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Abstract In a general radar and communication system, the digital quadrature detection is necessary for implementing
direct IF or RF sampling. The Digital Product Detection (DPD), applied easily in a real engineering, is a method to
implement the digital quadrature detection. But the datum acquired by the method should be corrected. The paper presents
the polyphase filtering to correct the 1/Q datum acquired in combination with the Synthetic Aperture Radar (SAR) signal
processing by contrast with Bessel filtering. The simulation results show that the method is simpler, more flexible and
applied easily. The correct error by the polyphase filter with the same order is smaller than the error by the same order
Bessel filter, The former maximum absolute error is 5.8394x107*. The latter maximum absolute error is 9.307x107* . In
addition, the polyphase filtering can implement the unequal interval filtering easily.

Key words Polyphase filter, Detection, Synthetic Aperture Radar (SAR)

1 5|8 ARG B B 2 B ALl sk )T R A

HAj Ak, $FIEAH AR B B R ER[1)5TR 5, (tr,R)=Re{o (R)G(R)Arect[(t, - (2R/c)/7]
H I H7¥E, & EFESCER[2)P 3R A 3 R KL B ¥ (DPD), x exp[(jk, / 2X(ty —2R/c)*]
CHRAEFESENRFERERFBLEN VQ BiE. REHE x exp[—(jk,. / A)R]exp(j2.tz )}
LECER e 8L, (BRI &R B ZE Rt 8] LB e A8 B, wM
BTBIE . BIERNTZEEER sinc BHEZE, Bessel i€, S,(jQ) =0 (R)G(R) Arect] - 2 /(k,T)]
B/ ik, Hilbert P4, SCHR[6]3 XL T T & xexp[j (2 - Q.Y /(2k,)lexp[—j(4r / A)R]

GRS, AXESERARTERCARNNES 4R, FAE

BRI E U0 BN, SRy SEm e T ROVRHE, TN, & NEARE, AR

i,

(1)

(2)

HRERE, BETELES T, K, Q =2nf,c K, o ARRARI R, G A RBFE WY

2 SRFLETEIAHFIEZ#RIER DPD 32

N

w, ARNESRE

2003-09-05 3], 2004-03-25 2[o

. AAQ)FTLLFEH, HES S BSi
PR B ISR S LB, SMiRAME S REIEERRTIA
B ALIR T & A (0] 5 S0 5 B 37 2 R R AR (R ERARETRE, BT Q >k, AHEZFESHERES, B



%1 AURS: PHBSEARABESRTFERMATONE 1
#ESCER[11AT4R 8 DPD 77 ¥4 0] A8 3RS & 1) 1/Q HidE: Wy (n)=Iﬂ[ﬁJl-—(2n/(n—-l))2]/[10(ﬁ)], In|S(N-1)/2 (1)
5,(2n3) = 5,(n3) = 5 (2, )(-1)" (3) HP I, AEMBIERE—RKNERRE, N O M B
s, (2n; +1)=SQ(”3)=“SBQ(2"3+1)("'1)"3 (4) REF) £ZW Kaiser HERPIRNSE. L LIHE S
SR TR A, AT LA 20T S Y 1/Q B N =21 i FIR JEUE58 h(k) MK, BTt (9) ATLUEE 10
5,(m) = 5(4my) = s, (4m;) ) Bre 2 tHESEAR p,(n) RS LR, SHERSRE
sq(n3) = 5(4n; +3) = sg; (4n; +3) 6) RAFHERSANNGHME, TH 2B RN RBENK
AT M1, TS5 Bessel WBHITILER, % 1 5% H T i
Sy, (n2)=J(R)G(R)Arect( "2'(:R/ c)) p(n) (BTFEIESEATREFEAZE, B p,n)EE) M 10H
- 2 7 Bessel IS REEH, MWE 1 LB —#HIBREIA.
X COS -ki(nz —gﬁ] (-—-4—7I-RJ
2 C A ; (7)
sq (m) =0 ( )G(R)Arect(”2 e ]
xsin r."_r(nz—_zﬁ}z[ JﬁRT (8) _*BPF%BH%D
2 c A ]
NNAN@) A ABERNRMEMERL TR, Kb, BRAT ﬁ%{h
5 ERXFH n, #ITX 5. MRG)~R(O)TTLLEH, VQ HiiE R Ty p—
EEHITHIE LMEBIE.
3 SRR RS E G ¢ RRERRI
WP ERAEREETWT&£4%: f,=1920MHz ,
RIBICHN, SN h) MERBHR p, (0 e e b OMHZ, 7= 33, G=1, 0 =1
ITARBRHRES EREAPHOERIREED, BREAE, KIFE
p,(m)=hnL+p) @ HEEMo B—AMHNE, RA—EHERN 4, 7EREER
Pp(efw)=_l_efawLH(€fme)=ejmpe’L (10) %UZ’*%DHF’%‘E‘HE&). ‘@'t‘fg“zR/C , BB AL
—4nR/IA, A=1, m=13, BEF[IEFELS =0.001,
Hot p=0,0, L1 X L AMEBARART BHBHEEHY,  gojcer IMBRET =10, BEBQE T Z R
MG —BU M S MEERTEEEFSEn0/L 4 _100dB .
(n=0,1,2,--) WE & LREE. ZE0THEE DPD L, 2L FAMT, TES 3 EERET THERRE:
X VQ BB NMEIET RN E 1 (FET () FR (4), (1) HFRG)R(EFE 2 HERIEE, NifEEe
Ah L=2, 144 DPD RISEI, IABHEBIE). WRE  pmiay 21, SHEEENECY 10, TR LE 2 (B 50
Fx (5 fk (6) LR, Mi1FL=4, HIBIHERAE A 5).
a8, EX RPN ERE LIRS A T RAFHECMEE, hk) 2) EFREMR(6)MIESEE 4 HBRBIE, NGB

