j

)
, (7)

Ù¥: σn,j �pªf� Dj SD(�IO�, Ù�O
�

σn,j =
Median {|vj,n|}

0.6745
, (8)

- σ2
b �pªf� Dj S��I W ¥¹D&Ò�Å

Xê���, �O�{Xe:

σ2
b =
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M

∑
vj,k∈W

v2
j,k, (9)

K � � I S & Ò X ê � � � � O � σ2
s =

max
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σ2

b − σ2
n,j , 0

}
. u´, pªf� Dj S��I

¥% ��ÅXê�K��L«�

T =
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, (10)

3�Å�?1K��D�, XJK�L�, Ò¬�
3�õ�D(, ¦&Ò¥D(¤©��ØØ�..
Ïd, 3¢S¦^�, �;�K�L�, ·�òpª
f� Dj S��I W ¥% ��ÅXê�K�?
�Xe:

T =


σ2

n,j

σ2
s + σ2

n,j

· Tj , if
σ2

n,j

σ2
s + σ2

n,j

> α

α · Tj , otherwise

(11)

Ù¥, α �0u 0.5 � 1 �m�ëê. α ����,
ÈÑ�pª¤©Ò�õ, �D��&Ò�²w; �
�, α ����, �3�pª¤©Ò�õ, �D��
&ÒÒ�¹�õ�[!.

5 ¢�(J9©Û

�©À�óÀ( B1953+29 Ë�&Ò?1¢
�. óÀ(Ë�&Ò5gî³óÀ(�ä EPN
êâ¥ (The European Pulsar Network Data Archive).
TóÀ(Ë�&Ò�IOÓ+Xã 1 ¤«. ¢�
¥, éÙV\�½þ�pdxD(5�[¹DóÀ
(Ë�&Ò (¹DóÀ(Ë�&ÒXã 2), ¹D&
Ò�&D'� 21.57 dB, ,�^ ‘db4’ �Åé¹D
óÀ(Ë�&Ò?1 6 ºÝ���Å©), ©O
^ Donoho �^K�{!MK�{!�©�{ (ë
ê m = 4, k = 1, α = 0.9) é¹DóÀ(Ë�&Ò

?1�D?n, '�n«�{3TóÀ(Ë�&Ò
�D¥�k�5. ØÓ�{é¹DóÀ(&Ò�D
���J�ã 3— ã 5.

|^&D' (SNR)!þ��Ø� (RMSE)!
¸��éØ� (REPV) ±9¸ Ø� (EPP) o�
�I5é�D�J?1µd, Ù¥, ¸��éØ
� (REPV) ±9¸ Ø� (EPP) ½ÂXe:

� � � � � �� � � ��� � �� � �� � �� � 	� � �� � �
 �� 
 � � �
ã 1 óÀ(Ë�&ÒIOÓ+

ã 2 ¹DóÀ(&Ò

� � � � � �� � � ��� � �� � �� � �� � 	� � �� � �
 �� 
 � � �
ã 3 ^K�{�D&Ò�IOÓ+é'
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L 1 ØÓ�{�D����I�é'

µd�I ^K�{ MK�{ �©�{
&D' (SNR)/dB 22.6973 24.9334 25.9373

þ��Ø� (RMSE) 0.0179 0.0138 0.0123
¸��éØ� (REPV) 2.48% 0.1% 0.03%

¸ Ø� (EPP)/s 6.0000 × 10−6 1.1000 × 10−5 6.0000 × 10−6

ã 4 MK�{�D&Ò�IOÓ+é'

� � � � � �� � � ��� � �� � �� � �� � 	� � �� � �
 �� 
 � � �
ã 5 �©�{�D&Ò�IOÓ+é'

¸��éØ�

REPV =
|Vo − Vd|

Vo
· 100% (12)

Ù¥ Vo �IOóÀ(&Ò�óÀ¸�, Vd ��D
�óÀ(&Ò�óÀ¸�.

¸ Ø�

EPP = |Po − Pd| , (13)

Ù¥ Po �IOóÀ(&Ò�óÀ¸ �, Pd ��
D�óÀ(&Ò�óÀ¸ �.

w,, &D'�p, þ��Ø�!¸��éØ
�±9¸ Ø���, `²�D��J�Ð. L 1
�Ñ
^ØÓ�{�D����I�é'.

lã 3—5 9L 1 �±wÑ, ^K�{�,�
±k�/²wpªD(, ¦�D��óÀ(Ë�&
Òé²w, �´T�{3épªD(?1²w�Ó
��ék^&Ò?1
²w, (J3ü$D(�Ó
��²w
óÀ(&Ò¥�bCk¸¤©, ¦óÀ
¸�pÝ�)
�é��� �, ?
��
ù

âC:�U���­�&E. �éu^K�{
ó,
MK�{3&D'!þ��Ø�!¸��éØ�
�¡Ñk���J,, �óÀ¸ �Ø���; 

�©JÑ��{3&D'!þ��Ø�!¸��
éØ��¡Ñ��`uÙ¦ü«�{, 3¸ �Ø
�þ, �`uMK�{, �^K�{��. Á�(J
L²: �©JÑ��{'^K�{�MK�{�·
ÜuóÀ(Ë�&Ò��D?n.

6 ( Ø

ò�«��K�¼êÚ�«g·AK�À�
�{A^��Å�óÀ(Ë�&Ò��D?n¥.
Á�(JL²: �^K��MK�{�', T�{
U3k�JpóÀ(Ë�&Ò&D'�Ó�, k�
ü$Ùþ��Ø�, ¸��éØ�±9¸ �Ø�,
l
�k�/�3�©&Ò�[!A�, ´�«'
�Å�^K�{�MK�{�k��óÀ(Ë�
&Ò�D�{, äk�½�¢^d�.
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Abstract
Because of the extremely low signal-to-noise ratio of pulsar signals, it is difficult to suppress noise while preserving details by

the traditional denoise methods. Therefore, a wavelet domain pulsar signal denoising method based on a differentiable thresholding
function and an adaptive threshold selection technique is presented. The signal-to-noise ratio(SNR), the root mean square error(RMSE),
the relative error of the peak value (REPV) and the error of the peak position (EPP) are used to evaluate the performance of the
proposed denoising method. Experimental results show that the proposed method can remove the pulsar signal noise and keep the
useful information effectively. At the same time, it can achieve a higher PSNR, a lower RMSE, a lower REPV and a lower EPP than
the soft thresholding and hard thresholding methods.

Keywords: wavelet, pulsar signal, adaptive threshold, denoising
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