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Abstract:

phase-switched screen (PSS). The proposed method relies on the PSS reflective protection method to perform fast and slow

This paper proposes a method for manipulating synthetic aperture radar (SAR) target features based on a

time two-dimensional joint nonperiodic phase modulation on the radar echo signal. As a result, it can form a controllable rectan-
gular block area after SAR receiving and processing. The proposed method is essentially a passive protection method with the
advantages of fast response time, low exposure, and simple equipment. On this basis, this paper uses the barrage area and the
jamming signal ratio to characterize the characteristic manipulation effect. It analyzes the influence of PSS modulation parame-
ters on the manipulation effect. Finally, the simulation of the SAR measured data verifies the effectiveness of the proposed
method.

Key words: synthetic aperture radar; phase-switched screen; nonperiodic modulation; feature manipulation

Foundation ltem(s): National Natural Science Foundation of China (No.62071475, No.61890542, No.62001481)

1 315

A AL 1% 7R 15 (Synthetic Aperture Radar, SAR) fii
FR R I 0 5 F, i 0 b, T AR VR TED 5 1k 5595 B B A
HLA A R A o RS B B AR R
SAR LR B AR A Y 5 23 B R RE 8 4l 22 F A RS
SN B LA SRS A0 U An] 25 1 AR5 AR 1 10 52 B H A

N E BRI BE T & A% OAT 55 S B TR 1K B AR
BT X IAFREREN 0 FAREMR A TR ISR . SRR B s
RS RCR I T 4328 , 24 BARRRIE SR " H
PREFAEIER] > 5 BRI R, R RIS A T
PHLASE X SAR AT TP —F R T4 FARRAIE R 6]
X, 2 A ol ) R 7 RS A DR 7 1 s 1) B T B
T BRI, RN TAALN J e 5y 152 SAR R F pi”

R AIE S IBORER S ) e 3t T s A (1 A AT 5
IS T i 5 4 2 B 1) XU

Wtk H 151:2021-08-27 5 14 11 H 1] : 2022-04-29 ; ST 2 - M i o

I AR5 RS DR B, AN AR 22 , ML) 58 4 1
e B E F b , 10 EL A 2 5 DR R Dy 3 el i i S TR 2



%03 1 EARAHE T PSS 1 SAR H R EFAERFE I 5 565

S st akasry oty . RO RS E A S AN
FUAR A Syl Bl /NS A A SRS SAR HEA 73S
KT AHHAETE R I ECF EHR G MU Digital Image Syn-
thesis , DIS)FE AR EARALL LS H AR ARG REME 3
TENE BRI iy LR A 5 S S 5t
RS BEANIS AR U SAR MG B FLAE [n]

SAR HBRHFAE #5545 AR A AT DL e e i 7 5k
e, TP EARIEA ES RSB REES  F2H]
FHBR S % B B AR A5 57 A M Al 113 i Sz 59 1] g
VS G S AR BIWER R k% HARTge ) H ', SR
TR T7 00k 78 I8 R Gt A AE R IR AL H, gy
LS PR ATy 5 R GUR IR AR HLEhPERFSE . HAT,
W IR TCUR B B e bh 5B T 2% R S S O R0 T
Pekrkt . AREANT— BN 3 56 B, G R R AR X
WEi] £ , 12 S BN Fi B 1B ) S P 52 el

R, AR 4RI i A AR 23 ]
A5 AR SR I HLREVERE , IR ELAT B T A SRATR
BRI ) A L A 1 AT AT SR A e Y. o
TR R AT LU I SRR T R I fE 1) R
PR, 5232 T E ) Z R 2R R
AR & WS N SO AERR T 1 H A Tl TR
K. OOCHR[22, 23] E A TR A S R I ] TR A
T8, I B AR VR 2R 10 (Phase-Switched Screen,
PSS) I S VCRCE IR , 3T PSS i 2 B 25400k
FHOTERIF TS . SCik[24, 25 it i SAR {5
ST KK IRTEE A R TS , SR 8 ) A 67 ) i —
HEGh . SR, I E R TSR .5
PORIATRAIE , 4™ A= A EARAT S8 S0 FRGA , £5B i
EFRRE R AR RIS BT I 2 AR 55207, K 1
RS T A RMA AP R RO S0

