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ÏLé*ÿ&ÒUb½±Ï (�C) ©|, O�©|�ØÓ����'Xê, ?�Ú��Xê���, ,�ÏéØÓ
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À( (PSR B1821-24)��ý&Ò±9 ATNF EPNêâ¥¥�õ�óÀ(êâ?1
±Ï�O, þ��
-<÷¿

�(J. é¯õóÀ(�O�(JL², �Fp�ªÌ{�', T���{éD(Ø¯a, cÙ3$&D'�¹eE

LyÑ�`��5U; �VÌ�ZÚOþ�{ [6] �', $�E,Ý�$; ¦+Ù3?n�ëY*ÿêâ�UåØv,

�E,���fóÀ(�¢�±Ï�OJøkåë�.
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1 Ú ó

gl 1967c>��Ú��uy1���>ó

À(±5, <�éóÀ(�ÔnA5ÚA^ïÄ

�5��\. óÀ(áup�^=���¥f(,

Ùg=±Ï�~­½, ^uO�Ú�Ê�dåã

� [1]. �c, óÀ(ïÄ+���­��?Ö´m

ÐÑU*ÿ, �d, ·I�3\;ï� 500 m�»

�>"�º FAST[2], X ��óÀ(*ÿ¥(�ï

��®JþF§. 3óÀ(��*ÿþ¥, ���

� (TOA) c�­�, Ù¹k´L�U©&E, Xó

À(�$Ä;�!óÀ(�þ!SÜ(�!Úå

Å�A!(S0�A5� [3,4]. ,
du�>óÀ

(&Ò��/¡�ÂÅ�Uþ�f, ÿþ¿�O�

���I�ké&ÒUÀ±Ï?1Uþ\È, ��

p&D'�²þóÀÓ+ [5]. Ïd, ¼�óÀ±Ï

´|Ï½*ÿ���!vk?Ûk�&E�óÀ

(�Ä�?Ö, ����±Ï�Cq�, �?�Ú

ÏL*ÿêâ?1�.[Ü, �OÑ�°(�óÀ

±Ï±9Ù¦Ônëê. Äud, �©�3ïÄ�

fóÀ(&Ò�±Ï�Oå».

eØ�ÄV(XÚ, óÀ(|¢�Ì�L§X

ã 1 ¤« [6](éu X ��óÀ(, ÚÑ�±�Ñ), Ù

¥, Ø%�±Ï£O�{��k���¯�òU�

{Úª��Fp�ªÌ{ [7], 
�ö��~^ (�

1 2 !). ,
, ØäïÄ#��O�{, ¿?1'�

nÜÚ`z, ÃØ´éu(þXÚ�´/¡�[X

Ú�ï� [8] Ñk­�¿Â. ¦+|ÏU6�p�

óÀ(±9mu(¯Ý�p� X ��&ÿì�´

JpóÀ���mÿþ°Ý�k�Ãã, �Ïé�

Ð�f&Ò?n�{EäkÊH¿Â [9−12].

�
­:&¢Ø%�±Ï£O�{, =é�Ú

Ñ���mS��±Ï?1�O, ·�Äkb�

ÚÑþ DM ®�, |¢ DM �L§Ú�Yë�©

z [13]), rÓ��O DM Ú±Ïü�ëê���|

¢¯K{z����O¯K. 3©z [6] ¥, �öQ

JÑ
�«ÄuVÌ�ZÚOþ�±Ï�O#�

{, �T�{Äuª����Ì�|¢, $�þ�
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�. �Xy��mS�©Û¥Ì�²­&ÒnØ�

uÐ [14,15], k7�­#'5óÀ(±Ï����

O�{. �©òÄuÌ�²­�. (duóÀ(­

½�g=A5, ÙË�&Ò�ÚOA�AT±ÏC

z, �@�´��Ì�²­�ÅL§, ©z [6] ¥®

éÙÜn5?1
�y), ïÄ�«#����O�

{, �3�óÀ(�*ÿ?nJø#ÀJ, �B�

�Úª��{�nÜ, ´LóÀ(|¢üÑ. ©¥

·�b�*ÿ´3�é�á�ëY�mS?1, K

±ÏCzÇëê�±�Ñ; ,	��Äü¸ÚV¸

ü«óÀa., Ø�ÄãóÀÚ"óÀ�3��¹.

