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³À »ÈÐ

ô�Ç{9�/BN1lxVLBI�©��'al�(Korea-Japan Joint VLBI Correlator, KJJVC)��H 2010�̧� &ñ
�©���1lx�̀¦ 3lq

³ð�Ð ô�Ç²DGõ� {9��:r çß� /BN1lxÜ¼�Ð >hµ1Ïs� ���'��÷&�¦ e����. s� ���½̈\�"f��H KJJVC_� Ùþ�d��s� ÷&��H

VLBI �©��'a "fÚÔr�Û¼%7�(VLBI Correlation Subsystem, VCS)õ� 1lx{9�ô�Ç ½©����̀¦ °ú���H �èáÔàÔJ?

#Q �©��'al�\�¦ >hµ1Ï�%i���. �èáÔàÔJ?#Q �©��'al���H VCSü< °ú �Ér 8Gbps/åL, 8192Ø�¦§4�G�V,�, 262,144&h�

FFT(Fast Fourier Transform)_� ½©����̀¦ °ú��¦ e��Ü¼ 9, VCS_� �×¼J?#Q ½©���õ� 1lx{9�ô�Ç �<ÊÃº ·ú�

�¦o�7£§õ� ���íß� YUt�Û¼'�\�¦ &h�6 x��¦ e����. >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al�_� $í
0px�̀¦ SX�����l� 0AK� {9�

�:r²DGwn���;ë�H@/_� VERA(VLBI Exploration of Radio Astrometry) �'a8£¤}©�Ü¼�Ð �'a8£¤ô�Ç Û¼&7�àÔ!3�

���õ� ���5Åq�� ��;�̂\�¦ @/�©�Ü¼�Ð �©��'a%�o� z�́+«>�̀¦ Ãº'����¦, Õª ���õ���H p���
� FX �©��'al�_� Û¼&7�àÔ

!3� �̧�ª�, 0A�©�����o, áÔ�2;t� ���Ø�¦ 1px�̀¦ q��§�%i���. z�́+«>�̀¦ :�x�#�, VERA �'a8£¤X<s�'�\�¦ s�6 xô�Ç

�èáÔàÔJ?#Q �©��'al�_� ���õ���H p���
� FX �©��'al�_� �©��'a���õ�ü< {9�u����H �¦̀�	כ SX�����#� Õª Ä»ò́

$í
�̀¦ {9�7£x�%i���. �¾ÓÊê >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al���H GUIü< °ú �Ér ��6 x�� ���'��̀s�Û¼ü< �©��'a Êê

%�o� ÂÒì�r�̀¦ >h������� KJJVCü< �<Êa� ô�Ç²DGÄºÅÒ������'a8£¤}©�(Korean VLBI Network, KVN)_� �è

áÔàÔJ?#Q �©��'al��Ð �Ö̧6 x½+É Ãº e���̀¦ �Ü¼�Ð	כ l�@/�)a��.

Abstract

Korea-Japan Joint VLBI Correlator (KJJVC) is being developed by collaborating

KASI (Korea Astronomy and Space Science Institute), Korea, and NAOJ(National

Observatory of Japan), Japan. In early 2010, KJJVC will work in normal operation.

In this study, we developed the software correlator which is based on VCS (VLBI

Correlation Subsystem) hardware specification as the core component of KJJVC.

The main specification of software correlator is 8 Gbps, 8192 output channels, and

262,144-points FFT (Fast Fourier Transform) function same as VCS. And the func-

tional algorithm which is same as specification of VCS and arithmetic register are

adopted in this software correlator. To verify the performance of developed soft-

ware correlator, the correlation experiments were carried out using the spectral line
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and continuum sources which were observed by VERA (VLBI Exploration of Radio

Astrometry), NAOJ. And the experimental results were compared to the output of

Mitaka FX correlator by referring spectrum shape, phase rate, and fringe detection

and so on. Through the experimental results, we confirmed that the correlation re-

sults of software correlator are the same as Mitaka FX correlator and verified the

effectiveness of it. In future, we expect that the developed software correlator will

be the possible software correlator of KVN (Korean VLBI Network) with KJJVC by

introducing the correlation post-processing and modifying the user interface as like

GUI (Graphic User Interface).

Keywords: software correlator, VCS (VLBI correlation subsystem), VLBI

1. "e Â]Ø

þj��H VLBI(Very Long Baseline Interferometry) �'a8£¤ X<s�'�_� %�o�\�¦ 0AK� �Ö̧6 x÷&�¦ e����H �©�

�'al���H �×¼J?#Qü< �èáÔàÔJ?#Q�Ð ½̈�&³÷&#Q ��6 x÷&�¦ e����(Thompson et al. 2001). :£¤y� �×¼J?#Q

�©��'al���H EVN(European VLBI Network)_� JIVE �©��'al�, p�²DG ²DGwn��������;ë�H@/_� VLBA �©��'al�,

MIT Haystack ��;ë�H@/_� Mark4�©��'al�,{9��:r²DGwn���;ë�H@/_�p���
� FX�©��'al�1) 1pxs�e����(Campbell

2004, Benson 1995, Whitney et al. 2004). Õªo��¦ @/³ð&h���� �èáÔàÔJ?#Q �©��'al���H {9��:r NICT_� 8£¤t�

VLBI6 x �èáÔàÔJ?#Q �©��'al�, {9��:r²DGwn���;ë�H@/_� FX +þA �èáÔàÔJ?#Q �©��'al��� e����(Kondo et al. 2004,

Kimura 2007). �èáÔàÔJ?#Q �©��'al���H �×¼J?#Q �©��'al�\� q��#� >�íß�|¾Ós� q��§&h� &h��Ér �â
Äº �èáÔàÔ

J?#Q�Ð ½̈�&³�#� �Ö̧6 x��¦ e��Ü¼ 9, �×¼J?#Q �©��'al�\�¦ @/�̂�l� 0AK� >hµ1Ï���H �â
Äº�̧ e����(Kimura

2007). �×¼J?#Q �©��'al�_� �â
Äº ÅÒ#Q��� ½©���\� ô�Ç&ñ
�#� r�Û¼%7��̀¦ [O�>�]j����l� M:ë�H\� ½©���\� @/

ô�Ç Ä»���$í
s� &h�t�ëß� �èáÔàÔJ?#Q �©��'al���H >�íß�l�_� $í
0pxs� t�"é¶�)a����� ½©��� 1px_� ����â
õ� r�+«>�̀¦ Ãº

'��½+É Ãº e����H �©�&h�s� e����.

ô�Ç²DG��;ë�H���½̈"é¶\�"f��H 2010�̧�&ñ
�©���1lx�̀¦3lq³ð�Ðô�Ç{9�/BN1lxVLBI�©��'al�(Korea-Japan Joint VLBI

Correlator, KJJVC) >hµ1Ï�̀¦{9��:r²DGwn���;ë�H@/ü</BN1lxÜ¼�Ð���'����¦e����. KJJVC��H�¦5ÅqF�Òqtl�,1lxl�

F�Òqt%�o�r�Û¼%7�(Raw VLBI Data Buffer, RVDB), VLBI�©��'a"fÚÔr�Û¼%7�(VLBI Correlation Subsys-

tem, VCS), X<s�'� ��
�s�ÚÔ(Peta-scale Epoch Data Archive, PEDA) Õªo��¦ ]j#Q î�r%ò
 �èáÔàÔJ?#Q

�Ð ½̈$í
�)a��(�̧[j��� ü@ 2008). KJJVC\�¦ ½̈$í
���H �×¼J?#Q ×�æ Ùþ�d��½̈$í
¾¡§��� VCS_� ½©����̀¦ ���&ñ
�

��H éß�>�\�"f��H ]jr��)a ·ú��¦o�7£§_� &h�6 x ��0px$í
õ� &h�6 xÙþ¡�̀¦ �â
Äº_� >�íß� ���õ�_� &ñ
SX�$í
õ� ò́Ö�¦$í
�̀¦

���7£xK��� ô�Ç��. �×¼J?#Q\�¦ ]j����l� 0Aô�Ç [O�>�éß�>�\�"f��H 1lx{9�ô�Ç l�0pxõ� $í
0px�̀¦ ����� �èáÔàÔJ?#Q

\�¦ ���$í
�#� ���7£x���H ��s	כ {9�ìøÍ&h�s���. s� ~½ÓZO��Ér [O�>�éß�>�ü< ]j���éß�>�\�"f µ1ÏÒqt½+É Ãº e����H �̧ÀÓ_�

#3�0A\�¦ þj�è�o½+É Ãº e����H �©�&h�s� e����. 7£¤, &h�6 x�)a ·ú��¦o�7£§_� ½©���s� ���&ñ
�)a Êê �×¼J?#Q\� ½̈�&³÷&

l� ���\� �èáÔàÔJ?#Q�Ð ½̈�&³K�"f ���7£xéß�>�\�¦ Ãº'������ �¾ÓÊê µ1ÏÒqt½+É Ãº e����H ë�H]j&h��̀¦ K�������HX< �̧

¹¡§�̀¦ ×�¦ Ãº e����H �.���s	כ :£¤y� �×¼J?#Q\� &h�6 x�)a ·ú��¦o�7£§ ×�æ YUt�Û¼'�_� q�àÔ ;�¤�Ér ���íß� ·ú��¦o�7£§

_� >�íß� ÂÒx�ü< �'a>�\� e��#Q"f ×�æ¹כô�Ç ¹�è�Ðכ ���6 xô�Ç��.

1)http://vsop.mtk.nao.ac.jp/VSOP/mitaka-e.html
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s� ���½̈\�"f��H KJJVC_� Ùþ�d����� VCS_� >hµ1Ïéß�>�\�"f [O�>� ·ú��¦o�7£§_� Ä»ò́$í
�̀¦ ���7£x��¦ $í
0px

�̀¦ q��§�l� 0AK� VCSü< 1lx{9�ô�Ç ½©����̀¦ °ú���H �èáÔàÔJ?#Q �©��'al�\�¦ >hµ1Ï�%i���. >hµ1Ïô�Ç �èáÔàÔJ?#Q

�©��'al���H VCSü<°ú �Ér 8Gbps/åL, 8192Ø�¦§4�G�V,�, 262,144&h� FFT(Fast Fourier Transform)_�½©���s� 9,

VCS_� �×¼J?#Q ½©���õ� 1lx{9�ô�Ç �<ÊÃº ·ú��¦o�7£§õ� ���íß� YUt�Û¼'�\�¦ &h�6 x��¦ e����. Õªo��¦ �èáÔàÔJ?

