
� | 25 :�| 1 + ��=�w�&�E Vol.25, � No.1 ��� 2007 � 3 5 PROGRESS IN ASTRONOMY Mar., 2007 ��.8���1000-8349(2007)01-0074-10

VLBI 	;�!
Æ7H�F�IGJ
(eMCx1�RP >��RP 200030)65�VLBI 3u�Jl(�V< VLBI {zdn_t�3d*�Æ�\<�<��V5 VLBI �5\wH'=	Ht���'<L|j VLBI �5\wH't�D℄dÆ�T\'t~u / j�H'Vdit5}�5\wf��t�H��
j VLBI 3u�Jt�!V���9�7 Tj

VLBI 3u�JI� 3 ��t�H� VLBI 3u�J�I� (VSI-H) � VLBI 3u�JL�I�
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1 ����~\NpR+VGg (VLBI) �Wk7i�.�0vla�0Xg�s�?
�C.UsU��;zy�,O' 40 �s�C
 VLBI �R7oj��0v�.��9+��Rs�;CGzy
<#G� '�;u�Gzus|/
�kL�QG�A s[G�G/.+�Ggr���GfSrZD� VLBI G&�7�4AuG& (Data Acquisition System, DAS) ��4[vG& (Data Transmission System, DTS) U�4Z[G& (Data Processing System, DPS)32�� [1] 
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� 1 + ���Æw� VLBI 3u�Jt�D 75�
2 VLBI �6℄xI(dG�Q�
 VLBI �4[vG&�D�k[&s}t / i�G& (}t�bD�kai�a#oF�b) 
�D�kbaotba4|�4[v
\^De p RsU�
� [2] �
2.1 VLBI �# / ��/+

VLBI }t / i�G&#MkL��4eYp.	�hGgs�b

�^��b8vpZ[
e
$kTBZ[a:��4i�XU�
1967 � Broten vD [3] R:$ki�=s VLBI b�
Æ� �:n�o}t/}tK

4 MHz iOs���4�b^
D�|aX�K4hp'ais�} VLBI G&�
1) Mark Gk��Ls Bare vD [4] ; 1967�X|X Mark 1 G&���CG�4}tp

1/2�f2t|
saiQ
}tiO7 360 kHz 
�#ai[�}t 3 min �1971��LL`U��;�s Clark vD [5] &R:|ai Mark 2 G&
&G&��4}t;tYiQ
}tiO7 2 MHz 
�#aiD}t 4 h � 70 �j^* Haystack �;�s Rogers vD [6]|aX Mark 3 G&
�e 2.54 cm Os℄ai}t�4
}tiO7 125 kHz∼56 MHz 
�.�4}t	v7 112 Mb/s 
�#aiD
r}t 13 min �b^s Mark 3A G&e Ba*}t'ksbaq
;T$aiQ}ts�4ggp Mark 3 G&s 14 #� 20 i� 90�j
Mark 4 G&)Je [7] ��
 Mark 3 G&$ki($
l�ke,( VLBA G&8��G�&G&s}t	vDgp 1 024 Mb/s �
2) VLBA }t / i�G&� 20i� 80 �j|as VLBA }t / i�G&kd Mark 3AG&szy�C
Us [8] �&G&;aiQ}t 32 2�4aqU 4 2G&aq�7i�^a*Uaq�d
�4bgs�V
�$;(�rUaq�$kA��$

kA:K%gsye�$�g� VLBA }t / i�G&s�.(�	v7 256 Mb/s �
3) S2 G&� 1988 ���hBzD.�5ip' VCR(=ig�Yt�s) s VLBI �4[vG&"/ [9] 
&G&s}t	v7 12 Mb/s �^U|/D. p�s VCR bOi S2 G& [10] 
}t	v�.p 16 Mb/s �#O8ke 8 2 VCR De}t�	vgp 128 Mb/s �
4) K Gk�F's VLBI �4[vG&s|/f' 1976 �
; 20 i� 80 �j|aX

K-2 �K-3U K-4 G&�1983�|as K-3 G&D3<�G Mark 3 G&�K-4 G&p' Sony=�sP�[gysN	}t/
D$aR�h}t�g
�.}t	vg 256 Mb/s [11] �
5) F'1H(� VLBI �4[vG&�&G&; 1999�$ki{�
CG��A .6D�oai}tG& GBR-1000 
�4}t	vDgp 1 024 Mb/s �'�U�w|
sK�sN	$?UG�P�b
\�Xzys�0T
.