2 ÄuFp�C��óÀ(±Ï�O

&Ò�ÌÝÌ½õÇÌ�±^5uÿ±Ï&

Ò��3. ��ÚÑ���mS�� Xj , �Ý� N ,

²lÑFp�C� (DFT) ��1 k �©þ� Hk.

1) Äk, Ï~3���ü�ªÇ:�m?1

{ü�Fp���±~���êªÇ:?�õÇ

��:

Hk+ 1
2
≈
π

4
(Hk − Hk+1).

2) ¢S*ÿ¥, uyóÀ(ªÌ¥²~¹k²

w�$ªD( (ùD(), ÏdI�k?1xz, ,

�éÌÝÌ?18�z, ±B�O±Ï5&Ò�w

Í5Y²Ú&D'.

3) duóÀ(�±ÏË�óÀäk�½ó°,

ÏdÙªÌäk�X���Å¤©. �
¿©|^

ù�A:, <�æ^��Z�Å\\{ [16] 5Jp

ªÌ�&D' (Xã 2 ¤«), =rõÇÌ (½ÌÝ

Ì) *Ðü����Ì�\, �,ù�L§���

E?1.

ã 1 óÀ(|¢�Ì�Ú½

(c) 相加

ã 2 �Å\\L§«¿ [16]

4) éu?�� DM Á&�����mS�, r

Ùª�þ (�)�Å\È?n) �O�&D'�K

�?1�O, Ò���X��U�ÿÀ±Ï. ,�

©Û&D'���±9�ÓÿÀ±ÏÑy�gê,

@
äk��&D'½ (±9) Ñygê�õ�ÿ

À±Ï¤éA� DM K��� DM ý��Cq, �

�±À½� DM Ú±Ï�O�?1�©*ÿ&Ò

��ÚÑÚòU\\, ��óÀ&Ò.

(Üã 1, ·��±w�±Ï|¢´��ó§

5ér�ó�, k�I�<ó��E©ÛÚu�.

3 ±Ï�O����'��|¢{

éu²­�Å&Ò, �±^ÄuFp�C��

±Ïã{5(½±Ï, éuÌ�²­�ÅL§, e

±Ï�k�&E��, ÙÌ�±Ï�ÏL�
ÚO

�OìXÌ�±Ïã¼�, �Ì��³y���3

¦�ùa�{��O5UC� [17]. �©òJÑ�
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«���'��|¢{, Ùé²­D(Ø¯a, �

·^u,
¾� [18] �Ì�²­�ÅL§.

é u ä k Ì � ± Ï p � {x(t)}N−1
t=0 , §

� Rxx(t; τ) ��Oþ�

R̂xx(t; τ) =
1

⌊N/p⌋

⌊(N−τ)/p⌋−1
∑

k=0

x(kp + t)

× x(kp + t + τ), (1)

Ù¥, 0 6 t 6 p − 1, 0 6 τ 6 N − p, τ ��òþ,

N �S��Ý, k ��Ì�±Ï p k'�©|Cþ,

0 6 k 6 ⌊(N − τ)/p⌋ − 1.

yb�Ì�±Ï��, �±Ï�|¢Cþ� n,

½ÂXeN�½ö�µ
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, (2)

Ù¥, 1 k �©|�þ�

x(k)
n ={x(k), x(n + k), x(2n + k), · · · ,

x((⌊N/n − 1⌋)n + k)}

k =0, 1, · · ·n − 1. (3)

�A��'ÚOþ�±½Â�

R
x
(k1)
n x

(k2)
n

=
1

⌊N/n⌋

⌊N/n⌋−τ−1
∑

r=0

x(rn + k1)

× x(rn + k2 + τn), (4)

Ù¥ 0 6 τ 6 ⌊N/n⌋ − 1, 0 6 k1 6 n − 1, k1 6 k2,

r ��|¢Cþ n k'�©|Cþ.