#Q�©��'al���H VCSü<1lx{9�ô�ÇX<s�'�{9�Ø�¦§4�,t����\V8£¤����p�'�_�%�o�,áÔ�2;t��r���(Fringe rotation),

FFT %�o�, ∆W �Ð&ñ
 1px�̀¦ �èáÔàÔJ?#Q�Ð ½̈�&³�%i���. >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al�_� $í
0px�̀¦ SX�����l�

0AK�{9��:r²DGwn���;ë�H@/p���
� FX�©��'al�_��©��'a���õ�ü<q��§�l�0AK� VERA�'a8£¤}©�(VERA 2009)Ü¼

�Ð �'a8£¤ô�Ç Û¼&7�àÔ!3� ���(Spectral line)õ� ���5Åq��(Continuum) ��;�̂_� �'a8£¤ X<s�'�\�¦ @/�©�Ü¼�Ð �©��'a%�

o� z�́+«>�̀¦ Ãº'���%i���. �©��'a%�o� z�́+«>���õ�\�"f��H p���
� FX �©��'al�ü< Û¼&7�àÔ!3� �̧�ª�, 0A�©�����o, áÔ

�2;t� ���Ø�¦ 1px�̀¦ q��§�%i�Ü¼ 9, �©��'a%�o�\� s�6 xô�Ç X<s�'�_� �â
Äº 1lx{9�ô�Ç �©��'a���õ��� Ø�¦§4�÷&��H �¦̀�	כ

SX�����%i���.

s� �7Hë�H_� ½̈$í
�Ér ��6£§õ� °ú ��. 2�©�\�"f��H VCS �×¼J?#Q r�Û¼%7�\� @/K� ¶ú�(R�Ð�¦, 3�©�\�"f��H �è

áÔàÔJ?#Q �©��'al�\� ½̈�&³�)a ·ú��¦o�7£§\� @/K� l�Õüt� 9, 4�©�\�"f��H >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al�_� $í
0px

�̀¦ SX�����l� 0AK� Ãº'��ô�Ç �©��'a%�o� z�́+«>���õ�\� @/K� �¦¹1Ïô�Ç��. Õªo��¦ 5�©�\�"f s� �7Hë�H_� ����:r�̀¦ ë�B

��H��.

2. VLBIVêså¾Ë"e¬�S��yð�8ý �©��ú#a

VCS_��×¼J?#Q½©����Ér³ð 1\�����?/%3���. VCS��Hô�Ç²DGÄºÅÒ������'a8£¤}©�(Korean VLBI Network,

KVN)(Kim et al. 2004) 3l�_� �'a8£¤²DG, {9��:r VERA 4l�_� �'a8£¤²DG, {9��:r?/ @/�<Æ���½+Ë �'a8£¤}©�, 2013�̧�

µ1Ï��\V&ñ
��� VSOP-2(Hirabayashi et al. 2004) x9� ×�æ²DG_� VLBI �'a8£¤²DG�̀¦ �í�<Ê�#� 8úx 16l�_� �'a8£¤²DG

120l����(Baseline)_� �©��'a%�o�\�¦ 1lxr�\� Ãº'��½+É Ãº e����. KVNs� 22, 43, 86, 129GHz_� 4ÅÒ��Ãº 1lx

r� �'a8£¤�̀¦ Ãº'���l� M:ë�H\� îß�_��� Ä»_±	(Antenna unit)\�"f s�\�¦ t�"é¶��¦ {9��:r_� ���/BN0A$í
 �'a8£¤}©�

��� VSOP-2\�¦ t�"é¶�l� 0AK� þj@/ t����(Maximum delay)�̀¦ 36,000 km��t� ���íß�½+É Ãº e����. Õªo��¦

1q�àÔ x9� 2q�àÔ_� �'a8£¤ X<s�'�\�¦ �©��'a%�o�½+É Ãº e����. FFT ���íß��̀¦ Ãº'��ô�Ç Êê F��ª����o��H 8q�àÔ�Ð Ãº

'��� 9 YU6\��Ér 256éß�>�s���. �©��'a ���õ�_� &h�ì�r�̀¦ 0Aô�Ç YUt�Û¼'���H 32q�àÔs���.

VCS\�"f %�o����H �<ÊÃº_� ½̈$í
�Ér ÕªaË> 1\� ����?/%3���. VCS_� �<ÊÃº ½̈$í
�Ér X<s�'� {9�§4�(Data

accept), t���� ]j#Q(Delay control), FFT, �©��'a x9� &h�ì�r(Correlation and accumulation)Ü¼�Ð ß¼>� ½̈

ì�r½+É Ãº e��Ü¼ 9, s��\�"f y�� ½̈$í
_� l�0px\� @/K� çß�|ÄÌy� l�Õütô�Ç��.

2.1. 62T�'_ �·&9�

VCS��H l�2�¤�)a �'a8£¤ X<s�'�\�¦ {9�§4�~ÃÎl� 0AK� IVS(International VLBI Service)2)\� _�K� ³ðï�r�o

�)a VSI-H(VLBI Standard Interface Hardware)3)\�¦ G�×þ���¦ e����. X<s�'�\�¦ {9�§4� ~ÃÎ��H y�� îß�_���

Ä»_±	�Ér KVN 4ÅÒ��Ãº 1lxr��'a8£¤�̀¦ t�"é¶�l� 0AK� 4>h_� {9�§4� �íàÔ\�¦ ��t��¦ e����. VSI-H ½©���\���H

128MHz9þt!3�(clock)�̀¦s�6 x�#�þj@/ 4Gbps5Åq�̧\�¦t�"é¶��¦e����HX<, VCS��H 64MHz9þt!3��̀¦s�6 x�

#�þj@/ 2Gbps5Åq�̧\�¦t�"é¶ô�Ç��.@/%i�;�¤s�y��l����Ér���ª�ô�Çl�2�¤l��Ðl�2�¤�)a�'a8£¤X<s�'�\�¦ KJJVC

_� RVDBr�Û¼%7��̀¦s�6 x�#� VCS�Ð 2Gbps5Åq�̧�Ð X<s�'�\�¦F�Òqt½+ÉÃºe���̧2�¤�%i���.7£¤, 512Mbps

2)http://ivscc.gsfc.nasa.gov
3)http://www.vlbi.org/vsi
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³ð 1. VCS �×¼J?#Q ½©���.

Item Description

Observation array constitution - 16 stations

- 4 inputs

- (16 Auto-correlation+120 Cross-correlation) × 4sets

Observation requirements - Observation Frequency 22/43/86/129GHz, 8/22/45(VSOP-2)GHz

- Largest Baseline Length 36,000 km

- Maximum Baseline Velocity 7.5 km/sec

- Frequency Resolution(for 22GHz) 53.3m/sec

- Dual Polarization

- Maximum Data Output Rate 1.4 Gbytes/sec

Input data profiles - 1,024 Msps 2 bit/sample

- Quantization Levels 4levels(”00” < ”01” < ”10” < ”11”)

- Interface VSI-H

Delay compensation - Delay Prediction Parameters τ , τ̇ , τ̈ ,
...
τ

and fringe tracking - Delay Compensation Period FFT segment border

- Fringe Phase Quantization 2π/16 radian

- Fringe Tracking Word Length 16 bits, 2’s complement

Spectral analysis - FFT Points 256k/128k/64k/32k/16k/8k Points

- Word Length 16 bit(R) + 16bit(I) Fixed Point

- ∆W Correction

- Requantization 8 bit(R) + 8 bit(I) Fixed Point

Correlation and accumulation - Correlation Word Length 9 bit(R) + 9 bit(I)

- Accumulation Word Length 32 bit(R) + 32bit(I)

- Integration Period 25.6 ms - 10.24 sec

- Frequency Binning 1/2/4/8/16/32/64/128/256channels

- Points of Correlation Output Data 8,192 points

- Control Interface GbE TCP/IP

5Åq�̧�Ð l�2�¤�)a X<s�'�\�¦ 4C�5Åq F�Òqt�#� 2,048Mbps 5Åq�̧\�¦ t�"é¶ô�Ç��. ����"f �'a8£¤ X<s�'�_� F�Òqt5Åq

�̧\�¦ �̧]X�½+É Ãº e����H RVDB r�Û¼%7��̀¦ s�6 x�#� VCS_� �©��'a%�o� $í
0px�̀¦ þj@/�Ð s�6 x½+É Ãº e����.

VCS\���HÕªaË> 2\������·p��õ�°ú s	כ KVN DAS(�̧[j���ü@ 2007)_��'a8£¤�̧×¼ü<F�g@/%i��'a8£¤ �̧×¼

\� ú́��̧2�¤ ���ª�ô�Ç Û¼àÔaË>(Stream) +þAd���̀¦ t�"é¶ô�Ç��. \V\�¦ [þt#Q, c1�Ér Û¼àÔaË>s� ô�Ç >hëß� �>rF����H F�g

@/%i�(Wide band) �̧×¼s���. 2Gbps 5Åq�̧\�"f F�g@/%i� �̧×¼_� @/%i�;�¤�Ér 512MHzs��¦ 1Gbps 5Åq�̧\�"f

��H 256MHz�� �)a��. c5��H Û¼àÔaË>s� 16>h �>rF����H a�?@/%i�(Narrow band) �̧×¼�Ð @/%i�;�¤�Ér 32MHzs�

��. l�2�¤�)a �'a8£¤ X<s�'�_� q�àÔÛ¼àÔaË>(Bitstream) ì�r�í��H ��{9� ���$í
s� Big-endian4) +þAd��s���. �©��'a

%�o�\�¦ r�����l� ���\� {9�§4� �íàÔ ÂÒì�r\� ��×�æ�ol�(Multiplexer)\�¦ ¿º#Q"f Ò�re�¦_� 0Au�\�¦ "é¶���H /BM

\� 0Au�½+É Ãº e����. s���H Û¼àÔaË>\�"f Ò�re�¦_� 0Au��� ���Ér ×�æ²DGs��� p�²DG, Ä»XO�\�"f ��6 x��¦ e����H ~½Ó

d��@/�Ð l�2�¤�)a �'a8£¤ X<s�'�\�¦ �©��'a%�o��l� 0AK�"f ¹ô�Çכ��9 ÂÒì�rs���. {9�§4� !Q(�_� ß¼l���H {9��:r_� Äº

ÅÒ VLBI 0A$í
��� VSOP-2_� þj@/ t���� r�çß��̀¦ �¦�9�#� [O�>�÷&%3���. ÕªA�"f VSOP-2_� þj@/ t���� ��

o���H 36,000kms��¦ þj@/ t���� r�çß��Ér 0.12secs���.