F 1 ABGPEAX ST

FER A IR LR B
VR AL Mk RS Ph P b P AR
X3 IR He
ROR A E7% N SER TR UL KRGy BB AR AE T : j@;i;é i FUAR R I B DR EENIR (L
. . MREART/IN 1T AR RIGLHE . Kl
\‘l‘f\': N X I8 N by
i TR Z THLX Y - - Bl PR A et
fjjgg | T_‘;,A\ > =N . T ><T‘;"—‘ Daces N ‘% 557‘ﬁﬂ'\‘ Das: N: ~p 2R X\A,;E,\j: %4%% L, ‘E‘ )
B WTEAR ﬁn fr%gﬂt PIES TG ARG TE N | Joik R TG L TR A ok bR
TS P E oy Rebs 5 S AT R

AW JE 100 30 3 7 )P B AL 4 e e 50 AR R 0
G AR BAe g iz o, DR R Lk,
o FEL - 25 2520 A 3R ) R R 4 R, AR
SCER T — R R TR I PSS 9 SAR H ARERF R O
. A PSS X I8 SUAHE S UEA T K P -k R 4B
A IR I, T LA SAR RS Ab B 2 B I S O o
BRI 38, 7 R L 7= A 530G B 4 e o P
TR R . RIS, AR SCHE M T UG R X sk 135 L Y
HES T LA TSR 1 04

2 #HERE5RK

AR SO e TR E X, 3 A I L
VR MG A0 BE T 75, LA 75 2 Sl S ol 0 A i
IR 2 L A R TG R

X AL G TCIE BT A, AR SCR i B4
H PSS LI J% 5 2 VU IE i 0 2R Se 2L, Pl 1 s . )
JH PSS S S 243 7 1, 3 HE ) EUAR IR0 15 5 A AR A3
S G B, ST I PR F SAR 245, e S EIE A
SR DX, AR ) T A, B T SAR M
ZG . RE TR A A SR L @ 2 SR e,
HIAT LSRR HBR []0 135 5 IR T RE A0S T LU
TR 7 S T A TR . X R A g

(F s JEL 8 7 P TR R B 4 33 4 R BRI A

P AR R 2R G IR B4R BT

3 AEFHPSSHESHHIEL

PSS S —FUBT Y 1 B IR R, 7R 15 H AR 4
WARR) Tz RO S G RN, BRI
W LR D B, TR TR A SO S A T AL . ]
217, PSS T SCBUFHIUZ A BUZ DA 45 SR T Aty
JC FFORRHBTZ e A 5 2, A i i e B A 4
B el S, A BUR R B R U5y 2 — AN P
FCPRAS B S AR LA B . PIRRR S AT R A D46
HL I RE A T 5 M FEOT 3 BE B 07 T IR AR Z A
R FEAF IR N IR TCIAG

PSS 38 i T 5 BT JZ 1 4 5 S Ml 42 i 4 2 1] 47
(1) B4l U048, T LA Sk b AG 5 5 i fin — > BB 1



566 H, T

EE 2023 4

—cos(f,?)
L8 AT |

—_— -

cos(fit+2pd)
‘ v

R JFRIUR

&2 PSS&EHIHEK

SETE Ik o st ) e 0 4 457 98 1, HL A5 5 R A AR +1 -1
Z IR . 5 IR SN R] AR SCR R R B AL ™ 2R
FHRL A% TC , (PSS AT A JE IR ), X5 AH Rz A i
A B MY . A I B bk w471 32 B L 4 B T 81 g, €
(1, =1 Fr sl 558 h o, A8 K, +1 i 585 H
K, 525 R a=K /K, JE A TE ko BB 1] 3 B .

TFRMI

p()
T 7 Ragst

j Fﬁ
Hi

|
|
|
|
| N )
T ’—‘
[ |
|
| |
|
| | o
|
|
I L
- -
[ | I
|
| | |
|
| | |

B .
Eaisn

—

B3 AR PSS R il
PSS p (o) AR R R 7] 268
p(t):rect(t_rkr)@) Kijaké(t—kr) (1)
k=0

Sy LA O ] LA — 22 3ol

1l LN TN

— RAHE S
0.8
m
liz:
E 0.6 +
|
o 04
0.2
oo,
90 300 400 500 600 700 800
A /MHz

(a) 7=0.01 ws, a=0.5

P(f)=1-sinc(zf) Kzl a, exp(—j2mkzf) (2)

RS PSS X A5 5 s () HEFT IR, B 1%
e
R(N=S(f)@P(f)

= Kz|1-2a|S(f)

T

+ r~sinc(ﬁ)[§ak exp(—i2nkzf)| X S(f)
- f20 (3)

o

MR (3) , 2 AR EIY PSS AHALA HI AU M5 S ik &
PR 53 : Feh A — U R Z W, HAE I 205 A G
G oA —2, IR R BN R(0)=Kz | 1-2a | . M a=0.5
B, R B . FR s IR A S5 S i
TSR TEIRAS , 5 A M B RO AN TR, A 8 )
JE E S TGRSR R T N IR S . Y =211,
RO )=0, GRS A0 ) S e X B SRR
AT O AN S Z R ATRAE ) N B, =2/r.

