e GHIEISISLY
* FERBREOET

. 3 « SPERSISIRE (CSCD)
3 - SREREIO XSS SRR (CSTPCD)
« ShESFAREFRSCRHIER (CSAD)

Chinese Journal of Radio Science « RESSREIT (FEER) (CNK)

oL BN Rk DAL o e WA E &y 0 B
IR, R &, ML, ZHE, THR, FAM

Stretching transform jamming and characteristics of linear frequency modulation radar signal
WANG Taoran, PANG Chen, ZHU Di, AN Mengyun, WANG Fulai, and LI Yongzhen

TEZRIR]IE View online: https://doi.org/10.12265/j.cjors.2024053

FET BB A

Articles you may be interested in

B S KNS e G B e 7 WA R P

Index modulation based frequency hopping spread spectrum assisted with jamming cognition
FLIRRL AR . 2023, 38(5): 757-763, 852

%:J:f@chirp scalingﬂ‘]%ﬁiﬂﬁé%ﬂﬁ% U R T4 i

A SAR convolutional deceptive jamming method based on the inverse chirp scaling
LI R AR 2023, 38(6): 1029-1039

MC-BOC: L ] T Uil {5 — AL R e LR i B

MC-BOC:a new modulation for navigation & communication integrated system signals

HL BRI 2020, 35(5): 762-768

— T G AR TR

An anti—jamming antenna utilizing electromagnetic metamaterials

L R4 47 . 2020, 35(2): 299-304

TR RE S T A TE AT T LA T

Intelligent reflecting surface assisted anti—jamming approach for wireless communications
FL I RL2E22 4. 2021, 36(6): 877-886

RHL LU RR AR A B i A LR T I AR

Design of input EMI filter for airplane's DC bus converter

L IR A 2447 2020, 35(5): 708-714

RSFFE

« PEBEHTELRTS

» EFRRHEFARNAECES

» FESUESSISIER (SCOPUS)
» BARIERATRAYEIER (JST)


http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2024053
http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2022208
http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2022246
http://www.cjors.cn/cn/article/doi/10.13443/j.cjors.2020041901
http://www.cjors.cn/cn/article/doi/10.13443/j.cjors.2018123001
http://www.cjors.cn/cn/article/doi/10.12265/j.cjors.2021118
http://www.cjors.cn/cn/article/doi/10.13443/j.cjors.2019061201

%A40% F 2 B R & 2 %= ) Vol. 40, No. 2
20254 4 H CHINESE JOURNAL OF RADIO SCIENCE April, 2025

TFIR, PSR, B, 55, GMERIRTR 115 5 DRI AS e TP SCRA MRS (0] R4, 2025, 40(2): 371-380. DOIL: 10.12265/j.cjors.2024053
WANG T R, PANG C, ZHU D, et al. Stretching transform jamming and characteristics of linear frequency modulation radar signal [J]. Chinese journal of radio
science, 2025, 40(2): 371-380. (in Chinese). DOI: 10.12265/;.cjors.2024053

SR E A SR TR T RS 5

IMR BB i ZEZey EAck R
(HEBFRH K2 BFEEREE IR RO B R E S SERE, K 410073)

W E MAHFHIMAMHE (digital ratio frequency memory, DREM) #) s 3k X B 5 72 & A, & T
DRFM #948 T3 A THRA B EFL TFTHBEARG LA, MTHATHREAHLSZEZ A THREFEHMLY, -
HERFBRORLIEZEHH 6B AL LSO TFHRAR, FE2EIXREERLN, S EL7AXCHER
TFHRACR BT, 5 FHAR A Z EH L, R124 DRFM 2 F-F & B3 in, @ L ABOIRE AL R, F 8 T A 2k
FEEEF TR, EATZHEL AXIRE T LR (linear frequency modulation, LEM) & iA 42 5 69 354b & % T 7
e ERF BT F AR T OMRE R RN RS R, A Tk, AR A RN E TR BMMN, AT E TR
TR IG, A ZIAKCEAER AT TR, THAR TN T HRE T Ha, RETH, L T8 TG
B R,

KEIR AT L TH; LRI (LFM); fr 2 % T4 E R il

RESES TNI74 NHERERS A XEHS  1005-0388(2025)02-0371-10

DOI 10.12265/j.cjors.2024053

Stretching transform jamming and characteristics of linear
frequency modulation radar signal

WANG Taoran PANG Chen ZHUDi AN Mengyun WANG Fulai LI Yongzhen
(State Key Laboratory of Complex Electromagnetic Environment Effects on Electronics and Information System,
National University of Defense Technology, Changsha 410073, China)