2.2. U�a:@ <K#e

VCS��H τ , τ̇ , τ̈ ,
...
τ _� t���� \V8£¤ ����p�'�(Delay prediction parameter)\�¦ s�6 x�#� a-priori\�¦ >�

4)http://en.wikipedia.org/wiki/Endianness
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ÕªaË> 1. VCS_� �<ÊÃº ½̈$í
.

íß�ô�Ç��(Kondo et al. 1997). a-priori\�¦ ½̈�l� 0A�#� d�� (1), (2), (3)�̀¦ y��y�� s�6 xô�Ç��.

τ(t) = τ + τ̇ t +
1

2
τ̈ t2 +

1

6

...
τ t3 (1)

τ̇(t) = τ̇ + τ̈ t +
1

2

...
τ t2 (2)

τ̈(t) = τ̈ +
...
τ t (3)

τ(t), τ̇(t), τ̈(t),
...
τ (t)\�¦s�6 x�#�t����ÆÒ&h�(Delay tracking)_�l���<Æ&h�t����(Geometrical delay),

t���� ����oÖ�¦(Delay rate), q�àÔ&h�áÔ(bit jump), áÔ�2;t� �r���(fringe rotation)_� 0A�©�õ� 0A�©�����oÖ�¦,

∆W �Ð&ñ
(∆W correction)_� �íl�°úכõ� l�Ö�¦l�\�¦ ½̈ô�Ç��. >�íß�d��_� ³ð�&³�̀¦ ³ð 2\� ����?/%3���. �����

}©�"é¶�â
Ü¼�Ð�'a8£¤ô�Ç��� ñ��H��Äºr�îß��½� ü���� ñs� 9,ÅÒ��Ãº���8̈��̀¦Ãº'�����HáÔ�2;t��r����̀¦>�íß���¦
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ÕªaË> 2. KVNDAS_� X<s�'� "fÚÔÛ¼àÔaË> +þAd��.

³ð 2. VCS ����p�'� >�íß� Ãºd��.

Item Symbol Based on

for Delay Track Initial Delay D0 τ(t)

1st Bit Jump Timing T0 1/τ̇(t)

Bit Jump Period T 1/τ̇(t)

Bit Jump Variate Period Ta 1/τ̈(t)

for Fringe Rotation Initial Phase φ0 τ(t)·Fo

Phase Increase ∆φ τ̇(t)·Fo

Phase Increase Variate Period B 1/(τ̈(t)·Fo)

for ∆W Correction ∆W initial value ∆Wi τ(t)

∆W gradient ∆Wg τ̇(t)

�����, �'a8£¤ X<s�'�_� z�́Ãº ÂÒì�r�Ér d�� (4)ü< °ú s� ����èq Ãº e���¦ )�Ãº ÂÒì�r�Ér d�� (5)ü< °ú s� ����èq Ãº

e����. #�l�"f φ0��H �íl� 0A�©�(Initial phase)s� 9, 2π(Foτ(t))fraction\� _�K� >�íß��)a��. d�� (4)ü< (5)\�

"f Fo��H �'a8£¤ ÅÒ��Ãºs���. t���� ����oÖ�¦�Ér áÔ�2;t� �r��� ÅÒ��Ãº�Ð áÔ�2;t� "3�ÆÒl�(Fringe stopping)\�¦

Ãº'��ô�Ç��. s���H �̧e�¦�Q ¼#�s�(Doppler shift)\� _�ô�Ç ÅÒ��Ãº_� &h�Ò�o¼#�s�(Red shift)�� 'õAÒ�o¼#�s�(Blue

shift)\�¦ �Ð�©����H %i�½+É�̀¦ ô�Ç��. 2π(Foτ̇t)\� _�K� ÅÒ��Ãº ¼#�s�\�¦ �Ð&ñ
½+É Ãº e����.

xr(t) = x(t) · cos(2πFoτ̇ t + φ0) (4)

xi(t) = x(t) · sin(2πFoτ̇ t + φ0) (5)

VCS��H r�Û¼%7� o��èÛ¼\�¦ s�6 x�#� z�́r�çß� �©��'a%�o� ���íß��̀¦ Ãº'���l� M:ë�H\� �ï�����õ� ��������íß�

�̀¦ �©��'al� r�Û¼%7� ?/\�"f Ãº'���t� ·ú§�¦ ���íß�5Åq�̧_� �¾Ó�©��̀¦ 0AK� Bj�̧o�\� &ñ
K���� °ú̀�כ¦ _�s��̂¦ +þAI�
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³ð 3. áÔ�2;t� 0A�©�(Fringe phase)õ� �����oÛ¼ �ï×¼ _�s��̂¦(Index code table).

Fringe phase(degree) 4-bit code as ”p” Apply phase[p] (degree)

348.75 - 11.25 ”0000”(0) 0.0

11.25 - 33.75 ”0001”(1) 22.5

33.75 - 56.25 ”0010”(2) 45.0

56.25 - 78.75 ”0011”(3) 67.5

78.75 - 101.25 ”0100”(4) 90.0

101.25 - 123.75 ”0101”(5) 112.5

123.75 - 146.25 ”0110”(6) 135.0

146.25 - 168.75 ”0111”(7) 157.5

168.75 - 191.25 ”1000”(8) 180.0

191.25 - 213.75 ”1001”(9) 202.5

213.75 - 236.25 ”1010”(A) 225.0

236.25 - 258.75 ”1011”(B) 247.5

258.75 - 281.25 ”1100”(C) 270.0

281.25 - 303.75 ”1101”(D) 292.5

303.75 - 326.25 ”1110”(E) 315.0

326.25 - 348.75 ”1111”(F) 337.5

ÕªaË> 3. FFT �<ÊÃº �̂¦2�¤_� ��s�áÔ����� ½̈$í
.

�Ð $��©�ô�Ç��(Kondo et al. 1997). _�s��̂¦ °úכ�Ér �����oÛ¼(Index)\� _�K� Bj�̧o��ÐÂÒ'� {9�#Q�:r��. s� M:

Bj�̧o�\� $��©��)a °úכ�Ér 16q�àÔ �¦&ñ
�èÃº&h��̀¦ ��6 xô�Ç��. Bj�̧o� �����oÛ¼ �ï×¼��H 4q�àÔs��¦ ³ð 3\� áÔ�2;

t� 0A�©�\� ���Ér �����oÛ¼ �ï×¼ _�s��̂¦�̀¦ ����?/%3���. áÔ�2;t� �r����̀¦ Ãº'��ô�Ç Êê_� X<s�'���H z�́Ãº_� 16q�

àÔ �¦&ñ
�èÃº&h�õ� )�Ãº_� 16q�àÔ �¦&ñ
�èÃº&h�s� �)a��.

2.3. 256k FFT

FFT�<ÊÃº �̂¦2�¤\�"f��H�&³F� ½̈çß�õ���6£§ ½̈çß���s�_��'a8£¤X<s�'���=åS#Qt����"fµ1ÏÒqt���H FFTë�H

]j\�¦K������¦��K�bç
(Hamming),K�_ç
(Hanning), �̂¦Ïþ��±p(Blackman) 3��t�+þAI�_��û¶�̧Äº(Window)

�<ÊÃº\�¦&h�6 x½+ÉÃºe����(Ifeachor & Jervis 1993). �û¶�̧Äº�<ÊÃº_� �̧ÑýtYUs����(Modulation)�Ér 16q�àÔ�¦

&ñ
�èÃº&h�s���. FFT�<ÊÃº �̂¦2�¤�Érz�́r�çß�Ü¼�Ð%�o�½+ÉÃºe���̧2�¤ÕªaË> 3õ�°ú s���s�áÔ�����(Pipeline)Ü¼

�Ð ½̈$í
÷&#Q e��Ü¼ 9, FFT �<ÊÃº �̂¦2�¤ ¢̧ô�Ç 16q�àÔ �¦&ñ
�èÃº&h��̀¦ G�6 x��¦ e����. Õªo��¦ FFT �<ÊÃº\�¦

���íß����H õ�&ñ
\� µ1ÏÒqt½+É Ãº e����H �̧!Qe�¦�ÐÄº(Overflow)\�¦ ~½Ót��l� 0AK� y�� ��s�áÔ����� ���íß�_� éß�>�

���� X<s�'�_� ß¼l�\�¦ 1/2�Ð �̧&ñ
½+É Ãº e����H l�0px��� Û¼H�{9�a�A(Scaling)�̧ G�6 x��¦ e����(Oppenheim

& Schafer 1989).

X(k) =
X

x(n)e−j 2π
n

nk (6)
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FFT\�¦ ����?/��H d�� (6)\�"f ��6£§ y��y��_� ���Ãº\�¦ N=M × L, n=n1L+n0, k=k1M+k0�Ð u�8̈����� ��

6£§ d�� (7)õ� °ú ��. s�\�¦ s�6 x�#� ��s�áÔ����� ½̈�̧_� FFT ���íß��̀¦ Ãº'��ô�Ç��.

X(k1M + k0) =
XhX

x(n1L + n0)e
−j 2π

M
n1k0e−j 2π

N
n0k0

i
e−j 2π

L
n0k1 (7)

∆W �Ð&ñ
�Ér t���� ÆÒ&h� ���íß�õ�&ñ
\�"f µ1ÏÒqtô�Ç �èÃº&h� s��_� °úכ\� _�ô�Ç �̧	�\�¦ �Ð&ñ
���H ÂÒì�r(Kondo

et al. 1997, Iguchi & Okuda 2008)s� 9 ���5Åq��(Continuum) ��;�̂\� _�K� 0A�©�_� l�Ö�¦l� °ú̀�כ¦ �̧Ø�¦K�

"f �Ð&ñ
½+É Ãº e����. FFT �<ÊÃº �̂¦2�¤�Ér 256k &h�{9� �â
Äº 1.024 Gsps\�"f �í{©� ��� 3900#� �r_� ���íß��̀¦

Ãº'��ô�Ç��. USB(Upper Side Band)ü< LSB(Lower Side Band)\�¦ �̧¿º ½+Ë}9� �â
Äº ��� 16Gbps�Ð X<s�'�

�� Ø�¦§4��)a��. FFT ���íß� Êê_� X<s�'�\�¦ CAB(Correlation and Accumulation Board)�Ð ���5Åx�l�\���H

X<s�'� |¾Ós� �-Áº ú́§l� M:ë�H\� 8q�àÔ�Ð F��ª����o\�¦ Ãº'��ô�Ç��. VCS��H FFT Ø�¦§4� X<s�'�_� �ª��̀¦ �̧&ñ


�l� 0AK� Ø�¦§4� ×�æ\�"f USB ¢̧��H LSB\�¦ ���×þ�½+É Ãº e����. ���²DG FFT �<ÊÃº �̂¦2�¤_� þj7áx Ø�¦§4��Ér USB

¢̧��H LSB_� 8q�àÔ �¦&ñ
�èÃº&h�_� z�́Ãº X<s�'�ü< )�Ãº X<s�'��� �)a��.

