W24 % 411 BF 5 EE%E# Vol.24 No.11
2002 £ 11 B JOURNAL OF ELECTRONICS AND INFORMATION TECIHNOLOGY Nov. 2002

SRS IR Y — 8RS (5 S MG AT T |

A 8l 4% R 4o W] 1#] # Ak
(RTRHEA¥BTLIRYR A 610054)

W B AN HEIDE SRRSO AT, RSB SR, R T R E L
SRR H A A, SRt — FE AT & R R IR 85 ) 8 S T 55 55 M M) ke 2% (SSF) 48t
BRIk, FERL 127 (L MmEEES HH], % SSF LAtk AE AT (5T L RMIR. 4 fa=0 Bt
RS LR ER S 5ER 50dB f1 43dB . XERYWRHX IR AL S SSF "Ll
EATHEAEERSE, FHRMEN R,

x84 _HwEES, SR, Fak, FFT

fES TNO11.31

18] F

ERRTEERGES, TZRAKARDIK ERIEEME R 0 R, Tt Bk ol FE 45 4L 14k
A He $15 5 Pk ok B RO M BERE BE AN A B8R, TICHhRENL (PN) Fral 48 Rrim = Hl 00 Ik %5 5
ERz—, Bl THRESHIEMMEILER 5 eI, sHEEEERAWRARKEHEEGR. 1
G D15 S DCAC S 2 T UK AL FE R,  HCIE 4040 HH A9 0% 53 M 8 5 PSL (Peak Sidelobe
Level) #:75 | HM, Qi+ — M mins ks (SSF) , £ -EM S HmARK, BA
RE TMHBESYER L (RMS) , —ERTERASIHEEIRGE.

Xt SSF fyBF T B AR KBTI, JUT MK EAR T AR T E B IF 88, (ExHE (5 S5
AOFRBFAT AR A B, Scik [2] 3T T 13 {3 Barker MBA08sE M, Ml T 5 By SRR A,
FEd MR IR T SSF, {HERZTRE S TRHEEE, S0k (3] 447 T 14~34 (1602
AR S e 4 PR B SEMB M L RE . SCHR (4] BF5E T 190 {RBAY SSF i, L R R ERH S E se Bl ay,
E,  H AT R S 5 M 4] HASL 4 7 ) L e B 7T R

ASCHFR T4 SSF 9 71k, Heth THE B T-(E 3 ARS8 SSF my & eR gy, JE3E T
FRT (et Bt A8 H) 284, DATBkm S8R 0.2us . F3 127 QIR 4IRS MM, F 5SMHz 91
REER, (FEAHT SSF YR, 52 T —HRE SHBIKER SR REERMR, 8F
HoSCEL T ARG G A (5 SR S5 AR s bk [E AL 8.

2 ZA AR 5 RE AR

— AR L 4 15 5 i B R RA A

P-1
u(t) = ) expljf(®)ui(t —kT), 0<t<PT (1)
k=0

Hoeb 6(t) HARALER RE, X ZABESRUE, 60) JF 0= 7 AR, 7SR5
{Cr = exp(j) = +1, -1} KFR. wi(t) HFIKeiem g, Lm M FAKSEN T BT kb ek &L,

1 2000-11-24 WFl, 2002-04-15 EH



11 34 ROES. SR EH “HRDE S FRINHEARFE 1615

P ARG, N AHmGESHEEKTE Y

P-1
=Y Cowm(t—kT), 0<t<PT (2)
k=0
M CERBBIER ERTER:  u(t) = w(t) @ ux(t), He

uy (t) = %rect [t —1’{/2] ,  Usg

Xty (8) M ua(t) 7 HIEAT B R HE

1 pP-1
)= 75 Z% Cié(t — kT)

Ui(f) = VTsinc(fT) exp(=jn fT), Ua(f) = Z C exp(—j2m fkT)
T —AH 9 F5 5 5 RO 3503 A
U(f) = Ui(f) - Ua(f)
T pie T
= \/;sinc(fT) {Z C} exp [—j?wf(kT + 5)] } (3)
k=0
T H IR 5N
UHI = UL(HI? - [U(H)I? (4)
UL ()P = Ui (f) - UF (f) = Tsinc®(fT)
U2 (£)? = Ua(f) - U5 (f)
= P-1
=5 ch exp(—j2r fkT)| | Y Ciexp(j2n fiT)
=0 1=0
1 [P—-1 - —m—
=5 C? +2 Z Z CrCliym cos( 27rfmT)}
L i=0 m=1 k=0
1T P-1
=5 P+2mzz:lxc(m)cos27rfmT , m=i—k (5)
X B
P—-m-—1
Xc(m) = Z Ckck+m (6)
m=1
R TERFES {Ck) IR E X ER, BX TR = xEiLFsE
_ P, m=20
Xe(m) = {a<< P, m=1,--,P-1
ESPARES
P-1
UnHer =1+ % > Xe(m) C05(27rfmT)} NP = Ky UL()I? (M
m=1

Heb Ky H—W8. X RY THRDESHOIOEEREBEBORT Tk 5% U (f) , mHnE
F K fERN S prisEn migFsl {Cr} .



