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(1. M,�t(�t00C(�t0 200030 � 2. M,�t(�x�}(��� 100039 � 3. t0��℄�t(�t0�t0 200235)GAÆ�A5�%��d2/,X:wU/,X\��P VLBI �bOPYG^%�	o�%2�wU/,X� FFT \�^�bOPYGK6^�<=g�eAt�=g^!}�.n|j%�H:"t�iAt�=g^Al|j%�<�||C�� � wÆ.A(4z��\�� VLBI ��b2WPq��bOPYGX�d2/,XÆ
FFT �wU/,XI4��ÆTN911.7 ��� 68p+$ÆA

1 �Æ��z|7NR�w3# (Very Long Baseline Interferometry, VLBI) ��QR�℄vh-�[�� VLBI 1.y7NR9+�'3M-�L\T��f�'-9NR3#�m��BL\��u4r9℄T��'-��B#�48℄�m3#sY��℄NR7m� VLBI �?Z�'-h�℄-�'3[� [1,2] ���-�q9{�)3℄m�� 2002 D 11 *�11+9
$ IVS(International VLBI

Service for Geodesy and Aastrometry) %� VLBI `[�℄J��b�$��E���℄':m���℄M-	����℄�k9_kD=m��\N℄T%E�R��\℄:7B�a
VLBI >�{5�[ [3] �

VLBI ��Opk= VLBI '8℄V�y��>S[Mrp2���1V���$3���_+ahG� VLBI2010 5<L�s`f℄ VLBI ��Op{i$j
 [4] �UV��, (1) `J5m���KuR��W��_+M��F�WT%E�RZ℄a.b5�� ,
*'�2007-03-12 � >�*'�2007-06-07��<%�,b`f�tQz\WZ� (10503009)



� 88 �������.�A�r�|�6������� 26 ��E��B� (2) ?�b5E�℄.=q1��a2Uh*;:� (3)kB9�kq�R�℄+��*O���K#℄�r� (4) q!F5℄<COp�%����)�℄�9� (5) �B℄'Kk9~Z℄�Bk�#[ A/D 1�_L℄�m)�)��g7��1��℄M-sq<Cb5XD=�ab5�4��ab5E�[�=�Q�ab5E�+�$�℄ |�FPGA(Field Programmable

Gate Array) 9 DSP(Digital Signal Processing) _L℄,i�m�)�)��ov4�GB�<CWk/B�O℄�Mh℄R*?Z�Um��ah*$,R��ah*℄{5�8[nkD℄�[{5�_L +  |�:=�Q^
�1:Q^
L�6+�i�XIS�+a{L+al1I��`fa�a��Op℄v��U k��1�� A/D 1�W1�L�C��a.+WR,<C.+W��Mb5��a.+�hO\WNOb5�L+Æq's/-�' VLBI [��{�� 2002D
�v��a.+9�aNOXFW
(Digital Base-band Converter, DBBC) ���N�℄ IRA(Istituto di RadioAstronomia)  4vJ$gDf DBBC [3] �ZS℄�k=vJ�O DBBC ML$e�℄ND�
2 �d7_xdZ>h
2.1 �={|��=n�b5vbXNOXF℄�q<f�ÆM�sb5℄�aPjkL℄bXB� [5] 

ωk =
2π

D
· k , k = 0, 1, 2, · · · , D − 1. (1)� (1) L� ωk =f k bX℄*�DLarM-� D =��?`-�7 1 =s� 8 bXb5℄MP�K7�s��b5�3UL���bX�j�℄�
8 1 �6^YC��	8 [5]

2.2 ��2!r(N��1?`$����Ob5�
�> ejωkn(k = 0, 1, 2,· · ·, D − 1) T;���Of k�bX℄�aP��WNO℄?℄�U�Ox!k7 2 $��7 2 L�5�1.+W hLP(n) ℄O�	= 2π/D, *℄s�℄$f�W1.+W℄M-X�=
HLP(ejω) =







1, |ω| ≤
π

D

0, U% . (2)��b5�bXD.+�℄O�= 2π/D �$s1.+�℄b5��{i D �?`�:Q.+Wf�?�1�MO (0∼fs) B�:p�*i℄bX����\b5E0<�1<b
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8 2 �O�d2/,Xg^6OPYG=g
3 �P�xVy"; FFT �Q�PQZH�7 2 ���W�?`W?�.+WE��$U?`- D >N��7L℄1.+W$m℄v��BJ&\�6N�y℄5�bXl��K:�℄��.+W��O℄℄-�6�=$L\M-�'-�I℄.+W�lvT.+Wx!� FFT ��℄e�O$v1Xb5℄.+�*+`O�=�NOO� 1/M ℄b5�
3.1 ��9!r(
3.1.1 �T\XPZS[QyG3�= hLP(n) ℄X�3�=

