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nT��-luEv&	'<DEv&R
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� 148 �������m���W�S�1������� 25 n�%�}v����:HI	<y�l81i�.}v�MyT��EL&wRLHI	<j�1,9?�p
�Æ�py�
���O7�py{I�I7�pyy}I&�O7�pDLI��I�%��7�
�}vEpRUpDluEv.
^B�=��-luEv&�pV1,	>�<V!jM
P?MVluEv&�1,*7+v�B|��2�
T�B|luEv. (CCRF) 	'<�
�B|�n=luEv&1,�ki|'		py�
���O7�1,luEv&=Noe%pN�}�|'
T�e%luEv. (ICRF) 	<A�
��.�'�u�P! VLBI(Very Long Baseline Interfermotery) 6RLQh\J
j�5H\i!)Lh.�RF�IXFhtv"�}
Z�r} 0.1 mas Od	'-�R�B`ld:� ICRF ��-,g�j$0��Z�h	
2 ICRF �&3�3'	#n9Js5E}
�
l�[W$0k�
Zlsl�?�:R�\J H�?�g�
y}li�O�\JZ�n?�g�	Æ 1970X	 3>!s (CEI) �}��
��OZ�
� 1 as 
"M 1976 Xug�} 20 mas 
 VLBI J�y}�
���Ono	pn1h|X�Z� 1∼3 as g�} 2 mas [1] 	y}�
�=l��uLx`X�y}li
'No�\JZ�(
�~�'\J}jpL
W���
�='luR?���	<A?��y}liRU*luR�pDzp�Ev)℄
~"	y}�
�=�luEv.�t=pDz�5�gb	 1985 X	 19 N
IAU(International Astronomical Union) s
�Cng
vy}�
���j�j_MEv.�<Z
ui MERIT(Monitoring Earth Rotation and Intercomparing Techniques)  J
_A=�*	y}�
�Z�=�luEv.�X'�	Zj��M��.	e%�upe2�
(IERS) =�E}
?XO���u VLBI \J�}� ICRF 	HhluEv.�_aNl

1988 X	 20 N IAU s
y=*Ev.L}y (WGRF) 
8L}ydA6,_aluEv.��uEv.�=��	Z�L}	' ICRF O�Eo
 FK5 `VI7}��-luEv.	��`VEv&9?=_MEv&
Æ FK5 I74��y}�
Ev.?X� 0.7 mas �Se
r FK5 �pLZ�'_\s_�*:�.8= ±0.7 mas/as ±0.8 mas/a [2] 	�{I?v
��'No�\JZ�(�'\J}y}�
��pL
��^B=?��	}v�y}�
�}�Ev�j
̂ B��O}� VLBI  HZ�J�
<A�y}�
Ev.�=���*zp��:�f	�y}�
�1,�Ev&=j_M�
n=Noz�5�luEv&	v6}y}�
Ev.�Y!
�
 1991 X:s�	 21 N IAU s
B7g

C	vy}�
���O��j�y}�
Ev&}�E�luEv&��:
=|5	y}�
���j�j_MluEv.	
1994 X	 22 N IAU s
Æo�:�G
*	y}�
�=�luEv.�5j	\i!X�\�
 Ma Chopo �	 [3] � 1995 X�U*�� Mark III &w(��u IVS(International

VLBI Service for Geodesy and Astrometry) 6 1979—1995X2� X � S <��\�\Jm,�.�h�
	pn&w��}*�y}�
�1,� ICRF 	' 1997 X'
-X�:s�	 23 N IAU s
�
 WGRF g
�	 608 zy}�
�1,� IERS1995 "-�luEv
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�%1 149�&}�e%luEv& (ICRS) �o|�}ui	s
o�p 1998 X 1  1 
k
 ICRF vk FK5 }��-luEv.
�U* ICRS '�
<��1, [4] 
v/o�C	q�VI7}� ICRS '`V<��1, [5] 	
ICRS =��%�V�z�Ev&
j��'ai&QF
j�5℄4��pyy}�
�=Y��	 ICRS �y}�
���Ii� BLLac �s�D
�I&r ( AGNs) �Z��5\�z� ICRF �1,	