1616 B F &5 B 2 # 24 %

3 ZABRDAE 5 5 MEHURIN | A AECAR

3.1 Z iR IE SR TACIEK 4L
B 1 R AmAES B ELERFER, XE RS THEILAERAHE, b 3) K
A 18 MRS ME S IAC IR A8 A A5 R XUV N

Hu(f) =U(f) = U7 (f) ) Crexp[—j2nf(P - k)T) (8)
0

.

E
Il

AW, ZAHRESE S0 LA IR R A R P AR A R, —FR A BeXd T Bk i (¢) ILFRERY 4R, 5
— TR R AR Ay, HRBEVR SChRENLFF, N DUECUE B4 it

Y(f)=U"(H)-UH) =UHP (9)

THmGESH A/D ERARFRET u(n) , £ FFT LEIFEAFHBEFES UK),
HUEEE S R R H.(K) MREEE: YV(K) = [U(K)]?, &% IFFT A®HIE Y(K)
2 etk B E S y(n) . BJE i D/A ZHE vk RS B LR EE S y(2) .

3.2 —184RE01E S MR INH I L8

FiR A RS se bk Y IEACALZE, HH ERIAUE 22dB £, LSRR R LIRNAH
AIER, WBURBUETEINH SR, #—SREERHUWHEERTRE. B 2 3 HmEETH
TSN AALAL B R A, BT R R B A b3 R SEAE I

un), [ Fer Ve e |2 u) TR | [TeRe | G [TFFT |2
= sy | s ] ornn ab s ok e e | L
B 1 ARG S UK AL R M2 G E R R

A (4) A0 (9) =TT SR ERHY Hh -5 SR 2 6 1 B RO 2 3
Y(f) = U =[0I - 1) (10)

BT O, B 4 1 13 S ST 8 T TRk R shERiE UL |(f)° # S RE RS S5 A LA Ll Ua|(£)17
KT, R Uz|(F)|° BT Has uk s 2.

[U2(£)]* = U2(f) - U3 (f)

P-1 P-1
= Z Crexp(—72n fkT) [Z C;exp(j2n fiT)
k=0 1=0

FAHREHUTIIHERE, THEELRD Z 8

P-1
U2(2)? = [Z CyZ*
k=0

P—1
}:czz-ﬂ (11)

=0



11 3 REVESE: PUUCEN “HRBESFRNE R RR 1617

S P Y - g B ) _ ‘
His IRk sy E R Rl W(Z) = [U2(Z)2 — [Z:;Ol Cka]l[Zi_Ol ClZ—i] | HERAA (5)
X, A8

W(Z) = 1
P+Zm 1Xc Zm+Zm)
Z1-P
S 1_p Xe(m)Z=PHm L Sy (m)Z-PA1-m

Zl—P

T ST xmz P

(12)

ERHESFRAT xo(m) BISTRIER, %EREHORS (B (11) XWFR) BRETHAR
AT HELAY, FTLl—MEiioR (12) XE XA 2P — 1 By IR ik SR RRER. #HL b, R

PEROUB AR P SE B, WSS £ TR, X RATTRERY, {HFT LIRS Zeat 1 7 LB I8
PamEiEE. Hit4,

f=K- f,/N=K/NT,, K=0,1,--,N—-1
He f, HREEER, T, AXeHEER, NAMFFTHKRE, 6)XEHN

P-1
|U2(K )\ —1+—ZXC m) cos(2nm KT /NTy), K=0,1,--,N—-1 (13)

FIT LA 55 FRAT ) A 8 5 A B0 BT SR R A% 8 R K

1 1
UK~ 1+ £ 2 5P xe(m) cos(2nmKT/NT;)’

W (k) = K=01,--,N-1 (14)

B EX AR MBS AR R ¥, NFSH N, T BB RS B AL (0 %089 3 8L
SHE AR ERE AR, 3 N B8R, T, B4/, TTLAUCOY BRI A% 1Y v di R .
HAELRR RERITFRAEM LA, REEMCARIGEL, X&FS SN I8 R MH 55
W OR A R E AT HH R

41T LA FWIFI N EL TR ERE R

AREBETRITF, FEREFEEHERRABKKT 100 I HBEREFES. B,
X EIRAR S E R SSF gy, X 0.2us FRKSERER 127 S HRBES (X5
& FFFER MG A B AR BEMEN LT 78) LA SMHz #REER, #4T RV ES T, 8
I EATIFR T RS EK E R G AR A LB 48 0. B 3 Y BRI R M BRI, Ho
& 3(a) M EHAFELESR, FEIH RMS=22.99dB ; & 3(b) HALKLEMREE, KT
RMS=21.87dB ,

El 4 A ISR G B AU B A A Bk T . KA 4(a) MITENGTHER, £
Btk RMS=50.64dB ; & 4(b) X RHKLWM AR, HERIK RMS=43.38 dB . ®Th, 127
L MRISME 525 SSF A )S, #ytiAy RMS B3I TR KRS, FEWATLIES,
LRMIRGE R GHESMTERE Y, AR HET TR, MR LIEZMN.



