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Increasing the value of JSRmin in deceptive disruptors by
reducing the number of samples of the input LFM signal
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Abstract:

Given the rapid advances in radar technology and the growing complexity of detection algorithms, the design of deceptive
signals to interfere with modern radars has become especially important. In this paper, existing radar signals are first
analyzed and their key characteristics extracted; then frequency-shift and time-shift techniques are introduced as the
primary methods for generating deceptive signals. Next, the effect of reducing the number of input samples of an LFM
signal on the values of JSRmin and the peak-to-average power ratio (PAPR) is examined. Simulation results show that
halving the number of samples leads to a significant increase in JSRmin. This effect can be employed as an innovative
approach in the design of deceptive signals. Laboratory and simulation results indicate that the designed deceptive signals
are highly capable of jamming adversary radars and degrading target detection accuracy. Finally, while discussing the
challenges, the paper confirms the necessity of developing novel methods to counter future advanced radars.

Keywords:
Disruption, deception signal, LFM, disruptor, JSRmin, PAPR, frequency shift, time shift, matched filter.

*Responsible Author’s E-mail: petezadifar@ihu.ac.ir




Asly (RO bgy La ST Sl eolatul b 5 JUSes
L oy b JUiS s olalis Jlais s ol
Jlayl 5l e v S 1 as (gl sla i
3y s (rasd ol (595 3 T 3 b w8 JUSm
4l e Ll d g Condg L5 0,5 5 (o 2
[Y]ogss olulis

sl S Gyl asilgs o e ol JUK—w
ol 55 ol o g LFM (36 ot oS awle ikt
ad)S L o LEM ggi 5l (ais o) JUSms oo
LY ]! oo

3yl s peniss oy JUK—w DRFM G o
Stz TS 8 halS 5l ey g 950 000 S o]
Se3)ly syl pasged g (bl p Jlesl ot Fosls
Sonle 5o ol (nl e 05800 Sl & ST Joe
Jlizus JLEw ceul aladls> axly g Jlious
Sboy w2 Jloel jl g 0980 aliSle 05 s
oals JLail SodUl an Jlizus Jawe axlg 4 colgzdo
JUSw 095 00ils ,55b 095 ST cuale 4 s RYWp
S sy il e ) s el LS5 L
oame 5 anbin Gial3l T Gl 53 5 0uds saniSoyo
ad>yo ol 5l Gy 0 9lise sy 1y 055 el (uilS 8
S Gyb ) g ead s S g el S 0y JUS—
a az g boogdioe Jlol (GL3 o]y Coons ay oatn 8
zoe L5 ST 1|, Gus e s 5 alols o8], 4y
oS LI sl o sy (ol gy 4 S (225
ool (iS85 Loy St Jloel 5 )Mol z9e
Olssise ol S a1 dome Jlul g ol 4 olgds
Sloo Gus Gy g dold g8y oluls o)
slesliiwl L plgS oo (raizmen 3903 Pt g o9
olly e 2 sla™ SIS 5 b 5l b S Jlos!
a5 G5 len 0,5 sl] Pl 55 Bas Bly a4l o
3 38 e st 5 ool SIS (sl o] ol ol o
5 Jlwl Olss oyt gl (ol SIS Cuz o
5 mlin ol S o el JESm 28l o Ll
=5 Yool os o 5l k(58 oS lS Jle]
I ol = o8 S oo eS8l o ) (JUSw 10,

3 Down Convert
4 Lobe

dodilo -
O gl loly g pslod iy 5 loy cuidS L
Sygmo d yd Sl JuSw b ablie 5 ololid 4y 08
Sl vz LSS (ol sl e g pdlaiadign
N VELVIIREH FIFPIDWPL RUUP PR ON JUPV I ELOWRIR WIS
5 odmzm sbahs) ) lasgerme G p JuSKew (b
039> ) Fos il A L5 aS 0 S e yo ) &80
ey S 25131 iy S
5 ool (glas il o e i lags5ld o
&b sla by prals ay 5 oS oo Layl ol
S5l skl b sy e b JLKw A1k o
S5 I s gy yas lol, JiKaws DREM!
o o o Jlam 5 008 oo 2L y0 255 slag e
Jlwzms e SPUT Joae gy Jlinzms JuS—
Ole) 50 990,58 o0 0,33 e aliil> o (ADC?)
A [V ]osi g0 0a0bl paiss 00318 Cons 4 cwlio
G Byl sl as (gl JuSew dal jo 5090
ol ul 0o )S Jelow g lalid b g o 28 )3
S by S5 2 (el slanl p lulis
Ot Ll JiSKims sl s ol 5 GaeVgoe
b oo o ik Jwl 951 5 saple;
JES (2 lhb an wlgs e 1y sl Slofeg Coonl
Olosn s loly JuSam Jelod o oS S8 8
it s Giliee sLacSwiSs ) soliiul L 1, o]