3 ICRF ��..iNoy}li��O\JZ��
�o�I'�
yzU�Z��D}�
<���FR?��M��6	�*	Z���EvI:v�!R��
��5RL:R
ly!R���h��luEv.RL	Z
�m�z��LNu\� 1988 X� 23 z/+} 1995 X�
212z	!R1,�luEv.E2�/A7K?Xp'�z>�aN
e!R1,�luEv.�4��:�P
ozb� 0.1 mas _<A$} 0. 02 mas 	,E�C	��-luEv.�=	 23 N IAU s
O�� ICRF 
^�zE"-=
ICRF-Ext.2 	 ICRF ��z=pV�u��%�V�z
�Eo��-luEv. FK5 I74/
\?v�=�^=�y}li (�
���Ii) =��Ev�.��5℄�I:?&�_~��~�Z
"=� 212zND�y}�
���	AD ICRF �.� 608z�RU
���OIXq�� VLBI �Nb 2.3 GHz (S <�) s 8.4 GHz(X <�) � MarkIII \J&w	C	�Lh�p 1979 X 8  —1995 X 7  E2Q 1 600 000 �b\sb\8\J'	#X���OC	�EL=�' [6] RLdN	AD�.(� 608 z�Æ,.U 3 � [4] �	
1 �T��z�
�ND� 212 z�RU
�z�	��zEv.℄�I:
~m4��P<
212 z�'AD�.R�FR=zNDsz���
jxD���OZ�q
� 250 µas 
Ev.℄��:Z��� 20 µas �	 2 �T�|T�
� 294 z4�\JA���RU�	 3�T�>`�
� 102z?a����RU	|T�s>`�}� ICRF R��>`s+D	
ICRF �e�� [7] �� FK5 `VI7'�:��zp�pNM���.�,P?q$
 212z�z�RS$uQ4 30% 	

ICRF =�}
 WGRF Æ\i�X�\�
� ICRF RL*�`
)}O�*&D�`"-	 1999 X
 ICRF �	pD�`"- ICRF-Ext.1 O� [8] 
j\5	�Lh/2���
1994 X 12  M 1999 X 4  
w�\J'� 600 000 �b\sb\8
Q 461 D/�
m"-R/+ 59 zE�}�|T�s>`�	 2002 X
 ICRF �	#D�`"- ICRF-Ext.2 O� [9] 
j\5	�Lh/2��� 1999 X 5  M 2002 X 5  
w�\J'� 1 200 000 �b\sb\8
Q 400 D/�
m"-Æ/+ 50 zE�}�|T�s>`�	 ICRF-Ext.2=No ICRF �zE"-
Y��/+�z��LN
y^'zs)�Vtv*e%�E).�RF�Lh
9���OXERL*tvIX
=Noz�Z��pnIX
,��=luEv.�pD5LM��X&	^tv5	* VLBA(Very Long Baseline Array) � RDV

(Research and Developments for VLBI) �\�}	�Lhm,	VLBA RDV ui�ejrl�_ (USNO) �Ar��2-LRF (GSFC) ��ee)l�_ (NRAO) �e%�!)Lh
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j`lN�=�*_as$0 VLBI  H	' ICRF-Ext.2 IR
5	* VLBA RDV Lh
n=�*g�IXZ�
wb\\J'Ri 652 000D	Mm
No ICRF �w�LNr} 717 z
j'luR�.�D���? 8 d*�pz�	
4 �owGx0�#D��\JB��?v
CCRF }v'?v�<�1,	,Pp' 3� CCRF����V�`Vs�
luEv.	^B.8vai&Vli�{Isy}�
��1i	<�V CCRFE2p'l!VN}�HI CCRF Rli��O�%�
v��z CCRF �-�V\	}�EL�PL&w���s�VLJ�N}�\J H*'v��6\J�N~V�N}�\JLh�Jv�h�\JLh�*'�iX�N}�p'	,'e%�pN�}��-luEv.=�y}�
�=�� CCRF 	 ICRF KWGB2���
<��liJ'L}�Nl
"P!liJ'.=L}'`V<��j^<�	�*5j^� CCRF wp} ICRF 
Nl_a^BE2� &
�\�luEv.�!B	m}
P!_aNltv%	?v\J H�m,
=e?v CCRF E2�N}
<nvjNluiluEv.�!B�1,	~"1,?vEv.E2�!Bs=�wp� CCRF ..Xl [10] 	
4.1 �+ 
�?vluEv.E2�!B*'���=GB�k CCRF E2N}�~V	w��P
!B?vluEv.�*'%
GB!Bs2B!B [11] 	ui/A?vEv.RQvli��Os%�
�uifI�f�\J
R"?&VEv.!Bk�
T�GB!B�ui/A?v\J H�}��u�:EL (EOP) Q-v�J�Ev.E2�Z&
=�4�luEv.E2� &
T�2B!B	
4.1.1 �Q + Ev.E2�/As!C	GB/AM���Qvli�*7	vpli�lu�5HENGB+8*?vEv.E2�N}	<j�Qvli�/An}v$)'?v�8�Ev.E2	�Æ
uiRIs���s��2��_�`Vsl\J�}��
I��
�`V��i��O
}vs VLBI �\J}��
�ORL/A
R"=�`V — �
Ev.E2�!B	4��{I)℄�>LI�LI&w��
}vG
�7s`VEv.E2�!BEL	v/
�(s�\J�}�>LI�LI�O
}v|g��Vs�
Ev.E2� &	 VLBI }vgN�Zh<aI��O
o�u�
~%�s<a�}r/2n}vÆ�j�O
�m}v.��
�LI&wEv.��Z�!BEL	GB/An}vb$Mli�O�Xv	ui
0\J
}v=� �7sLI�7E2� &� fI��
�\J}v=� �7�{I��
Ev.E2� &	�LI�Is ue$l� VLBI AN\J
vj}v=��
Ev.� �7sLI�7E2� &	pDp�/ANlxTL's�luq$.��\J	
4.1.2 �� + ui/A?v\J H�}��u�:EL (EOP) Q-v�J�Ev.E2�Z&
=�4�luEv.E2� & [12] 	uDB|�uEv. (CTRF) �B|luEv. (CCRF)
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[CTRF] = (S̄ · N̄ · P̄ ) [CTRF] , (1)7R
 S̄ � N̄ � P̄ .8=�upe�7��[NSeg�	^BE2�NH}78�

