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VLBI �©+�ò RMS �� 46 mm§ÿþ°Ý�ÓÅå VLBI �©+�ò��¶�O VLBI �

©��ò RMS �� 1.6 mm§ÿþ°Ý�ÓÅå VLBI �©��ò��"½;(JL²§�O
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3��&ÿ¥~^� DOR (Differential One-way Range) &Ò§Ùª:m����°��k

40 MHz �m§âd����ÅØ�� 3 cm þ?� VLBI +�òêâ"VLBI �òØ
�Å

Ø�	§�kXÚØ��K�"3DÚ�VLBI *ÿ¥, �
�Ø�í!>l�Ú*ÿ���

K�, I��O*ÿ¥(Úà	�>
"du�í!>l�Ú*ÿ��ò´��mCz§
�

¥(Ú�>
m��å��kêÝ��AÝ§l
��ØÓDÂ´»þ�íÚ>l��ò�

Ø��§=¦|^�>
*ÿÚGPS Eâ�ØUr�í!>l�Ú*ÿ���K����

Ø"y3^u��&ÿ¥�DÚVLBI �ò�XÚØ�3�íÚ>l�6Ä������ü

� 3∼10 cm �m§
·I&�¥(¥A^�VLBI �òÿþØ��� 15∼50 cm"Ó�§D

Ú� VLBI 7L�O*ÿ�>
Úõ�¥(§~�
é¥(�*ÿ�m§Ø|u*ÿ�ò�

¼�"Ïd§�
÷væ��£?Ö¥õ8Iÿ½;¯Ké°ÝÚ¢�5��p�¦§k7

��é?ÖA:?�ÚÐmVLBI *ÿ?n�Eâ�{ïÄ"

�
Jp VLBI ÿþ°Ý9Ùéõ&ÿì½;��z§4�¬�<JÑ
Äu S Åã

õª:ÓÅå VLBI Eâ�æ��£õ&ÿì°�½;�Y [2]"S Åãõª:ÓÅåVLBI

=^�>"�º�ÌÅåÓ��Âü�¥(ux�&I§��ü�¥(&I��'� ¿3

¥(m?1�©§±�Ø>l�!�í9*ÿ���ý�Ü©�K�§l
���©�'�

 §¿âd��p°Ý��©+�ò9�p°Ý��©��ò"|^ S Åãõª:ÓÅå

VLBI EâÚ·I 4 � VLBI ÿÕ (�® 50 m§þ° 25 m§&² 40 m Ú¿°7à 25 m) �

���©��òêâ¿(Üÿ�ÿåêâ§�¢y;�ìÚ�£ì�Ø� 10 m �m�°�

½;[3,4]"éu�» 25 m ��>"�º5`,Ù S Åã�ÌÅå°Ý�� 0.38◦§X Åã�Ì

Åå°ÝK�� 0.09◦"Ïd§æ^ S Åã&IU
�5�õ�ÓÅåVLBI *ÿÅ¬§X Å

ãK�k4��ÓÅåVLBI *ÿÅ¬",
§S Åãõª:ÓÅåVLBI Eâ�¢yI3

;�ìÚ�£ìþ�1;��O� S Åã&I
"du1Ö­þ�U
���§SÅã&I


��1(J§AO´éuIl�¡å��þ,ì5`"X3·I&�nÏæ��£ó§¥§

Oyòæ^X ªã� DOR &I?1 VLBI ÿ;§Ø2�1;^� S Åã&I
"éu·I

VLBI �5`§X Åã&I�¦^�Ì~�
ÓÅåVLBI *ÿ�Å¬§O\
æ��£?

Ö¥õ8I°�ÿ½;�JÝ"

�éþã¯K§�©ïÄ
æ��£?Ö¥�õ�&ÿìm��OVLBI Eâ§±9*

ÿþ��©?n�{§�Ñ
·u�OVLBI *ÿ� X Åã DOR &I
�O�Y§¿Äg

µd
Ù3õ&ÿì°�ál½;¥��z"·�|^F� SELENE �ü��¥(R-star

Ú V-star �ÓÅå VLBI � *ÿþ)¤
�OVLBI � *ÿþ§,�3&ÿìmé�

'� ?1�©���©�'� §¿)�Ñ&ÿìm��©�ò§��(Üÿ�ÿåêâ

éz�&ÿì?1
ál½;©Û§¿ÚÓÅåVLBI �½;(J?1
'�"ïÄ(JL

²§�O VLBI �½;°Ý�ÓÅå VLBI ��"éuál½;§�©+�ò(Üÿ�ÿå

êâU�� <75 m �½;°Ý§�©��ò(Üÿ�ÿåêâ��� 10 m �½;°Ý§÷

væ��£?Ö��¦"
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2 õ8I�O VLBI *ÿ9 X Åã DOR &I
�O�Y

