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�Jp X ��óÀ(�ÊXÚ��Ê°Ý, JÑ
�«Äu$ÏÈÅì�ð'½��{, ±Jp X ��óÀ(
�ÊXÚ¥ X ��óÀ���m�ÿþ°Ý. ÏL�Oÿþ�Y, é�k�¸�½��{ÚU?��ð'½�XÚ
�½�°ÝÚk�m?1ÿþ. ÿþ(JL², ¸�½�XÚ�½�°ÝÚk�m©O� 18 Ú 4750 ns, ð'½�X
Ú�½�°ÝÚk�m©O� 0.78 Ú 105 ns, ��k�¸�½�XÚ�', æ^ð'½�XÚ�½�°ÝÚk�m
þ��²w�Jp. 3 X ��óÀ(�ÊXÚ¥, ÏL|^ùü«ØÓ½�XÚ5ÿþ X ��1f����m±
�E\ÈóÀÓ+. ¢�(JL², �¸�½�XÚ�', æ^U?�ð'½�XÚ¼��\ÈóÀÓ+�&D'
��²wUõ, Ïd, æ^ð'½�XÚ��Ê°Ý���Jp.

'�c: &ÿì, X ��óÀ(�Ê, ½�°Ý, k�m
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1 Ú ó

1967 c, êx�Æk©&N¢�¿���Æ¬
uy
1��óÀ( [1]. óÀ(�Ì��A:Ò
´±Ï�~­½, AO´±Ï�Î¦þ?�óÀ(
�±ÏCzÇ� 10−19—10−21, ��8c�­½�
��f¨�|{ [2,3]. duóÀ(äk�~p�­
½Ý, ÏdóÀ(�±A^u(SmÊUì��Ê.

éu X ��óÀ(�Ê�¢�5ïÄ©u{II
�ÜI�ýkïÄ�8Û (DARPA) u 2004 cÐ
JÑ� “Äu X ��
�gÌ�Ê½ �y” Oy,

TOydêp=�Æ�]��Ç��dÆ¬�¡
KI [4,5]. ÙÌ�8I´�yA^ X ��
¢y/
¥;�ÊUìgÌ�Ê��15. 3{I��Äe,

­.�I�UmÐ
 X ��óÀ(�Ê�ïÄó
�. Ù¥¥I�Æ�ÜS1Å¤½�ï
Äu X �
�óÀ(�Ê�/¡�[XÚ, ¿ÏLTXÚé X

��óÀ(�Ê� X ��&ÿìÚ\ÈóÀÓ+

�&D'?1
ïÄ [6,7]. duû½ X ��óÀ(
�ÊXÚ��Ê°Ý�'�Eâ��Ò´ X ��
óÀ���m�ÿþ°Ý [8], 
 X ��óÀ���
m�ÿþ°Ýû½u\ÈóÀÓ+�&D'. Ù¥
\ÈóÀÓ+��EÌ�ÏLÿþü� X ��1
f����m, ¿�â X ��óÀ(�óÀ±Ï,

²L�½�m�È©ò1f���m?1{�U
\¤��� [9]. ¤± X ��óÀ(XÚ��Ê°
Ý�6uü� X ��1f���m�ÿþ°Ý. Ï
d|^®k� X ��óÀ(�ÊXÚ5ïÄØÓ
�½�XÚéü� X ��1f���m�ÿþ°
Ý!ØÓ½�XÚé[ÜÑ�\ÈóÀÓ+&D
'Ú�Ê°Ý�K�.

�©ÏLJÑ�«Äu$ÏÈÅì5¢yð
'½���{, U?
ÿþ X ��óÀ���m�
ÿþXÚ. l X ��óÀ���m�½�°ÝÚk
�mü��¡5ïþØÓ½�XÚ��mÿþ°
Ý, ¿��ü«ØÓ½�XÚ� X ��\ÈóÀÓ
+ã.
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2 XÚó��n9ÙU?�{

ã 1 ¤«� X ��óÀ(�ÊXÚ�ó��
n. d�[ X ��¥+!�Ï� (MCP) &ÿì!
�mÿþü�!O�Å?nü�¤|¤. X ��\

�� MCP &ÿìL¡, ¿²1>�A�)1>f,

1>f²L MCP �O���4Â8 [10]. �4Â8
��>f²L�à��mÿþü�P¹ez� X

��1f����m, ¿dO�Å?nü�éÿþ
��z� X ��1f���m?1?n.