Aδ1[CTRF] = Bδ2(S̄ · N̄ · P̄ ) + Cδ3[CCRF] , (2)7R
 A � B � C �&L
 δi 78g���.K7	�Æ(&Vt��
1) zJ6�4v/
Æh[N�7�?3
.}o ERP �\JRÆ� CCRF �N}


δ1[CTRF] = 0, δ2(S̄ · N̄ · P̄ ) = δ2(S̄) , (3)

Bδ2(S̄) + Cδ3[CCRF] = 0 . (4)	/A�upeEL|
luEv.E2�N}	
2) � SNP �CRH
oEV CCRF ��J6�5
�J6�5EN}(| CCRF EN


δ2(S̄ · N̄ · P̄ ) = 0 , (5)

Aδ1[CTRF] = Cδ3[CCRF] , (6)V^2B*'>�GB*'Z�
y}v	�EVEv.E2�/A	
4.2 �#8�+ 
4.2.1 �_tpkXfbvm[pkXfbZh
p 1998X 1 1 
k
'l��J���u����2_a�E2�R�C	* ICRS 
y=zE�"-nQ� 717z�	dq? 8d*�Q�pz�
"r'�u.�,P?q$
~"'1%5	Rz?*2	"q�VI7%l 118 218 zI
dq?d*�� 3 zI
~"?q�VI7��
luEv.�!B,PXl
ki�Æ( 4 V*'� 1) 	 VLBI s!3>!s�(s� (VLA) \J�
I� 2) �	 HST(Hubble Space Telescope) � FGS(Fine