Abstract With the mature development and wide application of digital ratio frequency memory (DRFM),
DRFM-based coherent forwarding jamming has become the mainstream of radar jamming technology. Coherent
forwarding jamming has the outstanding advantages of high forwarding efficiency and strong coherence, and the
processing algorithm in the digital domain is flexible and efficient, which can produce complex and diverse jamming
effects. However, after a lot of practice, it is found that when it is necessary to produce a large-scale continuous
interference effect, if the jammer adopts dense forwarding, it will not only increase the amount of DRFM computation
sharply, but also destroy the constant mode constraint, resulting in a serious decrease in the power amplifier efficiency
of the jammer. Based on this situation, this paper proposes a tensile transformation jamming method for linear
frequency modulation (LFM) radar signals, which compresses and broadens the pulse width and bandwidth of radar
signals in the digital domain, i.e., tensile transformation, and then radiates them to the radar receiver. After the tensile
signal is processed by matching filtering, it will present a large-scale continuous coherent interference effect, which is
affected by the tensile transformation factor, which is flexible and adjustable, and the tensile transformation interference
satisfies the constant mode constraint.
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Fig.3 Stretching transformation signal pulse

compression output
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Fig.2 Diagram of frequency domain stretching transformation
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(b) Frequency domain stretching

with stretching factor

22 ZERXEESM
MR (@) F(6), Xk RS A5 5 P () FlyPY ()
BB, I8 3 X R N

1 T,
|yj(t)|=\/|1—a/|K=\/|l—a|B“ (13)

5 DG P 308 90 i A B, A I 2 O e 3
X IR AEAE AR BN

B G (1
T 1-al|B,T,

17 FMX YR A8 43 DUE R

. =—101g(|1-|B.T,) (15)

Toower = 201g 1,

F 3 (13)~ (15) BT 20, Jik R4 A 5 R 0 [y, (o)
WA B B0 re « T3 AR B e R A R 2
Il —a|. Tik{5S BW B,. PW T, ¥ L, Fifii i
I 2 4%, I TR 3 dB.

15 25 0 i R X6 3z 3 0 DXR BE Y 5 ey, G
H1, {55 BW B, = 1.2MHz, {55 PW T, =100 us. LA
a=102 % 5, M UG & B 0 F I R 24
a € (0,2)BF, WA N B MW 5, 2 e=0.9 B, Ik

TR AR 10.8 dB, BLWI{E 53/ il 227 SR 2y 2
PRI AT
10 0

o 10 8

& &

¥ 06 .

: 20 &

oE '

L :

Tl h T 30 5

:E 0.2 )

0 | e e —40
0 1 2 3 4 5 6 7 8 9 10

EIAGISES
5 zEMXEEERERMHETFHEL
Fig.5 The variation curve of the near main lobe region

magnitude with stretching factor



%2

IR, F: AWIRARE AT M TRT RS RIR 375

FR i BE w2 SPE R, {5 S SV EY RS ok
WS (L U, 0 1717 3 B o7 Ao A28 o~ 88 bk e B o 5 5 D
MR SE 2 . H (8). (12) A1 (14) W%, 7Emf Bl fir
i L B A K @ € (1, oo) ISR OL T, 08

YRR N
rfmg~ARC=l (16

a

TERLH R F o €(0, 1) AT IR A1 B0 T, TR 2 A 9

”. AR =1 a7

AT LU R 1 05 MO B A OG, 73K (16) 1
A N Y S N P AR E A Ll S R R S

g b, PR A DI 5T RS S R Z AT
TEF &, NI, BEPERLAR N 5 I i 225575 1

3 fiEKIE

Z: % WMARITR IR, S0 B3R 2 R, s
T 8 T K DT TC R I A 0 RE M, 5 T UR
1 S 7R B 5 SR 5 B 18 B %8 (constant false alarm
rate, CFAR) 5 I &5 2F 17 05 FL 52 56, 46 k- hir A =48 1)
TR o AT S50 34 DA B S r e A8 46 Ry 5] A T

W

®2 HESHIRE

Tab.2 Simulation parameter settings

28 HUH
HIKESPW T, 100 ps
FiLFSBW B, 1.2 MHz

AR £ 36 MHz

3.1 hRfRFHBKERLH

K6 25t 1 AR R 7 9 B i TPk A I8
TP 2k i Hh A2 ka3

Pl 6(a) Ay AN [T A A1 B o ol 1 412 ok s B 113 28
P e, I LT BC 38 5 i 1455 X437 410 i 2 2k
FrIH—ALAbBE; 5] 6(b) 4] 6(a) H {5 5 1R B2 56 HE 14,
R T EMRXIEE RN G, . b
Kl 6 T Ut 1) SR -0 m] LS 55 A 7 B 4
A A I 3 R LY IR AT A o A, B G O
FEIT — oM, th B JQUeR” 3 B “vitR AR
2) iz FMe X B £, #HaE R A 3 dB, H
12 FHFX A O RIFR; 3) B T o < 1, R4
5 TSI, YR o > T, R4
AT S 01 P55 4) S DT ECIE D AR L, 4
7o 3 9 RO, DR AR R

