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Abstract: In order to generate multiple false targets and interfere the advanced chirp rate agile LFM( linear frequency modulation) radars, a
group false-target jamming method with stable position, based on intermittent sampling repeater jamming and bidirectional shifi-frequency
modulation, was proposed. The intermittent sampling frequency and frequency shift modulation were obtained by mixing the radar signal with two
time-delay signals at the same time. The interference signal was obtained by intermittent sampling and repeating processing and bidirectional
frequency shift modulation processing in sequence. Theoretical analysis and simulation experiments show that the position of the false target group
generated by this jamming method is constant for advanced LFM radar systems such as frequency modulation slope agility. The proposed method is
conducive to forming good interference effects during pulse accumulation. Meanwhile, compared with the intermittent sampling repeater jamming or
the shift-frequency jamming, the range of group false targets via the proposed method is more wider, which is valuable in practical engineering
applications.

Keywords: chirp rate agility; intermittent sampling repeater jamming; shift-frequency jamming; group false-target

BACHE B L, M T TN RS A SERE AT, ™ AR T 3 2800 o 2 i 5 e el 3
PR R T R B RAR S AR T8 BRI R R T R ST ST
HETMAGEEN, AT B EAR TR LM (linear frequency modulated , LFM )
HAT B0 i) 0 g0 2K R, R TS TALEORAE R TR TR AR S MR - 25

Wi EEE.2023 -05 - 12
BT HE E BB 4% H (61701507 ,61890542 61890540 ) ; K Uil 1R B30 H ( kq2209002)
*SE—1EE /DL (1986—) , 5, e NN, @ 2082 , Fi -, 442 R )il , E-mail : mrpanxy@ nudt. edu. cn
SRR /NS, WaEse, JHm, A S0 EE R BUE S A kR B AR EET Yk L], E B R R4, 2025,
47(5) . 175 - 185.
Citation .:PAN X Y, FENG X W, ZHOU L, et al. Group false-target jamming method with stable position against linear frequency
modulation radars [ J]. Journal of National University of Defense Technology, 2025, 47(5) ; 175 —185.



- 176 - EZ VIS AN 4

547 %

EREIE, BE 0% B A 4E 7 AR BE R HT R H
b o BB RPN KRR B S
BRI o XTI AR AR A A % 43 A 4
PR TR T, A% 58 B R AT 7 A A H
SRAEEE A E B, 3 BUR H AR A BETE 2 A
RN SUHEFIANRER €A S7E 4By Rl ES R
AR B, SCHRL 14 148 T — R AEIR
ANAE [ LEM 5 3K B T 0 U7 i, D R
LEM B2 TP -5 F B0 % D0 B 45 il 98 Ak
ST 72 I A Y 3fe B, i 28 592 U A% 93 ik I ) A
ARG B & IV A2 A, kol e 46 S AR AR
AR E AL o (HIX TR RS AT 007 I A AR
AR H bR T Y05 5 I 75 22 S I AR B 9
FETTIR AL 2, N S BUATAE — EXESE . L AME
Wk REIE AR T AL R G, L SR8 0+
PUT ZEX K A2 Bk o HEATRAE, TR G
DL E R KRR, SEbs b, Z BT T
REAS Kt M FE 8 R AW B A B i T4
BRI £ 32 O E

[BIBICRAE 5 K T e — M RE U HE ™ AL 2l
FFRE 4075 20, B0 U B SR T — 3P
B2 K ol 08 R IS o5 5 AT A il Ak
BT i) R R T 3 s SR A R
e R B SRR A T B R T T IR O T B
T AT HAT AN R 2238 A it 14 [T 0 5
T G IR VR BC R AL BRS SR £ A4 sine B8
LAGDDI IR il v N 5 s R G R - E o
BECT O RIBOR BERE R TR S B A Y
ZA0: 8] BJCR R I R E] BICR BRI R . {5 5
ELITARE A AN AR I (] BJCR AR 5% & T 04 B i H
AL 3 /) A H A I 0 T R A I
TR R A 330 3 I ] e 5, B H s e (L A3 5 e
B H BR B BORI ] BCR FEAI R R GE o 1 B AR
ARAEIT 55 [ E A2 A0 P, A 5] 5 1] R
FESER [AIAE 225 R [R] — B 1B H AR (6 7 B AE A
[Fi) B 328 ok e DG C 9 90 Ak B S B R, JCVE B IR
ROBLRN T b R SR R ) BOR B
ek T2 Bty ZARAE T LR SR 24T 2
SE , [ I i 52 21 7 2k ko A5 5 4B RO e B
B E LN R AR

LR bR UL JABURERSEAS LM s R T
AT YR Al S R 7= A o A
B F AR b Se BRI B I P LRI
e R — o AR SCERA M BCR RS T
PURIRE PRI, 45 Y 1 T [A] &R AR -5 X )

