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H AR R R HE RBAEES T RN

N M
y(n) =D ary(n —k)+> bex(n—k) . (2)
k=1 k=0

()R (2) R, X(z) . z(n) KA Y(2). y(n) A a . b IBHARE. 7T
B, ZRARMEEE ARSI —E iz 58 5 5. BB 2 X —Big
FEiE. AT, BFRESIIRENEAZHEITY: . BALERESR.

ARy LB AP f: TR (TCRR Wugma B7) #1 FIR (AFRMHBOmEY) . TIR 383
A FIR JRHEES LA 1

(1) ZEAHRBARSEAR T, IR IR e AR, B A A FIR SR>
I BRI R EOR, XME—Rr M E BT, sHREh D>, BHLH;

(2) FIR SRR S B M AR, T TR IRIEARNIRAE. TIR IR A Bty
HARG Ry IEL 8B, H, 1R IR IS EGII ARG, BN EEEREHBA
BORE, MBI B HITHMKIE, (HXS KRNI B P £

(3) FIR 32 EE R AR A%, EmEMR LUK IR A RS EE R E
W, ARMEEZEREWRE/N. T IR B ASUACR ABIASH, ERAE - THEMCEA
ARefeE, XMEMmTEATHNEHEAGE, FISIEFEED:;

(4) FIR JEPE 25 i T o B B8 FR /Y, BT B AR REE FFT (Fast Fourier Transform) ,
REZEEEEIREZ, T IR RN HEEH;

(5) NIt E&, TIR JEHEAS AT AR A MEBIDE B 2 i U B & a3, BUEfIERME, B
MiHETERRD, MTHETREERBAR. W FIR BEH{EERENRITAR, BHHF
R R HERBEWTHEAR, SitHEET. At eARxkX, &% FIR I
PRt RA T EVUR AT RA A, BB T E AL

(6) TIR PP 2% EERBTHHMEALE, B Do BN B inE(GE, FiE, Wl
FH, @yEdas, M FIR IEFEBRNBEREGL, FIMEMEER L, 71 ERA FiE R
FBARGC ARG EOR, BT FIR 8IS E M ERGR, AT AR IE ST e ds . BEARGM A48,
LR FE AT 2,

LF FIR fil IR F HRR A, FREABAEMHCLEREENE, EFERXMEFRSREK
A FIR 77 L BB IR

3 SEBACFURBAYAS A A L

SEBRECFIR I B O R B I (MAC: Multiplication and Accumulation) , HE[H 3
TR 385 Jr m e 2

(1) ASICs (Application Specific Integrated Circuits) 3

(2) B[9RFEAY DSP (Digital Signal Processor) ith F's

(3) FPGA (Field Programmable Gate Array) it F.



2 W OB ST IR EORTE ST RSO B A e W A 97

ASICs FTRAFE 24 MAC BLnt BT, Hi FEBARR, AP LEBREE SWE
EFfTHEEGRmE A RA.

A2 DSP {6 — &% F —1 MAC BJo., B —IK MAC BAEM BT E/NF— 10t 8h
A, eSS, REEIRE, HEHTFHRE T MAC B rHEwH—&ESHRE
e A HATIRI, S MHT, BEFEATRRIEE R, ERREERTE, NRESLHELS
HECESE L BUPATAA R, T2ABESWRAFXLRBBESR, HEZAEREE TREE BT
TEHITERE.

KEER. BB FPGA B TR 219 MAC BT, #ilin: XILINX AR # VIRTEX-
IT $87F 40 4~ 18 bitx 18 bit MR{FRerLey, MEEWEBEMERZA P AHRE. EREGSH
BACERER T, FTRAES A R BE S BT AR B, DU HME B D F P RE
B FPGA & B2, —B#H R A AR EEE (Distributed Arithmetic) , FE43F)
fl FPGA F£EH RAM B, EAER (LUT: Look-Up Table) =il A H TR EIEH.