0 AN
S 10 ) =
gfzo : .
Q__g—30 L
L =
= -50

1.0
i‘ﬂﬁﬁlﬂ%"aué 02 100000
(a) H—AR bk HE4r H i 28

(a) Normalized pulse compression output curve

dB
0.2 — 0
0.4 s
0.6
Mi 0.8 -10
m= 10 -15
4&*’5 1.2
%4 20
1.6 -25
1.8
A -30

—-100 0 100 200 300 400 500
i ] /s
(b) ARk i 14 388 o (L

(b) Normalized pulse compression output intensity value

6 HfRTHKERH

Fig. 6 Stretching jamming pluse compression output

F3~44H T B, =12MHz, T,=100 psfEil T
PP X0 BEA T HERICR o 2445 T AT U MR AR AR
e, WP 4 0.9, DI T2 10.8 dB, K5
Ty 3R AR AR X 1 AR 2T R, [ IR T 0 v PR
YK

R3 acO.DHFTHHER
Tab.3 The jamming effect of stretching factor a € (0,1)

@ T R R TR DA AH/dB
0.9 13 —10.8
0.8 30 —138
0.6 80 —16.8
0.4 180 —18.6

R4 oc(l,0)IFHHR
Tab.4 The jamming effect of stretching factor « € (1, )

@ T s R R AT A DA AH/dB
1.1 10 —10.8
1.2 20 —138
1.4 34 —168
1.6 45 —18.6

N 3~4 0] LIE H: a=0.9801. 10, TR 4%
BN, R BT S0 A B B F a e [0.6,0.9)U
(1.1, VAR, Dy 3488 2 w45 HL S5 Y L5 Prfh 7
a €(0,0.6)U(1.4,00), H78 25y FIMR ), HID 45 %
FEEE; 2|1 — alf— B, B P 2k R A, (A



376 W,

sk A

¥ %

F % 40 &

FLAH T € (0, DAY (E 5 & 58 96 B i K T o e (1,00)
o PR, FESEPRI R, 2545 7% BB o YU LRI 2 30
ik, WikH e €[0.6,0.91L) Ka € [1.1, 1LATRHTHE
3.2 RIHEFIXT CFAR #5M A S0

CFAR A6 1 2% 38 & &1 xF “BH AR g “A8 H
b7 B it, 75 CFAR il &5 /1, 50F 3 CFAR(cell
averaging CFAR, CA-CFAR) H A 7E ¥ 5] 22 I A 58 T
TSR AR T ERS | THA A e EEAR AR A, TR, A
5 CA-CFAR Ry il i A 1 AR TP % i H b 119 38 55
RORBEAT LI EE . SEOCE TN BEME PN
10°°, MR IR P, A 1 W, {5 L (signal-to-noise ratio,
SNR) & 10 dB, % Lo MK 32,
3.2.1  FfbF 3t CA-CFAR 4] 17 PR 649 %5 e

AT M TR 4 CA-CFAR #: 2%
Je R YRR A AR Ak R

2 8 15 70 FERN Tl R BE Y I O, 43 i R
a=0.7, 1.3, 0.4, T-# I, (jamming-to-noise ratio, JNR)
h 25 dB, B HEERERA TR Fn =154, $1TR
K52 % ooy A e 15 2 1T R A8 1k, 25 2R 1
K7 Fis

7R /dB

8OO 20 40 60 80 100 120
ISR 5
(b) 0=0.7

(b) Stretching jamming a=0.7

800 20 40 60 80 100 120
PR TR
(a) LT

(a) No jamming

)% /dB

—80
0 20 40 60 80 100 120
It B T AL
(d) 0=0.4
(d) Stretching jamming o=0.4
Bl 7 CA-CFAR il TFRZEHL

Fig. 7 The variation curve of CA-CFAR detection threshold

& 7 (a) G T, 7E55 60 A B BT AR A6
FHFMES; B 7(b). (c) P, Fifi i Fa =07, 1.3, i
TP TET 514N 27 A HE 2 550 9 A RN T TBR,
Xof 1o ) LS b s v P 36 X 84500 R 7.7 km AT 4
km, A F T T HERHZAE O T TR 46 T T 2
40 dB, BE % % B K m AL iE B AR AR, #E CA-
CFAR #a il g il 5 552 Hbw . & 7(d) o, B A5
0.4, TR PR BCRE B, TR R 180 4>

80O 20 40 60 80 100 120
R ST
(c)o=1.3

(c) Stretching jamming a=1.3

PH B BTG, [TRR HL PR TE 2 20 dB, [ 55 DR
NIk H bR, R TR R B R
W ESCHR . AR, XFEEE 7(b), B 7(c)H R T
a > VAR TP T BAR & .