�½���½� n Ú {x(t)}N−1
t=0 , d�Oþ

� R̂xx(t; τ) �3Xe'X:

R̂
x
(k)
n x

(k+τ)
n

(0) ∼=
1

p

p̄−1
∑

r=0

R̂xx(rn + k; τ), (5)

Ù¥ p̄ = p/ gcd(p, n), gcd���ú�ê, 0 6 k 6

n − 1.

d (5) ª � �, X J p Ú n ´ p � �,

R̂
x
(k)
n x

(k+τ)
n

(0) Ø� k �Cz
Cz, =���"

½é�, �S� {R̂xx(t; τ)}p−1
k=0 �þ���.

e n = lp(l ∈ Z+), k

R̂
x
(k)
n x

(k+τ)
n

(0) = R̂xx(k; τ). (6)


éÌ�²­±Ï&Ò5`, Ï~ Rxx(t; τ) �

C�', éuØÓ��ê k ��Ø��. =S

� {R̂
x
(k)
n x

(k+τ)
n

(0)}n−1
k=0 �����

1

n

n−1
∑

k=0

(

R̂
x
(k)
n x

(k+τ)
n

(0) −
1

n

n−1
∑

k=0

R̂
x
(k)
n x

(k+τ)
n

(0)

)2

(7)

'��.

? � Ú, é u � ' ¾ � � ² ­ � Å L §,

= Rxx(t; τ) ÷v

Rxx(0; τ) = Rxx(1; τ) = · · · = Rxx(p − 1; τ). (8)

E�y²Ù3 n = lp e������u3 n 6= lp

���� [15](Ø���5, � {R̂
x
(k)
n x

(k+τ)
n

(0)}n−1
k=0

�þ�� 0):

1

p

p−1
∑

t=0

R̂
2
xx(t; τ) −

1

n

n−1
∑

k=0

R̂
2

x
(k)
n x

(k+τ)
n

(0)

=
1

p

p−1
∑

t=0

R̂
2
xx(t; τ) −

1

n

n−1
∑

k=0

[

1

p̄

p̄−1
∑

r=0

R̂xx(rn + k; τ)

]2

=
1

np̄2

n−1
∑

k=0

{

p̄

p̄−1
∑

r=0

R̂
2
xx(rn + k; τ)

−

[ p̄−1
∑

r=0

R̂xx(rn + k; τ)

]2}

> 0. (9)

nþ, �½��&Ò {x(t)}N−1
t=0 , ���'��

|¢{��OÚ½Xe.

1) |¢Cþ n l 2 m©. b�&Ò´�C�'

�, ÀJ���êò´ τ (Ï~� 0 ½ 1).

2) ^ ú ª (4) O � Ñ R̂
x
(k)
n x

(k+τ)
n

(0) (k =

1, 2, · · · , n), ¿^ (7) ªO�§�����.

3) ­E1�Ú1�Ú, ÏLØä�O\ n, �

�,��Ün� nmax, Ù¥ nmax > lp, l ´��ê.

4) ± n �î�I±Ñ����Cz­�, Ù¥

§���¸�:ÒL²
&Ò3 n = lp :?äk

±Ï5. 3�G��¸�¥, ����ê p Ò´�

O±Ï.