SFT4REE DSP # FPGA 5 F it L 758 1 BT,

#1 BHHEEE DSP f1 FPGA A aeE:

h fig SR8 XILINX 2] XILINX 2]
FHE DSP & Virtex-E-08 Virtex-1I pro

e R MIHL /s
Fomiten 88 12 1280 47, 10000 4Z,
Elzlzﬁ;ﬁl{%;ﬁwﬁ 17 Msps 160 Msps 300 Msps
_16-bit 34E | B¥ @1.1 GHz @160 MHz @300 MHz
Elig‘24 gOER 7.7 us 41 us 1 us

o @800 MHz @100 MHz @150 MHz

—16-bit L & EIB
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REAEN T, PR RE R T MRS B AR AR B R, RS BUER LA 1 1,

R MECA BRI S AT

(1) BARAUIRIBA AT R B R, AR AN 52 R0 R FE B R 5

(2) BoRHRAL T RHIRRBRAWE 240k, =7 T RAEH AR

(3) RAFTEMH FPGA BRI, WAMER T REH R &M

(4) AT RASEILECHR B 4

(5) & VLBL /1, SRS SACA 5, BEWFIRN, L UM ML # i il
B, WUAT SEBLRE I S BHE ST AR S A0 B
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R MBCAIRP N EE R AR FEARTREBIERY, XERTTHFFA5IE, DA
RN AR 7E ST L P

[]
H

H —> 4 o —.—»l TFHIB O
‘ i
—Epf M0 iy O MV D b s
i
i
l—> o>y o [T» RN
]
(a)
2 i
i —| —» y p [P PR O
1 1
i
LO 0 v D ;
F_ A/ | Iﬁ% » [ —» T’?#ﬁﬁ%& 1
T ) ) g
| I? o _’WD % THR V-1
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(b)

B TR AT R
(a) BFHEIBE R + MHOERA  (b) HFRR + HFICEBEAS + MR,

5 BRI RS R B

5.1 BAHK VLBI 80320 PR

S2E NRAO H#y 20 B35 VLBA Bl FX AERABEHLH EE R BRI RE R, it
HLAME, FTSC (SEBHEARIE) . MOLAME, FFT B8, SHHEREN., KRN,
FURIK (FIR) s .

BOFURBOR M FIR B, EEEFSR: ERFRGUANMHERERT, RBEEIEER, KM
BEE. FIR WBABHEALH A 2 P, HTAEERY. S40RE (131 ms) AXTHHL R
BATEH, AT N SRS, EIEBNCY N, R N AEBRETEER M. B2 FF
8 ARZCHE, MOHMATH N/8, BIRRREMT N/8 5. N H A MEE s, 16,
327 64, MVKHRETH 1, 2. 4M 8.
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7N FH 0 | ]

_|_ ~ + 1/2 M X 32 bits DRAM [—
£33
A R » L + 1/2 M x32 bits DRAM [—
A2 —l_ . |_ + 1/2 M X 32 bits DRAM |—
ES —l_ » |_ + 1/2 M X32 bits DRAM [—
il —l_ X |_ i 1/2 M X32 bits DRAM [~
RAS 1 » |_ + 1/2 M X 32 bits DRAM [—
ES —l_ » |_ + 1/2 M X32 bits DRAM |—
mET —l_ ~ |— + 1/2 M X32 bits DRAM [~

B2 FIR yeiasayikagsy

5.2 ¥ BBC (Base Band Converter) ]

TR ARG RER BRI BELE, AMIFEARFREARLIR VLB HHEREL
AR BBC , AR RARE S, EEARETEE. B, BXRMRSER SN
X7 H T B2 H AR, 25 BBC #HRER 208 3 #ar: i A/D RS (MAXI108, 1.5
Gsps RAEEHER) | FF TSN FIRBA, TLALIMB 5 mEEE, REUesmE, T
WA RS, B S R BRI T:

(1) BB 5BAR VLBI BHER B LG A A BEYL5E 2R

(2) REBAEG AT MAFR (RBERGTR) ;

(3) B85 VLBI $r#EEEO (VLBI Standard Interface, VSI) FE2¥,

HH— A VLBl HIERBLMYFESHRER: FHEETERLEWE, BEETRAESL
BERPIIR, FFhEBG SN PHGS; BRHT BBC BANRHES; mEBMERL
BEALBATAHSCAL B, %07 BBC BR A/D RSN, BF T ABMBTFIREN M FPGA %
B, FPGA Py cBUERI WA 3 19, BG5S s A/D REREHEME — BEE 512
Msps RIS HFS. BT BBC WREAGAMY: R A/D KA. FPGA I FI#EH
BB, $% BBC RAT FPGA s, X85 A LGS ISR R i AR R G A H
HIALPEHT SE RN B, BT BBC FECFIRIEARHIFEA . R BHAR (Cascade Integrator
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Comb, CIC) JB¥AT. RCFRE, Hilbert IRPARMALEIEATE. Ho CIC WA LIAFH
RECEMBG  Hilbert JRIAFLI —90° AHB, W58 D4R IR PRI A% S BUH 78 38
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IR
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5.3 ALMA f¥sriE (79

ALMA (Atacama Large Millimeter Array) AL ZRIERE:, BRERTER REM ML E
J7HE S VLBI FikF 4.