1% 15 B4 5 5 5 400 R 500 MHz, [ 4 (a) 25 1 T HE
JAI PSS 155 2=0.01 s Fl a=0.51% 0 F A SHE 5 54
il B A5 5 BB , A A A 50 el LI AR B . 5 R T
TE BB R S A ], A R 1) PSS i il & —Fl 14 22 1 223
RRL AR, BT | 12 | =0, Fr LIS 0 ik R(0)=
0, 53 £ 5E E B, =200 MHz. & 4(b) i n s T
PSSR HI(E 5 7=0.02 ws 1 a=0.3 i S5 , JH ik e 4
ROB BT — AR, I3 — ARG IR B R 0.4, 58
15 LT, B8 B 3 R A SRS AL B OC R B Y
i 3, G R BB s/ 5 o s L R e R
T A IR 2%, 2 0=0.5 I, R C i I 4% .

1t So ANBHES
— RHES

JA— Ak i

0.4
0.2
O200 300 400 500 600 700 800

Bl IMHz
(b) 7=0.02 ps, @=0.3

[# 4 HEJEHH PSS IR AT A

4 ETFIEFEHI PSS I SAR BERFIEEHI /7%
TE VB ] = ) P R 2 St B A ] 2 1 i <t

Hbrib 158 5, i RS AR5 BN BEAR KN
T3k H AR e #0f FL (Radar Cross Section, RCS). AT



#0031

TARAIE TR PSS 1Y SAR HARFFIESRAE T 1L 5 567

T 5 O 1ol B4 8, T % ff1 St e e E o N B gk —2b
ST, HAH Y TXF T A5 S 17— 2 % i )
5 T U 20 38R 5008, SAR 55— ik ol KA 2
TR, DA 1k R ST BN 7 38 Bk oo ) fg 3 45 S 380 i
B U TS RO T R — B  oT, 7RE S
] XE LUE A 2009 e

A SCHE S PSS SR FH L #2172, D)4k 32 32 7]
A RHATTCIE R, A H RIS U |, U R AR IR 5
JL98F>, v] DLSE B SAR A5 5 ik P K ] 8 5850 378
5 [R) SE TR SR PSSP i 22 1) 22 - 4 R, )
JH = e - 28 E AR O T IE R T4
4. 1 BkP-RkiE) BE & i 4B

28 591 ( Linear Frequency Modulation, LFM ME=
TR St SRR 12 B F i iR R s . ikt
R0 (51 = Y B 4 TGS R S 1 QUL ¥
SEIRIG  m R BRSNS, e=1,, + 1 R A )R & . 3l
i1 SAR K41 LEM {5 5%l

s(21,) =fect(TtP)eXp[j2n(ﬁ)z+ ;sz” (4)
O (5 SO, T, R (3 SR K R

RS B=K - T,
N T 3RAT B AR, PSS X 1A 5 [ i
A PRt () R s 0] A H ) SRR A VR AR AR P i) 8
584 7 A ¥ 500 a, 5K N K, A28 HoR o 12 5 ]
PETIAS 5 R 7, Gt 50 R b B KA L, 2 R e,
PR [R] 5 0 b ] R I IR A5 5 4 2
)®1§ak5(i—krr) (5)

p(t)=rect ( t_TkTr

q(tm):rect(t"’;lta) ®iz;b15(tm—lra) (6)

RAHE 2 PSS 4R R G, CRE 5N
r(f,tm) :s(f,tm) -p(f) -q(t,)

:rect(t)rect(t“‘)
TP TL
- 2Ry(1,))
- )

-exp [—jn[(r

A

~ K-1 .
: rect( ! k") S a,0(-kr,)
T =0

r

{rect(tm;lra) ® Eb,é(tm—lra)] (7)
Ho R BARBIE IR IR, ¢ R HRE B AL RE R, T, N

G ALARR R ARG S P . (D P 14 exp(-)
PRI R IR B85 ) PR () 30T, Sy 5 o) ok s A F) Sl
55240 exp (- ) BREAR SR 7 67 1] 45 B[R] 35, 24y 567 i) ok s
LS A BLA;

EVAE S B0 AR A PSS X LFM {55 (1) % 4k £
AR ] HE 2 T ROl — R 5 A B A5 3
S A 15 5 i B £ 3% 1) (Range Doppler,
RD) AR R b B AS 3] H AR —4ER1{5