Syl g bl sl

JESem (S8 a5 Cenl Lo (s (0908 (oS5
ao ) ol Wlgt et ol b sl juss egian j5b &
it opdle 0S oLl ol JiSe e
e o e 35 JU oleg S s el
20 L wlgioe sy cnl V]9, 5 & b JUS
e S o5 35 el i 3 Sy |
JESe o s 5 @ a5 290 (b (5550 a4 il
e ol il a1y peds ol ilgs oo g sl a8lg
oo Mol Sy o 8 JUS (eSS 5 oy
gh GRalS 4 Sl (See al> o nl 09b oo JLo)

! Digital Radio Frequency Memory
2 Analog to Digital Convertor




eoee o0

1Fol ylimwoj g jusb /70 OJL_AJ'! /PP Jlaw

JEC R R JER NN NET N P
oouS sy ;o (PAPR?) (Sl ()l an (glatax]
[¥] 23l aslss 2l 5 S

glasel s Ol i 4z o Ol el g9550 (nl &S
ol 5 2 8l S (g5 aaziS g 3 o
Slasl slawy oS L Bk labl ged Lo Ll v cdl>
93 Sy 4 Cendlys walyts g353 (8ly Som e
s Hlaly a5l g eoged Gleds x> GBlaal o,
Oy e Blacal o gy o anb 1] g led e
Bg 00591 Ly dinge Sl S 5 M

[V] ez Slaal (s 55 (ol oo (0 ey -V S5
0958039y (P rS LSS plgs o0 4 b s ol ple
Slopt )l Sawmn Gl 5 6ol slagsslos
wm s PLST ng slaghs, @ 5l (JUSew 3l
O 6,10y Slapinn 298 o0 bl G ) e
S, 68l 5 oduzmn slayisle sl eolaiul b w08

Slaal 5 00,5 o 1) (85 Gla LS wietign
Oz 5 ol S8 e sl LS 511, a8l
U5 & el b
oil8 B pla JiSw (Lol sla Sy ek
Vb Gl 5l aanil ails ) als 5 ol

| )L))?ﬁ

2 Peak to Average Power Ratio

I ol S5 s 095 w0 s 0 a5 was
4S5 Lz o 2 SIS o a el s il o ) U5k
=B 5 (S b (e Sl Sy b sl e
5D i 51 JLo [V] e 35 i
L 092 (59, 51l (ol pom o 0 5l am g095
My et Jloly DREM L gudss (558 JUSes
foldl wnly> Blasl ax og, alis 3 5,05 oo
s JiSmw (ml a5 )8 (ool 2 1y 28509,
aoo b ol BGue g cewload o)ly Lol p Coons
iy 5ol Ll Jgase loly Sy oS oo 5T 045
o g Wl o8 S8 Sl JUSew 89,9 panis
ol 00 o8 SlS 00 o 3l s 0005 FSZS L
505 4Ll ]y 1) n5 sble Olgse S,

Sy sl oy Y1)

58l sl ARM aisiios Slige SO il =Y
99 Mime Sk oo Sl b 15 09d oo 05 1),
A as ausid |y ol CusBge g 0S o 1) (glas o
s s g o g 5 S 55y e 4y o]
WS sl 1 ol Candge

s sy il ys o], b augly b St T
e 223 b 5l )l g el (6 e 5 P LS -F
gl loly oylg wilgs cad Lol

G o8 Sl OlsSse n slagis, Sl sl L
Sged B3> ol

LSLCH = 3 S5 ousS Bi> 3l ool ol -)
S5 ol gl @) gl lair glagal @58 Y
DIl U 99,9 Sz @8 (arid Cuxr (A
099 5 380 il (b ol ey e 06 Y
DN Sy

w50 S P LS il 6l (Bediod cnl o
Cowl 0als ooliiwl x> JUKew oz 5leis ol
S 5| o B i Jl Gl 9 L [Y]
== e 053 slamlen bl S 4 SIS
2 5009 ol (Hrx Slaal o o 1) 095 Wlgi o
30 A laSS Lal 0 gome poudo loly a0 5l ases
slasd olg5 oo o3lail ax U as” el ol cosl & ylas Loxiy]

Slaal slass golial bl s Sols ymolidl ], e Claal

! Side Lobe Canceler




Sl ilod 5l gy Bud (S g (29,5 -
(V) dobes b lgiie |, LEM ], sniis 3 JiSems

[8] 5505 chros

u(t) = ™" |t‘<% Q)]
B .
wed W= b ee T V) dlly o a5

Short-Time Fourie®, 4 (=& M ® 2 0}

40
30
20
o
50 10
-100
0
400 2
1.5
0 -10
-200
Frequency (kHz) -5 )

1
0. .
400 Time (ms;

Magnitude (dB}

w..:lf)s 059> 4 LFM JL.KM.J —YJS.JL:

S S b il BTD 145 ol
Dy dlgz (V) alal; & g0 4 LFM saiin )3

P
Uf) = e ™vs By B )