Guidance Sensor) \J�
�`V��i4��q�VI��O [13,14] 
 Hemenway �	 [15]g
*	 173 zq�VI7I�� 92 zy}�
�`V����O
 1993X 4  —1995X
12  
uRL* 46 zq�VI7I� 34 z�
�`V��i� 78 n\J� 3) 	94\J�*'��{I4��y}li�p�pL
%
y}�
��`V���Z�J�� 4) �uI:EL'
 Vondrak [16] ' 1900—1990 X2�`V\J�q�VI7Ev.R��uI:Q-|*||
C~*	?zIo��uhOEL�*'
9v6*EV:B�Æ!����~}�		mQ-s2B*'
||*q�VI7Ev.�y}Ev.E2�Z&	
4.2.2 �gWpkXfbvm[pkXfbZh
=���ai&Vli��7Ev.��
luEv.�!B=�*=x&�|n_a�Nl
"r����
Ev._\kX���V.��wp [17] 	}�Æ( 4 V*'1,�
1) AN VLBI  H\J�^-j��Ii}v���
Ev.��7Ev.�4��:� 2)}LI�j�I� VLA \J� 3) ai&Vli��
\Js fI\J�� 4) oI<aI� VLBI\J}vui�
>!\J��Ii�O4!
#/\J}v��74!
R"?�
��7Ev.!Bk�	
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4.2.3 �_tpkXfbvgWpkXfbZh
`V��7Ev.�!B}vuiLI�`V\JsfI\J�1,	Æ�	o�\J���\J�94� CCD `V\J*''`VEv.RJ�sLI�`V�O�	4��{I)℄�LI��u\Æ�* 0′′.05Z��!B	m}q�VI7�I�}\Jai&Vli	'q�VI7���L}/2V
� 48D>LIssLI� 2D�I,\Ji	}v' 5 mas{
Z��!Bq�VI7��7Ev. [18] 	
5 � ÆowGx0�vx��?v� VLBI Lh.�RF\C	�\JLh�\5	��:�IXR\C	�ki*'�?vv�\C	�EL��N}
5�?D VLBI .�RF\�}�IXFhn?V4v	?v�Fh}v�}?v��
�7
}=�?v�luEv.	' ICRF �=�s	ZL}R
��=HhED VLBI .�RF�}�?v��
�7tv�p-�L!�l|5=a9W=efB&wN�tv7	ki}�	(F�V*' [19] 	
5.1 �6R0$�,#� n -�
�7
Mp�'tv7�	 i -\JI7R��O.8	 b s bi 78

∆cb

i 78Mp�'\JI7Rp'�&wN
.
{

b + ∆cb
i = bi

∑

∆cb
i = 0

(i = 1, 2, · · · , n) . (7)uiQv�'}�}?D\J7�&wN
�}+'?D��
&}dq
.}v�}tv7R?D���5H	�"?D\JI7�Z�=?pj�
Æh�?DI7C	�X
wi 
.\J�N*X�

{

(b0 + ∆b) + ∆cb
i = bi

∑

wi∆cb
i = 0

(i = 1, 2, · · · , n) . (8)jR
 b0 =Mp�'tv7R�5�bH
 ∆b =^��:BH	
5.2 �����

Yatskiv s Kuryanova [20] � 1990Xg
�QN'�<Z
&D�
�7R�
��5EN=&DI7�I:NsfBK3Es
"&z�E2��QNKD}fBK3�6	,#	 k D\JI7R	 i � j &z�
���Q� Sk
ij 	Æh?v�\JI7=�3K�
.

i � j &z�
���Q�z4��Æh\JI7p'fBK3
.	 k D\JI7RK3s>��
∆Sk

ij = Sk
ij − S̄ij , (9)7R S̄ij � i � j &z�
�'ED�
�7R�Q�dqH	T-Qv�R�QN>��}��-�
&HhQv���5Se3���\J7stv7�I:v	ZEv.���	8*'.8h�I:sfBK3
~2*LHdq'�pA�� [21,22] 	
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5.3 �G�IU�Hh#X\J7\	 VLBI m,���M (?v��\J) sE\J7E2�1vX�
�<A7.��z7s+D7	,#uDMz�-�'M�z7R�_~�5� (αij 
δij)
j'tv7R�_~�5� (αcj 
 δcj) 
.^BE2�I:NsfBK3�Z&}	 3 D>�Se�� 3 D3aEL�78	

1988—1991X IERS C	��
�7tv�LVLJ�
{

αcj = αij − A1(i)tan δij cos αij − A2(i)tan δij sin αij + A3(i)

δcj = δij + A1(i) sin αij − A2(i) cos αij

, (10)7R
 αij � δij .878	 i -x��
�7R	 j z�
��_~�5
 αcj � δcj 788�'tv7R��5
 A1(i) � A2(i) s A3(i) �	 i Bx��
�7Se}tv7/ 3 D℄�Se�
C	+�z>#W*'Im\J*X
�} αcj � δcj s 3 DSe�	v��LJKv6*�-7�tv72�I:N
�*=eEx��
�7�fB&wN
 IERS � 1993 XC	*E�LVLJ
}E"�/ [23] 	
6 ICRF ����ÆÆ� ICRF�o\I
No� ICRF =� 212z�z�� 717zw�RU�	��L'��.�?q$
?W=xNo�P!_aL}�Nl
~" ICRF F.l�s�r5	EVEsl�E H�
,
� ICRF ���k+*���s:	'�
<�
�e� MERLIN(Multi-Element Radio Linked Interferometer Network) >!�?RpA+�U e-MERLIN [24] 	^?�	`*
�iU�u�Gq
v� mas �Z�\J} mJy '����p��O
9rj+o 2008Xs6\J 100 000 D<j��	<j�J'?
5 ICRF ',��Z��5��D�/+ 100 *
9r}v5 ICRF '_�� −20◦ *:�����}�0	'`V<�
Gaia(Global Astrometric Interferometer for Astrophsics)�2#�?' 2010—