5 L ATR, U LRSS D) A SR E S
TL AN TBR AT O, o BUEZ R 0.7 F11.30F fES
[Fi] B e J0i 7 25 3 Bl S Fa T, TR AR 34T 2) i
T RF 18N F 1, 20 B0 E BT A5 B8
H bR TR
322  FEAPF#H CA-CFAR 4 B 4749 % %

AN i {5 E S5 4 B BT X CA-
CFAR il HbRA52m . LS 2 PR, 4546
% B SO AT 2T B L, A< T R A
7 e =12, 0.8, 0.4, INR 43 %]} INR=15, 25 dB,
3 2o Rl A R A L T I T T PR B R 23.7 dB, I
0 6 T S R T T R S S5 BT T R
B, SCRe L AR v, 2RI g i s TR, WA R
WG . D EZER A 8~11 ik,

K8 T THRH LT, 45 60 A HE B ST Ab 46 I 55
T e U TRRAE, K3 HARfE 5. &9 FE 10
o IR T, BEE TS S TS i, /)
INR K, 2% oc )46 7, 155 H Ar B i A6 i
S5 T 2 A TR I 1T B, 5 ORI 2% G 3k A ) )
HirfE 5., Pl Fa=08 fla=12HKMINRT
R AELAR 7], {H 78 2536 BN ], o =0.8 B Al fif 4 7
S EE T, AESH RN AR E R, T
a =0.8 B AR B AR B8 F st HAn i & i, &l 1147
T =04, THIEZIRBKH, ZHHI0Y)
FIGTE/N, T PEHLEE ST K BT IR, 5 HAx
55T B B AR T TRR A .

FE LR {5 FAL R R I, AT SRR RIS g
PRSI HT, 45 BRI AS [R) A R 7= A i A T P AE
AN[E] SNR T AR, Ik 5 7, INR=20 dB.

60

—— K gt

— IR

20 +

0

Y% /dB

—40 ‘

0 20 40 60 80 100 120
PR S FAOTEL
B8 FTTHE CA-CFAR #&iME4R
Fig. 8 Target detection by CA-CFAR without jamming



IR, F: AWIRARE AT M TRT RS RIR 377

%24
60 T 60 —TI
40 —Riligei R 40 — KoMk
% 20 % 20
# 0 £ 0
B 20 =20
—40 —40
60 60
0 20 40 60 80 100 120 0 20 40 60 80 100 120
EEESL v 5 s B TR
(a) INR=15 dB (b) INR=25 dB

B9 AR[E JNR TH T (@=0.8) 3 CA-CFAR &l HERH
0
Fig. 9 The influence of stretching jamming (a = 0.8) on the
target detection by CA-CFAR under different JNR

0 = 00 —TI
40 — K ge 40 — KNG
m 20
Q
B 0
20
-40
-60 -60
0 20 40 60 80 100 120 0 20 40 60 80 100 120
I 5 BT i 5 BT AR
(a) INR=15dB (b) INR=25 dB
10 R[E INR THHTF (a=1.2) 3 CA-CFAR & B4R

IR
Fig. 10 The influence of stretching jamming (@ = 1.2) on the
target detection by CA-CFAR under different JNR

T T
o I 1 — RS it
g 20 @ 20
= S
¥ 0 E 0
=20 R_20
—40 40
60 -60
0 20 40 60 80 100120 0 20 40 60 80 100 120

B TR
(a) INR=15 dB

NN Ty 4
(b) INR=25 dB

B 11 AR INR THHFH (2=0.4) 3F CA-CFAR & B R
HIRIT
Fig. 11 The influence of stretching jamming (o = 0.4) on the
target detection by CA-CFAR under different JNR

x5 AERMEFRE SNR TR MR
Tab.5 Detection probability under different stretching
factors and SNR

SNR/ dB ¢
0.7 0.8 12 1.3 0.4
-10 0.15 0.05 0.15 0.10 0.30
0 0.30 0.15 0.25 0.30 0.55
15 0.45 0.20 0.40 0.55 1.00

i % 5 T, Bl SNR A3 K, ARG T HE R 3 K
AL R A, «=0.4 B, R IUAER B 2548 &, (0 T4
MR 2T =07, 08, 1.2, 1.3, A% EHEELRFM
IR, ok R F o € [0.6,0.9] Fla € [1.1,1.4]
EOE DA R a7/

33 KBTI SMEAEESITFHITEE

TR 2MS AL E, AT MRS R P
TP B 05 B 9256, B =0.7, INR=20, 25 dB, i fif
T4 AR 75 T ] T 3 % CA-CFAR #6300 4 5% Wi 45
WK 12~13 firR,

0 20 40 60 80 100 120

0 20 40 60 80 100 120

5 BT AR IS DTt
(a) INR=20 dB (b) INR=25 dB
B 12 AR JNR THHFH (@=0.7) 3 CA-CFAR

i B RS0
Fig. 12 The influence of stretching jamming (a = 0.7) on the
target detection by CA-CFAR under different JNR