^ K`zyU?�.l� VLBI �4[vG&F�Dk��
|asp'a#s Mark 5 G&


PC-EVN U K-5 G&s}t	v�gpi 1 024 Mb/s 
�0=(aiG&xd [12] �
2.2 e-VLBI

e-VLBI k#O.	4|[v VLBI �4�T([&s}t / i�G&
 e-VLBI <m�vk8v�b
�
��8NzrpZ[�N��w e-VLBI s�4	v�.p�1 Mb/s 
CGsn���PO[&}t�b�b2
 e-VLBIs"jf;',R'8xUD�$kN	
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1977� Yen vD [13] $ki�W>_lp�
#O:g;U��RT��`iba#f
�� 1979� Haystack �;�R:ze )#�
R�Sg�4 (h2 1 Mb/ �F) [vpKÆTBZ[/ [14] � 1997�F's Keystone ^ ATM 4|� 4 2�R$kba
�
�4[v	vgp 256 Mb/s [15] � 2002 � 10 4 4 F
�L Haystack �;�R:z;

Westford U GGAO s�RT�$ki{�
.�4	vtba e-VLBI b� [16] 
;Ng
700 km spRQbOi	v7 788 Mb/s s�4[v� 2002 � 104 24 F; Haystack �;�U GGAO T�bOi	v7 256 Mb/s sba VLBI �4[v� k VLBI 4 (EVN) ;
2004� 9 4 22 F$kis
 e-VLBL CG [17] �b
CGa�Ng 20 h 
B(CGsU�60.�69'�L�M~�;WU;�Y4��R��h9Zk 8 200 km 
�4;4|Qs[v	v7 32 Mb/s ��w.	B|U�,4|�Zi�4zsU�60.�<Oi�J#C
 e-VLBI se �3U3)1�

2001 �{�! e-VLBI |�k; Haystack �;�2k��7�<,��rU�CY�s'�
&|�k�R:2� 4 !�
3 VLBI 4v�KJ�

VLBI zy'Z�8<i�s VLBI �4[vG&T`�G��w3U3�)b<�Gs
VLBI �4G&sXO
D�-pm����h2t�I
e}t;<$ VLBI �4G&QsCG�4� $�hTBZ[s$kZ[�

1999 �
;�*I>s GEMSTONE k�Qs
�Xi VLBI 2t�I (VSI) s)��
VLBI 2t�I�ÆH� (VSI-H)1.0 �' 2000 �3R
(,
�s VLBI 2t�IKÆH�
(VSI-S)1.0 �' 2003 �3R�T^
 e-VLBI sh.�8��2ts e-VLBI((�bBB) �40g
 VLBI 2t�I4|H� (VSI-E) ' 2004 �3R�
3.1 VSI-H

VSI-H ��iXJ VLBI �4[vG&s�Æ2t�I
e<$hXs�4[vG&(�4AuG&��4Z[G&s
�/r
l�&�I�S�0�lUapzts��
��G[&s}t / i�G&�4|�4[vG&�vU
G&�&�Is��3<�Ci�4[vG&sJ��O
e�4��h+�s�g;�4AuG&U�4Z[G&�[v�
VSI-H p'�Kx}�X�
1) 'bQ
�4[vG&s� k;�4AuG&U�4Z[G&T��qU��8k(�r�
2) 4s(�rs�G;�4AuG&U�4Z[G&T��!T�_
#MkA�Ws"S(�o!�(��
3) vJ(�rUvX(�rsaf&vD�<$ ((I�
D��No��i�	v) 
mkdEÆvJ�IQ�qps(�rsfE	vk��s
85dvX�Ii�s(�rsaf	v��&k��s�
4)  a�22U2}�s'k(�r
�4[vG&svX�,nD�3<h$X42
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VSI-H �$Qa[v�bsXj�0goGg
,�bD�kai�a#�FM� Internet o,ÆEXXjs[v�b�74 VSI-H 
�4[vG&&�R 2 2zt�M��4vJ�M (Data Input Module) U�4vX�M (Data Output Module)(
, 2) �

- 2 � VSI-H ;�P- [18]

3.1.1 �C>BA�?d�4AuG&vJp�4vJ�MsfS$�
1) BS0−BS31 
>$ 32 2vJ(�r
�4vJ�M�T$s	v
��$kA��A�	vD�t? 2 � 4 � 8 � 16 o 32 MHz ��bl2�4vJ�M�Is�hvJ	vk