ã 1 X ��óÀ(�ÊXÚ�ó��n

|^ü� X ��1f���m�ÿþêâ, ¿
�â X ��óÀ(\ÈóÀÓ+��E�{éÙ
Ó+?1�E. X ��óÀ(�óÀÓ+�E��
{�: �æ8�m� N �±Ï, z�±Ï©�Ì!
gü�óÀ¿�òz�±Ï©� M ��°, z�
�°¡����m«m (bin); �âóÀ±Ïòz�
±Ï¥1f����m���Ó��±Ï¥�,
�� bin ¥, ¿ò bin ¥�1fê\ 1, Uìd�{
ò N �±Ï¥�1f���mÑ���Ó�±Ï
� bin ¥, ���âz� bin ¥1fê8�EÑó
ÀÓ+, X (1) ª¤«:

fm(t) =
N∑

i=1

δ(m − n), (1)

Ù ¥ fm(t) � 1 m � bin ¥ � 1 f ê, m =
1, 2, · · · ,M , δ(m − n) L«31 i �±Ï�óÀ
1f¯�´Ä31 m � bin ¥, =

δ(m − n) =

 0 m 6= n

1 m = n
,

n = 1, 2, · · · ,M L«1 i �±Ï�óÀ¤?3�
1 n � bin S.

lþã�\ÈóÀÓ+��E�{��, �O
(/�EÑ\ÈóÀÓ+, Ò7LO(/ÿþz
� X ��1f����m. �k��mÿþü�
Ì�´Äuæ��±�¡�¸�uÿ½�XÚ, ¸
�½�XÚ�)>Ö(¯c���ì!�/��

ì!¸�½�>´. ¸�½�XÚÚå�½��Ä
Ì�dü��¡|¤: du&ÿìÑ5�óÀ&Ò
3²Lc���Ú�/>´��óÀ¬Ð°, =ó
À°Ýd�5� 4 ns Ð°� 8 µs, ¤±��3¸
�½�XÚ¥é¸��þO¬Ñy�Ä'��; d
u&ÿìÑ5�óÀ&Ò�ÌÝ¬k�½�Cz,

¦�²L���&Ò�þ,�m¬u)Cz, ¤±
æ^¸�½�XÚ�þ,�m�¬Úå�m��
Ä. �
)û¢�¥¸�½�XÚ�ù
"�, �
©JÑ
�«#��mÿþXÚ, =ð'½�XÚ.

�¸�½�ØÓ�´Ùcàæ^>6(¯c��
�, ¤±����óÀ°Ý�Ä, Uk�/�Ø¸
�þO�Ñy��m�Ä; duð'½�|^ð'
:��ª>u½��m, ùÒUk�/�ØóÀþ
,�mØÓ¤Úå��m�Ä. æ^$ÏÈÅì5
¢yð'½� [11] ��nXã 2 ¤« (e´^pÏ
ÈÅì5¢yð'½�, KIò~{ì�ü�Ñ\
à �p�). lÑ\à�~{ìÑÑà�m�D4
¼ê�

H(s) =
1

(1 + sτ)n
− f

=
1 − f(1 + sτ)n

(1 + sτ)n
, (2)

D4¼ê (2) ªk��":, Ïdù«D4¼êU
òü45&Ò=z�V45&Ò. duù´��5
�ä, V3(t) �L"���&Ò�ÌÝvk'X. é
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uc÷�5þ,�&Ò, �U¢yÌÝÚþ,�m
Ö�, ¦�½����&Ò�ÌÝÚþ,�mÃ'.

ã 2 æ^$ÏÈÅì¢y�ð'½�ì��n

ã 3 æ^��$ÏÈÅì¢y�ð'½�>´

ã 4 ð'½��K�þO>´ó�Å/

3�¢�²�¥æ^�½�>´ (�?$ÏÈ
Åì¢y) �nÚó�Å/©OXã 3 Úã 4 ¤«.

d�Ñ\&Ò Vi(t) �'�ì�Ó�à�ë, $Ï
ÈÅì�ÑÑ Vc(t) �'�ì���à�ë. K'
�ìÓ�à���àÑ\>Ø�� Vr(t) �

Vr(t) = Vi(t) − Vc(t) = RCdVc(t)/dt, (3)

3>Nìþ�>Ø��K��, >{ R þ�>6�
�u)Cz, Úå'�ì�=. du>{Ú>N�
¤�´�5�ä, Vr(t) L"���Ñ\&Ò�ÌÝ
vk'X, l
¢y
ð'½��õU.