100 — IR
Al 2
120 F o9 %0 BN 2R
100 | 60 60
50 60 70 40 A

g 807 90 95 100
T 60

40

20

0

0 20 40 60 80 100 120
B B IR
(a) INR=20 dB

— TR
120 g [R5
100 | {\ ,
60} |, N WA s \
m 80 35 604 165
= I
= 60 I ‘
40
20 f
0
0 20 40 60 80 100 120

EREA ST 4
(b) INR=25 dB

B 13 R[E INR TEEEES FHHIT CA-CFAR # UK 200
Fig. 13 The influence of noise suppression jamming on CA-
CFAR detection under different JNR

& 12~ 13 0] LUE H, S0 = A4 i 45 i A
Xof S $H 1 3 R 30 55 T, T R R R A I (A 1)
BRI, Z4BLIET . B TR R THE 5
210 dB B, THLxE B bR HAG 56 8OR, 1 S H i
TR KFE SR E D 20 dB B A K KRR,



378 W,

sk A

Fie % 40 %

HALR IO 58 e Il B AE S KE, Hifih
FLE A S AR A8 22 A 7 1 B R, B RESR T
R TTBR o P, S 400 T AL R AR K
BRI, REAS 33 A ROt £ il 55 F A

A SCA BB S5 8 1 URE 2 T s 2 0
At 7 5 EA AR () A2 A R, (BB 2518 7 A Bt AT
HARWTIE

4 % 1w

A SCHR T — R ER XS LEM 5 3515 5 1Y S A AR
BTk, IR BRI SRR AT TS, AT
P 022 kA i A0z A X T8 L R R AR A
B, ME T ACR AR R LA, T CA-
CFAR #5077 i 0 B T4 T4 B . 4528
K, BT YERER A AR TH CFAR A L F-, 200
CFAR Kl o460 F AR o S48 40 BE S TE Al ofE 25 iR
R ARGE B T RO s Zead A2 3 i) A2 S bl AR
575 R ST AT AR GBS, & — KRR
RV L IE P A B e TR b, FrAh 40K AR 2 A
5, ORI T T T ML AR AR B AR, T
I, FEAH TP 52 B2 5L T DREM R 7 Bl i — 28 5
fifiis 55—l A, S Se B, s BN BOR
fE TR B RAEEE N, MR UE 5 bk r
7 R Ak A Oy

S 3Lk

[1] MORRIS G V,KASTLE T A. Trends in electronic counter-
countermeasures [C]//NTC’91-National Telesystems Con-
ference Proceedings. Atlanta: IEEE, 1991: 265-269.

[2] LEWIS BL,KRETSCHMER F F. Linear frequency modu-
lation derived polyphase pulse compression codes[J].
IEEE transactions on aerospace and electronic systems,
1982, 18(5): 637-641.

[3] ZHUDK,LIUY X, HUO K, et al. A novel high-precision
phase-derived-range method for direct sampling LFM
radar[J]. IEEE transactions on geoscience & remote sens-
ing, 2016, 54(2): 1131-1141.

(4]  ETZW, HICF, BEZE & TR TRAG AR

PrECIMI. bt B Tl i A, 2010.
WANG X S, XIAO S P, FENG D J, et al. Modeling and
simulation of modern radar and electronic warfare
systems[M]. Beijing: Publishing House of Electronics In-
dustry, 2010. (in Chinese)

[5] . BT DRFM 2P IR A3 bk ol R 40 o 3k T 0B 4L
AID]. Kib: MEPRATAKE, 2006.

LIU Z. Jamming technique for countering LFM pulse com-
pression radar based on radio

digital frequency

memory [D]. Changsha: National University of Defense

[11]

[12]

[13]

[14]

Technology, 2006. (in Chinese)

akFR v, AR, TR, 45, SAR KN 2 B HEF F ik ]
[ ERCRAE R A5 & T[], B iRkE 2447, 2015, 30(2):
224-231.

ZHANG J K, DAI D H, XING S Q, et al. A composite re-
peating jamming method for SAR based on in-pulse separa-
tion and reordering and interpulse intermittent sampling [J].
Chinese journal of radio science, 2015, 30(2): 224-231. (in
Chinese)

XUTF, B 0L, EoW, 46 Bt 20T 23RS ) 32 SR T4
M LI, B Rl E2E, 2020, 35(4): 603-613.

LIU F, CHEN J B, LYU H, et al. Analysis of multi-loop re-
verse cross-eye jamming in new configuration[J]. Chinese
journal of radio science, 2020, 35(4): 603-613. (in Chinese)
2O R TR, AR, 4. JEF300 chirp scaling AYA AL
LA TR A A BT T 90 0y ik (7). W i) 224, 2023,
38(6): 1029-1039.

JI P H, XING S Q, DAI D H, et al. A SAR convolutional
deceptive jamming method based on the inverse chirp scal-
ing[J]. Chinese journal of radio science, 2023, 38(6): 1029-
1039. (in Chinese)

KNP R, XU, AR, 25, BRI TS LR TR AL
BB [T]. PR =24, 2011, 26(2): 400-
407.