RD A3 AT L3S PR A 37 A 25 B < B 8 ik o
FE4a A7 i . TERR B3 bk B4 v, DCIC 8 Ak FiLJ2:
— B FH Y J5 0 A N oA BT KRR s, () =rect(®/ T, )-
exp(—jnK, %), VEBC eI % pR B A A5 2R 1 s i H( f)
=S.(f). ok 47 a7 EX [Tl Jig PR ] #4843 2R 47 b
2 YA 04 VA ] 1] A 3 i 7 Ay

Y.(N=R,(NS;" ()
=7,K|1-2a,

S,(NS; ()

+rr-sinc(frr)zak exp(j2nke, )| D S.(NS. (/) (8)

120
/E\EPR;(f)%ifiqﬁtliliﬂzr(?,tm)‘mﬁﬁl‘ﬂ%ﬁﬁéﬁﬁﬁi%ﬂﬁﬁj,
Xk (8 ) A7 30 Ao HEL Iy A 4o 445 28 L Jaf iy

W) =F ' (t.K[1-2a,|S.(NS." (/)

+F ! (2, sine(ft,) z a,exp(=j2nke.f)| D S;(NS;" ()

f#0
=1.K[1-2q,

L,(0)

2, S a7 sine(fr, )exp(—j2mne, f) | @S,(NS," ()

=0

(9)
Hor, 1(D=C1= | 4T, | )-sinc(KTi(1= [ 4T, | ) HyATE
il a5 E b PR i) B 2 e 4 (0 45

HRE(9) , Ak FE 1] PSS 1 il (4 85 25 ok 1 A+ &%

S — AT, IR RERE N oK | 120, [ . X
T A IR S 1Y 22 RS ARV L IR I i 2k S
. ARSE AR B (RIS AT 5 LR AR , 28 PSS PRI i — 4k
PG i AT R R R
I(t,) =7,7,KL|(1 —2a, )1 -2a,)

LD, (1) +

{RKE‘I a, F~ (sine(fr,)exp(=j2mkz, /)| @ S,()S;" (f ))j|

120

: {72 b,F (sine(fr,)exp(-j2nlt, /)| &S, (NS, (f))j|

f#0

(10)
HorrS, () Jg 5 BEAB e ] VC T % eR A AT 1oz L 1 ()
=(1= | /7, | )sinc(KTe (1= | ¢ /T, | )) A W o5



568 W T

b B [a) 5 (S R4 O 25 51 K R (S JRAR

i T A% 0 R 51 (4 BE AL | RS i o R e — 28 LA
ff T 2R AT RAE . AR (10) 1955 — 00, G4 1
HE—ANEREHBS, Y a,=0.5Fla, =0.58, FH & H
B 2% 5 55 000 38 s 1 Sk 2238 4 ] ) T BE = 1) AT 67
] A 2 0, 8 UG AR G HObR X3, DA T BE 8 52 30
X HFREFAE A H )
4. 2 HHEIEHIRITEME

(1) R Xk AR

FRAE A JE 1 PSS Vil J5 20k Jik R th T 260, H AR
SRR BT, T FLUTEE B 1 i — S AR X . 4%
T X3 B H O BN R =+ (2n+1) ¢/ (47 K ), n 4 B B i)
DX S B AR AR R S A B X A e O R =0,
P B 1) 7

c
AR, ...= — 11
rmain o g ( )

AT T S AR J5 , #2767 1] [R)RE TR g 25ty R IX 3
XK R, =+ (2m+1)0/(22 K,) ,m R 75 {57 [ X 3511
BYEI, o S ZRMLIG TR, O XIS S IR 0 3 3R

AR 2v

amain — TaKa
PSS 4k AR IR ] 04 S S5 S 2 g b B, R
PR X8 i, AR AR = (1) A (12), v Xl A2

2¢cv
S amain — T KK (13>

R T AR A R B, PR S 8O0 R AR >L,
FAR,, L, o LA L 2 552 H AR i PR 2 ) Fi 7 L
A EE . R, BRAs ) A S I 2 7 <e/ (KL, , P i [i]
15 58 L A 7 < 20/ (K L), BEAk, S0 A0 1R 06 (B RE
A, PRl BB ) R0 B[] o7 25 Bl g 2430 0.5.