2.4. 1364�q� �ç¡MÎ3 9��~x(Correlation array) D�� +8�(Ûo

VCS��H 16l�_� �'a8£¤²DG\� @/K� 16>h_� ��l��©��'aõ� 120>h_� �©� ñ�©��'a(Cross-correlation)�̀¦ Ãº'��½+É

Ãºe����. VCS��H FX+þA_��©��'ar�Û¼%7�Ü¼�Ð+�ÉÒo�\����8̈��̀¦Ãº'�����H FÂÒü<y��G�V,�Z>�ÉÒo�\����8̈�_�

���õ�\�¦ Y�L!lr���H XÂÒ�Ð ½̈$í
�)a��(Kondo et al. 1997). Y�L!lr�̀¦ ����"f ���íß� YUt�Û¼'���H 16q�àÔ �¦&ñ


�èÃº&h� z�́Ãº X<s�'�ü< )�Ãº X<s�'��Ð SX��©��)a��. VCS��H F�g@/%i� �'a8£¤ X<s�'�_� ÅÒ��Ãº ì�rK�0px�̀¦ Z�}s�

l� 0AK� �©��'a%�o�_� þj@/ ÅÒ��Ãº G�V,��Ér 262,144>hs� 9, �©��'a���õ�_� þj7áx Ø�¦§4� G�V,��Ér 8,192>hs���.

s���H ÅÒ��Ãº G�V,� �̧¿º\�¦ Ø�¦§4����H ��s	כ �&³F� [O�>� l�Õüt\�"f��H �&³z�́&h�Ü¼�Ð Ô�¦��0px�l� M:ë�H\� VCS

\�"f�̧ ÅÒ��Ãº G�V,� Óü�l�(Frequency channel binning) l�0px�̀¦ �̧{9��%i���(Okumura et al. 2003). 7£¤,

VCS_� FFT Ø�¦§4��Ér 16,384, 32,768, 65,536, 131,072, 262,144>h\�¦ [O�&ñ
\� ���� y��y�� Ø�¦§4�½+É Ãº e��Ü¼

 9, s�\�¦ Óü�l� ���Ãº(Binning factor)\�¦ s�6 x�#� �©��'a���õ��� ���©� &ñ
�©�&h�Ü¼�Ð Ø�¦§4�½+É Ãº e����H ÂÒì�r\�

Óü�l� ���Ãº��� ��×�æu�\�¦ ¿º#Q ÅÒ��Ãº G�V,��̀¦ 8,192>h�Ð »¡¤�è�#� Ø�¦§4����H ��s	כ ��0px���. s� l�0px�Ér

:£¤&ñ
 ÂÒì�r_� ÅÒ��Ãº G�V,��̀¦ 7á§ �8 [jx9��>� �'a8£¤��¦�� ½+É �â
Äº Ä»6 x�>� ��6 x½+É Ãº e����. �©��'a���õ�

\�¦ $��©����H PEDA r�Û¼%7�Ü¼�Ð_� þj7áx Ø�¦§4��Ér 10Gb s��8�Å	(Ethernet) 4>h �r���(Line)�̀¦ s�6 x� 9,

VCS_� þj@/ Ø�¦§4� X<s�'�_� �ª��Ér 11.2Gbps(=1.4 Gbyte/sec)s���.

3. VLBI }º³�²��ú#a Vêså¾ËM�

s� �7Hë�H\�"f��H 2�©�\�"f �è>hô�Ç VCS_� �×¼J?#Q $í
0px���7£x�̀¦ 0AK� 1lx{9�ô�Ç ½©���õ� $í
0px�̀¦ ��t���H

�èáÔàÔJ?#Q �©��'al�\�¦ >hµ1Ï�%i���. �èáÔàÔJ?#Q �©��'al�\�¦ [O�>���¦ ½̈�&³���HX< e��#Q"f �×¼J?#Q �©��'a

l���� VCS\�"f Ãº'�����H t���� \V8£¤ ����p�'�_� >�íß�õ� 1lx{9�ô�Ç [O�>� ~½Ód���̀¦ �̧{9��%i���. 7£¤, t���� \V

8£¤����p�'�\�¦>�íß����H~½Ód��\���H�'a8£¤²DGl�ìøÍõ�l����l�ìøÍ_�~½ÓZO�s���6 x÷&�¦e����(Whitney 2000).

VCS��H 8úx 16>h �'a8£¤²DG�̀¦ @/�©�Ü¼�Ð �l� M:ë�H\� t�½̈ ×�æd��õ� �'a8£¤²DG ��s�_� l�����̀¦ s�6 x���H 7£¤, �'a

8£¤²DG l�ìøÍ_� t���� \V8£¤ ����p�'�\�¦ >�íß�ô�Ç��(ÕªaË> 4). ëß���� �©��'al�_� t���� \V8£¤ ����p�'� >�íß�\� l�

��� l�ìøÍ_� ~½Ód���̀¦ &h�6 xô�Ç����� t���� \V8£¤ ����p�'��� 120>h_� �©� ñ�©��'a\� @/K� �̧¿º ¹כ��9�>� �)a��.

Õª�Q�� �'a8£¤²DG l�ìøÍ_� t���� \V8£¤ ����p�'� >�íß��̀¦ &h�6 x���� t�½̈ ×�æd���̀¦ l�ï�r(Reference)�Ð �l� M:

ë�H\� y�� �'a8£¤²DG_� Õüw��\� K�{©����H 16>h_� t���� \V8£¤ ����p�'�ëß� ¹כ��9�>� �)a��. ����"f s� ~½Ód���̀¦
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ÕªaË> 4. l���� l�ìøÍ (a)ü< �'a8£¤²DG l�ìøÍ (b).

ÕªaË> 5. �'a8£¤²DG l�ìøÍ�̀¦ °ú���H FX�©��'al� �<ÊÃº ½̈$í
.

G�6 x½+É �â
Äº r�Û¼%7�_� >�íß�|¾Ó�̀¦ �&³$��>� ×�¦{9� Ãº e����H �©�&h�s� e��#Q s� �7Hë�H\�"f��H �'a8£¤²DG l�ìøÍ_� t�

��� \V8£¤ ����p�'� >�íß��̀¦ &h�6 x�%i���.

ÕªaË> 4��H l���� l�ìøÍõ� �'a8£¤²DG l�ìøÍ_� ~½Ód���̀¦ �����·p �.���s	כ ÕªaË> 4a_� l���� l�ìøÍ�Ér l�ï�r�̀¦ X

�'a8£¤²DGÜ¼�Ð ��¦ ô�Ç Aá¤ �'a8£¤²DG_� �'a8£¤ X<s�'�\� @/K�"fëß� t���� ÆÒ&h�õ� áÔ�2;t� �r����̀¦ Ãº'��ô�Ç��. Õª

�Q�� ÕªaË> 4b_� �'a8£¤²DG l�ìøÍ�Ér �̧��H �'a8£¤²DG_� X<s�'�\� t���� ÆÒ&h�õ� áÔ�2;t� �r����̀¦ Ãº'��ô�Ç��. ÕªaË>

5\� s� �7Hë�H\�"f G�6 xô�Ç �'a8£¤²DG l�ìøÍ_� t���� \V8£¤ ����p�'� >�íß� ~½Ód���̀¦ &h�6 xô�Ç FX �©��'a�<ÊÃº_� �̂¦

2�¤ ½̈$í
�̀¦ ����?/%3���. FX �©��'al���H F(FFT)ü< X �<ÊÃº �̂¦2�¤�̀¦ �̧¿º ��5g �©� ñ ��0> Û¼&7�àÔ!3�(Cross

power spectrum)�̀¦ SX����½+É Ãº e���¦ Û¼&7�àÔ!3� X<s�'�\�¦ IFFT(Inverse FFT)�#� A�Õª �̧Bj���(Lag

domain)\�"f_� áÔ�2;t�\�¦ SX����½+É Ãº e����. �èáÔàÔJ?#Q �©��'al��̧ VCSü< ��ðøÍ��t��Ð FX �©��'a ~½Ód���̀¦

G�6 x��¦ e��Ü¼ 9, ³ðï�r C\�¦ s�6 x�%i���. Õªo��¦, �û¶�̧ÄºÝ¼(Windows)ü< o�³nqÛ¼(Linux) 8̈��â
\�"f �̧

¿º 1lx�����̧2�¤ ½̈�&³�%i���. VCS\�¦ 0Aô�Ç 16q�àÔ �¦&ñ
�èÃº&h� ���íß�õ� double+þA_� >�íß� ~½Ód�� �̧¿º\�¦ t�

"é¶ô�Ç��.

3.1 62T�'_ �·&9� Áì>ói;

VCS_� "fÚÔÛ¼àÔaË> +þAd��(c1-c9)�̀¦ �̧¿º t�"é¶�l� 0AK�"f �èáÔàÔJ?#Q �©��'al���H X<s�'� {9�§4�ÂÒ\�

�'a8£¤ l�2�¤�)a Ò�re�¦X<s�'�\�¦ Û¼àÔaË> Z>��Ð &ñ
§>=���H �̂¦2�¤s� e����. ÕªaË> 6\� c2 "fÚÔÛ¼àÔaË> +þAd��\� @/ô�Ç

X<s�'� &ñ
§>=%�o�\�¦ ����?/%3���.
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ÕªaË> 6. c2 +þAd��\� @/ô�Ç &ñ
§>=.

ÕªaË> 7. y�� Ò�re�¦_� q�àÔ ½̈$í
.