LIU Y M, LIU Z, DAI D H, et al. Analysis of jamming ef-
fect on scatter wave jamming to SAR imaging[J]. Chinese
journal of radio science, 2011, 26(2): 400-407. (in Chinese)
ETH, XUHERL, SO, 4. [ WCRAESE R TR B 5
HELI]. A EEBRE E e 5 BREE, 2006, 36(8): 891-901.
WANG X S, LIU J C, ZHANG W M, et al. Mathematic
principles of interrupted-sampling repeater jamming
(ISRJ)[J]. Science in China series E: information sciences,
2006, 36(8): 891-901. (in Chinese)

B2, B, 0, S5, X R RHATH ER IR I ) IR e
RTHI. hERE: 7R, 2012, 42(2): 186-195.
FENGDJ,TAOHM, YANGY, et al. Jamming de-chirping
radar using interrupted-sampling repeater[J]. Scientia sin-
ica (informationis), 2012, 42(2): 186-195. (in Chinese)
FENG D J, XU L T, PAN X Y, et al. Jamming wideband
radar using interrupted-sampling repeater [J]. IEEE transac-
tions on aerospace and electronic systems, 2017, 53(3):
1341-1354.

WA FE T AL RICR AR 2 1 98 78 15 A T IR AT 52 [D].
Kb EBRF AR IR, 2012.

XU L T. Research on wideband radar coherent jamming
based on intermittent-sampling repeater jamming[D].
Changsha: National University of Defense Technology,
2012. (in Chinese)

UL, B, T XA LR TR IR R T T


http://www.cjors.cn/cn/article/doi/10.13443/j.cjors.2014042802
http://www.cjors.cn/cn/article/doi/10.13443/j.cjors.2014042802
http://www.cjors.cn/cn/article/doi/10.13443/j.cjors.2020022003
http://www.cjors.cn/cn/article/doi/10.13443/j.cjors.2020022003
http://www.cjors.cn/cn/article/doi/10.13443/j.cjors.2020022003
https://doi.org/10.12265/j.cjors.2022246
https://doi.org/10.12265/j.cjors.2022246
https://doi.org/10.1360/zf2012-42-2-186
https://doi.org/10.1360/zf2012-42-2-186
https://doi.org/10.1360/zf2012-42-2-186
https://doi.org/10.1360/zf2012-42-2-186
https://doi.org/10.1360/zf2012-42-2-186
https://doi.org/10.1360/zf2012-42-2-186
https://doi.org/10.1109/TAES.2017.2670958
https://doi.org/10.1109/TAES.2017.2670958
https://doi.org/10.1109/TAES.2017.2670958

IR, F: AWIRARE AT M TRT RS RIR

379

[15]

[19]

[21]

X [I]. AR, 2006, 27(3): 463-468.

HUANG H X, HUANG Z T, ZHOU Y Y. A study on the
shift-frequency jamming to SAR[J]. Journal of astronaut-
ics, 2006, 27(3): 463-468. (in Chinese)

B, S, A5 A AR T IR BENLRE AR T
). A5 54T, 2007, 23(1): 41-45.

HUANG H X, HUANG Z T, ZHOU Y Y. Randomly-shift-
frequency jamming style to SAR[J]. Journal of signal pro-
cessing, 2007, 23(1): 41-45. (in Chinese)

BB, B, Rt NS ISR R IR IR T
PLl0]. FU2ER, 2011, 32(4): 898-902.

HUANG H X, HUANG Z T, WU J, et al. Stepped-shift-
frequency jamming to SAR[J]. Journal of astronautics,
2011, 32(4): 898-902. (in Chinese)

JEIMESC, VO WANE, /N . BT ARTER i 81 i 40 [ R A B
HERMES TR RE RS THAR, 2021,
43(12): 3495-3501.

ZHOU S W, SHA M H, HU X C. Composite jamming
based on comb spectrum modulation and interrupted
sampling repetitive repeater[J]. Systems engineering and
electronics, 2021, 43(12): 3495-3501. (in Chinese)

XL, Bk, XCLL, 4. BT 5B Al il £ 1] BRCRA:
BRI LTI, B FE BXTPiHR, 2023, 38(4): 5-12.
LIU Y B, LUO Q, LIU J H, et al. Interrupted-sampling
repetitive repeater jamming based on segmented shift-
frequency modulation[J]. Electronic information warfare
technology, 2023, 38(4): 5-12. (in Chinese)

TR, IR, XUARTE . Bt i AR 0 A e A T
K 190, BRB AR, 2019, 47(3): 113-120.

XU P, WANG Z H, LIU D Q. Non-uniform repeated re-
peating jamming patterns based on shift frequency modula-
tion[J]. Modern defence technology, 2019, 47(3): 113-120.
(in Chinese)

RABEE, PRAA 2. [ BAR35 5 RAERE 5 T4 7 A O ik it
F . RETHESHFEAR, 2021, 43(1): 1-10.