(2)  JEHIXI T

T e g i R TPy — i 2 s by, DA R
TN ISR A AT AT SAR BIG R
DX 3l F ] 4, 2 ) o] X S e AR A TR S T T
s H A 1% TR0 P, 28 5 85 1) A1 46 1] DG e 98 %
J& ,SAR 5 A wk th D3 3R0R
N,N.PG*)’o,

(4n)’R*
Hodp Ve R I B 1) Ab PRI 25, N 7R J7 A m) Ah B £
PN SAR RGELMHE S %, G FRR KA 43, 0, 3R
PRy HAR B RCS, RACRB R HAn 5 7 ik Al R B
PSS B TR AR B AR5, MIEAS 5 48 SAR 5 4b 3
IELOE THIIE S|

(12)

=AR, .. AR

main rmain

P,=N,N,P,= (14)

_ N,N,PG’P0,
(4n)'R
v o g PSS SR RCS , S5 i DX A 11 T 3y

(15)

0j

£ Eihd 2023 4
nN,N.PG *2’o,
Pojmain: maind oj = . 3., (]6)
(4m)°R*
Horpry,, ARER IR G e R IR A, SR RAE

ARSI AR T LU DG

(D)2 R BEHLZR S PSS [k shA R n] LAl 08 A 18
IERS GRPYC QN E 2 I TP O DS WA R B s
T8, I 24555 B (Power Spectrum Density , PSD) %
NH
451 - )| 7 sine ()|

T

(28— 1)sinc(n)
T

Py(f)=

0 2 n
+ zw (S(f— ;) (17)
Hodr 2 ARSICTEE B RS ¥ 5+ 1 ST R BT 5 L]

FH A T PSS A R 5 5 D e 8 o 25 R T A, 240
25t B=0.5 i, B A AE 114 2%, H. 329738 D R L P A%
L, X RGO SR B, X (17) Ay Ltk — A 3R
™A

P (f)=rsine? (f7) (18)

FIET S T, Ik JA 301 PSS 8 A 52 0 3 4 9 g

B M a1z, Py f)=0, 3 SR (LT B X B0 (972

R, BB Y o, AR X
ST R o A TR A

A

Psa(f)

»
>

=3/t -2t -z 0 I/t 2/t 3t
/
K5 DR R4k

Jonow [

nmain - 4o

| Parwr ji“ﬁ?ﬂg
o ARV I T2 X T 3 L A B T
FAED At LA 7 A 1] AT A LSRR, ax B
SCT R XN FE L ISR, HER RN
— 10lg( Pojmain)= 101g( ’lrmainﬂamainaj) (20)
P o

oj t

(19)

JSR

main

FErp P, 7300 DA S 1) DI SR A0 5407 i) 250
TR,



#0031

TARAIE TR PSS 1Y SAR HARFFIESRAE T 1L 5 569

5 ZEEFEES T

h T #2550 BT SAR R 48 il PRI 45 2L
R, 22 [H Sandia [E 58 5256 2 (9 SAR S0 5040 % FH ok it
FUE . E s, ik TAEZRM 9 GHz(2=0.033 m) ,
LFM {5 57 & B=300 MHz, J&Jil % K =1.5x10" Hz/s, fik
B T,=2 ws, I OL AN K =90 Ha/s V538 v=180 m/s,
Yy A% Rk F RD UL S . TR IR iR 45 S an &l 6 it
N, — A CHUE BT BARAL T3 serb o . R B 1)
FI7 A ) B BE 43 R 25 m 1130 m.

S SAR El 2 F e RS 1Y, R e A AL
1 EAAEL PSS AE A IR 1, LUARAS AR 0 R R . o0
TEF R TIEAS BRI RCS KN, 78 A H Ak
SAR UG A ) H br DA EIG b 4351 ok, 3fe LUAH R L 151
FEAE N PSS TR, niE 6(b) s .

P i) /m

-100 =50 0 -50 100
Ji L) /m

(a) FLS75ESAR %

-100 =50 0 =50 100
J7 L /m

(b) B#RSAREE
Bl 6 S SAR

7 25 3 T 3T SAR S (%) A i 1 PSS 9 il
REFREAR . B, K B AR ER AR SAR EI& 4
B3 A R R B AR 4 0 AR U B R A S S B R
MIEAE S . ARG AF 2R H AR LR A5 5 3 LU R He 451 32
e PSSAE MMM A T IE S . e BT fE S
5 Pl AE S 2, 5 &G (55 2547 RD AL
G Ab 3 A5 2 1 J5 9 SAR EHE .