1.024 Gb/s � aD�H�EX 1 � 2 � 4 � 8 � 16 o<� 32 2vJ#q$_��4vJ�M[
$_(�r$kA��
2) CLOCK 
��vJ(�rs$?af
 fCLOCK =2 �4 �8 �16o 32 MHz ��4vJ�MsA�&v fBSI �&: fCLOCK s!��z
w fCLOCK/fBSI = 2n 
n ≥ 0 �CLOCK�k�4vJ�MsB?&v�
3) 1PPS 

�V
&fS( “TOST” (� (P�
aFA�rps�4(�) 
-�
4) PVALID 
(�r$_fS
 VSI-H �$���s�GU ��
5) PDATA 
2t 8 (� ASCII ~�?^k�4r
 VSI-H �$H�,�GU .�
6) PCTRL 
-��Z#qHafS��4vJ�M��$�2�4CGa� (DOT) af
�k�M��slaf� DOT af#O� CLOCK fSU7�2vJ�4(��a�2}��4vJ�MsHa�Ik�2 RS-232U��4bOs�Z#f�I
#M(|
sT

%>HaU�H�4vJ�Ms8k�;CGOS
�4vJ�Ms8kOSIK�
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1)  a#OHa�IH��4vJ�M�q�`(�r�
2)  a#OHa�I�p�4vJ�M;K�2 1PPS fSpUa� DOT afX`RY�sP�
a���,X�
DOTaf#O|� CLOCK fSsj*U8k
8<ub^s 1PPS fS�V�
3)  a#OHa�I�p�4vJ�M>fZ[v�b���4��4r
s��2(���U, (Ngo�gs) a�2}�.��X;�
4) CG�}a
 a�p�4vJ�M"Z[��4�

3.1.2 �C>B<�?�4Z[G&7�4vX�M�<af DPSCLOCKU
�V DPS1PPS ��4vX�MvJp�4Z[G&sfS$�
1) RBS0 −RBS31 
i?(�rvXfS��4vX�M��4vJ�M}ts(�ri?XU
d RBS0 − RBS31 vX�mi?(�r(}t(�rD�$e}<$
 (1) eJs�4	vD�<$
i?(�rT
 ROT afD�$��}U� (2) �4vX�M$�Jt?:�
D��i?(�r�EÆ�g�UpvXfS RBS0 − RBS31 �
2) RCLOCK 
 RBSn s$?af�
3) R1PPS 

�V
�k( “TOST (�

-�
4) ROT1PPS 
U{ ROT afs
�V�
5) QVALID 
�4$_fS�
6) QDATA 
2t 8 (� ASCII ~^k�4r
 VSI-H �$H�,�GU .�
7) QCTRL 
-��Z#qHafS��4vX�M��$�2 ROT af (�4CGa�af) 
i?(�r(&af�<sB?a�$?�;�2p'eYs�4[vG&

�4b�kL&eJ�2D	�seY�b
�^i�XU� VSI-H H�KhG&s�4vX�M�o8$}Us�a
wD74 a�8�i?(�rT
 ROT af$k}U�}Uh^ (�%	gU5h
o(�%	g<7ma
�4vX�M� RBSn �R1PPS U QVALID fST
 ROT1PPS�V}U�o(�%	gv'ma
 ROT1PPS U R1PPS �k�_s�;i�OS
�4vX�Ms8kOSIK�
1) a#OHa�IH��4vX�Mi?�4vJ�M}ts$_(�rsEÆzu�
2) a#OHa�I�p;K�2 DPS1PPSaF� ROTafX`RY�s UTC P�
aF
�,X�
 ROT af#O|� DPSCLOCK 8k
8<u�^s DPS1PPS fS�V�
3)  a#OHa�I�p�4vX�M>fi�i?(�r
i?(�r( ROT af$?�IN aY�i(�%	g
�i?(�r( ROT a��(�%	gsa�$?�i?(�r$_a
 QVALID fS7zt	L
�
4) i��}a
 a�p�4vX�M"Z[v�4�
VSI-H fUJ��ifS�sapBGU�Is�0�l
8��G7B6;P [18] �

3.1.3 VSI-H =DE;�ÆQA 2t�ID��;4 VLBI �4G&�Oeso�<�G?���b8U
VLBI �4G&��&3<�G VSI-H X|
O$sG&��&)D��G&H�($�
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2000� 114
F'#{|/b�n (CRL) �G VSI-H ($i Gbps VLBI G&s AD A�/U}t/
s
Qb�&H�$k�4[vk$_s� 2001—2002�
 Metsahovi �;�|aXip'�#s VLBI �4AuUi�G& PC-EVN �&G&$ 2 M VLBI 2t�I� [19] �eY/U�eY= (VSIB) U# qg= (VSIC) � VSIB %>��4bJo�X�#�VSIC D��"Y�h<$}t2ts VLBI �}fSqgR VLBI 2t�IfS
�RTs2t$� VLBI A�/vX� VLBA 0g/vX� Mark 4 0g/vX� S2 �4AuG&vX� K4 G&vX�b2
 K5 G&U�L Haystack �;�|as Mark 5B G&���t VSI-H H��

3.2 VSI-S

VSI-S ' 2003 � 2 43R [20] ��k VSI-H sKÆ
���� VSI-S s�2k���24h�D�s#fa�UHa"Y VSI-H s�4[vG&��b�,n�;�K 3 2?��
1) H�#f�?Ua��VSI-S H��4[vG&$ 42#f�I
̂ k�4R PDATAU QDATA # �lZ#f
�
Ethernet U RS-232k 22
�pHa/sHa�I�Ha�Is#f�?I5 1 
h�EthernetU RS-232�A >�gG&`bI
b�j
� TCP�7[vIa��b2 RS-232 fRT�h “RS-232 U


Kh
��g_wih��2t4|I�H�UJH�i[vIa�H�U� Ia�H�
8��i PDATA U QDATA s �� 
 1 ��9� *3�� [20]

Protocol Ethernet RS-232 TCP RS-232 Direct

Layer (optional) (optional)

Application VSI-S VSI-S VSI-S

Transport TCP TCP NPAD 1

Network IP IP

Data Link IEEE 802.3 PPP

Physical IEEE 802.3 EIA/TIA-574 EIA/TIA-574o� 1. >EAu�7 �ZW��
2) H��4[vG&e s# �pUV�s*��EX��p�4[vG&Ha�Is\E,nk	�p
o	z?
�	�p
�.�2D�(/�4[vG&s�sD��	z?
[k78nr�4[vG&���ss�

8<(/�4[vG&ss��
3) H��2�puYU$`UHa"Y VSI-H s�4[vG&�K2uY$M
P2G&s�p
�$ 'X`U8k�4vJ�MU�4vX�Ms�p
f�S�bE[�pv�

3.3 VSI-E

VSI-H U VSI-S �$H�d�4vJ�M[vp�4vX�Ms�40g��w e-VLBICQspU
,n���h2ts e-VLBI (o,Æ(�bBBs) �40g
#O4| Kh0g��4d�4vJ�M[vp�4vX�M
&0g;<$hXs�4[vG&T�k�_s
#b�1K^i VLBI 2t�I4| (VSI-E) H��
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D�{�
UJ�xi VSI-E 
,E�' 2004 � 14�5 [21] � VSI-E mgpsl��2$ [22] � 1) ` l
A =>�40g� 2) 	��4%R

A ��4?{
mÆsUG
[�sa�� 3) 
D�
e O$L
oA�
L� 4) nml
7o a74Æ�s4|s�U
1/gs�8Ut?mYs[vsaoa��74�QK`�2
 VSI-E 0�e RTP(Real-time Transport Protocol) a��U[v
e-VLBI �4� RTP a���Sba[va� (RTP) Uba[vHaa� (RTCP) �

RTP s� $� 1) � a�4 rR�h0g
&0g�!q�4sa�fEU$?fE� 2) >�$_9T�vK^$_9Ts�4/� 3) 7!Q�p[v�<pkS� 4) �<Y8
�r
qgv,ÆfE�
RTCP k�2%>E[(�HsBi#q
�( RTPl�4rTBb�,� 7� 1) �H4|sba[vl�� 2) d�4�qo���qu&|W
:�&|�}��6�4�qo����v4|E[l-� 3) 74o3s4|sQ(/[vFw�, 3 	{ip' RTP s e-VLBI G&)���R�qps�4#O�2 VLBI 2t�Æ�I$J�4vJ�M��4vJ�M��4-"RH�s0g
�^e RTP ��4[vp4|Q� RTP ( RTCP 3^��Vk� RTP %>[vA��4r�TBsa�fEU,ÆB'�4s�?v$_lsfE�
 RTCP ��7�2fS#q%>[v-�so�	/bsfE (I PDATA �$_�4r(*�Gv) �RTP #qe 95% �Qs e-VLBI p 4|iO
 RTCP #q�e o2 5% sx/�

- 3 � VSI-E RTP/RTCP *�
VSI-E H�e 6 h RTP �U[v VLBI �4
���6k�
1) RTP �4�
 U rU[v e-VLBI �4
�G�S9TXj�pkS� RTP a�`�/2℄"U�4A�W�
2) RTCP ���"/�
�����6�q�s#Cbg&|�4Ua�$?fE�
3) RTCP �q�"/�
�q��TBZ[/��i6���s#Cbg&|W
���Dp'&�RU�P��s[vFw�
4) RTCP /	{�
#/��X
Z,Æk
B(J�wTBZ[/��s�4vX�
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�q�74K`fE|
(�rsfE	vU�sh^�
5) RTCP "Z�
5��2o�2���w�"Z9�
Z>k
�
6) RTCP � ���
�G$ PDATA �U,ÆHafS�
RTCP D�[�l2�
�D�[��Y�U�SyIs>[�VSI-E ��e �Y�� RTP 2tH��2 RTCP �Y�,n�Q�2���"/o�q�"/
�v�2/	{��

- 4 � RTCP ℄Fql3_, 4 ��i�4vJ�MU�4vX�MIX; IP 4|Q�g RTCP/RTP \E�k
�>f
�4vJ�M���2 RTCP �Y�6�4vX�M
�bO 3 2�s�B�4v
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6�4vJ�M���k
fEU�<.f$?}�&�Y��Q�2���"/U�2/	{�����"/\$a�`$?fE (RTP a�`U UT a�`) �/	{�\$�4vJ�MsH�Æ (IP zX) 
f�Q�`,ÆW (I$_(�r(*�#q2
�A�&v��2�4�sA�W�gUa�`g
�z) ��4vX�M���2�Q�q�"/U/	{�s RTCP �Y���q�"/�G$;Q2 RTCP �1�Z�4vX�M��O�sEÆ�4/s�q&|�4�/	{�#�Q�4vX�MsH�Æ (;K\k�s IP zX) �;�4vJ�MsK�2 RTCP ��a�
�4vJ�M���2� ����&� ����Qi[�6�4vX�Ms PDATA�G��^�4vJ�M>f�� RTP �4�
�G1k�;TBZ[/��$kZ[s
VLBI A��4��1��a�
/�m�i
$?�q�sA�af��4vJ�M3R�4[v^
���2�QgZ�s RTCP �
/S�4vX�M��"Z9��ba
�4vJ�M(�4vX�M�sk
B+�

VSI-E f	{ia�$?�^R��"/vD�s8�b`��
8��G7B6;P [21] �
4 ��~+

VLBI 2t�Inri<i� VLBI |/s?sRT
�sXO�;i VLBI zy
s\�?���w3U3�s VLBI �4[vG&bk VLBI 2t�IH�
VLBI 2t�I�k;8Us� OS
<	($
F93O�7i(L� VLBI s?!T$?
ALs VLBI X$<0��$` VLBI 2t�I���-0�
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The New Progress on the Research of SS433

YIN Ni, ZHANG Xiu-zhong

(Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China)

Abstract: Since the beginnings of VLBI in the late 1960’s, a large segment of VLBI instru-

mentation development has been directed towards the development of specialized data systems

to cater to the extreme demands of both bandwidth and total data quantity that VLBI demands.

Several generations of specialized data systems have been developed by the user community it-

self. However, most of them are incompatible with each other, which has long been recognized

as posing a serious obstacle to the realization of the full potential of VLBI observations.

VLBI standard interface is a new concept in the recent year’s development of VLBI technol-

ogy, aiming to solve the incompatibility of various VLBI data system. It is a common interface

standard which would allow observations recorded on different VLBI data systems to be processed

at a common correlator.

The paper reviewed the evolution of VLBI data system, including both the traditional

record/playback system and the newly coming up e-VLBI. The necessity of VLBI standard in-

terface and how it is developed is showed in detail. Three aspects of VLBI standard interface

specification are introduced: 1) a hardware definition, VSI-H; 2) a software definition, VSI-S; 3)

a definition which should help transferring VLBI via networks, VSI-E.

Key words: astronomical facilities and technique; Very Long Baseline Interferometry(VLBI);

review; Data record/playback system; VLBI standard interface; VSI-H; VSI-S; VSI-E