WU C Z, CHEN B X. Study on generating method of inter-
rupted non-uniform sampling repeater jamming[J]. Sys-
tems engineering and electronics, 2021, 43(1): 1-10. (in
Chinese)

skoKiz, 2530, VAR, 45, —Ff LEM ik 8RR 4
SRR MR 7 R ) 8 e 4 U vk (T0. A e X 4T, 2023,
46(1): 28-32.

ZHANG J Y, LI W H, SUN W C, et al. An intermittent
non-uniform sampling repeater jamming method based on
noise modulation to LFM radar[J]. Shipboard electronic
countermeasure, 2023, 46(1): 28-32. (in Chinese)

Fe— g, IR M. — B0 A AL R R IR R T
B0, P55 B 2ER, 2002, 24(11): 1664-1667.

WU Y R, HU D H. A new noise jamming approach to

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

SARI[J]. Journal of electronics & information technology,
2002, 24(11): 1664-1667. (in Chinese)

A, BT SR 0 B IR 2 MR R b R 4 P RE
s I, JE Rt BT R 22224], 2008, 28(3): 256-259.
ZHOU G F, MAO E K. Effect of frequency modulation on
the performance of pulse compression in radar linear fre-
quency modulation[J]. Transactions of Beijing Institute of
Technology, 2008, 28(3): 256-259. (in Chinese)

B, e, 2R 5, A5 SRR AR RC TR 53 15— 1k
WFFE ], BRI SR, 2023, 21(6): 670-680+688.
XUE C J, TANG J L, LI H, et al. Study on the integration
of FM slope mismatch jamming and communication[J].
Radar science and technology, 2023, 21(6): 670-680+688.
(in Chinese)

TR, B A, AR, X L PR A A B 5 U A R
BT L], V5% FRHE R 2244, 2007, 34(2): 209-212.
ZHANG Y, YANG S Q, CUI' Y P. Sawtooth weighted fre-
quency modulated jamming technique for countering LFM
radar[J]. Journal of Xidian University, 2007, 34(2): 209-
212. (in Chinese)

KA, e A, BN, A5 X ZRPETRAUER TR Y IE SXINBGA
BT 1] REET RS TR, 2007, 29(4): 544-
547.

ZHANG Y, YANG S Q, DONG C X, et al. Sinusoidal
weighted frequency modulation jamming technique coun-
tering LFM radar[J]. Systems engineering and electronics,
2007, 29(4): 544-547. (in Chinese)

ATIEE, REW, T2H, 5. & AL R Sk 2 AL
43 BEJR 1 07 e i gt 0. R 5145 B2, 2017,
39(2): 423-429.

YU D B, WU Y H, WANG H Y, et al. Research on mul-
tiple phase sectionalized modulation jamming method for
inverse synthetic aperture radar[J]. Journal of electronics &
information technology, 2017, 39(2): 423-429. (in Chinese)
FEM, LR, W8, 55 BT ARSRIR B IR 2
ARG BOR® T (1], R TR 5T HOR, 2021,
43(11): 3185-3193.

WANG H Y, JIANG J W, PU J, et al. Multiple phases sec-
tionalized modulation jamming method with low sidelobe
based on cosine amplitude weighting [J]. Systems engineer-
ing and electronics, 2021, 43(11): 3185-3193. (in Chinese)
FeAhtts, e, 23, 5. BT 2 AR 4 Bo il i i) BR
KA T D). R TR S5 THR, 2019, 41(7):
1450-1458.

JIANG J W, WU Y H, WANG H Y, et al. Intermittent
sampling repeater jamming based on multiple phases sec-
tionalized modulation[J]. Systems engineering and elec-
tronics, 2019, 41(7): 1450-1458. (in Chinese)