FEF PSS e il 7715 32 A FH A R0 e e s

fERNTHEE, EF
55 H#RRCSH L

B 7 SARSMEE DT B AL H AR

AR )7 2 A R i PSS B AR G B S W B 2 1) R A6 )
P, TR — R AT 8 ] X AR i T AL AR
Bl 28 — BV £ PSS AR T H bR 2 i, AR
PSS HiA A [R] (4 8 il T2 O BLIRIE . BRI, Bk 22 8 PSS
BT AL H AR EME O £ He PSS A5 B AR §l 5 SAR &l
G2 32 PSS il E o i Sk (f e g 4% ) B F
B ORI H b L, AR R 0 T SO0 S e 0 O
PESEATPR DI, R Y H bR BE S AE SAR FE L9,
TE B HTR e ] DX S5k B A% 3407 S g AR B

NN PSS B SAR H AR e il RCR #4707 546
UE. B S M U RCS 5 HAR RCS HUfEXT T il 14 g
BIFZIR , B35 PSS A% 7225 ns, 7,250 ms, (745 FLAS K
0.5. FI84H T A oo, F SAR EURKHIEFERIURCR .

& 8 (a) FEw , 24 520 — 4k J5 51 PSS AH A 41
Hofo=1 8,550 e iy BLE AR FHE S Bk X
ST B 55, A R T DX S B S ) R 6 ) K
#B R 80 m, He il X 48 181 A A 6 400 m*, I R = A X Jak 1
5 Hh-3.35 dB, WAL ELAAREE 5 0] DL, e il R0 R A 2%
PFFH TG S B, o jo =5, IE 8(b) FiT, KHL
FRSAYE % . WE oo B K, Mo lo=10, 1
[ 8(c) iR, RHLEC B 58 49 2%, Joik AT A R0,
I RO e A 3R 2 B85 T AR o for, TR X35
RS TE L.

TR A3 A A R PSS PR bS ] 5 ] A S X
TR SRR R BOR B . Rt o fo =
5,519 25 T AS [RPREBE [a] 550 B ] 8 RS 58 T KRR
fIE R 0 75 FLZE AL .

mE 9(a) iR, X 7,=100 ns, 7,=200 ms i, H il [X.
A 400 m®, I X8 E Bk 1.132 dB, H AR
fEFEAT S . anlE 9(b) TR, 24 7.=50 ns, 7,=100 ms, &
il X B8R 1600 m?, 5514 i 70 58 B 52 0F Lb , 32 % e i
XI5 bR 2.432 dB. Bl 2 I8 Tl B 5T 98 FE 4k 252 11 ik
B M7 =16.67 ns, 7,=33.33 ms, 329 X 38 1 ALUAE
14 400 m*, F 3R 6 X 38115 e oh 5.375 dB, BB H AR
AR U I, R, A 9 (e) IR .

TIREE T AN 7, o, TSI KRS FE . 5
MBI, DRk 24 1 5 2% RCS [ 5 ), B AR 1 ) O Uik



570 H, + ~ 1R 2023 4
-60
_40
=20
E
=
{‘LE
-100 =50 0 =50 100
Ji iz il jm
(a) 7.=100 ns, 7, =200 ms
H
z
::g
0
Jifirfiim Frtzfuim
() oo =5 (b) 7,=50ns, 7, =100 ms
0
J7 Bt il fm -100 =50 0 =50 100
J5 BE el m
() 0'j/0"—10 (¢) 7,=16.67 ns, 7, =33.33 ms
B HEE R R % x
8 A ofo, FRAERHECR o RFe fle, FREIBACE
2 Eo /o TEFIRBERS FE : -
%2 REojo TEHREERSTHEL %3 FEo/c TEHKMERSFHEL
— - -
45 | alo, T, T, S i ISR, 4% | oo, T z, S ISR,
p . . 2 - -
(a) ! 25ms | S0ms | 6400m 3.35 dB (a) 5 100ns | 200ms | 400m® | 1.132dB
o o 2
(b) > 25ms | Oms | 6400m 2.75 dB (b) 5 50 ns 100ms | 1600m® | 2.413dB
. . . 2
(©) 10 25ns | S0ms | 6400m >.39 dB (©) 5 | 1667ns | 3333ms | 14400m’ | 5.375dB

AR EFLERE RN . BEE TR DX O, AR A
DI A5 L B 1 O, (LI N P 25 T BE R,
1M HARRE I ORAF AL, BT LARFAE Wi 22 55 . R, 5 28
T E VA T 25, PR H ) DX T ARUR DX P ) fE
oA, DLSRIA B S R il OR

6 ZERIZ
ASCHRE T — AP 3 TR ] PSS 19 SAR H bRFAE

B TR . NI T TR PSS i B o A ) L 289
Pt v BAT SRR R P . T 0, R AR A 8 PSS
Xt SAR A5 5 E A Jok AL - ok FET BB 45 AR 62 91 i, 28 SAR A%
Ak BRIETE G B R 7 5 A BOPR A i T HI0 XC [R]
e 2o 47 ) RS 1] -5 48 P 18] 65 50 58 S8, T S B A AR
T DX Sl 1o AR . dR e, RIS SAR 1B 8t 3
SRR SR T A R