3 ½�XÚ�m°Ý�ÿþ

Äu MCP � X ��óÀ(�ÊXÚéü� X

��1f�½�°Ý� MCP &ÿì��k�m�
ÄÚ>fÆ��m�Äk' [12,13], =

∆T =
√

∆t2D + ∆t2E, (4)

Ù¥, ∆tD � X ��&ÿì��k�m�Ä, ∆tE

�>fÆ��m�Ä. MCP ����m©E��
Ü©�m�Ñ�Ú, �)1>Ò4-MCP ��m�
Ñ!>f3 MCP SÜ�Þ��m�Ñ!MCP-�
4��m�g. MCP g��A5, XÏ��»!�
��!MCP OÃ�, þK�>f3 MCP S�Þ�
�m�Ñ, �´K�&ÿì�m©E�Ì�Ï�.

Ï~3ü¬ MCP ¥>fÏL��m� 500 ps ±
S. du&ÿì��k�m�Ä3¢�^�e��
�½ØC, ÏdIÌ�ïÄØÓ�mÿþXÚéü
� X ��1f���m�ÿþ°Ý.

�
ÿþü«ØÓ�½�XÚ�½�°ÝÚ
k�m, 3¢�¥�O
ÿþ½�°Ý��{. ü
«ØÓ½�XÚ�½�°ÝÿÁ�Y�nXã 5

¤«: &Òu)ìÑÑ� (¸�½�XÚ) ½n�
Å&Ò (ð'½�XÚ) ?\½�XÚ, ÑÑ�½�
&Ò���Ì=�ì (TAC) �m©&Ò, &Òu)
ìÑÑ�¬N+-¬N+Ü6>² (TTL) &Ò²L
ò´ÑÑ�� TAC �Ê�&Ò. TAC òÑ\�m
©&ÒÚÊ�&Ò��mm�=����¤�'
�>ØÌÝÑÑ. ÑÑ�>ØdõÏ�©Û¤�É,

|^õ�©Û¤�O�Ñ TAC �ÑÑ>ØÌ (=
ÖÑ>fÆ��mÌ), T©ÙÎÜpd©Ù, |^
pd¼ê[Ü��½�°Ý�ÿþ(J.

|^ã 5 ¤«�ÿþ�Y©Oé¸�½�X
ÚÚð'½�XÚ�½�°Ý?1ÿþ, (JX
ã 6¤«.

lã 6(a) ¥�±wÑ¸�XÚ�½�°Ý
�óÀ�mÌpd[Üþ��� 7.8 ns, �m©
E ∆tE ��¸�°� 18 ns; lã 6(b) ¥�±wÑ,

ð'½�XÚ�½�°Ý�óÀ�mÌpd[Ü
þ��� 0.37 ns, K��ð'½�XÚ�½�°Ý
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� 0.78 ns.

ã 5 ½�XÚ��m°ÝÿÁ«¿ã

&ÿXÚ�) MCP 1fOê&ÿì!½�>
´!êâæ8XÚÚêâ?n�óÀÓ+[ÜX
Ú. ¯���)�&Ò?\�m&E©Û>´�
m, �NþI²L X ��1f��&ÿìL¡!
&ÿì�Â¥!&ÿì&ÒÑÑ!>fÆ>´
&Ò?n!�m>´uÑ&Òx��mêi=�

ì (TDC) Ñ\à�L§. du½�>´�k�mØ
UÕáÿþ, I�/Ïuêâæ8XÚ. �¢�|
^&ÿìÑÑ�&Ò��ÿþ&Ò, Ïdd��ÿ
þ(J=�&ÿì!½�>´Úêâæ8XÚ|
¤XÚ���k�m. 3&ÿìXÚ�k�mS,

Ã{£Oe��1f¯�, Ïd&ÿXÚ�k�m
K�XÚ�k�OêÇ. �¢�|^�Ó�1fO
ê&ÿì!êâæ8XÚ, '�¦^ØÓ½�>´
éXÚk�m�K�. äN�{� X ��1f?\
&ÿì¿ÑÑ>Ö&Ò, �>Ö&Ò�½�>´þ
O¿ÑÑ½�óÀ�, ^êâæ8XÚ�âIO�
¨Ü6p��¨±Ïé½�&Ò?1IP�;. T
¢�æ8�´�X�±m©��� 0 ¿÷�m¶
�: (�8?�L«), ¿òÙ=���?�. ò�
é�mS���¯�u)��mm�?1��Ú
O?n, Ò����&ÿXÚ�k�m.

|^�O�ÿÁ½�XÚ�k�m�Y©O
é¸�½�XÚÚð'½�XÚ�k�m?1ÿ
þ, Xã 7 ¤«.