2012XE2$�	#vliJ'�I [25] 	^?\J\��{Iv�I��M 20 mag��Iis�
�`V��i	j\JZ��� 15∼18 mag �lir} 10∼40 µas
�� 20 mag �li?r} 100∼200 µas 	��,'�U#
^?}v\J} 500 000 z<j��Iis�
� [26] 	~m?
�s'�GB'}8`<�\J�}��z�\Jm,�y=y}�
Ev.	��� ICRF z}WÆ�}`V<�
� Gaia I7�1,	�p�o℄|��B?���,�� ICRF 
' Gaia �2#��1-�z}�X�
Æu=�K�Z���������� ICRF � VLBI  Hg
*js�r5�0O##Kv�� VLBI \JXQ�$0E� VLBI \J H�#+	<Vr5?�$,�� ICRF ?���	ki}ov(�D*F�1,	
6.1 ICRF �"	�7�No
 ICRF =��
��1,�
jZ��p�~o� VLBI \JZ�	g� VLBI �\JZ��Z9=:� VLBI �\J�?js.�&w
ki%
LJZ��LhÆ~ H
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z`l��N�p�4M (nTRMsm) ��6
^���O��6'��� 150∼250 µas ��N�	#s�N�LhÆ~�N
j���O��6'�� 50∼100 µas ��N�m}=�FR+U��N
<V�N���O��6�zs�ZyM
�ki��FR�j3�v�\Jb8�Z [27] 	ÆhWTzp�6�<���N���6
 VLBI �\JZ�}r}L. µas �'�
� Gaia �2#��5TZ�4z	<� ICRF �=�s	Z�t=���	
6.1.1 �\iYjs℄qy}�
�$���
Gq'i;R
��
�M��6}v�	 VLBI �Nb\J H�}Z����:B�"���4M��6
?W�}zZ��:B
^`lq���4Mb\:BLJ�Z�
p �C	��mL�LJRL:B	���4M�Gq�b\�6'�u=?�T"r=}3� [28] 
~m
,*!V��X' [29] 	zo�_a`l=�	`3Js*'5	�u�m|Lh�#X��mL	�"
e*`3GBJs}�QAJ6E}
zU'/2s�2�Z��U#
�j^|��m|3�
o"�6*LJ�Z�	3}pV*'='?D VLBI \J_6�f�Z��On0�#
v?B�4Mb\�6 [30] 	<Vsl=� Cassini ���<�h$0k��
W���:B VLBI �4Mb\	y=��8sl�+-,P�d
zon>�P+8sl�#�
5�8sl�5	D}2P	~m
No��5	�4M��mLLJ�*'RL:B	zo`l5	�&DLJ=
IMF (Isobaric Mapping Function) [31] s VMF (Vienna Mapping Function) [32] 	
6.1.2 �oe`lan℄q<��N%l�)�za
%
�oT�TN�4�?j�N�Lh$5LQ\+U��N�	<A�Ntv'pk
}vu}=LhÆ~\�k��N
=�6 VLBI Lhh�Fh�	#s�N	Y�`* H'zsX��<�*��&wGl3.`b85j/\+U��N
�oT (sT) �TN��r} VLBI J?Od'���N	NoB'_P�P�oT
?��'Q/2 (� h∼1d) ^��g�Z�
y8 H��' VLBI �1, [33] 	?4�?BGq
�}Gq%R/
O)?�A�<a
<??W���:Bl3�`V&w (%
�-l3F�4(�ls��) �N	m}
V^D~a?��0}W+UAs��N
yuPn>��m7RL:B	wE
:B�?��
?+U4��'/�sb��?��
9r5�'MVX���6*\J	V^<=pD/AQ�iX
y=_a<A�N
,��~��g�\JLh�Q'=z�0l�	'v���lu$5Lh�*7(
'ki\JR
��lu$5LhW��2P
�,*s'��	�6G#	v/'LhpgiXR
Zl/2�|r
lulM�3�s6�ns'�\JLh�,	�"<A�h}v�,'���l^�$5Lh&wzp�Io
<VE�Lh$5&w5\JLh�}yMg�*P!
9r'/2�sb8��q$�Cj5C�Lh H;
*Xs�pA	v/
'��l^�LhC�&wR
Lh$5W8nssg�
o"nK+�g�*G*/	Æ,'5	� Mark V &wRl^�Lh$5W8r}
1 Gb/s 	oQ�\�u
,vLr?be�ln?~v Mark IV &wR�S�?be�l
<p H?RpA�g�Lh$5W8
�#} 2010 X
Lh$5W8?r} 4 Gb/s 	
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6.1.3 �wd^Zur℄qH�I
�=
 ICRS K=pDj_MEv&	)' 20 9( 80 Xv
	Be$, VLBI\J\T-�Y�=ND�y}�
�
ysB.�\JFh9?=^BND���	Z}�EVEj� VLBI \JFh�y9n7K
' VLBI \\J}�y}�
�R
psB.���?=ND���
"=V,p�FR�0� [34,35] 	�FR�p'�j3��� VLBI \JLh#X
�����O���M�zs��6
o"�6* ICRF ��:Z�	 1987 X Charlot �	 [36,37] s Tang �	 [38,39] s6o:�FR� VLBI \J/b�6�_aL}	=BJ��FR�=�ee��
l�_ (NRAO) 6,�(Q�3>!� (VLBA) [40] 	�FRIL�=pV���_��FRp��ELI5 [34] 
^�~H)�' 1 ∼ 4 E2
H�sPKFR�?p
FRIL�LH� VLBI �b\��6VILZ&	 Fey s Charlot [35] v� Charlot [41] .�* ICRFR� 450z�
Fh7K� 57% ���FRIL= 1 � 2 
<A��FR,��=/Ap�	' 8 GHz �5jb8(
FRIL� 1 � 2 �,��=ND��=/AND��
"FRIL� 3 � 4 �.,��=0�	y 1 �����FRIL�k�b\HN��FRILE2�Z&
'yR}vu