AL EEF SR HUE T PSS A4 SAR H



#0031

TARAIE TR PSS 1Y SAR HARFFIESRAE T 1L 5 571

B AiE i ) RE 7, £ Hh B4 05 1% AT DAA e 21 TE 22 i
WGP RE . FESPRB T, ks BT G S HIAE S
SEAECEARA, a5 PSS ) 2 $0E T E YRS 5T
(ORI [RI, PSS AFRLS =4k BRI O T Y HL 1
VAP N 2 2%, JR SE AT TR A6 T BB AY FL G BE 3
N7 i e R SR LA ITFR AT, 2

5% Sk

[1] OLIVER C, QUEGAN 8. Understanding Synthetic Aper-
ture Radar Images[M]. Raleigh: SciTech Publ, 2004

(2] fier, il £ . FIBURER M]. Jbat: 7 Tl
ikt 2005: 123-132.

[3] CUMMING I G, WONG FHC. Digital Processing of Syn-
thetic Aperture Radar Data: Algorithms and Implementa-
tion[M]. Boston: Artech House, 2005.

[4] LIUY C, WANG W, PAN X Y, et al. Inverse omega-K algo-
rithm for the electromagnetic deception of synthetic aperture
radar[J]. IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 2016, 9(7): 3037-3049.

[5] BAIX, TAO R, WANG Z J, et al. ISAR imaging of a ship
target based on parameter estimation of multicomponent
quadratic frequency-modulated signals[J]. IEEE Transac-
tions on Geoscience and Remote Sensing, 2014, 52(2):
1418-1429.

[6] SHIQZ, WANG C, HUANG ] J, et al. Multiple targets de-
ception jamming against ISAR based on periodic Periodic
0- phase modulation[J]. IEEE Access, 6: 3539-3548.

[7] ZHOU F, ZHAO B, TAO M L, et al. A large scene decep-
tive jamming method for space-borne SAR[J]. IEEE Trans-
actions on Geoscience and Remote Sensing, 2013, 51(8):
4486-4495.

(8] RIEJF, KM, EIM, 5. BT HLsh T 1 SAR B 7

AW THTTE]. B0, 2010, 38(4): 954-959.
WU X F, DAI D H, WANG X S, et al. A novel method of
active jamming for SAR based on micro motion modula-
tion[J]. Acta Electronica Sinica, 2010, 38(4): 954-959. (in
Chinese)

(9] SRz MG, BEORAF-, B A, 45 . X SAR WU 18 X 19 77
I (5] AR B BN BT B D). TSR i, 2018, 46(12):
2832-2839.
ZHANG Y P, BI D P, FANG M X, et al. Azimuth intermit-
tent sampling scatter-wave jamming against SAR dual-
channel cancellation[J]. Acta Electronica Sinica, 2018, 46
(12): 2832-2839. (in Chinese)

[10] FENG D J, XUL T, PAN X Y, et al. Jamming wideband

radar using interrupted-sampling repeater[J]. IEEE Trans-
actions on Aerospace and Electronic Systems, 2017, 53
(3): 1341-1354.

[11] ZHAO B, ZHOU F, TAO M L, et al. Improved method
for synthetic aperture radar scattered wave deception jam-
ming[J]. IET Radar, Sonar & Navigation, 2014, 8(8):
971-976.

[12] TAIN, PAN Y J, YUAN N C. Quasi-coherent noise jam-
ming to LFM radar based on pseudo-random sequence
phase-modulation[J]. Radioengineering, 2015, 24(4):
1013-1024.

[13] TAIN, CUI K B, WANG C, et al. The design of a novel
coherent noise jammer against LFM radar[J]. IEICE Elec-
tronics Express, 2016, 13(21): 20160924.

[14] WU Q H, ZHAO F, AI X F, et al. Two-dimensional blan-
ket jamming against ISAR using nonperiodic ISRI[J].
IEEE Sensors Journal, 2019, 19(11): 4031-4038.

[15] sKm3d, 85 FL, 300, 55 . Sk S AR T b & R B
ARG EHET] AT IR, 2019, (1): 56-63.

ZHANG Y K, ZENG F, DAI Q H, et al. Development sta-
tus and trend of intelligent radar stealth technology[J]. Tac-
tical Missile Technology, 2019, (1): 56-63. (in Chinese)

[16] WEI X Z, XU S K, PENG B, et al. False-target image
synthesizer for countering ISAR via inverse dechirping
[J]. Journal of Systems Engineering and Electronics,
2016, 27(1): 99-110.