ã 6 ØÓ½�XÚ�½�°Ý (a) ¸�½�XÚ�½�°Ý; (b) ð'½�XÚ�½�°Ý

ã 7 ØÓ½�XÚ�k�m­� (a) ¸�½�XÚ; (b) ð'½�XÚ
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lã 7(a) ¥�±��, æ^¸�½��Y�3
�� 4750 ns ��mm�±SOê�", =ü��
�� X ��1f�\��mm�3ù��m��
SXÚ´Ã{©EÑ5�, Ïd@�¸�½�XÚ
�XÚk�m� 4750 ns. Ón��ð'½�XÚ
�k�m� 105 ns.

4 X ��óÀÓ+��E

ã 8 ´�âL�ª (1) ª¤«� X ��óÀ(
\ÈóÀÓ+��E�{, ÏLéz� X ��1f
���m�ÿþ¿|^g?�^�éæ^¸�½
�XÚã 8(a) Úð'½�XÚã 8(b) � X ��\
ÈóÀÓ+?1�E¤��� X ��Ó+ã (Ù¦
¢�^�Ú�¸ØC�cJe¤ÿþÑ�(J).

lã 8 ¥�±wÑ, æ^ð'½�XÚ[ÜÑ
�óÀÓ+�&D' (SNR) ²w`uæ^¸�½
�XÚ�\ÈóÀÓ+ã. du\ÈóÀÓ+ã�

�E´déü� X ��1f����m�ÿþê
â, �â\� X ��1f�IO±ÏU\å5�,

duæ^ð'½�XÚ��mÿþ°Ý�p, ¤±
�éÿþ�� X ��1f���m?1[Ü�, ²
L�ã�m�U\, Ùzgÿþ� X ��1f��
�m��m�Ä'æ^¸�½�XÚ��, Ù�m
±Ï5�'¸�½�XÚ�\O(, Ïd[ÜÑ�
óÀÓ+&D'�Ð.

3 X ��óÀ(�Ê¥û½�Ê°Ý�Ì�
Ï�´óÀ���m (TOA) �°Ý, 
 TOA �°
Ý�ûuóÀÓ+�&D' [14], Xe¤«:

σr = cσTOA =
cW

2SNR
, (5)

Ù¥, σr �ÊUì��Ê°ÝØ�, σTOA � TOA

�ÿþ°ÝØ�, c ��~ê, SNR �&ÿ� X �
�óÀ(óÀÓ+�&D'. Ïd�â (5) ªé X

��óÀ(�ÊXÚ��Ê°Ý�½Â��, æ^
ð'½�XÚ��Ê°Ý'æ^¸�½�XÚ�
�Ê°Ý�p.

ã 8 ØÓ½�XÚ�\ÈóÀÓ+ã (a) ¸�½�XÚ; (b) ð'½�XÚ

5 ( Ø

U?
ÿþ X ��óÀ���m�ÿþXÚ,

éU?c��ü«ØÓ�½�XÚ�½�°ÝÚ
k�m?1
ÿþ, ¿|^ùü«ØÓ�½�X
Úÿþ
 X ��1f����m, �E
 X ��
óÀ�\ÈóÀÓ+. ¢�L², U?��ÿþX
Ú¥½�°ÝÚk�mÑ��
�Ì�Jp, ½�

°Ýl�5� 18 ns Jp� 0.78 ns, k�ml�5
� 4750 ns Jp� 105 ns. æ^ð'½�XÚ�\
ÈóÀÓ+�&D'²w`u¸�½�XÚ, Ïd
æ^ð'½�XÚk|u�Ê°Ý�Jp. ïÄ(
JéuJp���ÊXÚ��Ê°Ýäk�~­
���^, Ó��é X ��óÀ(�Ê��YïÄ
äk�~­��¿Â.
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Abstract

In order to improve the navigation accuracy of the X-ray pulsar navigation system, in this paper we propose a constant fraction

timing method based on the low-pass filter to measure the arrival time of the X-ray pulse in X-ray pulsar navigation. According to

the technical scheme, the timing accuracies and dead times of original peaking timing and the improved constant fraction timing are

measured. Experimental results indicate that the timing accuracy and the dead time of the peaking timing system are 18 ns and 4750 ns,

the timing accuracy and the dead time of the constant fraction timing system are 0.78 ns and 105 ns. The timing accuracy and the dead

time of constant fraction timing system are significantly improved compared with those of the peaking timing system. In the X-ray

pulsar navigation system, the cumulative pulse profile of the X-ray pulse is constructed in the two different timing systems through

measuring the arrival time of the X-ray photon. Experimental results indicate that compared with using the peaking timing system, the

cumulative pulse profile of the X-ray pulse using the improved constant fraction timing system is improved obviously, therefore, the

navigation accuracy could be improved by using the constant fraction timing system.

Keywords: detectors, X-ray pulsar navigation, timing accuracy, dead time
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