4 ¢�Ú5U©Û

Äk·�^�©�{5?nüóÀA��ó

À(&Ò. ÀJ PSR J0437-4715,§´±��$�Ý

xL(��(�Î¦óÀ(, V(;�±Ï� 5.74
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U, ÙóÀË��±Ï�� 5.757 ms,Ù¦Ì�Ôn

ëêë�©z [19]. êâÏLe�|æ Parks�>

*ÿÕ� 512Ï��ÂÅ*ÿ��, �ÂÅo�°

� 256 MHz,1�Ï��¥%*ÿªÇ� 1517.75

Hz, æ�m��� 0.08 ms,K��±Ï�æ�:ê

� 72 �. ©O?nnã&D'ØÓ��ÚÑ��

*ÿ&Ò (Xã 3(a1), (a2), (a3)¤«), �	Ù3(

½óÀ(Ë�±Ïù�­�ëê��5U.

ã 3 n«&D'e�±Ï�O(Jé'

*ÿêâ=�¹ 648 �æ�:, éêâ?1

��6©þ?n�, &D'©O�� 5 dB,−10 dB

Ú −30 dB.ã 3 (b1), (b2), (b3)�Äu¯�Fp�C

� (FFT) �ª��{�ªÇ (±Ï) �O(J, (c1),

(c2), (c3)����'��|¢{�±Ï�O(J.

ÄuVÌ�ZÚOþ��O(Jë�©z [5]. �

±w�, ªÌ�O{3cü«&D'e�ÏL�½

K�¢y�(��O (Xã 3 ¥J�¤«), uÿ�

�&ÒªÇ� 0.1733 kHz,±Ï� 5.7703 ms,�O

Ø�Ì�dlÑFp�C��»9�AÚå. �&

D'� −30 dB �, FFT ªÌ{®Ã{¢yªÇ£

O
. 
�©¤J��{3n«�¹eÑU
��

�(��O (¸�Ñy3 n = 72l, Xã¥���

¤«, 1��¸�� �� 72, 1��¸�� �

� 144). ØL�X&D'�ü$, Ù�O5U�Å

Úeü.

L 1 �n«�{�O��m (&D'� −30 dB

�). lL¥�±wÑ, Äu FFT �ª��{�Ñ�

�á, �©�{�Ñ�$uÄuVÌ�ZÚOþ�

�O�{.

L 1 n«�{�$�E,Ý (ü µs)

Fp�ªÌ{ VÌÚOþ{ �©�{

0.2511 1.2662 1.1246
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e¡·�5?näkV¸A��óÀ(&Ò.

±óÀ( PSR B1821-24��., Ù±Ï� 3.05 ms

(g=ªÇ� 327.87 Hz),&Ò�f. �
��&D

', ·�|^ B1821-24�)ÛÓ+�ý�)*ÿ

êâ, æ^ü�pd¼ê�U\�E�.:

h(t) =l1 exp

[

−
(t − t1)

2

2ω2
1

]

+ l2 exp

[

−
(t − t2)

2

2ω2
2

]

, (10)

Ù¥, [ÜëêXL 2 ¤« [20].

-æ��m� 1 × 10−5 s, �[�)Xã 4(a)

¤«�¹D&Ò, K��±Ï�æ�:� 305 �.

ã 4(b)�Têâ² FFTC�����Å©þ, î�

Iæ^éê�I±Jp�$ªÇ?�w«©EÇ.

�±w�, 3 327 HzNC¿vkÑy¸�²w�Ä

Å©þ, æ^K��O�U¬ÑyØ(½5, 
�

��'��|¢{%�±{ük�/��±Ï�

O (Xã 4(c) ¤«, ü�¸�Ñy3 n = 305l ?),

L²T�{Ó�·^uäkVóÀË�A��ó

À(�g=±Ï�O.

L 2 óÀÓ+ëê

l1 w1 t1

2.3278 8.3404×10−4 8.3404×10−4

l2 w2 t2

5.6764 3.7475×10−5 2.2128×10−3

·�ql ATNF EPN óÀ(êâ¥©OÀ�


 10 õ�ü¸ÚV¸óÀ(�*ÿêâ [21], z

|êâdõ�±Ï�óÀÓ+|¤, ¿U\þ�

r�pdxD(±�y�O5U. (JL², T

�{þ��
Ø���O�J (©¥��Ñ PSR

B1913+16��O(J, Ù±Ï� 59.03 ms,Xã 5

¤«). Ù¥ã 5(a) �óÀÓ+, ��±Ï�æ�

:ê� 121 �, ã 5(b) ��D(ìv�*ÿ&Ò,

ã 5(c)�^��{?n�(J.