ZlFRIL�/+
�FR�k��N�m�/s	)�oFRIL� 1 �� ps /+}FRIL� 4 �� 20 ps 	

z 1 �GS
℄�GSJM�['zU�X
Feissel-Vernier [42] � Gontler�	 [43] '����M*F|*s'_aL}	℄Bv�������j
'�:�G
*pVE�T-luEv.R�z��5j	℄B� 1990—2002X2�\Jm,RL*h�
�?X VLBI \J}���Ov/2Q-�*7RL.�
T-* 199z�O4�����}��z�	FRIL_a7K
4��FRND��
FR�b0��?yj���O�NKs
"rj��O���MnKN	' Feissel-

Vernier [44] T-� 199 z���R
� 92% ��FRILH� 1 � 2 
PK^B=ND�;4�ND��	�m}8
FRIL�_as����M_aFh�~pN	~m
FRILHn}}�T-luEv.��z��5j	y=Hh<A_a
,�� ICRF R�4zpB.�9?=x��M�T-5j�FRIL�T-5j
PK,�� ICRF 'T-�z�/�p'p���0
�w'R��	3pV6��FR� VLBI \J�6�*'=g� VLBI �\Jb8	p t�(
z\Jb8z��/|
QAk�b0FR���}BFR?
V,�g
5�}BF
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^�b0FR�\JZ���6ez>	 2002 X 5  
 VLBI u\1,*' K <� (24 GHz) s Q <� (43 GHz) ��b8�\J	y 2 +8*Cn\J� 108 z�'?v<� (X � K � Q <�) (�jFRIL�.�t�	Fh7K
FRIL� 1 ��
.8' X � K � Q <�(j4w��/�.8= 32% � 56% � 71% 	\Jb8��
FR�\JZ���6�>	
z 2 �GSJM�℄K
9�['