KVNDAS_� l�2�¤ +þAI���H VCS_� "fÚÔÛ¼àÔaË> +þAd��(c1-c9)õ� {9�u���¦ Ò�re�¦_� q�àÔ ½̈$í
�Ér Big-

endian +þAd��s� 9, 2q�àÔ Ò�re�¦ X<s�'�_� ��[jô�Ç q�àÔ ½̈$í
�̀¦ ÕªaË> 7\� ����?/%3���.

3.2 U�a:@ �Ò+8כ Áì>ói;

ÕªaË> 9\� �����·p ��õ	כ °ú s� y�� �'a8£¤²DG A, B\�"f �'a8£¤�̀¦ Ãº'��½+É M: t�½̈�̧ /BN���õ� �����s� ÷&l� M:

ë�H\� �'a8£¤��;�̂\�"f y�� �'a8£¤²DG�̀¦ ����K®o�̀¦ M: �'a8£¤²DG A��H �'a8£¤²DG B\� q�K� &h�&h� YO�#Q4R ����H �©�I���

�)a��. Õª�QÙ¼�Ð �©��'al���H s� t����\� K�{©����H °ú̀�כ¦ ÆÒ&h��>� �)a��. Õª�Q�� ÕªaË> 11\� �����·p ÕªA�áÔ

\�"f z�́���_� z�́]jt����(True delay)�Ér z�́]j t����ÆÒ&h�\� K�{©��t�ëß�, {9�ìøÍ&h�Ü¼�Ð ½̈�&³÷&��H �©��'al���H

n�t�_O� r�Û¼%7�s�Ù¼�Ð z�́]jt�����̀¦ >�íß��t� 3lw��¦ >�éß�õ� °ú s� ³ð�&³�)a t����ÆÒ&h�(Delay tracking)�̀¦

Ãº'���>� �)a��. s� M: ÕªaË> 9\�"fü< °ú s� t�½̈_� �����õ� /BN���\� _�ô�Ç ���5Åq&h���� t����ÆÒ&h��̀¦ �©��'al�\�

"f Ãº'���t� 3lw�l� M:ë�H\� ÕªaË> 11_� >�éß� �̧�ª�_� t����ÆÒ&h��̀¦ ���'���>� ÷&��� ���íß�õ�&ñ
\�"f q�àÔ_�

&h�áÔ�� µ1ÏÒqt�>� ÷& 9 s���H Õª ëß��pu_� �̧ÀÓ(Error)\� K�{©����H °úכs� �)a��. Õªo��¦ �©��'al�\�"f t����ÆÒ

&h��̀¦ 0AK� ��6 x���H t���� \V8£¤ ����p�'�_� °úכ�Ér y�� �'a8£¤²DG_� �'a8£¤ 8̈��â
(�'a8£¤ ��;�̂, }©�"é¶�â
 0Au�, @/

l� 1px)\� _��>r�l� M:ë�H\� �̧��H �'a8£¤ X<s�'�_� �©��'a%�o�\�"f ��6 x½+É M: 1lx{9��t� ·ú§��. \V\�¦ [þt#Q, ³ð

1\� �����·p VCS_� ½©���\�"f VSOP-2\�¦ t�"é¶�l� 0Aô�Ç þj@/ t���� r�çß��Ér ±0.12sec_� l���<Æ&h� t����

Ü¼�Ð [O�&ñ
÷&#Q e����. s� t����r�çß��Ér VSOP-2 0A$í
_� þj@//þj�è ��o���� ±36,000km\� K�{©����H °úכs�

��. �èáÔàÔJ?#Q �©��'al�\�"f l���<Æ&h� t�����Ér VCSü< ²ú�o� !Q(�_� ]j����̀¦ ~ÃÎt� ·ú§l� M:ë�H\� ±0.12sec

s��©�_� t���� r�çß��̀¦ >�íß�½+É Ãº e����.

ÕªaË> 8�Ér ÕªaË> 4b\�"f �'a8£¤²DG Aü< B Õªo��¦ t�½̈×�æd����� O\� @/ô�Ç l���<Æ&h� t����\� @/ô�Ç %�o�\�¦

�����·p�<s���.ÕªaË	כ 4bü<�<Êa�ÕªaË> 8�̀¦¶ú�(R�Ð���,ÕªaË> 4b\�"f�'a8£¤²DG Aü< B,t�½̈×�æd�� O\�@/K��'a

8£¤ ��;�̂\�"f y�� �'a8£¤²DG�̀¦ �����̂¦ M:, t�½̈×�æd�� O, �'a8£¤²DG B, �'a8£¤²DG A í�H"f�Ð ��o��� YO����¦ ��&ñ
ô�Ç

�.���s	כ l���<Æ&h���� t�����Ér ÕªaË> 8õ� °ú s� �'a8£¤²DG A, Bí�H"f�Ð l���<Æ&h� t����\� @/ô�Ç �8p�(Dummy)



Development of Software Correlator for KJJVC 577

ÕªaË> 8. l���<Æ&h� t����\� @/ô�Ç �©��'a%�o�.

ÕªaË> 9. t�½̈_� �����\� _�ô�Ç q�àÔ &h�áÔ µ1ÏÒqt.

ÕªaË> 10. l�ï�r²DG l�ï�r q�àÔ &h�áÔ.

X<s�'��� {9�§4�÷&�¦, t�½̈×�æd�� O\� @/K�"f��H _���(Pseudo) X<s�'��� {9�§4��)a���¦ ��&ñ
�#� >�íß�ô�Ç��.

t�½̈_� /BN���õ� �����\� _�K�"f t���� r�çß�s� ����o� 9 s���H t���� ����p�'�\� �í�<Ê�)a��(Kondo et

al. 1997). t���� r�çß�_� ����oÖ�¦, /BI l�Ö�¦l�\�¦ >�íß��#� q�àÔ &h�áÔ %�o�\�¦ Ãº'��ô�Ç��. q�àÔ &h�áÔ��H �'a8£¤

²DGs� l�ï�r²DG�Ð�� YO�#Q|9� M:��H 1Ò�re�¦\� K�{©����H X<s�'�\�¦ ]j����¦, �'a8£¤²DGs� l�ï�r²DG�Ð�� ����0>|9�

M:��H 1Ò�re�¦\� K�{©����H X<s�'�\�¦ F���6 x�#� �©��'a %�o����H �¦̀�	כ ú́�ô�Ç��(Kondo et al. 1997). ÕªaË>

10�Ér ÕªaË> 9\� �����·p ÕªaË>\�"f l�ï�rs� ÷&��H t�½̈ ×�æd�� O\�¦ @/�©�Ü¼�Ð ÕªaË>_� 0AAá¤\� 1 Ò�re�¦s� ]j��

�)a ÂÒì�rs� �'a8£¤²DG Aü< t�½̈ ×�æd����s�\�¦ ����?/�¦, ÕªaË>_� ��A�Aá¤s� �'a8£¤²DG Bü< t�½̈ ×�æd�� O ��s�\�¦

�����·p ÂÒì�rs���. 7£¤, l�ï�rs� ÷&��H t�½̈ ×�æd�� O\�"f �'a8£¤²DG Aü< B ��s�\� �©��'a%�o�\�¦ 0AK�"f��H �'a

8£¤²DG A\�"f 1 Ò�re�¦ ]j������� �'a8£¤²DG B\�"f 1 Ò�re�¦ 4�¤��K�"f q�àÔ &h�áÔ\�¦ :�xô�Ç �©��'a%�o�\�¦ Ãº'��K�
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ÕªaË> 11. q�àÔ &h�áÔ_� µ1ÏÒqtõ� �èÃº t���� \��Q.

�� ���H �¦̀�	כ �����·p �.���s	כ ·ú¡\�"f [O�"î
ô�Ç ��õ	כ °ú s� ÕªaË> 11�Ér n�t�_O� r�Û¼%7�_� q�àÔ &h�áÔ\�¦ >�íß�

���H ~½ÓZO��̀¦ �����·p �Ü¼�Ð	כ ÕªaË>\�"f q�àÔ &h�áÔ(Bit jump)��H q�àÔ &h�áÔ���¦ ³ðr�ô�Ç ÂÒì�r_� >�éß� ÂÒ

ì�r\�"f µ1ÏÒqt� 9, d�� (8)õ� °ú s� t���� ����p�'� τ(t)\� Ò�re�¦a�A ÅÒ��Ãº fs\�¦ Y�Lô�Ç D(t)_� ]X�@/°úכs� 0.5

s��©�s� ÷&��� q�àÔ &h�áÔ�� µ1ÏÒqtô�Ç��.

D(t) = τ(t)× fs (8)

>hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al���H ³ðï�r C ��s�ÚÔ�Qo�_� nint( ) �<ÊÃº\�¦ s�6 x�#� q�àÔ &h�áÔ\�¦ >�íß��

�̧2�¤ ½̈�&³�%i���.

3.3 É�)>	U� Pvb9	 Áì>ói;

áÔ�2;t� �r��� �̂¦2�¤�Ér t�½̈_� /BN���õ� �����\� _�ô�Ç �̧e�¦�Q ¼#�s�\� _�ô�Ç ÅÒ��Ãº_� %ò
�¾Ó�̀¦ �íl�0A�©�

õ� 0A�©� ��5ÅqÖ�¦(Phase acceleration)\� _�K� �Ð&ñ
ô�Ç��. t����ÆÒ&h�\� _�K� µ1ÏÒqt���H q�àÔ &h�áÔ_� 0A�©�

����o��H �íl�0A�©��̀¦ s�6 x�#� �Ð&ñ
ô�Ç��. d�� (4)ü< (5)\�"f φ0��H �íl�0A�©�s��¦ Foτ̇��H ∆φ�Ð 0A�©� ��5Åq

Ö�¦s���. q�àÔ &h�áÔ�� µ1ÏÒqt½+É �â
Äº �íl� 0A�©��̧ 90�̧ &h�áÔ\�¦ ô�Ç��. l�2�¤�)a �'a8£¤ X<s�'��� 1q�àÔ 2YU6\�

{9� �â
Äº��H 180�̧ &h�áÔ\�¦ ��¦, 3q�àÔ 8YU6\�{9� �â
Äº��H 45�̧ &h�áÔ\�¦ ô�Ç��. ÕªaË> 11\� q�àÔ &h�áÔ_� µ1ÏÒqt

õ� �èÃº t���� \��Q(fractional delay error)(Kondo et al. 1997)\� @/K� ����?/%3���.