H(z) =

N−1
∑

n=0

hLP(n)z−n , (3)y N/D = Q �℄ Q `?��*q H(z) �L&J&�: D �f�3
H(z) = hLP(0)z0 + hLP(D)z−D + · · · + hLP[(Q − 1)D]z−(Q−1)D+

hLP(1)z−1 + hLP(D + 1)z−(D+1) + · · · + hLP[(Q − 1)D + 1]z−(Q−1)D−1+

hLP(2)z−2 + hLP(D + 2)z−(D+2) + · · · + hLP[(Q − 1)D + 2]z−(Q−1)D−2 + · · ·+

hLP(D − 1)z−(D−1) + hLP(2D − 1)z−(2D−1) + hLP[(Q − 1)D + D − 1]z−(Q−1)D−(D−1) =
Q−1
∑

n=0
hLP(nD + 0)(zD)−n + z−1

Q−1
∑

n=0
hLP(nD + D − 1)(zD)−n + · · ·+

z−(D−1)
Q−1
∑

n=0
hLP(nD+D−1)(zD)−n . (4)lj


Ek(zD) =

Q−1
∑

n=0

hLP(nD + k)(zD)−n, k = 0, 1, 2, · · · , D − 1 ; (5)
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H(z) =

D−1
∑

k=0

z−kEk(zD) . (6)�L� Ek(zD) R( H(z) ℄vT�#�
3.1.2 �V`T\XPZ^RU�7 2 �\f k bX℄��=

yk(m) =
{[

s(n)ejωkn
]

∗ h(n)
}

∣

∣

∣

n=mD
=

{

+∞
∑

i=−∞

s(n − i)ejωk(n−i)h(i)

}

∣

∣

∣

n=mD
=

(7)+∞
∑

i=−∞

s(mD − i)ejωk(mD−i)h(i) =
D−1
∑

P=0

+∞
∑

i=−∞

s(mD − iD − p)ejωk(mD−iD−p)h(iD + p)_ Sp(m) = s(mD − p), hp(m) = h(mD + p) �3�
yk(m) =

D−1
∑

p=0

+∞
∑

i=−∞

sp(m − i)ejωk(m−i)DhP (i)ejωkP =

D−1
∑

p=0

{[sp(m)ejωkmD] ∗ hp(i)}e
−jωkp. (8)j


xp(m) = [sp(m)e−jωkmD] ∗ hp(m), (9)3
yk(m) =

D−1
∑

p=0

xp(m)e−jωkp .� ωk =
2π

D
k Rl� (8) � (9) �\

xp(m) =
[

sp(m)ej 2π

D
kmD

]

∗ hp(m) = sp(m) ∗ hp(m) ; (10)

yk(m) =
D−1
∑

p=0

xp(m)e−j 2π

D
kp = DFT [xp(m)] . (11)��s�:V\Wb5℄vT.+W� FFT x=\WNOXF�q<f�j7 3 �

8 3 �6^wU/,X +FFT OPYG�r=g
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3.1.3 �T\XPZSYW℄_vT.+W��℄1.+W$f� Parks-McClellanG�:QG1�I�
ss1.+Wkh` ~���+��W℄M-X��k7 4$��7 5=vT.+Wf℄M-X��Æ.+W��a�-b5℄wLB��

3.2 �B��m| VLBI .�J� (DBE) 	& [6]

VLBI2010 5<L�`f℄ VLBI ��Op℄�F��+��k7 6 $��

8 6 �O�^ VLBI ^ DBE �GuR��℄ 512 MHz O�LMb5�. A/D 1��1��N= 1 024 MHz �;:s�l IF <Cb5℄#DE��01.vT.+W� FFT {i�aNOXF�7 6 L�dyp2 k =12 �A4 512 MHz ℄O�℄b5q�= 4 096 � 128 kHz ℄O�b5�5�1X℄1�- 256 kHz �:^ 128 kHz ℄O�b51.d=.+W��\W�J&`℄O�℄1X�k- n = 5 �A4d=��\W 32 1XO�= 16 MHz ℄b5�h�q\W℄NOb5�H��_+J5��{iT%E��
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4 �"~�/o_hTu#y FX T%E�R�E�℄O�= 1GHz ��_+ N 1X℄b5�y1.+W℄v�
R �U5�1Xl���������3�

