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The Theory of 22D Cosnusoidal Phase-Moduated
Repeater Scatter-Wave Jamming to SAR

CHEN d-we ,DAI Darhai Li Yong-zhen ,\WANG Xue-ng
(Schod d Hectronic Scence and Enginesring, National University o Defense Techndlogy , Changsha, Hunan 410073, China)

Abgract: A new method of SAR jamming is proposed:the 22D cosinusoida phase-modulated repeater scatter-wave jam-
ming. This jamming takes advantages of both the 22D cosinusoida phase- modulated repeater jamming which can form multi-false
targets ,and the scatter-wave jamming which can make the jamming echo take the red targets scattering information. The combina
tion complements each other ,provides a feasible approach of achieving the multi-fase targets jamming and the false targets take the
real targets scattering information,and reaizes the vivid multi-fase targets jamming in time ,frequence and polarization domain. Its
feasibility and validity are proved by theoretical anaysis and simulation.

Key words: SAR;2D cosinusoida phase-modulated; repeater jamming ; scatter-wave jamming

AR
(AR)
, , (o01] SAR .
) AR , AR
, AR AR,

[1.2]

3l

(el SAR ,
el ; AR

:2008-10-15; :2009-03-30
(No. 60672033 ;No. 60802078) ;



12 "SAR 2621
SAR Xp(f) = X(f) *3(f),
%(f) = 3 ai"X(f+ ) (8)
an:mA‘Jn(BJ) ,fj:(k)j/m.
x(t) h(t) = x " (to
SAR - 1), h(t) t, =0,
h(t) =x (- 1),
2 AR H(f) = X (f) (9
2.1 yp (1),
s (1) = Acod. Wt +PB oI, (D Yo(t) = xp(t) * h(t) (10)
(1) (2] Yo (f) = Xp(f) H(f)
sm(t) =A 5 Jn(BpM)oos[ (0 + 160,) t+‘;‘m] = 3 ad’X(f+ ) X7(0).
(2) (31 Yo (1)
Jn(BF’M) n ;BPM . x(t)
X (t&) :J' X x (T -e ™a (1)
(2 o

Sen (W) =TTA L Jn(B )

[e 1728 (W + W, + 180,) +d"z5 (@ - W, - 180,

(3
[12]
B =2(B au + 1) Wy,
B+
2Beu +1)
wm; Jn(BF’M) .
2.2
( )
_1 1 o2
x(t) = ﬁ_ra:t[ TJ exp (JT kt°)
T ,k=B/'T ,B
j(t) = A-ep(jBjowit)
A B e

( )

% (1) = x(1) - j(1)

(3

(4)

(5)

(6)

(7

[14]

X&) =[ [xOe™x'@ - o

+ 00

:I_ w(T) h(t-T)d =w(t) * h(1) (12)
w) =x(e T X (tf)
fd:'E.
X(f + rf}) X () fg= -
Yoo (1) = FIX(f+ ) X" (f) ] =X (t,nf) (13)
,F-l :ypn(t) fd
= - rfj
Ye() = 5 ad"Ym() (14)
L Yp( 1)
2.3
[13] (13)
_Sm@a- k) (T-]t]) Lt
YD =€, w) (7- Ttl) [1' T]
o€ 9 | t] <T (15)
&, = rf,fj =0/ 1.
Yen (1)
ClemEa- k(o1 ‘
e 1= | S0 (- 1) [1' TJ
(16)
, Yoo (1)
tomex = K (17)



2622 2009
Yon (1) c ke AR
At:—lf(L (18) (20)
Pr( n) = anpnrmx :T[Ar\]n(Br) * (1' Eéul) (25)
W, A
i L e -
Prmex = | Yoo (tamad | =1 - 5 (19) A vV $R R
(8) (19
P = @nPrmex STCATA(B)) - (1 - lj;l) (20) Pa(m) = amPrmex =T AJIm(Ba) - (1- JL:JB ) (27)
Yen (1) , [14] !
TR ) @)
(17) (21) ) ypﬂ(t) n=m=0
L Yen( 1) 2B, +1)
fd: - rfj ﬁr +3
. 2B.+1)
B.+3 .
(B, +3) (B.+3)
(24) , (26)
2.4 SAR Jn(Br) ) Jm(Ba) ’
AR
P(n,m = P(n) P.(m)
=T AN, B) Jm(Ba)[l- ‘mﬁg} {1- ‘m—m“;aJ
(28)
JT 0 = @) Ja() = A op (B0 ) - A, 4 ' B b0
- exp (jB ac0g0,t) (22) B, B.
A B W W,
;00 i Aa W, W, Jn(Br) Jm(Ba)
Ba 1(‘03
AR s(T ,t),
AR ( . ) 3
S, 1) =s@ ,1)-j@ 1) =s ,t)-j(T)-jalt)
(23)
jir(T) AR
ja(t) P P
AR .
(16) AR
S(vt,0, Hy) ,
_ W J J(%,y, H), - )
Axr-oﬁt—cz_[kr (24) P P(%,, Bl OB TR R A