áÔ�2;t� �r��� �̂¦2�¤\�"f Ø�¦§4�÷&��H 4�¤�è(Complex) X<s�'���H d�� (4)ü< d�� (5)\� _�K� y��y�� z�́Ãº°úכõ�

)�Ãº°úכs� �)a��.

3.4 FFT Áì>ói;Üï ∆W �¹+ä� Áì>ói;

�èáÔàÔJ?#Q �©��'al�\�"f FFT �̂¦2�¤�Ér ÕªaË> 3\� �����·p ��õ	כ °ú s� VCS �×¼J?#Qü< 1lx{9��>� ½̈�&³

�%i�Ü¼ 9 ÅÒ��Ãº G�V,��Ér 2ÂÒ'� 262,144��t� >�íß�½+É Ãº e���̧2�¤ �%i���. �×¼J?#Q �©��'al���H �×¼J?#Q

o��èÛ¼(Resource)_� ]jô�ÇÜ¼�Ð r�Û¼%7�_� $í
0px >h���õ� ÆÒl� l�0px�̀¦ G�6 x���HX< ú́§�Ér #Q�9¹¡§s� e��t�ëß�,

�èáÔàÔJ?#Q �©��'al���H áÔ�ÐÕªA�bç
 ���#Q\� _�K� ½̈�&³÷&l� M:ë�H\�, FFT ���íß� �̧Ñýtõ� °ú s� �©��'al�_� Ùþ�

d��s� ÷&��H ÂÒì�r�Ér PC_� Bj�̧o� 1pxõ� °ú �Ér o��èÛ¼�� )�6 x�)a����� ~1�>� SX��©�½+É Ãº e����H �©�&h�s� e����. Õª

o��¦ ∆W �Ð&ñ
 �̂¦2�¤�Ér ÕªaË> 12\�"f �����·p ��õ	כ °ú s� q�àÔ &h�áÔ�� µ1ÏÒqt���H t�&h� ��s�_� \��Q °úכ�Ér

n�t�_O� ���íß�\�"f Ô�¦��x��>� {9�#Q����H °úכs���. q�àÔ &h�áÔ��H r�çß� �̧Bj���\�"f �íl�0A�©��̀¦ &h�áÔ r�&�

"f �Ð&ñ
�̀¦ �t�ëß� �Ð&ñ
�t� 3lwô�Ç ÂÒì�r�Ér ∆W �Ð&ñ
�̀¦ s�6 x�#� �Ð&ñ
ô�Ç��. ¢̧ô�Ç, ���5Åq�� ��;�̂\�¦ s�6 x

�#� �©��'a%�o�ô�Ç Êê 0A�©�_� l�Ö�¦#Qf���̀¦ 8£¤&ñ
�#� �©��'a Êê%�o� õ�&ñ
\�"f �©��'al�_� 0A�©��̀¦ �Ð&ñ
ô�Ç��.
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ÕªaË> 12. �èáÔàÔJ?#Q �©��'al� í�H"f�̧(Flowchart).

3.5 X Áì>ói;

�èáÔàÔJ?#Q �©��'al�_� X �̂¦2�¤�Ér ÕªaË> 5\� �����·p ��õ	כ °ú s� 4�¤�è FFTü< ∆W �Ð&ñ
�̀¦ ���íß�ô�Ç Êê

\� A, B �'a8£¤²DG X<s�'�\�¦ Y�Lô�Ç��. A �'a8£¤²DG_� z�́Ãº X<s�'� RA, )�Ãº X<s�'� IA, B �'a8£¤²DG_� z�́Ãº X<

s�'� RB , )�Ãº X<s�'� IB ��s�_� 4�¤�è Y�L!lr�̀¦ ô�Ç��.

�èáÔàÔJ?#Q �©��'al���H {9�§4��)a �'a8£¤ X<s�'�\�¦ &ñ
§>=���H q�àÔÛ¼àÔaË> &ñ
§>= �̂¦2�¤, t���� ÆÒ&h� �̂¦2�¤, áÔ

�2;t� �r��� �̂¦2�¤, 4�¤�è FFT �̂¦2�¤, Y�L!lr �̂¦2�¤, Õªo��¦ &h�ì�r �̂¦2�¤Ü¼�Ð ½̈$í
�)a��. ÕªaË> 12��H Aü< B �'a

8£¤²DG\� @/ô�Ç VLBI �©��'al�%�o� í�H"f\�¦ \V\�¦ [þt#Q �èáÔàÔJ?#Q �©��'al�_� í�H	�&h���� í�H"f�̧(Sequence

flowchart)\�¦ �����·p �.���s	כ



580 Yeom et al.

³ð 4. r�+«>\� ��6 xô�Ç �'a8£¤ X<s�'�_� &ñ
�Ð.

Telescope Source Observation frequency Bandwidth Observation mode

VERA W49N/OH43.8 22.227GHz 128MHz VERA1

(A beam/B beam)

3C446(Continuum) 22.227GHz 128MHz VERA1

SgrB2/RCW142 22.226GHz 16MHz VERA7

(A beam/B beam)

KVN W49N 22.227GHz 256MHz KVN1

4. }º³�²��ú#a Vêså¾ËM�8ý VRË�Ö«S�]Mö õmÍ +sÇÊÝ

4.1 ��÷7B 62T�'_ D�� S�0±C�ç¡(«

�èáÔàÔJ?#Q �©��'al�_� $í
0px���7£x�̀¦ 0AK� ��6 xô�Ç �'a8£¤ X<s�'���H ��l��©��'a/�©� ñ�©��'a%�o�\�¦ 0AK� {9�

�:r²DGwn���;ë�H@/_� VERA\�¦ :�x�#� 2007�̧��̧\� �'a8£¤ô�Ç Û¼&7�àÔ!3� ���õ� ���5Åq�� ��;�̂\�¦ @/�©�Ü¼�Ð �%i�

��(Oyama 2009). Õªo��¦ ��l��©��'a%�o�\�¦ 0AK� KVN���[j�����}©�"é¶�â
Ü¼�Ð �'a8£¤ô�Ç X<s�'�\�¦ ��6 x�%i�

��. s� z�́+«>\�"f ��6 xô�Ç �'a8£¤ X<s�'�_� &ñ
�Ð\�¦ ³ð 3\� ����?/%3���.

VERA Ãº��� r�Û¼%7��Ér ¿»\O�c��(Dual beam) r�Û¼%7�(VERA 2009)Ü¼�Ð+� ÕªaË> 14\� �����·p ��õ	כ °ú 

�Ér "fÚÔ Û¼àÔaË> ½̈�̧\�¦ °ú���H��. {9��:r²DGwn���;ë�H@/_� p���
� �©��'aG'p'�\�"f î�r6 x×�æ��� FX�©��'al���H �×¼

J?#Q �©��'al�s� 9, 5>h �'a8£¤²DG, 1Gbps %�o�5Åq�̧, 1,024Ø�¦§4�G�V,�_� ½©����̀¦ ��t��¦ e����(VERA 2009).

Õªo��¦ s� ���½̈\�"f >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al���H 16>h �'a8£¤²DG, 8.192Gbps %�o�5Åq�̧, 8,192Ø�¦§4�G�V,�

_� ½©���Ü¼�Ð VCSü< 1lx{9�ô�Ç ½©���Ü¼�Ð [O�>� ½̈�&³�%i���. p���
� FX �©��'al�_� ���õ�ü< �èáÔàÔJ?#Q �©�

�'al�_� ���õ�\�¦ q��§�l� 0AK�"f��H 1lx{9�ô�Ç ½©���\�"f Ãº'�����H ��s	כ ��{©�����¦ Òqty��÷&t�ëß�, �&³F� >h

µ1Ïô�Ç �èáÔàÔJ?#Q �©��'al���H VCSü< 1lx{9�ô�Ç ½©���Ü¼�Ð $í
0px���7£x�̀¦ 0AK� >hµ1Ï�%i�l� M:ë�H\� "f�Ð ���Ér

½©���_� r�Û¼%7��̀¦ &ñ
|¾Ó&h�Ü¼�Ð q��§���H ��Ér	כ #Q�9¹¡§s� ���Ér��. çß�éß�y� \V\�¦ [þt#Q p���
� FX �©��'al�

_� Ø�¦§4�G�V,��Ér 1,024>h s�Ù¼�Ð ëß���� 256MHz @/%i�Ü¼�Ð �'a8£¤ô�Ç �â
Äº 1Ø�¦§4� G�V,�{©� 250kHz_� &ñ
�Ð\�¦

�����·p��. Õª�Q�� �èáÔàÔJ?#Q �©��'al�_� �â
Äº��H 31.25kHz_� &ñ
�Ð\�¦ ����?/l� M:ë�H\� 	�s��� e��6£§�̀¦

·ú� Ãº e����. Õªo��¦ p���
� FX �©��'al�_� ���õ���H �©��'a%�o�\�¦ Ãº'��ô�Ç Êê �̧�FK_� �̧&ñ
���\O��̀¦ Ãº'��ô�Ç �	כ

s�l� M:ë�H\� �&³F� >hµ1Ï�)a �èáÔàÔJ?#Q �©��'al���H �̧&ñ
���\O��̀¦ Ãº'��½+É Ãº \O���H �©�S!�s�Ù¼�Ð r�+«>���õ� Õª

aË>�̀¦ q��§½+É M: #Q�9¹¡§s� e���̀¦ Ãº e����. 7£¤, ·ú¡\�"f l�Õütô�Ç r�Û¼%7�_� [O�>�½©���s� ��ØÔ�¦ �©��'a Êê%�o�

&h�6 x#�ÂÒ�� ��ØÔl� M:ë�H\� s� ���½̈���õ�\�"f��H Û¼&7�àÔ!3�_� �̧�ª�, 0A�©�����oü< áÔ�2;t� ���Ø�¦ 1px�̀¦ ×�æd��

Ü¼�Ð s��\�"f çß�|ÄÌy� l�Õüt��¦�� ô�Ç��.