FE ALMA #, A/D REEBMRAEHEA N 4 Gsps, BILEHFSE 2 GHz ; RATHBEH FIR
WS, SO0 1/, 1/2, 1/4, -, 1/64 HERE, REIHEESH 2048 1, &
AK 4 bit, gm0,

#2 ALMA ByfcEigimee

HWE 125 MHz #iA 125 MHz %t HEREFEAT

2 GHz 32 BEFAT 4-bit 32 BEIHAT 2-bit 1-tap
1 GHz 32 BEFAT 4-bit 16 BEIEFT 2-bit 128-tap
500 MHz 32 BEFAT 4-bit 8 B IEAT 2-bit 256-tap
250 MHz 32 BEFAT 4-bit 4 BEIEFT 2-bit 512-tap
125 MHz 32 BEFAT 4-bit 2 B53E4TF 2-bit 1024-tap
62.50 MHz 32 BEFAT 4-bit 1 ¥ 2-bit 2048-tap
31.25 MHz 32 BEFAT 4-bit 1 3% 2-bit V) 2048-tap

1) 2 & Nyquist JRAEE,
2001 4, Gigabit FUFIEHASEW T VERA (VLBI Exploration of Radio Astrometry)
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HRIF, RN 16 SREHFRE FIR IEEASAMR, S0 FIR IS EAE 1024 4
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Ak, Jodrell Bank RICH K Cobra FF WAL R A T B FIRBEA.
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EOFRMBEAEE, ERTHEAT, WA 8 MR 2 GHz iiEE — B% 2 GHz
AT SE, REEZHTRATHARESEMTREEAR, LT G800 T8 ER &
AR, FIARHE 25 T EE, MIEARK AT, WEA S, 16, 32, 64 MHz &,

A5h, FX BAESCAEHLE R R AZET FFT I SANBFIBEHA. B 4009 5 FFT £
ARVR AR B R SR B . BRI 7R 2 SRR B e e it 2 (e B em/e")
RIE AT ICEME B BRI, BT, RAS RSB, RFIEESRRERT
NREE, ZBTHENZHE, JTIRT FFT BRI,
5.5 Rk BB R BsEiE 1Y

GBPP (Green Bank-berkeley Pulsar Processor) &l A Z 8 B R 3CALE = 7F B4R 90 4
B B Bk okt BBEOHL, BRI T BB B AR — 36 MHz W R AS4, ' 50
HEAIRPAR—EER R R, ZERLR IR R AR G0 =, B
A 100~200 MHz , SEEAEH 50~100 . FHABRIIE IS4 BT 4R 8~12 il
W, REMNEPREEE TR, BRRFRRRASEER R A 8~16 T EAERIE
., FERIHFRASEXTRKRWIE N 36 MHz , FERDHFHATHBAWER 18 MHz .

EiE O
4 HSP 43168 . 4
; — i ‘? P s P rruwx P @ P
at A/D 32KB * 256 KB | yug
2 wH | 4 fihe . e | B
v v B R 4 HSP 43168 5 4
M 73 FIR 15338 L < »
T } 10 }2
i RHR 33 R
iy AL |
Ty VME
| VME Pl
B0 <+—>

B 5 GBPP 3FRuR— A8 R EER
VME M£R4% 16 A1 32 (b BRI, ERRREL 4 OB R EIE S ABERTH TRHEALE LS,

6 /) 2k

R TFRICMREZHM TR, RE, KW, HEFERZEERHERNTREEE R,
DIREE . AT SRR SNBSS, MIEAAmRBGIA T HFRIBEEA.
IR BARMMLBEREAL R SR E 2t RAATEME, MEEH FPGA AR AMRREH
RIEERKER, W2 T AR ME.
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Application of Digital Filtering in Radio Astronomy

XIANG Ying, ZHANG Xiu-zhong

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

Abstract: With the rapid technological advances in digital devices, circuits and systems, it is available

for real-time processing to use high speed digital filtering with FPGAs (Field Programmable Gate Array

Circuits). In this paper, we briefly review the theory of digital filtering and analyse the two kinds of

implementation in designing of digital filters. Compared with analog filters, digital filters offer outstanding

advantages which are described in the paper. The applications in radio astronomy are introduced as well.

Key words: astronomical facilities and technique; digital filtering; review; radio astronomy; A/D sam-

pling; FPGAs (Field Programmable Gate Array Circuits)