[17] Brde. Bk JCUE T PR M. dbnt: [ B Tl it
2009: 42-51.

CHEN 1J. Principles of Radar Passive Jamming[M]. Bei-
jing: National Defense Industry Press, 2009: 42-51. (in
Chinese)

[18] Zhang L, Chen X Q, Liu S, et al. Space-time-coding digital
metasurfaces[J]. Nature Communications, 2018, 9(1): 1-11.

[19] ZHANG L, CHEN M Z, TANG W K, et al. A wireless
communication scheme based on space- and frequency-di-
vision multiplexing using digital metasurfaces[J]. Nature
Electronics, 2021, 4(3): 218-227.

[20] #Wcx, BHE K, M 4E, S5 . ] R R R R 3 I R FL T
WD), R4, 2021, 10(2): 206-219.

YANG H H, CAO X Y, GAO J, et al. Recent advances in
reconfigurable metasurfaces and their applications[J].
Journal of Radars, 2021, 10(2): 206-219. (in Chinese)

[21] WUR'Y, CUI T J. Microwave metamaterials: From exot-
ic physics to novel information systems[J]. Frontiers of
Information Technology & Electronic Engineering, 2020,
21(1): 4-26.



572 H, T

¥R

2023 4F

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

XU L T, FENG D J, WANG X S. Matched-filter proper-
ties of linear-frequency-modulation radar signal reflected
from a phase-switched screen[J]. IET Radar, Sonar &
Navigation, 2016, 10(2): 318-324.

XU L T, FENG D J, ZHANG R, et al. High-resolution
range profile deception method based on phase-switched
screen[J]. IEEE Antennas and Wireless Propagation Let-
ters, 2016, 15: 1665-1668.

WANG J J, FENG D J, XU L T, et al. Synthetic aperture
radar image modulation using phase-switched screen[J].
IEEE Antennas and Wireless Propagation Letters, 2018,
17(5): 911-915.

WANGJJ,FENGDJ, XU ZM, et al. Time-domain digital-
coding active frequency selective surface absorber/reflec-
tor and its imaging characteristics[J]. IEEE Transactions on
Antennas and Propagation, 2021, 69(6): 3322-3331.

GONG S X, WEI X Z, LI X. ECCM scheme against inter-
rupted sampling repeater jammer based on time-frequen-
cy analysis[J]. Journal of Systems Engineering and Elec-
tronics, 2014, 25(6): 996-1003.

ZHOU C, LIU F, LIU Q. An adaptive transmitting
scheme for interrupted sampling repeater jamming sup-
pression[J]. Sensors (Basel, Switzerland), 2017, 17(11):
E2480.

DAI Z D, JIANG S Q, IMAMURA K, et al. Asymptotic
behavior of normalized linear complexity of ultimately
nonperiodic binary sequences[J]. IEEE Transactions on
Information Theory, 2004, 50(11): 2911-2915.

FALE, YRR . IR SRR, K T 1™ Ay TR
FEU) RG-S TR, 2021, 43(1): 1-10.

WU C Z, CHEN B X. Study on generating method of inter-
rupted non-uniform sampling repeater jamming|[J]. Systems
Engineering and Electronics,2021,43(1): 1-10. (in Chinese)
CHAMBERS B, TENNANT A. The phase-switched
screen[J]. IEEE Antennas and Propagation Magazine,
2004, 46(6): 23-37.

TENNANT A, CHAMBERS B. Time-switched array
analysis of phase-switched screens[J]. IEEE Transactions
on Antennas and Propagation, 2009, 57(3): 808-812.

EE =T

ERA B9V AETHEA KD
. B EBRH R TR B R G AL
PRI 07 [ R T S A PO . RS )
SUET R RE TR B R R T ROR
E-mail: wangjunjie14@vip.qq.com

BEE J 1972 4 AR TR A W
7. BN E B RH K 5 B R G A
EISE VA P I et A e e e 1 A
SR, BRI 1) A e X RS
H5HFRUN .

B B 2, 19984F A F RS HIRIX AR
VAT, 30 ] B o R 15 B R A A L
B8 v AT s WM = G [ e o VAN 6 1
S5 T AR LR RIS RS A B

HE 5, 1984 48 Ak FILVE A JULIL
L BN E PR R TR B R R A
IRBERION [ 5 R S A ST 01, R B SR S
] A AT B AR TR AR S AL B 5 A LR
TEIRXTHL .

BIRE H,1964 4 H4EFILVEEREE
i B E R K2 5 B RS 2 A
IRBE AN [ 5K A S = R A A R
FEWGE 10 R B A AL FE R
RGNV HPEAEHR . P E BTSSR RS
E190007666S.