R A8 356 5 Ak #4407 B =X LM 7 3kl B
PREET L A AR S — T35 1k, & LM
AR B 5 M e s A4 Ak P T TS 1 E R H
PRAFTERCR o

1 ESRFERAXTNEABFTMESE
R fik IR %y H

1.1 FSER

(] BJCRAT e S T PR AS 1 A X ol ik AR
fr 5 BEAT — /N DR R AR 5 T B e K% BUAR
T R SE U AT — BefF 5 oR AR, At
SR RNEIES S BN QU R TR
PR AE T IREARAT T A i8] ] — A
oy R T IMHLEGR I L LEM 55 2 4
N

u(t) :rect(LT)e""“kt2 (1)

liel -T/2,7/2]
N ;;—a—%
0. i ok A

B, T FoR TR KPR e ] k=

PRI, By LFM {5547 58
Hh TR]BRCR A 2 T A 331 T 0 5 Bt 7 ] T,
() BRCR AL 1 R B 90 T P15 5 BB AT L)k
RN
u,(t) =u(t)p(e) (™™ 4 e P AFS0 (2)
2, p (1) Tl BORFEEL R4l M5 5, "™ IR
[ A R i 155 5 L e ™ Ay 1) B A8 4 R
il {5, AF AR I il i
[ BICRAE R K T R AN 1 B, BEAL [A]
BCRAERE St A T ASEA AR A 48 I b &3 £
50 B S AR DK i 1 5 1A N B o Ak 3L 12 1]
HCRAERE 55 R p (1) AT AR R
t
p(t) = rect(7) *n;wau -aT)  (3)
A, 7 A ECR AR A, T, S [A) &R A J 4,
“a TFIRERLE( - ) bl BB n R

s )-]

B .
751: LFM {55

A
parres ‘ ) Bk R
> Se THER | B MR
0 T, Tar or, Tt

BT RIECRAER s A
Fig.1 Schematic diagram of interrupted-sampling

repeater jamming

MRS = 5 R GEAGR, 7776 Q0 i A2
Xt



555 W /NS, % 7 B SR M A 5 PR T TR B B AR T4 05 12 177 -
u(t)e”™ e AR b L e . i (8) WAl LA, iE )
o nf) = Lot _p epn RSB A OR R R A
Jk FEIEAT 7R A% | 2o e I TR) Al b7 A X ARy
u(r)e™™'e AT PR ALAR B AR EE , T 1] B8 450 0 170 ) B 4505 | 114
U(f‘+ Af) — Le*j (Jr;’f )zﬂ%’ - B2 <f<B/2 {E)(E*‘rﬁm {Eﬁfﬂﬁ“ﬁujﬂ
vk Y
p()e . nff z 9)
PP = X ofSa(nmaf.) e ™ 8(f = nf.) b = — 22 L
() B BCRAESR £ SR TR /.o
sin( nwrf,) . o w A FORATIUEN A, MBS ERYE, i H AR
H oan =0 7N > .
ot S (o) = ST GRS
_ Ly e s e r N M IV Mo
. = WAL PR QUL A LR N

% a, =7fSa(nmrf,) HIBCREL WA -
Uy (f) = LU= AN + U(f+ AN ] #P(f)

= Y ae UG - A =) 4

UCf+Af - nf) ]
+o 1
=Y a, e

L A2 o
)

" (s)
1.2 IR

AR P i A DG T 0 A i o
1] DL N -

H(f) =kU" (f) =ke™ 7%

N2 o .
—jm i +iy —inmf +

—B/2<f<B/2

(6)
WTA)BICRAFE 4 & T AT 5 2 D FL R e ik
R 4 A P o

Y(f) = U,(HH()

(=Af+nfy) - (=Af+nf)2

ejzﬂf/e A e L ] ( 7 )
A BB
o 1= [[_rpey

+ o

= 2 a

n=-w

j: 27 ( HA‘":_"f‘S)df + J’: o2/ ( t+’A‘/;"f‘s)df‘
(-4
-y ®

T R] UL, B R n (972 40, SEBR b X
ANFIB OB F B, B IR)BIORAFE R 2T 19 XL A 2
IS SR I A Z I H AR, BA B A
PRI (L Pk 220 ph (] BICR AR AR £, BB Af FITH

+ 0o

= 2“{5[ (kt + Af +nf.) (

n=-w

Sa[ w(kt - Af + nf.) (

(10)

Horp N ZRoR ] LU B iR A I 20 9 IR H bR dsc K By
o TR, AH LB Y ] BROCR R B kTR A
W, A ST P00 277 AR AR B B BE 2 A
BRI LA, O T80 0 R 3 il ok 38 2 i i B¢
HH B

