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Repeater jamming against chirp rate polarity jittered SAR based on

sub-Nyquist sampling
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Abstract: Aimed at the limitation of conventional deceptive jamming in the CRPJ-SAR ( chirp rate polarity jittered SAR) , the sub-Nyquist

sampling repeater jamming against CRPJ-SAR was investigated. The signal model of truncated sub-Nyquist sampling repeater jamming was built and

the jamming effect of sub-Nyquist sampling repeater jamming on CRPJ-SAR was analyzed. Analytical formulas to calculate the number, location and

amplitude of false targets were given and the various jamming effects with different sampling intervals were also addressed. The correctness of

theoretical analysis was validated further by the simulation experiments.

Key words: synthetic aperture radar; chirp rate polarity jittered; sub-Nyquist sampling repeater jamming; multiple false targets

& B FL 4% 55 ik ( Synthetic Aperture Radar,
SAR) [ HRB 8 42 T | 4 oA S it v 70 ¥ U5 v
UL Rt 2y B ARS8 S AT 55, FE A b &
PERMELLRAR I/ 0 AR, AT X SAR
SERA TP E O B R BT T ) Y
WEZ—1

Xf SAR {9 AT 73 ] P AT I T4,
S T 0 el T AR R 2K R, ME LA B SAR %€
00, — FLe M AT T AR R o A T BT S A it
73 ( Digital Radio Frequency Memory, DRFM ) fJ #H
T e T2 BB BN B O Iz B 9 T
P T I DREM HEOF A7 A8 8 3 15
T SRS RE S AT AR 1) A I A A 1R S A
B A A K ) 73k, AR GE i H
b, 1T ELREAS FRATAH S B A PR 25 . SRIMTIZR T

«  WFs A A 2015 - 04 -01

EEWA : }R QAR ERE R I (61302143,61501473)

PO AE i ok b B 52 SRS A BEA TR R, L RETE B
it e AR BE FUR , B B0 ek s o Jk ol i o BR B B R
U, DR AR — A~ Bk oA i il e 2 2 T
K A B TG T o BRI — BB, SCRR
(1O T XS L PR IR AT SAR {55 189 AR 107 0% i 552
B K IBIPL B HAT — 2 BT THURE ST o A M EER
B STERT T = 12 ] — 2P TR AR TS IR 5 fik 8]
Fh3l LK — 4 s 46 B 5 . 4 s 46 B 5 %) DREM
UG o WK N e A P R L PR S E
SAR 15 55 Jok 5 i Bl AR B 3h 2 8O AL LR AR
RS REFAEA R 1 58, T 238 I R 5
ZRBE L SCHRL 13 - 15 J4R T 35 TR 0R R A5
AR SAR I U770k F BAEWI ST T
RESEAL o

FURTOC T IR AR AR AL SAR 4L 1) F 7 552

EE Ak #ow (1988—) , 13 TR i FHA , B F52 A=, E-mail ; zhangjk1025@ 163. com;
H I GRAETES ) 5, #8085, i+, 42 20, Email : xiaoshunping_nudt@ 163. com



4

KL, 55 PR AR MEHE AL SAR JORFEF T 97

b SCHRL 16 — 17 45 Hi 18] BRCRAY: e & RE f% ) 8 45t
RERPES) SAR JE T, 10 H-5 HUR P45 5 Re 8
T4y A X B AR, (H S T2 R e T4
1) B 1) 7 A AE — 2 B RS, PR b 0 B s R
FEANBRA 77 X8 VA A3 A A M $E A SAR ( Chirp
Rate Polarity Jittered SAR, CRPJ-SAR) Tt i #F 25
EiE VNS FSIER

DRRAERG T 400 — X9 0 50 5 1 1 40 T
B RS AR TR A B ik i 5 K
RHE (sub-Nyquist sampling) 77, 28 J5 £ 47 I il
e R TR IA A A IR I B IR & 0 TS
5, O RE RS AR T PO HLAY BRI, SRAE 58, i HL22
b KI5 AT AR RE B 1) JE 1 22 1> i sty J R
HbRo AL TR [ IR, 5 KR FERE K
45 FH #] CRPJ-SAR i, i i 8 37 CRPJ-SAR
A BRI ROCRFE e K T HLAE SRR, 45 SR
T47E CRPJ-SAR b i1 sifg 45 28, 75 2R H An 1)
Wi B2 R oL AT 2 2, A AT T BIE