(1) N�1.+Wf℄NOXFh*�j℄;|I�
M1 = N × (1 + R) ;

(2) ��vT.+W9 FFT .+$m℄;|I�
M2 = R + N lg2N .( 1 ^ $"Q�|.+$m℄;|I��y$f1.+Wv� R = 256 �q 1 ��E�3"s)O}�yK�� Æ�C�:"s)Æ FFT "s1?v�x/}n�3[� N 2 4 8 16 32 64 128 256<�J�

M1 514 1 028 2 056 4 112 8 224 16 448 32 896 65 792

M2 258 264 280 320 416 640 1 152 2 3047 7 !s$"Q�|.+$m℄;|I��?T(�1X�=N = 2n �eT(�"Q |℄;|I��

8 7 �� M1 : M2 ^&KNd��_+℄1X�)v�A41�vT.+W� FFT f=�BNNeiu^ #�H |�=�℄9%��k�O�℄�k℄�R!kB� �
5 MATLAB �=;}Dy^��b5�l

S = cos 2nπf1 + (2 + cos 2nπf2) cos 2nπ · 128+

3(cos 2nπf3 + 5 sin 2nπf4) · cos 2nπ · 256 + 4 sin 2nπf5 · cos 2nπ · 384 , ��UL� f1 = 10 Hz � f2 = 15 Hz � f3 = 22 Hz � f4 = 6 Hz � f5 = 7 Hz � fs =1 024 Hz(1�M-) �1.+W$f�� MATLAB L℄ remezord3�9 remez3�bj�U�"X��



� 1 T 9�l	bÆ�� VLBI �bOPYG^wU/,\�w� 93�M"X�k7 8 ��lb5X&℄MPj7 9 �PR�)?� 10, 113, 128, 143, 234, 250, 262,

278, 377, 391 Hz �vT.+W +FFT XD��aNOb5℄��k7 10 $�����b5�l�Gm� 8 �1XL℄ 4 �1X��2$a.℄bI�

8 8 �d2%g/,X^�#Y��N#Y� 8 9 ��m6YVNQ

8 10 �wU/,X +FFT �bOP6^�A
(a) 1∼4 e[`�Be8� (b) 1∼4 e[�Be8`OR��;_R�j�5�1XO� 128 Hz �f�1X℄LaM-= 0 �E�Æ1X℄NOb5M- f1 =10 Hz �fz1X℄LaM-= 128 Hz �E�Æ1X℄C$NOb5M-

f2 =15 Hz �E��F(b5�fq1X℄LaM-= 256 Hz �E�Æ1X℄NOb5M- f3 =22 Hz � f4 =6 Hz �f�1X℄LaM-= 384 Hz �E�Æ1X℄NOb5M-
f5 =7 Hz ��1X��b5��lb5D=�{B$����℄�q<f℄�bk�
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The Study of DBBC Based on Poly-phase Filter

Banks and FFT in VLBI

CHEN Lan1,2,3, ZHANG Xiu-zhong1

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

School of Chinese Academy of Sciences, Beijing 100039, China; 3. Shanghain Institute of Technology, Shanghai

200235, China)

Abstract: With the further development on the Astronomy and deep space exploration, the

incremental improvements that are expected on the VLBI is real-time, high sensitivity, reliability

and more frequency coverage. VLBI data acquisition backend acts as an important role in VLBI

station. Recently, based on the technique of A/D(Analog-to-Digital), DSP(Digital Signal Pro-

cessing), FPGA(Field Programmable Gate Array) and so on, it is practical for middle-frequency

signal to be sampled and digital processed directly. DBBC (Digital Base-band Converter) will

take place of the analog BBC in VLBI data acquisition backend.

In this paper, Full spectrum base-band converted signal model in VLBI has been established.

The principle of digital base-band converters based on low-pass filter banks and poly-phase filter

banks in VLBI are discussed in details. Mathematical models of these base-band converters are

derived, arithmetic operations and complex are analyzed and compared. A simulation model of

poly-phase filter banks is designed. All the experimental results show that the model is valid and

practical.

Key words: astronomical facilities and technique; VLBI; data acquisition back end; digital

base-band converter; low-pass filters ; FFT; poly-phase filter banks