6.2 ICRF SL��.Æ?��zo ICRF ��L'A�
jD�'ADlu�Q�dq? 8 d*�pz�	<j��D�.���?W=xP!lJsJ�Nl
�Æ'AN VLBI �	R
ly',JN5nll�*:�0O����Ev�	<ely��.��z��D�
�",���D�.�zU=x1%Ny	m}
��.�n,P?q$
�Æ' ICRF �R
&z�lzU��'lu���O.8=S$u 15◦ s'$u 13◦ ��*
<G1%Nl+U*Ks�	U	,�� ICRF �3ps�0=j�z�'S$u�.�i�
 212 z�z�R
K� 30%��.�'S$u
9r�OZ�4�A�
<`l=��S$u>�=�Ap� VLBI\J�+U�	�*C>,�� ICRF �?x
/+,���D�
ely\J}GqK���N5	Zl VLBI \J H0J��RpAg�
���!��?
,\J}	P!_a�R�B'��o:<*F�_a
9P�*P!E�\J#�	�Æ
�s�℄e)��_ (ATNF)=� 8 F�
l3RU>!�	 ATNF  v.�'S$u�j^_6pkyUpDE�\J�	^�N5`l=\J\�� ICRF R��S$u��
vM�&*�L'1J^B��FR9�PjFRy9	9r'S$u\�Z8E��
�>` ICRF 'S$u��0 [45] 	
Fey �	 [46] O�*'S$u$,� 22 zE���O
 Ojha �	 [47] �P*S$u 69 z��FRy9	zU Ojha �	 [48] ÆO�*S$u� 48 z��FRy9	''$u
℄\ VLBI \J� (EVN) P�* ICRF ��+D\J#� [49] 	^�N5='e�lu�O&/+ 150 zE�vq`lu�����
5�'$uR
y4/�E2�zs�l�,�� 13◦ 6>} 6◦ 
o"nssg��.��q$M	

EVN �3p`lN5=
/+FRp���M���}��z�
�1,E� ICRF 	m}
'<A\JR�	 VLBA ?jJ'�}�y9}vrT
QA�FR�FR/Ap�
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n}}��z�T-5j�Ev	 VLBA ?jJ'=T-p���Z�����}�Ev�
v<A�RU?jl
	?j\J*'��Z�j^���O	�	Ev��Ev4�RL?j\J
}v/+ VLBI �4>�./2
	<V*'}vZ�J���N5� (�
mJy '�) ��O
v/�}v�}��y9 [50] 	 VLBA ?jJ' VCS U� ICRF +D\J�pVzp�J'*7	' VCS1 \JRO�*_�L� −30◦∼ 90◦ )�V�vo?}\J� 1 332 z�' 2.3 GHz b8(�y9�^BRsB.�' 8.4 GHz b8(�y9 [51] 
Z}ÆRL*�n�0\J	 VCS2 \J�}*_�L� −20◦∼ −45◦ )�VBU��~F7U� 276 z���O [52] 	 VCS3 \J�}*_�s� −45◦ )�V 360 zE���O [53] �
VCS4 \J�}*_�s� −40◦ )�V 258 zE���O [54] 	 VCS1 � VCS2 � VCS3 �
VCS4 �\JLhq}	���� ICRF R	
6.3 ��KE
,&�A� ICRF ��*Zl VLBI \J�IXZ��?�g�
v� Gaia �2#��1-
y}�
���OZ�?
r}L. µas '�	~m
��� ICRF ?' µas '��Z�(=�	'<j�Z��t�(
'[ �:�.(�z�luEv&�'Z�HIli�%�
"0O'�~Q
�az4�:�.(�zpDR	�/�luEv&�HI [55] 	~m µas '�Z�(�
ICRS nKW'az4�:�.(��z	

IAU 	 21 Ns
o|?az4�:}��zlu/�Ev&��:)℄	=|T- 4 D/��5 (x0 = ct, x1, x2, x3) 5�'?Dv&wQF�����5&R
R	2C�d* ds2}vZ��D�v(K7�
ds2 = −c2dτ2 = −(1 − 2U/c2)(dx0)2 + (1 + 2U/c2)[(dx1)2 + (dx2)2 + (dx3)2] . (14)�7R c�`W
τ ��/
U =&wR\�lip%���;�&w}li��S;Es	�S;'QFh� 0 	HhEv&���?v
G
*&VluEv&'4�:�.(��:�z	�ai&QFluEv& (BCRS) s�uQFluEv& (GCRS) 	�z&Ev&���.8��ai&QFs�uQF
9r4��k�y}li�AiSe�/2�5��u�%L��oT�/2^�|
�Ev&R�/��-��'
��/"d=e%x� (SI) R� s 
�Q�"d=e%x� (SI) R� m 
 m =ui`W c �Hs SI I|
�	