N4 FIR JE¥ 2%, WA T

Kaiser & KA 2 I E K

CFESCEL T8, WLERWT

R 201, ZAREESBHEN 50, LRERNE 3(H 20

I=OT

£1 10MBHEEER p (n) F Bessel BRI AR

1 2 3 4 5 6 7 8 9 10
£49 |
¥k | 0.00038797 | —0.0062077 | 0.035913 | —0.13717 | 0.60706 | 0.60706 [ —0.13717 | 0.035913 | - 0.0062077 | 0.00038797
o
Bessel
W | 0.00053406 | —0.0061798 | 0.034607 | —0.13458 | 0.60562 | 0.60562 | —0.13458 | 0.034607 | —0.0016798 [ 0.00053406
A

W



12

el

.

3)
RERER, LR NLE

4;

ST ESEREGR, AILAEL

JF (10 BHFEERE 2 AHEEB AN Bessel IR FIB I

RN Y

& F 5B

—
il
man

(1) ZAHEF T CASEILN V/Q H¥a 955 B8 Fn =25 FE i I

21k,

2) BEEMERIEM, EESNEER; RAHEL

T, RESNMEBERK, BERESD G, 4 HIES

B

i B27%

-

Lt Bessel HEHFIME IEiRZE /D (

(3) KB LA

AT, AR TR
2 4 o LA B A A an

BTFiREN 5.8394%107%, Bessel JEI 2B KA B IEIRE
3 9.307%107% ).

d

it

% MIEB AR AR T 37 IEA B ITRE, Rt ]

Pil

EM, ERARSE. ARG, ITRSSEAFF A

25 T SR BET LA/ T 201 By, X ELER 201 BB RIMEGIE
IREH BB /D),
y 6
O'S:R}{]l‘ i;%”H 4
04 | 1, _
g 1 L H - \
' -0,41 TH- wll] ® 2y o IR &
~0.8 f y s Y | -4 ! 1
A " _6 " N 4 . .
10 20 30 40 50 0 10 20 30 40 50 60
KHER KEER
8- FAR <+ B IEH
E2 %2 HEFEBIEAEIEIRE
I #— - . . 6 :
T
0.5 | I N 47 H
2 0 Rl
0.5 l y oK _y | |
=it L —4 l l l
-1.5 . . N S -6 . . —
0 5 10 15 20 25 0 5 10 15 20 25
- & IE X045 = HARRE
B3 AE%EE 4 HBREIE B IERE
| —— -
A " 9
7 05 hyi E‘?!- me o
= HPeE i e F'-'vi“*".
" ATt dTrLi A
?-E " i'* ‘j{?ﬁ;}“;”f“d&‘v}‘fqﬁ Yy
0.5 [ sga YHY e
v 0 - DAHEBE
- Bessel

4

0 10 20 30 40 50 60

FAE A2
[F]Bf 25 A EE YR A Bessel 28K 1

CIRZE I AR

2 X B

[1] Waters W M, Jarrett B R. Bandpass signal sampling and coherent
detection. JEEE Trans. on Aerospace and Electronic Systems,
1982, 18(4): 731 — 736.

[2] Pellon L. E. A double Nyquist digital product detector for
quadrature sampling. /EEE Trans. on Signal Processing, 1992,
40(7): 1670 — 1680.

31 ¥ KER EXKEZRRAEARLIN. kEHEIE, 1992, (1):
25— 30.

[4] Ward H R. An optimum filter for direct A/D conversion. JEEE
Trans. on Aerospace and Electronic Systems, 1991, 27(6): 883
— 886.

[5] Rader C M. A simple method for sampling in-phased and
quadrature components. [EEE Trans. on Aerospace and
FElectronic Systems, 1984, 20(6): 821 — 824,

[6] Fhixi, fRép PHESRESEXHTRE RETESH

O FHER, 1993,(5):1-9.

[7] Franceschetti G, Lanari R. Synthetic Aperture Radar Processing
[M]. New York: CRC Press, 1999: 73 — 103.

[8] Crochiere R E, Rabiner L R. Multirate Digital Signal Processing.
New Jersey: Prentice-Hall Inc., 1983: 132 — 139,

IR B, 197344, b4, FEAHKRUITLBER, K

FE A HIEHHA.
BikR: B, 1943504, BRN, ELAERT, KEMHEHE.

EHEMARBEREHAILE.