4.2 �ç¡MÎ3%oP� S�0±C�lBÜï

ÕªaË> 13�Ér s� ���½̈\�"f >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al�_� z�́'���o���s� 9, '�p�V,� �̧×¼\�"f ����p�'���H

Û¼ß¼wn�àÔ(Script)�Ð {9�§4�÷&�¦ �û¶�̧ÄºÝ¼, o�³nqÛ¼ r�Û¼%7�\�"f�̧ ½̈1lx�)a��. z�́+«>\� ��6 xô�Ç 'Í	 ���P: �'a8£¤

X<s�'���H Û¼&7�àÔ!3� ���(Spectral line)_� [jl��� y©�ô�Ç ��;�̂�Ð"f 2007�̧�\� VERA �'a8£¤hË>\�"f �'a8£¤ô�Ç

�Oyama)	כ 2009)s� 9 VERA1 �'a8£¤�̧×¼(Iguchi et al. 2005)s���. A c��(beam)�Ér W49Ns��¦ B c���Ér

OH43.8s���.

���$� VERA1 �'a8£¤�̧×¼\�"f W49N/OH43.8_� �'a8£¤X<s�'� ×�æ A c��\� K�{©����H W49N\� @/ô�Ç
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ÕªaË> 13. �èáÔàÔJ?#Q �©��'al� z�́'�� �o���.

ÕªaË> 14. VERA1 �'a8£¤�̧×¼_� c��("fÚÔÛ¼àÔaË>) ½̈$í
.

r�+«>�̀¦ p���
� FX �©��'al�ü< �èáÔàÔJ?#Q �©��'al��Ð Ãº'���%i���. W49N ��;�̂\� @/ô�Ç VERA1 �'a8£¤�̧

×¼��H 128MHz @/%i�;�¤s� 9, �'a8£¤ ÅÒ��Ãº��H 22.227GHzs���. VERA �'a8£¤²DG�Ér MIZUSAWA, IRIKI,

OGASAWARA, ISHIGAKI_� 4 �'a8£¤²DGs� 9, p���
� FX �©��'al�\� _�ô�Ç &h�ì�rr�çß��Ér 1secs���. ÕªaË>

15��H p���
� FX �©��'al�\� _�ô�Ç r�+«>���õ�\�¦ �����·p �.���s	כ VERA_� 4�'a8£¤²DG\� @/ô�Ç �©��'a�̧½+Ë\� _�

K� 6>h_� �©� ñ�©��'a���õ��� Ø�¦§4��)a��. q��§\�¦ 0AK� s� ���½̈\�"f >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al�\�¦ s�6 x�#�

W49N ��;�̂\�¦ @/�©�Ü¼�Ð 1lx{9�ô�Ç r�+«>�̀¦ Ãº'���%i�Ü¼ 9,Õª ���õ�\�¦ ÕªaË> 16\� ����?/%3���. W49N ��;�̂

��H ��� ñ_� SNR(Signal to Noise Ratio)s� B�Äº y©�ô�Ç ��;�̂s�Ù¼�Ð PC\�"f ½̈1lx���H �èáÔàÔJ?#Q �©��'a

l�_� �©��'a%�o� r�çß��̀¦ ×�¦s�l� 0AK� p���
� FX �©��'al��Ð�� Âúª�Ér 0.096sec(=96msec) 1lxîß�ëß� &h�ì�r�%i�

��. B�Äº Âúª�Ér r�çß�1lxîß�s�t�ëß�, p���
� FX �©��'al� \�"f 1sec 1lxîß� &h�ì�rô�Ç �©��'a���õ�_� Û¼&7�àÔ!3� �̧�ª�

�̀¦ %3���HX<��H Áºo��� \O�l� M:ë�Hs���. ÕªaË> 16\�"f y�� �©��'a���õ���H ÕªaË> 15\� �����·p ��õ	כ 1lx{9�ô�Ç �̧½+Ë

s���.

VERA1 �'a8£¤�̧×¼\�"f B c��\� K�{©����H ��;�̂��H OH43.8s� 9, p���
� FX �©��'al�\�¦ s�6 x�#�

IRIKI-OGASAWARA, MIZUSAWA-IRIKI l����\� @/ô�Ç �©��'a%�o� ���õ���H ÕªaË> 17\� ����?/%3�Ü¼ 9,

�©��'a &h�ì�rr�çß��Ér 1secs���. Õªo��¦ �èáÔàÔJ?#Q �©��'al�\�¦ s�6 x�#� 1lx{9�ô�Ç l����\� @/ô�Ç �©��'a%�o� ���

õ���H ÕªaË> 18\� ����?/%3���. s�M: �©��'a &h�ì�rr�çß��Ér 0.96secs���. ·ú¡\�"f�̧ l�Õütô�Ç ��õ	כ °ú s� p���
�

FX �©��'al�ü< >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al�_� ½©���s� 1lx{9��t� ·ú§l� M:ë�H\� &ñ
SX�ô�Ç q��§��H ½+É Ãº \O�t�

ëß�, ÕªaË> 17õ� ÕªaË> 18_� Û¼&7�àÔ!3� �̧�ª��̀¦ q��§K� �Ð��� Û¼&7�àÔ!3�_� �̧�ª�s� {9�u���¦ e��6£§�̀¦ SX����½+É

Ãº e����.

��6£§�Ér ���5Åq�� ��;�̂��� 3C446�̀¦ @/�©�Ü¼�Ð p���
� FX �©��'al�ü< �èáÔàÔJ?#Q �©��'al�_� $í
0px���7£x�̀¦

0AK� �©��'a%�o�r�+«>�̀¦ Ãº'���%i���. ���5Åq�� ��;�̂��H Û¼&7�àÔ!3� �̧�ª�s� @/%i�:�xõ� �9�'�_� �̧�ª��̀¦ ��t��¦

e��Ü¼Ù¼�Ð�©� ñ�©��'a%�o�\�¦�����©��'a���õ�\�¦SX�������H��<90�s�#Q	כ�;�̂_�0A�©�&ñ
�Ð����oü<A�Õª �̧Bj
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ÕªaË> 15. W49N ��;�̂_� p���
� FX �©��'al� �©� ñ�©��'a ���õ�(0A�©�(0A), �©� ñ ��0> Û¼&7�àÔ!3�(��A�), 1sec &h�ì�r).

���(Lag domain)\�"f_� áÔ�2;t� ���Ø�¦�Ð"f SX����½+É Ãº e����. ����"f s���� z�́+«>_� �â
Äº ��;�̂_� 0A�©�����o

ü< áÔ�2;t� ���Ø�¦�̀¦ :�x�#� �©��'a���õ�\�¦ q��§�%i���. ÕªaË> 19��H ���5Åq�� ��;�̂��� 3C446_� MIZUSAWA-

IRIKI, IRIKI-ISHIGAKI l����\� @/ô�Ç p���
� FX �©��'al�_� �©� ñ�©��'a���õ�\�¦ �����·p �.���s	כ ÕªaË>

19_� 0A��H 0A�©�����o, ��A���H �©� ñ�©��'a Û¼&7�àÔ!3��̀¦ y��y�� �����·p �.���s	כ ÕªaË> 19_� 0A�©�����o\�"f �©�

�'a���õ�\� ���� ��;�̂_� 0A�©�s� ����o���H �¦̀�	כ SX����½+É Ãº e����. Õªo��¦ 3C446 ��;�̂\� @/ô�Ç p���
� FX

�©��'al�_� áÔ�2;t� ���Ø�¦���õ���H ÕªaË> 20\� ����?/%3���.

p���
� FX �©��'al�_� �©��'a���õ�ü< q��§\�¦ 0AK� ÕªaË> 21õ� ÕªaË> 22\� �èáÔàÔJ?#Q �©��'al�\� _�ô�Ç

3C446 ���5Åq�� ��;�̂(ÕªaË> 20õ� 1lx{9�ô�Ç l����)_� �©��'a���õ�\�¦ y��y�� ����?/%3���. ÕªaË> 21õ� ÕªaË> 22_� r�

+«>���õ�\�"f p���
� FX �©��'al�ü< q��§�#� 0A�©�_� ����o�� ����t�ëß� 0A�©�s� SX����y� ����o��¦ e��6£§�̀¦
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ÕªaË> 16. W49N ��;�̂_� �èáÔàÔJ?#Q �©��'al� �©� ñ�©��'a ���õ�(0A�©�(0A), �©� ñ ��0> Û¼&7�àÔ!3�(��A�), 0.096sec &h�ì�r).

SX����½+É Ãº e��Ü¼ 9, áÔ�2;t��̧ ���Ø�¦÷&��H �¦̀�	כ SX�����%i���.

>hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al�_� $í
0pxSX�����̀¦ 0AK� ��6 xô�Ç [j ���P: �'a8£¤ X<s�'���H VERA7 �'a8£¤

�̧×¼�Ð IRIKI-OGASAWARA, MIZUSAWA-IRIKI l����\�"f �'a8£¤ô�Ç Û¼&7�àÔ!3� ��� ��;�̂��� SgrB2ü<

RCW142s���. VERA7 �'a8£¤�̧×¼��H ÕªaË> 23\� �����·p ��õ	כ °ú s� 16MHz @/%i�;�¤�̀¦ °ú���H 16 "fÚÔÛ¼àÔ

aË>Ü¼�Ð ½̈$í
÷& 9, KVN_� �'a8£¤ �̧×¼ 5(�̧[j��� ü@ 2007)\� K�{©�ô�Ç��. ÕªaË> 23\� �����·p ��õ	כ °ú s� 1���

P: "fÚÔÛ¼àÔaË>�Ér A c��Ü¼�Ð SgrB2 ��;�̂s��¦, 9���P: "fÚÔÛ¼àÔaË>�Ér B c��Ü¼�Ð RCW142 ��;�̂s���. s�

z�́+«>\�"f��H A c��ëß� z�́+«>\� ��6 x�%i�Ü¼ 9 y�� �©��'al�_� z�́+«>���õ���H ÕªaË> 24ü< ÕªaË> 25\� y��y�� ����?/
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ÕªaË> 17. OH43.8 ��;�̂_� p���
� FX�©��'al� �©� ñ �©��'a ���õ�(1sec &h�ì�r).

ÕªaË> 18. OH43.8 ��;�̂_� �èáÔàÔJ?#Q �©��'al� �©� ñ �©��'a ���õ�(0.96sec &h�ì�r).

ÕªaË> 19. 3C446 ���5Åq�� ��;�̂_� p���
� FX �©��'al� �©� ñ �©��'a ���õ�(1sec &h�ì�r).

%3���.

p���
� FX �©��'al�_� �©��'a���õ���� ÕªaË> 24ü< �èáÔàÔJ?#Q �©��'al�_� �©��'a���õ���� ÕªaË> 25\�¦ q��§K�

�Ð���, Û¼&7�àÔ!3�_� �̧�ª�s� Ä»���<Ê�̀¦ ·ú� Ãº e����.