12

'SAR 2623
¥p,0) , t v SAR . AR,
X =%=0, 3(0.y.H) PO y.0. ep(-j )it ,] (33
R(1) I SAR
R(t) = Ry (1) + Ryp+ Res(1) (29) (33 SR
Ro(D) = J(W)2+ 2+ (Ho- H)?
= Joo7+ = r+ O
Rep= J(yp- y) 2+ H,
2
Re() = J(W2+y3+ = J(w?+ R= RP+‘;‘%.
AR
5@, =oa( - B eppri( - By
nR o
-exp(-J—F;‘m) (30) (n=m=0)
(29)
s (1) =ep -jila-(t)J
—og -] Fbw;é;(vt)z}} (3D
R # R,
Ho > H R 0= Ry,
1%, o S
R = Ry, 1
4 3mx5m,
, (0./3x10*,0) (20000,
AR , 0. ’
3(a) (0,/3 x 10" - 24,50) ,
AR
‘ T
(SARM #%smm\ {%fm AR )SARKE (20005,0) , SAR 10km 3
B2~ AATE RO T R LR 50m, : :
B,=B.=1 w,=6MHz W, =30Hz. 3
3(b) 3(c)
. 3(d)
s(x,y) = IZG(I)?S(X- x)0 (y- w) (32
,SAR 1 SAR
(GHz) 10 (m/' s 115
L (5 20 (km) 20
Sis(T 1) = IZ [y, )i, 0] (MHz) 150 (M) 400 x200
L PRF(Hz) 400 (Hz) 150
|
= ‘Z[o(l) a (T - —R‘i—)-)- exp[Jtk (T - —Rdc—l)‘)z] SAR (km) 10 (m) 50




2624

2009

(B, +3) (B+3) 25 :

1.98 g
1,985
199
1995

2
2008
2.01
2015

25 2 ) /m

2.02 2.02
100-80-60-40-20 0 20 40 60 80 100 100-80-60-40-20 0 20 40 60 80 100
Ji 37 1) /m JiL 1) /m

(a) H b 148 1 (b) IS B T RBCR P

10

198
1985
1.99
1.995
2
2,005
2.01
2015

B 8 17 /m

’ Q%U 80-60-40-20 0 20 40 60 80 100 : Cl%ﬂ 80-60-40-20 0 20 40 60 80 100
F A ) /m J5 7 1) /m
(c) “HERLMAS R R BRI (d) - HfE R S W AR A
¥ RBORH

B3 TG RE

(5]

SAR
SAR

[1] K Dumper,P S Cooper ,A F Wons,CJ Condey and P Tully.
Spaceborne Synthetic Aperture Radar and Noise Jamming[A].
Proc | EE Radar 97[ C] . Edinburgh:|EE,1997,411 - 414.

[2] , . 31 :
2004,32(12) :2035 - 2037.

Li Bing,Hong Wen. Study of noise jamming to SAR[J]. Acta
Hectronica Sinica,2004,32(12) :2035 - 2037. (in Chinese)

[3] Andreas Reigber ,Laurent Ferro- Famil. Interference suppression
in synthesized SAR images[J]. |EEE Geoscience and Remate
Sensing L etters,2005,2(1) :45- 50.

[4] ' ' ' -

[31. ,2003,31(12) :1900 - 1902.
Wang Sheng-li, Yu Li ,Ni Jirrlin, Zhang Guang-yi. A study on
the active deception jamming to SAR[J]. Acta Hectronica
Sinica,2003,31(12) :1900 - 1902. (in Chinese)
(5] : , . DRFM

[31. ,2006,28(1) :30- 33.
Wang Ru, Wu Zzhi-hong, Zhao Guo-ging. Study o jamming
technology to synthetic gperture radar based on digita radio fre-
quency memory [J]. Hectronics and Information Technol ogy
Confrontation,2006,28(1) :30 - 33. (in Chinese)

[6] : : , . PdSAR

[J71. .2007,35(9) :1779 - 1783.

Da Daha , Wang Xue-song, Xiao Shurrping,Li Yong-zhen.

Discrimination and suppression of active-decoys jamming in

pPOISAR[J]. Acta Hectronica Sinica, 2007, 35 (9) : 1779 -

1783. (in Chinese)



12 ‘AR

2625

[71 , : [J1.
.2002,30(12) :1882 - 1884.

Hu Dong-hui ,Wu Yi-rong. The Scatter- Wave Jamming to SAR
[J]. Acta Hectronica Sinica,2002,30(12) :1882 - 1884. (in
Chinese)

[8] , .SAR [J31.

.2006,28(8) :22 - 24.

Gao Xiaoping,Le Wuhu. Method of implementing scatter-
wave jamming signa to SAR[J]. Modern Radar. 2006,28(8) :
22 - 24. (in Chinese)

[9] Wengin Wang,Jingye Cai. A technique for jamming Bi-and
multistatic SAR systems[J]. |EEE Geoscience and Remote
Sensing L etters,2007 ,4(1) :80 - 82.

[10] Chen V C,Li F Y,Ho S S et a. Micro-doppler efect in
radar: phenomenon, model , and simulation study [J]. |[EEE
Trans on AES,2006,42(1) :2- 21.

[11] Maurice R, Erich M ,Daniel N. Vibration and rotation in mil-
limeter-wave SAR[J]. |EEE Trans on GRS,2007,45(2) :293

- 304.
[12] , . [M]. ,

1992. 67 - 82.
[13] , . [M].

,1981.93 - 133.
[14] , , .
[31. E ,2006,36(8) :891 - 90L.

[15] , , . [M].

,2005.20 - 21.

,1984

1

SAR

Email :chensvnudt @163. com

,IEEE