É��>"�ºÌÅå°Ý���§�ü�&ÿìm�ål���§�>"�ºØUÓ

��Âü�&ÿì�ÿ�&Ò§7L3&ÿìm?1�O*ÿ"ã 1 �Ñ
õ&ÿì�O

VLBI*ÿ�«¿ã§=3,���§�>"�º�*ÿÙ¥��&ÿì§*ÿ�ã�m�=

�e��&ÿì§Xd�O*ÿõ�&ÿì���¤éõ&ÿì�*ÿ?Ö"3�OVLBI

*ÿ¥§duü�&ÿì��å����Â&Ò�r§éü�&ÿì��'� ?1�©§

�±3éá���*ÿ�mS�Ð/�Ø>l�!�íÚ*ÿ���ý�Ü©K�§��p

°Ý��©�ò"

ã 1 õ&ÿì�O VLBI *ÿ«¿ã§/¡Õ3;�ìÚ�£ì�m�O*ÿ§��z�&ÿì��©

�'� 

�
U
ÏL�©k�/�Ø��Ø��K�§·^u�OVLBI *ÿ� X Åã DOR

&IA�â±e�K�Oµ3�Ä�õÊV�A��¹e§AT¦ØÓ&ÿìþéAª:�

&Ò¦þ�C§¦���&ÿìþ�éA&ÒÑUÏL�ÂÅ�Ó�Ï�P¹§ù�3�©

�ÒU
'��./�Ø*ÿC��K�"Ó�§du&Ò�ªÇ�C§�3BL�íÚ>

l��²L�´»���Ó§3�©��ÿ�U
�Ð/�Ø�íÚ>l��K�"ã 2 �

Ñ
·u;�ìÚ�£ìü�&ÿì�&I
�O�Y [2,5]§z�&ÿì�&Id��Ì1

Å fci(i = 1, 2) Ú 4 � DOR ýÑ&Ò|¤§Ì1Å u 8 425 MHz NC§DOR &Ò�ªÇ

ålÌ1Å©O� 4 MHz Ú 20 MHz"Ì1ÅNCk�½�°�ÿ�&ÒÚ±0.5 MHz �ÿ

åýÑ&Ò§¦�3&ÿìÐ;Ø����EU)û�±�
Ý¯K§l
���©�òê
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â"�Ä�z�&ÿìX Åã�õÊVª£��Ø�L 200 kHz§�
;�ÏõÊVª£Ú

&ÒªÇ�Ø­½5E¤ØÓ&ÿì&Òm��pZ6§;�ìÚ�£ì�Ì1ÅªÇm�

�±�� 1.5 MHz"

ã 2 ·u�O VLBI *ÿ� X Åã DOR &I
�O�Y

3 VLBI êâ?n

du·I�æ��£�8E3ïÄØy�¥§ÿ���¢ÿêâ§Ïd�©|^F

� SELENE �8�ÿ�ÿåÚÓÅå VLBI êâ5�y�O VLBI �ÿ½;Uå"F�

SELENEd��Ì&ÿìÚü�f&ÿìR-star Ú V-star|¤"R-starÚ V-star©Ou�

S1= 2 212 MHz!S2= 2 218 MHz!S3= 2 287 MHz 3 �ª:�&Ò"SELENE� VLBI *

ÿÌ�dF�VERA4Õ (ISGK!MZSW!IRIKÚ OGSW) 9 4 �ISÕ (¥Iþ° 25 m!

¥I¿°7à 25 m!e�|æHobart 26 m Ú�IWettzell 20 m) �¤§±VERA4 Õ�*

ÿ�Ì"� R-star Ú V-star m�Y��u 0.56◦ ��>"�º�lÙ¥m �l
?1Ó

Åå VLBI *ÿ¶�Y��u 0.56◦ �?1�OVLBI *ÿ§�O*ÿ�mm�� 120 s"�


�ÓÅåVLBI êâ¤(½�°(;�?1'�©Û§�©|^SELENE�ÓÅåVLBI

êâ5)¤�OVLBI *ÿþ§¿^ùü«êâ?1½;§,��'�©Û§µd�OVLBI

Eâéõ�8I�ÿ½;Uå",
§�OVLBI ��'� êâ�3 2π �
Ý�¯K§Ï

d3�Ù¥·�Äk�Ñ�OVLBI �'� ¥)� 2π �
Ý��{§¿�Ñ)�¢~"