1618 T 5 & B % 24 %

it y()(dB)

25 ‘ |h “ I“”n “!|,|M| MIHIIE n| l ;mmaumu~wﬁnmamm~vLumnwﬁfwﬁitx«nmé

0 10 20 30 40 50
) Cus)
(a) HIHTESS (b) REZRMIRG R

B3 127 (LT ARGRIGE SR I L ul i ) R

| |
(37 —
(=) [}

S y(H(dB)
|
S

L
=)

750 " L 1 An‘J,‘_lh i 1 A
0 10 20 30 10 50 — B =
) Cus)
(a) HRHTEER (b) FELBMIRLE R

B4 127 (L MRS S MR B

Y ERBIRZESER fo = 0 MENTHTHESTAMLENLM. T ZHREES
RIBTRI E Y EATR, ETxSEEMRBREUR, E Bt T8RN A, EREHNE
SHEBEE LA, FRIMETR, mENEZSHEEESEETRN. FUERT MR A
G, REMEZEHARBAFZMBEE, & LR HEEIPTIAUS S LR, 7E fo =0 8,
RMS % 50.64dB , T fy=10kHz , RMS 3} 17.72dB . X B3 {1 R H ¥ M5 musi e &) vk i
BOEY RELHAR, BEIESE f; Likit SSF . BEFERMSEHAR, DUZARMY 1/3
Absk 1/2 3R A0 SSE, XFEBARMAET fa = 0 BEY RMS(TER 2 RS BRNFIL
T), 1B fo BRETE) RMS #1483 T K R@RE. & 5 B ZEEFRA 1/2 253 OO0
it SSF,  fq =0 fl fu=10kHz RSAFEH B4R, f,=10kHz 5f, RMS = 30.62dB , H[f
RMS ##5 7 12.9dB . FtRITERR, FERKEMZREMN S EYERZBFEETE, EiR
TR LURE RS R LR T EST T EE IR,

54 K &

ETFHURLTE AR EKERS, SSF MR RESSERR, TIURBBANEE
HIE AR, ES TR AR, BRAERE, BN RET WA SRR, s
BEY. REFBIZ SSF ERTMSEWMBHME T, 127 K BHDESKELE REH
HRE A9 RMS>30dB , WE T RAEANLFEE. MR, RIEXEGHET ZA00ES,
St T DL R R S A S R SR AN BT, TR T DU SR 4R e — S B BT



118 RIS FELEY _HamESFRINEEATR 1619

5 5 —
3 > 3 S ]
g 5 g -5t ]
= -5 1 2 L }
€ 3 & I
257 { -25 +
'y | ]
-35 -35
0 10 20 30 40 50 0 10 20 30 40 50
IR (us) I (us)
(a) f2=0 (b) fu=10kHz

B 5 LA fa=5kHz X+ .0Rit SSF &k ESH W iE

g F X ®W

(1]  #oxwk, EikESER, dux, B TR, 1984, 153-178.

(2] Chen Xiaohua, J. Oksman, A new algorithm to optimize barker code sidelobe suppression filters,
IEEE Trans. on AES, 1990, 29(4), 673-677.

[3] M. N. Cohen, J. M. Baden, P. E. Cohen, Biphase codes with minimum peak sidelobes, Proc. of
IEEE National Radar Conference, 1989, Dallas, Texas, 62-66.

4] xR, FREKEFESRMARITRBFLAERR, [BL¥ex], 48, sFifis, 1993

STUDY ON RANGE SIDELOBE SUPPRESSION TECHNIQUES OF

BIPHASE CODED SIGNALS BASED ON THE PROCESSING IN
FREQUENCY DOMAIN

Wu Jianhui He Zhiming Xiang Jingcheng
{(College of Electron. Eng., UEST of China, Chengdu 610054, China)

Abstract This paper studies the range sidelobe suppression techniques for long-biphase coded
signals by applying digital processing in frequency domain. By analyzing the spectrum char-
acteristics, a design method in frequency domain for Sidelobe Suppression Filters (SSF), which
is suitable for various code lengths and different code sequences, is presented. As an example,
computer simulations and experimental results of 127-bit biphase coded signals processed by
the SSF are also given. When f;=0, RMS are achieved to 50dB and 43dB for simulations and
experiments respectively. These show that biphase coded signal SSF designed by this method
can be applied in modern radar systems, and the satisfactory performances are achieved.
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