IAU2000 o|ÆG
*RpA=|	� BCRS s GCRS qC	Cs�5b)	ai&QFEv& (t, x)(t �QF�5/
 TCB) R��b gµν �/ – /.'s� – �.'	QF�5R�|a[ 5; w(t, x) RU
� – /�5.'	QF�5&R�4'; wj(t, x) RU
1Js:=,#&D;'��ai&��*z� 0 	�FluEv& (T, X) (T ��F�5/
 TCG) R�b Gab �K7�QFluEv&(��bK74v
y5;D4'.8� W (T, X) s W a(T, X) �<A;.�O)��u-%���B. WE �W a
E sO)�S%s_M���}BB. Wext �W a

ext 
v/,#�b;�}BB.'�Fh� 0 9}0� X �E�L	
6.4 �;'� ICRF N:po ICRF o 1998 XB71-v�
ED\J1h�1-��*s'��Z� VLBI L
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EV\J�Lhh�LJn�'?��:RR
�Z�FR���O��M�_an'?�&�
5���.�5j�T- ICRF �z��5jK+z�v��	m}
VLBI�:#-n'?��:�zR
E� H?��RA�LhC�W8?��+�
5� VLBI \J�0J��Lh�\JZ�n'?�g�	P!e)n##*E�s�`l3�=+#�
Æ!�\� 40 m l3�?=U
ys�� 64 m l3n�-=U
Re�D# 50 m l3s�K
40 m l3nu� 2006 X 5  x�5		<A�?5,��EV VLBI \J�K+z�v��
\J0J�s.48n
4�g�	?d�?�
���OZ�?
r} µas '�
9rADluR���D�'?�/s9_<z�q$.�	+E Gaia ��2#��1-
5���Z�sL'��*Q�-�	\�<A��=�pDE� ICRF |*`.�j+
�B4GzU�XVe
�pDaz4�:�.( µas '��Z�� ICRF �kv,�� ICRF 	
7 �HK�o 1985X	 19 N IAU s
Cng
vy}�
���j�j_MEv.�<ZMP
?N IAU s
�ey}luEv.�=�s	Z��h}
XsoI	\i*U 20 X�\�
KU*No� ICRF �j�`+D"-	No� ICRF ��z��= 1995X�WGRF �
Ma Chopo�	G
� 212z4�ND��	<D"-lPu� 10X
\	�\Jm,n�=
10Xo�	Y�E}�i�n�`�+D
y=j�-�>�3�	\i!X�17s_a7K
zo� ICRF �p'z!K+��0
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Analysis of Present Status of ICRF and ICRF in Future

QIAO Shu-bo1,2,3, LI Jin-ling1, SUN Fu-ping3, LI Jian3

(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate

School of the Chinese Academy of Science, Beijing 100039, China; 3. Surveying and Mapping Institute of Infor-

mation Engineering University, Zhengzhou 450052 )

Abstract: ICRF(International Celestial Reference Frame) is the geometric kinematics reference

frame, its newly version is ICRF-Ext.2 realized by a total of 717 extragalactic radio sources

which have an average of one source per 8 square degrees on the sky, include 212 defining sources

294 candidate sources and 102 other sources. Orientation of ICRF axes is specified through

212 defining sources. The accuracy of the individual source positions is as small as 250 µas

while the orientation of the ICRF axes is good to the 20 µas. At present, ICRF is the best

realization of CRS, but years practice and researches show that the current ICRF have some

flaws. Selection criterions of defining sources are not reasonable, density and distribution of

sources are not ideal, these all affect the precision of ICRF. Researches of source structure show

that structure index of many defining sources are not with a value of 1 or 2, indicating they are

not compact sources. Researches of source stability show that some defining sources do not accord

with stability criterions. Furthermore density of sources is sparse and distribution of sources is

largely nonuniform on the sky. All these faults made current ICRF cannot fit the requirements of

researches on some domains. In this paper, the histories and present status of ICRF are presented

briefly first. Then the relationship about connection and integration of CRF (Celestial Reference

Frame) are introduced. Based on the characteristics and evolvements of researches on ICRF, the

faults of ICRF are analyzed through the aspects of ICRF precision, data acquisition precision,

source structures analysis and the criterions of selecting defining sources. At last, the improvement

trends of ICRF by instruments and programs are analyzed. The prospect of establishment and

maintaining on ICRF in future is discussed. With the progress of new technology and data

acquisition precision, more and more weaker sources can be detected in future. These all help to

improve the exist ICRF, a high precision of ideal ICRF will be realized in the future.

Key words: astrometry; International Celestial Reference Frame(ICRF); review; VLBI; source

structure; structure index