3.1 �O VLBI �'�  2π �
Ý�)��{Ú)�(J

¢S��O VLBI *ÿL§¥§U�3ü�&ÿìm�O*ÿ§���´©ã��'�
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 *ÿþ§c�üã� �mk�½��mm�§Ïd3üã����'� *ÿþm�U

¬Ñy 2π �
Ý"Xã 3(a)!(b) ¤«§Ù¥ã 3(a) ´^ R-star Ú V-star ÓÅå VLBI �

'� )¤��O VLBI �'� §ã 3(b) ´¢ÿ� R-star Ú V-star �O VLBI �'�

 §¢�´�'?n¢SÑÑ�¹k 2π �
Ý��'� §J�´�Ø
 2π �
Ý���

�'� "2π �
Ý�)�´Äu[Üí��IO����K?1�§=é���üã�'

� *ÿþ A Ú B ?1õ�ª[Ü��[Üí�§,�O�[Üí��IO�§ÏLN�

A!B m� 2π �
Ý¦Ù[Üí��IO�����§l
��A!B üã�'� *ÿþ

m� 2π �
Ý�ê§��éÙ?1U�"ã 3(c) Ú (d) éAuã 3(b) ¥ 11:56:00–12:02:00

müã¢ÿ��O VLBI �'� 3�
Ý|¢L§¥|^ 4 gõ�ª���[Üí�9

ÙIO�§(c)¥¢�´?1�(� 2π �
Ý (Nc = −2) ?�����[Üí�§J�´?

1�Ø��
Ý (Nc = −1 Ú Nc = −3) ?�����[Üí�"lã 3(c) Ú (d) �±wÑ§

�|¢��(� 2π �
Ý�§��üã�'� �[Üí�Ly��ÅD(§ÙIO��

����§ÄK[Üí�¬LyÑXÚ5� �§ÙIO��¬O�"Ïd§|^ù��{

��Ø�OVLBI �'� ¥� 2π �
Ý§é�'� ?1ë�"

3.2 ÓÅå VLBI êâ?n

ã 4 �Ñ
 R-star Ú V-star �'� �~f"duVERA �ÂXÚ���3���D

( [6]§3¢S�*ÿL§¥õÊVª£k�¬¦*ÿ&ÒÚD(�Ì�­U§��&Ò�D

(ØU©l§&Ò��'� ØUO(J�§l
¦�©�'� *ÿþk�¬Ñy 2π �

ê��aC§X3ã 4(b) þã¥§S1!S2 Ú S3 &Ò��©�'� *ÿþ3 20:20 �m�

��Ñy
 2π �ê�aC"�'� ¥�aC¬K���ò)�°Ý§l
K�½;°Ý"

Ïd§·�Äké SELENE ��©ÓÅå�'� ¥ 2π �ê�aC?1?�§Ó�éD(

����©�'� §|^c��þ�Ð��'� ?1õ�ª[Ü�±?�§����p

�þ�ëY� §ã 4(b) eã�Ñ
²L?����'� "

3ÓÅå VLBI *ÿ�§Ó���U��ü�&ÿì��'� ¶
�OVLBI *ÿ�

ª3,����*ÿ��&ÿì§��Ù¥��&ÿì��'� "�
�[�OVLBI *

ÿ§·�éR-star Ú V-starùü�&ÿì�ëY�'� U�½��mm� (�©¥���

m� 60 s) �OíØêâ§���mþmä��'� "du3,����k��&ÿì�

�'� §ØU�,��&ÿì��'� ?1���©§7Lkéz�&ÿì��©�'

� *ÿþ?1?n§¦Ù3�mþëY"·�æ^ 6 gõ�ªéc�üã®k��'� 

?1õ�ª[Ü§S���¥mmä��'� §¦�3*ÿ�ãS�?¿��ÑÓ�kü

�&ÿì��'� §,�3&ÿìmòéAª:éA����'� m��©§��ü�

&ÿì��©�'� §��|^&ÿìm��©� )�Ñ�©�ò"

