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CW-n`GuS�D&y��ufP�9.G�gÆ0/T℄ VLBI T;[Z0R� (Chinese Data Acquisition

System �uE CDAS) ��#hRH5�g�Hu:b�AG�.Z VLBI +<=NT��l�#9;�nuhgn|5� (Analog Baseband Convertor �uE ABBC) !"�/5��hh℄(�#�;��;y;�#�J;�jer��5�H� VLBI _�'~�vg�15���1�,5��
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1 �^��L6AZ��3;E (VLBI, Very Long Baseline Interferometry) ES()Qf1tj�*;eO���� VLBI ^�$t+G��q3IAZ�Af�*;�W�"WedjE9}idf%qÆ)W�-xY9ddfÆ{;E+�#<fZ�A{�E�\j�*;"Æ)WC�f*;K��S [1,2] ��j VLBI ^��PGj��u��J\�u�:��uYy�Pg��)Qf&}�u�
?04xEZY/Q� (BBC, Base Band Converter) �8ww 1 ��� tYqo�2010-07-28 � �_qo�2010-12-13���j�
} K�	!H (0824361002)
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x 1 VLBI +<�[ AG/k+�,>bfEm{ZY/Q��q3Æ�rx�U,Y"�2="f�℄=Qf
Y2=�-�VbZ��/w+4I**;�A�Pp�u**;�Ya.�f0k�A��e~��r�℄>bf��m{ZY/Q���*4�>b:q3��S*r�xX�p?�>e4��I^�2v��IF�G��\4BV,m_FtRA%x��teOf���S:MF�4�F ��fS�
$�mm{4� !�S:ZY/Q�:o!��Yqe::��w:A"�:�*�djm{4��`�
<�3J"�RT1"$flpbG�.�g�r��3+4j�^�wfS*/lfF�\%�y��AF�.S\fS:M&}�b5iQm{&}�"b/\99�VA (MIT) F�f DBE (Digital BackEnd) ��* VLBI{ (EVN) F�f DBBC (Digital Base-Band Convertor) Ya �F�f ADS3000+ �I��*4�y1z�tl6bG	�Z ADC (Analog-Digital Convert)+"&J�x + �ZS:�'
f4h�%�Y�S%x��tAS:2=Q9fdC��We�:xft:�CV�{l{k��:�f�"�:ALV:�+ 1 �AGY+�(S:M&}4�f:x�*�+4j�^f CDAS �	��b/
Haystackj�^m DBE Ya EVN f DBBC �8r!:;I�'^4�DD�q�WeKZ�o
�
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CDAS DBE

[3]
DBBC

[4]
ADS3000+ [5]$�N$ 4 T$�
a 4 T 500 MHz 4 T$�
a 4 T$�
T 10 ∼ 512 [-Y 2 T T 10 ∼ 512 aT[- 2

MHz Y 512 1 GHz [- MHz Y 512∼ GHz

∼1 024 MHz 1 024 MHz7PX 1 024 MHz 1 024 MHz@500 1 024 MHz 4 096 MHz

MHz Y 2 048

MHz@1 GHzNO7sd[- $� 32 MHz $� $�DX7sdU 32 32 32 16NO�( VSI-H VSI-H VSI-H VSI-H

2 CDAS v;
CDAS 4�Q�UY,� 512 MHz f"���1t�q+�Q�f�
Y2=�-�V�ZY�m/y _f&}4�4h6X�CDAS R6bG	 ADC + "&J�x
f�%�"w

2 ℄A�58j�f21� (RF) 2=�31��J\H�'�"� (IF) �"�2=���UvY/�H�f�Z ADC S:M��Hq3S:2=Q9 (Digital Signal Process�tD DSP)m)�<��(S:Y/ (Digital Filter) ���S:�WCF (Direct Digital Synthesizer �tD DDS) �S:�'�i[�Q9�-zQ9HS�Y�bK&} [6] ���6Ow9��Y,� 512 MHz f2=�86O�Ck6OW_� 1 024 MHz ��� ADC fNGG�fQ��t:R�H} DSP ^rfQ9xAfNGG�fQ���*yE CDAS 4�gJfnÆ�
x 2 &y��us6�&x

DSPQ9^rf[�4ha
<�E CDAS4�f?04Æ���4�℄Q<�f!x�g�(1tf[��

6bfERuf V� [7] �fI�� (Multiplier)�kqY/� (Low-

Pass Filter�tD LPF)�90◦ V {[Am�� (Adder) %F�� FPGA (Field Programmable

Gate Array) "<�+%Y (Upper Sideband �tD USB) A�%Y (Lower Sideband �tD
LSB) fMN�
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SIF = cos(ω1t + φ1) + cos(ω2t + φ2) , (1)
" ω1 � ω2 �Æ,�j"0�W ω0 D:fD��W�
 ω1 < ω0 < ω2, φ1 � φ2 �
�8fM? ��

x 3 !W�u:f��?8fS��|2=�
SI = cosω0t , (2)