1 RRHERETHIE
11 RRETFHIESHD
CRPJ-SAR H‘Jﬂiﬁ{l‘{%‘%m‘%‘:{%ﬂg[lbm] :

I rect( Tl) exp[ j2mf.t +jmk.(n) 7]

1,

s(t,m) =

(1)
Kb, r FOR IR RIS [], g = mT (m AL, T
ke S ) ST L TR e = + 7 DA
), T, Sk of 5E L S, O R GHE S O,
k() =a(n)k, 7% n F 205 5t bk it o 4
HH kb, AR A (E, () e {1, — 1}
DAy P o AR R AR A JEL DAL A R 08 Mk e i) S
VRIS
JRNERE S T PURAE TR R T Ik H
FIRRFEEAT (BUE RN T, 4 f, =1/T, <B)
JE AT RGN YRS, A SCHRGTE R H
PR AT BAEOCRAR AR S AL ] R vh ity
ARl :

p(t) = Z5(t—nTS) = 2 exp(j2mnf.t)

(2)

SRIMSE PR A5 5 A R, T4l

XIEARAE T R RHEFEAR DA R, BE

ceil (T,/T)) = N, (ceil(-) Hyln FHEEE),

AN =N, - T, /T, Qi 1 fis , A BREH ROCRFEAE
SRR RN A

N2

T, Y, 8(t-nT, +At), NAHEE
p(t) = {

n=-N1/2+1

(Ni-1)/2

T, Y 8(t-nT +At) ,NRHEH
n=-(N-1)/2

=~ z exp 2mnf, (¢t + At) ] (3)

(2 = ANYT./2. N Hfisi
(1 = AN)T,/2,N %k

AT

B1 KERHEGESRER
Fig. 1 Sketch map of sub-Nyquist sample

e FHEHLLANC K R B T A, ] e
UL, AR BT AR R Z RN B 225 . LIAL
# SAR il (e SAR -Gz R v, , THAL
F| SAR 1ys/VRHE R Ry, 7 Sz Ial A& 2 0 m, J
WML RIS RHE A R, (n) = /Ry + (v,m)° o Geid
FHLHUT AN, AD SRAE, DA $eds, ARSI, K,
SAR BN T HAE A -

J(r,m) =plt-7,(q) Is[7-7,(n) ,m] (4)
Kt r,(n) =7,(n) +7, VR THAF S B
HE,7;(m) =2R,(n)/c i SAR E| T HL AL BURE B
HE(c AGHD) 7, T IRAL RGLER 3 H N ns
i I Y N
1.2 F#if55 CRPJ-SAR B GLER

e KOR AR & TR AEBE B 0] 1 B Ry
PEEAFIEINE 7,(n) , U FRB W Y JORAT:
THAF 5 A nT 2R

Sp(r)s(r)] = _ZS(f— nf,) exp(j2mnfAt)

(5)
A, (C) FoRfERA R . % 8B e L B 5
AL, HARE LI 2 A SE L R [ | < f/2,
DN BE B ) SR AE T YA T B BGE SR TR & Y, A
2. HIEIATHRY [nf | = B/2(B = kT, {5
SAGE) W IREBE S(f - nf,) TEfE SHIEH
EM ] BE N, = B/f,W(S) AIRH
w(3)
Z( ) )S (f = nf.) exp(j2mnf At)

HAr = {

Sp()s(r)] =

(6)



98 5 7 B K 2 R 538 %
oL fix (- ) S T EUEE R fix(Ny/2)
Ji(rm) = Y A(r,m)x(n) -
n=—fix(Ny/2)

N

(a) JEUR{E S

(a) Original signal spectrum

~Y

ST - > S(=1)

Nlbu—
W
|-
Nl -
\

(b) KEHAES
(b) Sub-Nyquist sampling SIgnal spectrum (f, =B/2)

i (f, =B/2)

~Y

(¢) KRN ZIIE (S, =B/3)
(¢) Sub-Nyquist sampling signal spectrum(f, = B/3)

5(F)
SN | =>»S5¢F—1)
stan < | w5020
B B B B

2 8 8 2
(d) KRFEAF SHE (f, =B/4)
(d) Sub-Nyquist sampling signal spectrum (f, = B/4)

~ ¥

B2 ORI SIS

Fig.2 Spectra of jamming based on sub-Nyquist sampling
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