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Abstract: For pulse-compression radar waveforms, higher range side lobes will result in the target masking effect. Low
range sidelobe radar waveform design is an important research on radar waveform. The existing low-range sidelobe
waveform designs are all based on full-pulse correlation. This paper uses the method of waveform combination to design the
waveform. Based on the frequency-domain orthogonal design, two or more sub-pulses of complementary sequences are
modulated to different frequency points and then combined into a constant-modulus monopulse radar waveform. Different
from full-pulse matched filtering, this paper presents a single-pulse intra-pulse segmental pulse compression signal
processing method, which makes full use of the autocorrelation characteristics of complementary codes. The simulation
test shows that the peak sidelobe level and the integral sidelobe level of the designed waveform after pulse compression are

low, and can even break through the lower limit of the peak sidelobe level of some phase-encoded signals, but there will be
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main-lobe broadening and 0. 89 dB energy loss. Compared with the chirp signal, the radar waveform proposed in this

paper does not cause the sidelobe of the strong target to mask the weak target. The constant false alarm detection

simulation shows that the detection probability of the waveform in this paper is better than that of the chirp signal.

Key words: waveform design; segmented pulse compression; range sidelobes; complementary codes
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Fig. 1 Comparison of radar mission models
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Tab. 1 Comparison of Several Complementary Radar

Waveforms
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Fig.2 Complementary waveform time-frequency diagram
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Fig. 3 Schematic diagram of intra-pulse segmental parallel

processing of single-pulse complementary waveform

F1T5 FiENE. RIESHERENE+ 1
F (1) B ERIB
xi(t):‘gr(t) ® gi(t) (19)
HEr g (1) Sk 38 0 0t 2 W4 BsF 3k e 5, PR 28 (12) 7T
T, S, () B SRIGTEAR N sine PREALZS . A T
%%$EL;,;meﬂwﬁﬁ%ﬁa=;m
BPF UEA ARSI IS o T LA g (¢) AT 5
g.(1) = % . sinc(%) . exp(jZﬁTlAft) (20)
FE2% TRk, X S (1) I HEFHEL v
B+ 138155 (o) AU VCBC I 7

h(t) = Si(~t)exp(j2mlAft) (21)
M5S0+ 1 BEAHSREE Hy, (o) M FeIE N
yi(1) =5(1) @ g (1) ® h(r) (22)

AR — et A It =0, kN 2 I

oxp -3 4T ) g 0 2 O o
A (18) (200 HC2DARA R
y(t) = {Si(t) ® S/(-t) ® sinc(?)}epmﬁ +

{I:zsd(t)eﬂﬂ(rl—imﬂ} (9 sinc(?) X Si*(_L)}eﬂm'Aﬂ
d#i .

(23)
Horr 55— 3 Ry BT 51 S, () AR C 5 1 R ) B
FEL, 8 00 Ry HAh 4B 9100 T 1 i S0 o
PR S, (1) AU E ARG
E3W ke FAHCR A, 4 A M CSS
FN R Z (1), H k=N

D-1

Z(1)=3 (1)o7
i=0

{DMS(t)+2(;Sd(t)em(d_im)(g Sj(—t)}@) sinc(;i)

(24)

A (24) P — 0T DUREAR y FHFRE S, o8 DA H
F A ARDCZ A, AT LA h 2 (5 T A AL B L K
IHf 2 AN, ERRE AR R AR . S
TRy S5 RRE A, SRy A () 4753 22 [ (19 L AM 47 HOARH G
Z A, HANT I Z 8 B AP AR, 2 4
WOESE A Z T, HANT A Z 8] 0 T 58 R i
I PRI A SRR A SCHR Y A SR 2 B By
B S5 PERE -
3.4 (FSAIEEBIEHRFE

TEAR S5 M 5 38 PO A AL B A = 4k 21
1 25 B FE (loss-in-processing gain, LPG ) > fif i 2 fir
TEPL AR MRANY o LPG I E XA < IS T 8 )k 75 i
{7 " 1) £ T L AR DTC C 088 90 45 WA {2 ' 1) 15 TR L
FUABL A X2

_ SNR iomsthed
LPG-10k%m( SNRmmm.) (25)
ERATES
LPG = loss; — loss, (26)

FHorp loss,, #2715 2k Bic Ab BRI DT FE Ab B 5 06 (B B 1Y
Z{H (dB) , loss, F7n 2 B Ab FHFI DT Fir &b # I M 75
Z{E(dB).
ARSI E S b By & — R AR BC AR B, Ry T
T 5 H A 2 Bl g i 28 AT X e . OB
BRI TE 1015 5 A B 25 SUFE AT T vk
BERGEAT A5 5 A FEAT A RIS 5 5 n(r),



5510 #

FEEESR A5 B ik oy EAMIGIE S S R A R ik 2035

W e FPE T AT, T 22N o A3, 3
EREZ BN

F BT E 2 E—— X (19) , Dy s
n (1) 5 g () AR, I AEIE ARG B9 R n, () K IH
B M, D220 0

S5 2RI b (1) BEAT TR R T o BRI W
AR RS D) n,

ni=a'2fw ‘hl(t)‘zdt=a'2azri (27)

Hod o IR 7, F ki ik 9
55 325 F ki B AR OGSRAN o SRR I A Y M
Fﬁgﬂ]%”mmyﬁ

Ny = Z)S:ni = azazgri = o’d’r (28)
X DG e A 3L DT JE 308 U8 48 Bk 9 7 SR Ik o ik

B Z RN T LA DC T 8 0 s W (A () W S T 3 R
Nyp = ola’t = Nyye (29)

PR H AR ST 118 2k T Ak 38T DG C Ak B s e

B 22 1H loss, N . BFLL, A SCHTHRIETE i {5 5 b 3
S N

LPG = loss, (30)
4 FESH

TSR TR R R IR $i IR (8) [F T AR
RUEAT I A 3 o A SCER B T ARG I B 38 A L
A E AR5 N S 505 5O E 3 B bR AR
i,

4.1 {RE=MEgE{FE—PSL

ARy, M AT = 5 B, 7w S 2
W G A G B R [R] A 2R IS IE T RVR Y
AT, DA R S AR G S e ek

F1A—WNN 1640 ) mis i e i 5HS
BN 2 R, kR 25 R a0 & 4 Fs

AR 25 T PSL PRI A FRAEL, 16 v AR A% Zw
455 B A& PSL KR BR A

PSL,,, = 20log,,(1/16) = -24.08dB  (31)
1M A SC B 2 15 5 B A ik b R 46 )5 PSL
S -27.71 dB, X T 1% G2 AH A7 4 A5 15 5 19 1 BRAEL
-24.08 dB.

Jok e 4 I I R B Ik b BB AR 2
4 rh )T —Ab 5 B A B IR BRI ASE A 0 dB, 1T
J2-0. 89 dB, X ULk h 46 5 e sk T 0. 89 dB,
REER G S A B B E AL o 2 B 2.

$24 PUSH p, 20 7 () Gt I 1 B S

#2 1A ESHL

Tab. 2  The first set of waveform simulation parameters
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Fig. 4  16-bit waveform pulse compression results

Bz 3 o, BEgs BanE 5 i .
P& 5 v 20 57 AH A 4 B 45 5 A FH C 1) PSL 1) %

K3 H2ANTAESH

Tab.3 The second set of waveform simulation parameters
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Fig. 5  20-bit waveform pulse compression results
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Tab. 4  The third set of waveform simulation parameters
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Fig. 6  4096-bit waveform pulse compression results
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Fig. 7 Comparison chart of the pulse compression between the

waveform of this article and the P4 code
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