Wit (9) FFEE T LI, 455 ik 55
WIARERE b AR AL T ) BICRAE AR £, TS i
Af S R E AR {2048 A R ARk

filn, & & LFM {5 = bk oh £ Z20F 6] 7 =
100 s, PRI k =2 x 10" Hz/s, B[] BCRAE I
K7 =09 s, [A] 8RR 5 KM L . =
0.5 MHz, | Fpoph k7 7 [B] BICRAE 5% K TP, 25 )&
N=5fIN= -5 8 HABES 0 1500, A, =
[ 5"]; SXJ; =)= [ - 12,5 s, 12,5 us],
Fe LA 1) — 2 g A5 B % Ry BE S S Ol
[ —1.875 km, 1.875 km ] ; %4 KME A, =
3 MHz U] S A TR A0 TP, 2% 1 T 7 R 40 i
3 MHz il -3 MHz, 23218 2 M B AR, U (E
s - Ve =2
P 2 B BE B e [ - 2. 25 km,2- 25 km | ; [f]
BJCRAE S5 WL A% A5 1] T PR T8 irAR H AR (IE
MM H N=5 MBmHE N = -5)Z[[ A, =
[ = 27.5 ps, 27.5 ps | Xt N7 HE B35 [N
[ —4.125 km,4. 125 km ], A] UL, #H b B0 [A]
KRG S IR R W T4, (B BICRAE 5 Je 3]
RN HIE B B H AR T A2 A A R s

TR A0 A} A8 A i (B H s A Bk 22 1
WMk =2 x10"Hz/s B}, % f. =0.5 MHz, Af =
3 MHz, JIB2 | 1F [a) #5450 Fl 61 1) #5450 5 |2 A NV =0

- 15 ps 1 -

=15 ps,



- 178 - B BE K 2= 2 i

547 %

Briie B AR WA I 20 00 e = = 15 WS lg e =
15 ps, N = + 1 By i H b5 W (B 20 17, =
—17.5 us b = 12.5 us; BRI % k =
10" Hz/s, 1fii £, F1 Af AR FEARAS, W BEhT 0 B i
HFRIEMEF 2] 2 = =30 ps g, =30 ps,N =
+1 BB H RIS 2 0,7 = =35 sy, =
25 s, BU[R]— Bl E AR EAE T 20 % A4 T 8 35 1 Bk
AR TR Ik Tk AR B 5 U A
2 [UEEEXBEERBETHRIUAER

SENEE
2.1 FHE|WAFE

H1 F LEM {55451 58 25 155 14504 3 1 B 4iE
A O AT LIS AT BT A5 ] BCR AR £, IR
B AS T 2

{ﬁ = kAT, (n
Af = kA,

o Az A Az, 3590 [ B AE 3 ] EICR A
AR S, RIS AF YIRERAEE TR A5 5 R AURPR
kB IEN S, BT ARARK(9) , WL
{zn+ e = —NAT, - AT,

(12)

by = — AT, + AT,
A1 (12) R, SRR v R D (L AN 220 AN Bt 97 33t
Rk AR, S EERAE Ay AT, HH5C
S B IR B BICRAE AR £, AR Af B
PRARUAREA R AR A BESK, ELE S A SE PR R G
SE XS PR SRER b HEATAG R AR SOR N E 2 B
ANBITTIESEBL S, RN AF B S R B R
W
AR S u (o) FHER Ay S5 91 SR,
GEIF
Au, (1) =u(t)u” (1= Ar,) = ePmant-iman
(13)
BN SEIMEAT BN E kAT, , LIZAREE 21 N 6]
BORFEIUAR, BY £, = kA7, 45 58 1] 8CR FF 42 il

fis:

p(t|kAT)) =rect($) * niw 6(t —nkAT))
(14)
[ B AR 5 u () SHER Ar, JRHE S
TR, 1551 :
Auy (1) =u()u” (1= Ar,) = ™o -iman
(15)
AT RV R bAT, , ISR NN

BB 0= ke AR BRI 5

v(t ‘kATZ) = ATl | g ~i2mhAT! (16)

U FH IR CRBE A5 5 p (¢ [ kAT, ) FIHR

HPRAHIE S v (elkAr,) X uw(e) SEATAEFR, W) 155

KTHESH:

u, (1) =u(t)p(t|kAr, ) o(t|kAr,)  (17)

2, HERE IR Ar, Az, BSEEE T

(1] BJCRA: A3 58 1B A5 S B 91 490 R 238 1)
Ak, it AR HAREEOL AR E A B

u(t—At)

o o f=kAr, Wt | kAT,)
u(t u(t (1
B RRE— [ R BHA>

Pt|kAT) Af=kAt,
TRATRE ) Bomas
e

B2 EfE R LEM Sk B s T e Bl B

Fig.2 Schematic diagram of false target jamming for

LFM radar with constant position
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