KVN���[j�����}©�"é¶�â
Ü¼�Ð �'a8£¤ô�Ç X<s�'�\�¦ s�6 x�#� >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al�_� ��l��©��'a z�́

+«>�̀¦ Ãº'���%i���. z�́+«>\� ��6 xô�Ç �'a8£¤ X<s�'���H Û¼&7�àÔ!3� [jl��� y©�ô�Ç W49N ��;�̂s� 9 KVN_� �'a

8£¤�̧×¼ 1��� 256MHz @/%i�;�¤Ü¼�Ð Mark5B(Whitney 2006) l�2�¤l��Ð l�2�¤ô�Ç �.���s	כ �èáÔàÔJ?#Q �©��'a

l�_� ��l��©��'a���õ���H ÕªaË> 26\� ����?/%3���. ÕªaË> 26_� ��l��©��'a���õ�\�"fW49N ��;�̂_� Û¼&7�àÔ!3�s�
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ÕªaË> 20. 3C446 ���5Åq�� ��;�̂_� p���
� FX �©��'al� áÔ�2;t� ���Ø�¦���õ�(IRIKI-MIZUSAWA(¢,aAá¤), IRIKI-

ISHIGAKI(�̧�ÉrAá¤)).

ÕªaË> 21. 3C446 ���5Åq�� ��;�̂_� IRIKI-MIZUSAWA l����\�"f �èáÔàÔJ?#Q �©��'al� �©� ñ�©��'a ���õ�(0A�©�����o(0A),

áÔ�2;t� ���Ø�¦(��A�), 0.96sec &h�ì�r).

ÕªaË> 22. 3C446 ���5Åq�� ��;�̂_� IRIKI-ISHIGAKI l����\�"f �èáÔàÔJ?#Q �©��'al� �©� ñ�©��'a ���õ�(0A�©�����o(0A),

áÔ�2;t� ���Ø�¦(��A�), 1.92sec &h�ì�r).

896MHz ÂÒ��H\�"f Ø�¦§4�÷&��H SX����½+É Ãº e����.

4.3 �lBÜïz�õmÔ

s� ���½̈\�"f >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al�_� $í
0pxSX�����̀¦ 0AK� {9��:r²DGwn���;ë�H@/_� VERA �'a8£¤}©�\�

"f �'a8£¤ô�Ç X<s�'�ü< KVN_� �'a8£¤ X<s�'�\�¦ @/�©�Ü¼�Ð �©��'a%�o� r�+«>�̀¦ Ãº'���%i�Ü¼ 9, �×¼J?#Q �©��'a
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ÕªaË> 23. c��("fÚÔÛ¼àÔaË>) ½̈$í
(16 "fÚÔÛ¼àÔaË> A: A c��, B: B c��, n: �̧s�Ý¼(noise)).

ÕªaË> 24. SgrB2 ��;�̂_� p���
� FX �©��'al� �©� ñ�©��'a ���õ�(IRIKI-OGASAWARA l����(¢,aAá¤), MIZUSAWA-

IRIKI l����(�̧�ÉrAá¤), 1sec &h�ì�r).

ÕªaË> 25. SgrB2 ��;�̂_� �èáÔàÔJ?#Q �©��'al� �©� ñ�©��'a ���õ�(IRIKI-OGASAWARA(¢,aAá¤),IRIKI-MIZUSAWA

(�̧�ÉrAá¤), 1.92sec &h�ì�r).

ÕªaË> 26. KVN �'a8£¤ X<s�'� W49N ��;�̂_� �èáÔàÔJ?#Q �©��'al� ��l��©��'a ���õ�.
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l���� p���
� FX �©��'al�ü< q��§����Ð �%i���. Õª���X<, p���
� FX �©��'al�_� �×¼J?#Q ½©���õ� �èáÔàÔJ?

#Q �©��'al�_� ½©���s� 1lx{9��t� ·ú§�¦, �©��'a%�o�\�¦ 0AK� {9�§4�÷&��H ����p�'�_� �̧|	�s� %3�x9��>� {9�u��

t� ·ú§��H��. ����"f �èáÔàÔJ?#Q �©��'al�_� ���õ���H p���
� FX �©��'al�ü< ¢-a#4��>� {9�u����H ���õ�\�¦ %3�

�̀¦ Ãº \O�%3�Ü¼ 9, &ñ
SX�ô�Ç q��§\�¦ ���H ��Ér	כ #Q�9¹¡§s� e�����¦ óøÍéß��)a��. �t�ëß� >hµ1Ïô�Ç �èáÔàÔJ?#Q �©�

�'al�_� $í
0px�̀¦ SX�����l� 0AK�"f��H s�p� �©��'a���õ�\�¦ ·ú��¦ e����H 1lx{9�ô�Ç �'a8£¤ X<s�'�\�¦ @/�©�Ü¼�Ð z�́+«>

�̀¦ Ãº'��½+É ��¹כ��9 e����. ����"f s� ���½̈\�"f��H �×¼J?#Q �©��'al���� p���
� FX �©��'al�_� �©��'a���õ�\�¦

@/�©�Ü¼�Ð Û¼&7�àÔ!3� �̧�ª�, áÔ�2;t� ���Ø�¦, 0A�©�����o 1px�̀¦ :�x�#� q��§z�́+«>�̀¦ Ãº'��ô�Ç ���õ�\�¦ s��©�\�"f l�

Õüt�%i���. �&³F� �èáÔàÔJ?#Q �©��'al���H �©��'a%�o�_� Ùþ�d��ÂÒì�rs� ¢-a$í
�)a �©�I��Ð"f, �©��'a Êê%�o� 1px �Ð�̧

l�0pxs� ¢-a#4��>� °ú�ÆÒ#Q��� �©�I���H ��m���. Õª�QÙ¼�Ð �¾ÓÊê �©��'a Êê%�o�ü< ��6 x�� ���'��̀s�Û¼\�¦ >h���

ô�Ç þj7áx >hµ1Ïs� ¢-a«Ñ÷&��� 1lx{9�ô�Ç �©��'a���õ�\�¦ %3��̀¦ �Ü¼�Ð	כ l�@/ô�Ç��. Õªo��¦ >hµ1Ï�)a �èáÔàÔJ?#Q �©��'a

l��� YO�w��ï#Q CPU\�¦ G�6 xô�Ç @/6 x|¾Ó "f!Q r�Û¼%7�\�"f ½̈1lx÷&�¦, �����%ò
�©�½+Ë$í
 ���\O��̀¦ Ãº'������ ��

�Ér �×¼J?#Q �©��'al�ü< 1lx{9�ô�Ç ���õ�\�¦ %3��̀¦ Ãº e���̀¦ �Ü¼�Ð	כ l�@/�)a��.

5. +sÇ Â]Ø

s� ���½̈\�"f��H ô�Ç{9�/BN1lxVLBI�©��'al�(KJJVC)_� Ùþ�d��ÂÒì�r¾¡§��� VLBI�©��'a"fÚÔr�Û¼%7�(VCS)õ� 1lx

{9�ô�Ç ½©����̀¦ °ú���H �èáÔàÔJ?#Q �©��'al�\�¦ >hµ1Ï�%i���. >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al�_� $í
0px�̀¦ SX�����l�

0AK� {9��:r²DGwn���;ë�H@/_� VERA �'a8£¤}©�Ü¼�Ð �'a8£¤ô�Ç Û¼&7�àÔ!3� ���õ� ���5Åq�� ��;�̂\�¦ s�6 x�#� �©��'a%�o�

z�́+«>�̀¦ Ãº'���%i�Ü¼ 9, �©��'a%�o� ���õ���H �×¼J?#Q �©��'al���� p���
� FX �©��'al�_� �©��'a���õ�ü< q��§�

%i���. W49Nõ� OH43.8, SgrB2_� Û¼&7�àÔ!3� ��� ��;�̂_� p���
� FX �©��'al�ü< 1lx{9�ô�Ç �©��'a���õ�\�¦ SX����

�%i���. Õªo��¦ ���5Åq�� ��;�̂��� 3C446\� @/K�"f�̧ 0A�©�����oü< áÔ�2;t� ���Ø�¦\� _�K� p���
� FX �©��'al�

_� �©��'a���õ�ü< 1lx{9��<Ê�̀¦ ·ú� Ãº e��%3���. s��©�_� z�́+«>���õ�\�"f��H Û¼&7�àÔ!3� �̧�ª�, 0A�©�����o, áÔ�2;t� ���

Ø�¦ 1px�̀¦ p���
� FX �©��'al�ü< q��§�%i���. s� ���½̈\�"f >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al���H KJJVC_� Ùþ�d��

ÂÒì�r¾¡§��� VCSü< 1lx{9�ô�Ç ½©����̀¦ °ú��¦ e��Ü¼ 9, p���
� FX �©��'al�_� ½©���, ����p�'� {9�§4�, �©��'a Êê%�

o� 1pxs� 1lx{9��t� ·ú§��H &h�s� e����. ����"f p���
� FX �©��'al�_� �©��'a���õ�ü< &ñ
SX�y� {9�u����H ���õ�\�¦

%3���HX<��H #Q�9¹¡§s� e��t�ëß�, s��Qô�Ç �©��'a%�o�z�́+«>�̀¦ :�x�#� >hµ1Ïô�Ç �èáÔàÔJ?#Q �©��'al��� &ñ
�©�&h�Ü¼�Ð

1lx������H �¦̀�	כ SX�����%i���. �¾ÓÊê\���H KVN\� _�K� �'a8£¤ô�Ç ú́§�Ér X<s�'�\�¦ @/�©�Ü¼�Ð �©��'a%�o� r�+«>�̀¦

Ãº'����¦, KJJVCü< �<Êa� KVN�̀¦ 0Aô�Ç �èáÔàÔJ?#Q �©��'al��Ð �Ö̧6 x½+É Ãº e���̧2�¤ áÔ�ÐÕªÏþ��̀¦ >h���½+É

\V&ñ
s���.

Pcp��8ý òk>: s� �7Hë�H�Ér ô�Ç²DG��;ë�H���½̈"é¶ 2009�̧��̧ ”ô�Ç{9�/BN1lxVLBI�©��'al� x9� Ãº���l� >hµ1Ï” ���½̈õ�]j_�

���½̈q��Ð Ãº'��÷&%3�_þvm���.
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