ã 4 V¸óÀ(�±Ï�O(J

ã 5 V¸óÀ( B1913+16�±Ï�O(J

�
nÜ�	T�{�5U, ·��éã 3(a1)

¥�êâ?1
Xe?nµ3êâ¬�¥m�\


 150�ëY�êâ 0, ^±�[d�mãvk*

ÿêâ��¹ (Xã 6(a)). (Juyéu�ëY*

ÿêâ, Fp�C�{�?1�(�ªÇ�O (X

ã 6(b)), 
éu�©�{���(J, �AT3ý

Ï �Ñy�ó¸%�D( “ìv” 
 (Xã 6(c)),

`²Ù�UA^u?nëY*ÿêâ, I�?�Ú

ÏéÙU?�{. �Ä�T�{éêâþ�¦¿Ø

p (ã 3 �^
 10�±Ï�êâ), Ïd3¢S*ÿ

¥, �IÀJ�ãá�m�ëY*ÿêâ, �éu

p&D'I¦, ù��¦�N´¢y.
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ã 6 �ëY*ÿêâe�±Ï�O(Jé'

5 ( Ø

ÃØ´*ÿ�>óÀ(�´ X ��óÀ(,

é&Ò±Ï��(�O´7,I¦. éuÌ�²

­�.e�¯õ±Ï�O�{õÄu�Z¼êÚ

Oþ, �±�Ñ&Ò���±Ïã, �$�E,Ý

�, 
�3D(�r���JØZ. ²;� FFT {

�,O��Ý�¯, �3$&D'eI�?1õg

��Å\\ö�, 
�©JÑ��{´ÏLé*ÿ

êâ?1{ü�©|C�, |^�'$�Ú���

m����|¢5Ïé±Ï, O�Ú½�é{B.

(JL², T�{��3?nü¸ÚV¸óÀ

(�ëY*ÿêâ��J²w, =¦3&D'$

u −30 dB �E,�±��Ì�±Ï, �äk$�

E,Ý�!éêâþ�¦Øp�`:. �ïÄØ=

é�f$�4fóÀ(&Ò�¢�±Ï�Oäk

ë�d�, �·^u¯�é°þ�óÀ(*ÿêâ

?1©ÛÚ?n.

éI[U©�Þ�� 2009cóÀ(ÆS�±9 2010

cóÀ(ïÄ?Ðï?¬þ¯õ;[3óÀ(|¢¯Kþ

�����L«a�.
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Abstract

The estimation of pulsar period is important for pulsar searching, observation and timing. In this paper, the frequency-domain

method which is popular in periodicity searches is analyzed, and further more, a novel method in time-domain is proposedto estimate

the cyclo-period of pulsars based on the second-order cyclo-stationary model of the radiation signal. Firstly, the discrete-time observing

signal is blocked by assumed period which is alterable. Then, the correlation estimations and their sample variances are computed each

as a function of blocking operator index, where the largest peaks display a periodic pattern, from which the cyclo-period can be

obtained. Using this method, the period of PSR J0437-4715 with single pulse is estimated well based on original signal, and the period

of PSR B1821-24 with double pulses is also estimated based onthe simulated signal. The same work is done for the observed data

from ATNF EPN pulsar database. The simulation results and the experimental results for many pulsars show that compared with the

classical Fourier-transform method, this algorithm is non-sensitive to the noise, and it is effective even though in the case of low signal-

to-noise ratio. And it is of low computation complexity compared with the bispectrum coherence method. This method possesses

higher popularization value in real-time observation and processing for weak pulsar signal, though it does not work well in dealing with

noncontinuous observing data.
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