SQ = sin ω0t , (3)Æ,mM#2= SIF  I�eb VI m VQ ÆE�
VI = SIF × SI =

[cos(ω1t + φ1) + cos(ω2t + φ2)] × cosω0t =

1

2
cos[(ω0 +ω1)t+φ1]+

1

2
cos[(ω0−ω1)t−φ1]+ (4)

1

2
cos[(ω2 + ω0)t + φ2] +

1

2
cos[(ω2 − ω0)t + φ2] ,

VQ = SIF × SQ =

[cos(ω1t + φ1) + cos(ω2t + φ2)] × sinω0t =

1

2
sin[(ω0 +ω1)t+φ1]+

1

2
sin[(ω0 −ω1)t−φ1]+ (5)

1

2
sin[(ω2 + ω0)t + φ2] −

1

2
sin[(ω2 − ω0)t + φ2] ,�kqY/�YP��ÆEH�e�

V ′

I =
1

2
cos[(ω0 − ω1)t − φ1] +

1

2
cos[(ω2 − ω0)t + φ2] , (6)

V ′

Q =
1

2
sin[(ω0 − ω1)t − φ1] −

1

2
sin[(ω2 − ω0)t + φ2] , (7)
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" V ′

Q �� 90◦ V#e�
V

′′

Q =
1

2
sin

[

(ω0 − ω1)t − φ1 −
π

2

]

−
1

2
sin

[

(ω2 − ω0)t + φ2 −
π

2

]

= −
1

2
cos[(ω0 − ω1)t − φ1] +

1

2
cos[(ω2 − ω0)t + φ2] ,

(8)z V ′

I m V
′′

Q  mv��"Yeb+�%YfMN�
�
VLSB = V ′

I − V
′′

Q = cos[(ω0 − ω1)t − φ1] , (9)

VUSB = V ′

I + V
′′

Q = cos[(ω2 − ω0)t + φ2] . (10)

3 CDAS BH
3.1 }xaZ��℄3afZY/Q�fm{^r�S:^rD4Æ�F��M#f 512 MHz ,Y2=�8Q9�"YMN 8 RZY2=�-"Y4�� 16 RZY2=�m{^rg 5 MHz �*2=M#A"�2=M#�
" 5 MHz �*ft6%?8���W<C�H�8F 1 024 MHz ��2=�G�S:^r ADC f6O:%�"�2=�"�
AGC Q9H�f"�S:^r�G�O�2=�"w 4 ℄A��"� AGC ^rw�P�CG�UvY/��

x 4 T;[Z0R�/x



� 212 �������k���B�	��������� 29 ��w"E.4Æ\+S�m{^r�i.4Æ\+S�S:^r�D�$t%FSR"�Q9^r����ur�C�"t:�WR"�2=�8Q9�`R"�Q9^r"?8��1tfZY2=S�N�fq
Æ�m)?�℄=fZY2=MN�C�"MN 16 �ZY2= (16 �ZY2= × 1 bit) �X 32 �S�N (16 �ZY2= × 2 bit) �m{^rAS:^rq3�8f& m)Ah[\q2�h[\z4�f8SRp� _m)�-pH�m)f2a�
3.2 imT	m{^rf�W<C��"� AGC A AGC & �'�m)�F��W<C�m)fM#8�>b�t6%f 5 MHz �*�MN��w 1 024 MHz ��/2=�G�S:^r�Z
ADC f6O:%�"� AGC m)f"�tRm& tR�F�"w 5 ℄A�M#2=��J\MNf"�2=�MN2="YE�W	~ 10∼512 MHz fk"�2=�R"YE�W	~
512∼1 024 MHz f�"�2=�2=!W −34 dBm@512 MHz Y,�58�J\f"�2=L��#nS�}/�(���%bj!W)3�a�(/Q� 50Ω ����:�";E1� AGC m)�Kt�2=M#:f!W��Kt�!W�Eh[ VLBI �u�{fS�8S��H2=�#nS�"��V����V�-QGbE{k�u�7�\S6bk�7��V���3�Vf2=�#fD�}/�(AD�Y/��Ff?q�%�"Y��=Q��MN�8�"� / k"�f?��

x 5 #� AGC n*�&/x�"� AGC m)"4�G"'Vv���	~ 0∼60 dB �3A 0.25 dB �YG_�42=t�'xVfeq (�4�Yw!1tw2=Q� 40 dB) �-^? ADC 6O�M#2=t�'M ±0.5 dB fQ��n��"��V�fGbE�2=�8�V�-�g~,fxa	~�$f�2=℄Æ�A��3?qA�Vf"�2=CHf!Æ�Æ� 3 R�SRB�bg�fpH}'�MSR��B�bS:^rf ADC �n'RB�b1�!Ws;��& m)�1�!Ws;��8!WS�6_-mq�4w!WJ��8!~�q3& "'Vv���C&7F8x�[& fOR�
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3.3 u�T	S:^rf2=Q9m)Aq
Æ�m)Ya�'tR�F�"w 6 ℄A�2=Q9m)6b�Z ADC ABV,m FPGA �C%x��teO��8S:U�AS:Y/�<�f"�bZYf/Q��Y�q
Æ�m)��<k=Q?�℄=fq
MN��MN}P�gt�/QtR�YG_1tf�'t�*3�

x 6 T;_s�&/x��Yq6Ow9��j 512 MHz Y,f2=�6O�W_� 1 024 MHz ��4�"�
ADC f6O:%� 1 024 MHz �M#t�xa	~� ±250 mV �6OÆ{� 8 �:A��Vb ADC -�f�xxA�6O�AW�2=Q9m)�q_g6b45B���E6bG�LC5��,dRp��OFf:QE{kGtR�2�fv{�̀ t:R℄#Gm)qfS�IL�6OHf"�2=��2=Q9m)"zFU�AY/�̀ �2=Q9m)ygz�fS:���f DDS ?8��W"Y4��3A� 10 kHz �U�HfkqY/�"� 32 MHz �
16 MHz � 8 MHz � 4 MHz � 2 MHz i1tY,�q?��C&fMN�Y���W�"0�o�'wY,f+��%Y�S��A� 4 ��`�S:^r�7 4 �2=Q9m)����S:4ÆC�"!tW�S:^r�\S=$"Yg 16 �+�%YfZY2=MN��<k_b"�||=Q��*MN�8?�AÆ��\S��MN��9�'���=#Gq
?�m)��ZY2=�8%YA�Af�0�"Y^%YMN�R"Y+�%Yt:MN��A"Y� 1 �� 2 �X 4 ��t�/Q�'f"GD(�'7��Æ,Gbj MARK5A iU&}A MARK5B iU&}�
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4 CDAS o ABBC h<z#�
4.1 r�WV��"f<MS�5wj#r�j UTC :q 2009} 9 { 6  �8fST\℄� d0906pf+4 — 0kZ� VLBI *;�*;�%EFy1tw OJ287 �<M"��J\MNf S/X /�2=�!Æ�ÆRH�t:Y� CDAS A ABBC�"w 7℄A�Dd4�fMNS�Æ,f�8f Mark5B �8iU��D^ Mark5B iUfS��8Æ�Q9H�UYqe:�2�!Ya9l:I'�
g� CDAS A ABBC f:x�8!~�

x 7 3>T�O
4.2 �kK

4.2.1 ����w 8 " (a) � ABBC f 8 MHz Y,Yq��� (b) � CDAS f _��� (a) ��zU
5.5 MHz Q�?�{�b 8 MHz QVvz� 2 dB �m (b) �� !� (a) ��� 5.5 MHz b
7.5 MHz w�U��b� 7.5 MHz �H�?�{�� 8 MHz QXVv��G 3 dB �fS"w
CDAS fY,>bW�j ABBC ��
VvZ{R�+�

x 8 Zr;y"�
4.2.2 �!�w 9 �� (Q9H�CDAS A ABBC f2�!�!�3� CDAS S��∗� ABBCS����*;"� CDAS 2�!f���z� 55.123 3 dB �! ABBC 2�!f��
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26.08 dB �Nz 30 dB �

x 9 3�""�
4.2.3 � ���w 10 �9l:If�!�2�tO� 3 � CDAS S�� ∗ � ABBC S��>���D�S�FC'�I{CHf�2�Do��f,W X���
>Æ,� 1.2 A 4.1 �"w
CDAS f:I7({!Q'j ABBC f:I7({�

x 10 ;J8)|"�
5 > ��#r�f$t�A��=� 3 a :q�zFG CDAS Uax�^b?0[�f4hm
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The Progress of Modern Chinese Data Acquisition System

ZHU Ren-jie, ZHANG Xiu-zhong, WEI Wen-ren, XIANG Ying, LI Bin,

WU Ya-jun, WANG Jin-qing, XUE Zhu-he, ZHAO Rong-bing,

SHU Feng-chun, LING Quan-bao, LUO Jin-tao, CHEN Lan

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

Abstract: With the development of software radio technologies, especially the using of pro-

grammable components, more and more equipments can be digitalized for its convenience, effi-

ciency and reliability.
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The Chinese Data Acquisition System (CDAS) independently designed by Shanghai Astronom-

ical Observatory of CAS is a digitalized base band covertor for VLBI, which can take the place

of traditional analogy base band covertor. It consists of two parts. One is responsible for AGC

(Automatic Gain Control) and anti-aliasing, which keeps the optimal quantization level for the

ADC following. The other is responsible for data acquisition and process, which quantifies 512

MHz wideband signal by a high speed ADC and splits the broadband up to 32 baseband after

calculating by FPGAs in real time. It also can be connected with either MK4 or MK5 recorder.

This article describes the principle of phase-shifting method applied, framework composed and

experiment results obtained by CDAS. Compared to the traditional analog base-band converter,

the experiment results obtained in terms of band-pass characteristics, SNR (signal-noise ratio)

and delay dispersion for example, show the performance improvement of CDAS.

CDAS is not only smaller in size, but also higher performance. It will serve for geodesy,

astrometry, and spacecraft orbit determination.

Key words: VLBI; radio; IF; base-band; down-convert; DDS