FeAdedhs, T4, 52 0. X 2l B AR B35 09 T4


https://doi.org/10.3321/j.issn:1000-1328.2006.03.027
https://doi.org/10.3321/j.issn:1000-1328.2006.03.027
https://doi.org/10.3321/j.issn:1000-1328.2006.03.027
https://doi.org/10.3321/j.issn:1000-1328.2006.03.027
https://doi.org/10.3969/j.issn.1003-0530.2007.01.009
https://doi.org/10.3969/j.issn.1003-0530.2007.01.009
https://doi.org/10.3969/j.issn.1003-0530.2007.01.009
https://doi.org/10.3969/j.issn.1003-0530.2007.01.009
https://doi.org/10.12305/j.issn.1001-506X.2021.12.10
https://doi.org/10.12305/j.issn.1001-506X.2021.12.10
https://doi.org/10.12305/j.issn.1001-506X.2021.12.10
https://doi.org/10.3969/j.issn.1674-2230.2023.04.002
https://doi.org/10.3969/j.issn.1674-2230.2023.04.002
https://doi.org/10.3969/j.issn.1674-2230.2023.04.002
https://doi.org/10.3969/j.issn.1001-506X.2021.01.01
https://doi.org/10.3969/j.issn.1001-506X.2021.01.01
https://doi.org/10.3969/j.issn.1001-506X.2021.01.01
https://doi.org/10.3969/j.issn.1672-2337.2023.06.011
https://doi.org/10.3969/j.issn.1672-2337.2023.06.011
https://doi.org/10.3321/j.issn:1001-506X.2007.04.011
https://doi.org/10.3321/j.issn:1001-506X.2007.04.011
https://doi.org/10.12305/j.issn.1001-506X.2021.11.18
https://doi.org/10.12305/j.issn.1001-506X.2021.11.18
https://doi.org/10.12305/j.issn.1001-506X.2021.11.18
https://doi.org/10.12305/j.issn.1001-506X.2021.11.18
https://doi.org/10.3969/j.issn.1001-506X.2019.07.03
https://doi.org/10.3969/j.issn.1001-506X.2019.07.03
https://doi.org/10.3969/j.issn.1001-506X.2019.07.03
https://doi.org/10.3969/j.issn.1001-506X.2019.07.03

380 W,

sk A

¥ % I

F % 40 &

HFARLZGA ], R TR 5B TFHAR, 2020, 42(11): 2471-
2480.
JIANG J W, WANG H Y, WU Y H. Review on jamming
technology against ground moving target indication
radar[J]. Systems engineering and electronics, 2020,
42(11): 2471-2480. (in Chinese)
(31] BOORGE, IR H, Xk B, 5. BT W 5 4 BUIR 1 1y
SAR AR5 5 A WU ik (7. T ikF41%, 2020, 9(5): 898-
907.
HUANG D T, XING S Q, LIU Y M, et al. Fake SAR sig-
nal generation method based on noise convolution modula-
tion[J]. Journal of radars, 2020, 9(5): 898-907. (in Chinese)
(321 BOJGE, TR, 22, 55, JETIRBUASIAK SAR RIS
Tk ], ARG TSR THOR, 2021, 43(11): 3160-
3168.
HUANG D T, XING S Q, LI Y Z, et al. Smart jamming
method against SAR based on  multiplication
modulation[J]. Systems engineering and electronics, 2021,

43(11): 3160-3168. (in Chinese)

fEZEE N

FEHK (2000—), ko, HEHA, BEAHEKXF S
FTHEFRG LML, BIXFT @A FTETIRIK
A, E-mail: wangtaoran24@]163.com

R (1986—), B, kA, BHAHKF LT
FFEFRANFARLR, AR T QAR &4 Fik
FTHEIEAFEA, E-mail: pangchen1017@hotmail.com

B (1996—), B, L AA, BHAHE K FEF
HEFRGLHRE, IR T @A BRNEELE T
X AR HESRTHBE AR, E-mail: zhudi21 @nudt.
edu.cn

REB (1997—), %, ToaA, BFHEKRFE
FHEFFRE LA A, LT QAR E LT
432, E-mail: anmengyun20@nudt.edu.cn

TR (1993—), B, TTA, BGHEKRF S
FHFFRAIT, LT 0 A FERMAT LRI F
ROE &S BF A K . E-mail: wilmadman@

outlook.com

Tkt (1977—), B, AEA, BHHEXRFE
FTHEFRARLA, AT @A F AR &L
72 A Faddn, B ARMEM 5324], E-mail: 0061 @sina.com


https://doi.org/10.3969/j.issn.1001-506X.2020.11.08
https://doi.org/10.3969/j.issn.1001-506X.2020.11.08
https://doi.org/10.12000/JR20094
https://doi.org/10.12000/JR20094
https://doi.org/10.12305/j.issn.1001-506X.2021.11.15
https://doi.org/10.12305/j.issn.1001-506X.2021.11.15
mailto:wangtaoran24@163.com
mailto:pangchen1017@hotmail.com
mailto:zhudi21@nudt.edu.cn
mailto:zhudi21@nudt.edu.cn
mailto:anmengyun20@nudt.edu.cn
mailto:wflmadman@outlook.com
mailto:wflmadman@outlook.com
mailto:e0061@sina.com

	0 引　言
	1 拉伸变换数学模型
	1.1 拉伸变换的定义
	1.2 拉伸变换模型
	1.2.1 时域拉伸模型
	1.2.2 频域拉伸模型


	2 拉伸干扰脉压特性分析
	2.1 泛主瓣区宽度特性
	2.2 泛主瓣区幅度特性

	3 仿真验证
	3.1 拉伸干扰脉压输出
	3.2 拉伸干扰对CFAR检测的影响
	3.2.1 拉伸干扰对CA-CFAR检测门限的影响
	3.2.2 拉伸干扰对CA-CFAR检测目标的影响

	3.3 拉伸干扰与噪声压制干扰对比

	4 结　论
	参考文献