²LcãAÚ�?n���
 4 a VLBI �©�ò*ÿþµR-star Ú V-star m��O

VLBI (SWV)�©��ò!�OVLBI�©+�ò!ÓÅåVLBI(SBV)�©��òÚÓÅå

VLBI �©+�ò§Ù¥�©+�ò´dªÇm� 75 MHz � S1 Ú S3 ��©�'� ¦�

�§�©��òKd S1 ��©�'� ¦�"éuX Åã�&I§VLBI�©��òéJ¦

Ñ§�U��VLBI�©+�ò§��©�ïÄ(JL²VLBI�©+�ò�U��ép�ÿ
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ã 3 (a) |^ÓÅå VLBI �'� )¤��O VLBI �'� ¶(b) ¢S�O VLBI *ÿ����'�

 ¶(c) æ^ØÓ� 2π �
Ý?�� ����[Üí�¶(d)2π �
Ý|¢L§¥[Üí��I

O�"

ã 4 ÓÅå VLBI �'� *ÿþ

(a) vk 2π aC��©�'� *ÿþ¶(b)þã�¹k 2π aC��©�'� *ÿþ§eã�?���(J"
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ã 5 �O VLBI �©��ò!�O VLBI �©+

�òÚÓÅå VLBI �©+�ò©O�ÓÅ

å VLBI �©��ò��

þ°Ý"R-star Ú V-star m�ÓÅå VLBI

�©��ò�ÿþ°Ý� 1 mm �m [3]§Ï

d·�±ÓÅå VLBI �©��ò��ë�

5µd,	 3 «�©�ò�ÿþ°Ý"Ï

Lò�O VLBI �©��ò!�OVLBI �

©+�òÚÓÅå VLBI �©+�ò©O�

ÓÅå VLBI �©��ò��§�����

RMS ©O� 1.6 mm!46 mm Ú 32 mm§X

ã 5 ¤«"dd��3ü�&ÿì��å�

u 0.5◦ ��¹e§�O VLBI �©��ò�

��ÓÅå VLBI �©��ò���ÿþ°

Ý§�O VLBI �©+�ò�U���ÓÅ

å VLBI �©+�ò���ÿþ°Ý"

4 ½;(J9©Û

ò1nÙ¥����OVLBI �©��ò!+�òÚÓÅåVLBI �©��ò!+�ò

ù 4 a�©�òêâ©O�ÿ�ÿåêâ?1|Ü§/¤ 5 |^u½;�¢�êâ"�Ä�

�l½;��'ïÄ®'�¤Ù [3,4,7]§Ó�æ��£�8éõ8I�ál½;JÑ
�p�

¦§Ïd�©X­ïÄ�OVLBI �ál½;Uå"·�Äkæ^��lãm­U©Û{é

½;(JµdÙSÎÜ°Ý§,�òÙ�°Ý�p�üU�l½;(J?1'�§©ÛÙ	

ÎÜ°Ý"½;�æ^��¥­å|�.´ SGM100i[7] �.§½;^�´GEODYN/ [8]"

4.1 ál½;(J­Ulã©Û

·�|^ 2008 c 12 � 20 F 17:00-24:00�m�êâ?1ál½;"ã 6 �Ñ
?1á

l½;�lã±9¤^��aêâ��m©Ù§z�½;lã��Ý�k 4 h§3 Arc 1a Ú

Arc 1b �m/¤ 1 �õ���­Ulã^u?1­Ulã©Û"duV-star �õÊVêâ

��§Ïd�éR-star �
­Ulã©Û"L 1 ÚO
 R-star áln�½;°Ýµ�^ÿ�

ÿåêâ�§áln�½;°Ý�k 3 112 m§\\ VLBI �©+�ò�Ùn�½;°ÝJ

p�� 40 m§\\ VLBI �©��ò�Ùn�½;°Ý?�ÚJp�� 13 m"

L 1 R-star ál­Ulã©Û���;��É� RMS

/m

D/R D/R+sw group D/R+sbv group D/R+sw phase D/R+sbv phase

3112.47 41.96 38.00 13.38 12.70

4.2 ál½;��l½;�'�©Û

3?1ál½;�§lã��Ý�k� 4 h§��u��;�±Ï§ÿþêâ��§½;
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ã 6 ál½;�*ÿlã©Ù�½;lãÀJ

(J�­Ulã ��U����ë�"��§�l½;*ÿlãªÝ�L 2 d§¤^êâ�

õ§ÏdÙ½;(J�ý¢�&§�éuál½;§�±w�ý¢�;�"Ïd·�±�©�

�ò��l½;(J�ë�§5©ÛØÓa.*ÿêâéál½;��z"ã 7 �Ñ
 Arc

1a Ú Arc 1b ü�ál½;(J�éA����l½;(J3»�!÷,��Ú;�¡{�

n���þ���"L 2 o(
ál;���l;�n��É�RMS �"lã 7 ÚL 2 �

±wÑ§�^ÿ�ÿå�§2�lãáln�½;°Ý�k 333 m Ú 5 900 m§\\VLBI �

©+�ò�Ùn�½;°Ý©OJp�� 23 m Ú 74 m§\\ VLBI �©��ò�Ùn�½

;?�ÚJp� 10 m �m"du½;lã�á§Ïdÿ�ÿåêâ�©Ùé½;(Jk�

�K�"lã 6 �wÑ§Arc 1a �ÿ�ÿåêâ©Ùulãüà§élã¥m��åå��§

ùE¤
TlãSdÿ�ÿåêâ(½��l;�Úál;�m�AZ���É¶
Arc 1b

�ÿ�ÿåêâ�þ!/©Ùulã�¥mÚ�à§é��lãÑk�r��åå§Ïdù

�lãSdÿ�ÿåêâ(½��l;�Úál;�m��É�kêz�§�ý¢/�N


ÿ�ÿåêâ�ál½;Uå"o�5`§ÿ�ÿåÚVLBI �©+�òUòál½;°Ý

Jp� 100 m ±S§ÿ�ÿåÚVLBI �©��òUòál½;°ÝJp� 10 m �m"

L 2 R-star �l�ál­Ulã©Û¤�;��É� RMS �

/m

D/R D/R+sw group D/R+sbv group D/R+sw phase D/R+sbv phase

5900.90 31.40 23.28 4.30 4.07

333.39 44.30 73.98 13.80 11.84

5 ( Ø

�©�éæ��£?Ö¥õ&ÿìÿ½;¯KïÄ
�©VLBI ��O*ÿ�ª!�'

�  2π �
Ý)��{Úêâ�©?n�{§JÑ
(1&I��O�KÚ�Y§¿|^

SELENE �ÓÅå VLBI *ÿêâ)¤
õ&ÿì��O VLBI *ÿêâ§éÙ?1
�

©?n¦)�©�ò§��|^�©�òÚÿ�ÿåêâ?1
;�)�Ú©Û"(JL²§



2Ï ��r§�µ�© VLBI Eâ3æ��£?Ö¥�A^ 2632Ï ��r§�µ�© VLBI Eâ3æ��£?Ö¥�A^ 2632Ï ��r§�µ�© VLBI Eâ3æ��£?Ö¥�A^ 263



264 U © Æ ? Ð 30ò264 U © Æ ? Ð 30ò264 U © Æ ? Ð 30ò

ã 7 R-star 2 ��ã�ál½;(J��l½;(J'�

(a)–(e) éA Arc 1a§(f)–(j) éA Arc 1b"

ÃØ´�©+�ò�´�©��ò§�OVLBI U
��CquÓÅåVLBI �°Ý§�Ñ

$u�ö"é½;(J�­Ulã©ÛK�y
VLBI 3õ&ÿìál½;¥�­��z"

�|^ÿ�ÿåêâ�§4 h ál½;°Ý�kêz�¶\\�O VLBI ½ÓÅå VLBI �
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The Application of Differential VLBI to a Sample-Return

Mission

DAI Zhi-qiang, ZHENG Xin, CHEN Guan-lei, CHEN Ming,

ZHAO Rong-bing, LIU Qing-hui

(Shanghai Astronomical Observatory, Shanghai 20030, China)

Abstract: To study the precise short-arc orbit determination for multiple spacecrafts in a

sample-return mission, the VLBI switching observation mode, integer ambiguity resolution,

differential process method and spacecrafts’ signal requirements are investigated. Based on

the same-beam VLBI cross-correlation phase, we produced the switching VLBI observation

data, and calculated the differential phase between two spacecrafts to derive the differential

delay. The precise orbits for each spacecraft are derived from the differential delay data.

By comparing with the same-beam VLBI, we found that the group delay and phase delay

of switching VLBI were as precise as that of same-beam VLBI, with the RMS of 46 mm

and 1.6 mm respectively. If using Doppler/ranging data only, the accuracy of the 4-hour

short-arc orbit determination is several hundreds meters. By combining the VLBI group

delay data, the accuracy of short-arc orbit determination is improved to <75 m. Meanwhile,

by combining the VLBI phase delay data, the accuracy of the short-arc orbit determination

is improved to ∼10 m.

Key words: deep space explore; differential VLBI; multi-spacecraft precise orbit determi-

nation; sample-return
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