T 20 2

Sge a4 lee ) LEM ool (dedas ils zly
555 s (F) dolas

h(t)=c.u(t-t,) ()

s ol a5 el Sloj 3l £, oF) alaly o oS

2 el (1) abal) 5l oS (oo el 1) (ke

Sl Ceway (F) abaly & 550 4 Belate 23

-j (antofnLJrE)
no 4

H(f)=c. U (f) e > =c. e

—E<f<E
2 2

™

@) akly & )y50 @ 1) Sas ) (225 JLSe S
I NPT PESIPOV-X S DN
r(t):ku(t—z—R) ®)
c
5l i Sl aials alS oo ki) alal, jo
S 2 e el 1) = U() @S 2 S
33,5 o0 drlns (7) alail, Sl Gelaie i3 5l ey Sus

So,ylsly 53 (ouwdl8 8 Clnt b ouin 3 IS -Y
LFM

3 el,8 ael bosin 8 G I P pu sl
(b W 2 L eadalgne Gy (s5lues p28 sla il
6] 0 0y SIS i £33 dos 51 Slsi oo

RIS RV R o N EL

S Guas i 6 S MSI-Y

WlEsin i g S NS Y

Slaoly o erms Hsbar Gy (silees ;8 (g55leSS
£ orl yo el a8 S I8 eolitul 3 50 (559l (50
e az b e wix @ wlgee ol oy da LS
S 3lod 728 S 39liSS (nl vl 1alS aly S
a JhSs S wlgh o0 a5 it o0 35 1) QYL
y Pt plejee jsba Luy® o ves (il 1) 5y
slayloly o Pl obel plply a8 sgame
slp bl slagts, ol Jlss Gl (5lees 28
b S5 Jels LEM (slalol, o JSs] olox)
5 abols olul nonin ) G ISP g by
g9 onl s S bl g sain B S
@dly ulp abdle n S Baes lag SN
S5IeSS Cdyiny boaadlbie (DRFM) - Jlizs
ssba DREM o (6,5 PIB sla g, DREM
by b L S UM sl ailons goiite (sloaylsd
ol ol Al e slacsan b o, DS ¢
SECERCE I LR

S s awg a5 o], LFM (slo JiSieus
SR 2 IC U SEPREES g TP RERENRC
Sl g odlS B Sl S PBL s 35290 DREM
Creod oty o 43 00,5 Jlesl Ll 4 conlin Sloj
odin B S 4l @ azg b il e oolin )b 5L
Soly Jiw 095 iz 5l o)) lawgs oals 8l 0
Sl ke 2l B 5l JBSee cnl W sk o
3575 4 Ol s Sz Suilos WisSas 5 009ed j5e
[V] ol amlgss

I Matched Filter




1Eol ylimuoj gk.llg_l /70 OJL_AJ'J /PP Jlaw

b og waly ply Golate 2lS

£
L(B—fj).sinc[n(B—fj)(t—tO+i)].e”f”"‘°)

Sj(t):\/;

QRD)
D g0 ol t:t0+E 3 b Boa YL aal, o

25 S8 (8ly Jloly el (ilwand sl il b
w‘owmlag

S5 Jolee Juwws 0 o(P) Sloly oniziw )8 les )
o oY AN) zae Jsb -¥

Jrewo T (G Q;;.ST oy -V

s Sen ¥ (1) Gl e -F

Al V(PRI b IS5 #55-0

e ) ply S8 -f

Frsws £ Mol 00T o pei a4 JiSKw Cons =Y
5 eEe ¥ uly P il 3 -A

ploal YU ol 5 b (gl e ool aiaS b 4 o

/ false target

70} true target

Amplitude (dB)

) -1.5 -1 -0.5 1] 0.5 1 15 2 25 3
Relative distance (m)

S Bae SO ogg 5l S-S
g51.1.? ERCIPLY Sg oo odalice (V) O)Lo.«:: I 0
g o)l I3 adly Bas 5l Sol> seglS VV/D sgas
Ban 5l Gesd Jws VE > Gos oy iSTas

x10°

il sl Bas aiz g 31 SIS S 2

4 Multi False Target Jamming

s, (t)=u(t)*h(t)=IFFT {FFT[u(t)]. FFT[h(t)]} (%)
bls gl (F) dolee o 3l e
st(t)=+jZOU(f)H(f)ej27m df =

)
LB.sinc[nB(t—to)]

Jn
OLas (V) alayly 0l oo joll t) asin o) j0 Ban
T CIRVE P VR W SO U IR KPS | IFL R V-X
Syl (SKows

ey 4> b uilS )8 a5 cl el saims las ip =)
&S oo Jldl JuSKw a5 oS 3 Wil sligy B -Y
O Sl Jdo @ a5 5,50 b ey ity Y
Dl D939 4 Ban g lol,

5 Cugdl Gl caims lis aF L gdate LS aills -F
el Bulate 23 bawg JUKew s

Ban o1 pwyp s a5 Casline pl 4 DM
G by slaThy s Al Jlel 5 e
9 S Cugll (JLKw Wb by B grYaoe
P e BB S (b JiK oS 62t ol
l Gas 551 31 Jols wledbl cds 5 coas

Mb‘sLt: Gad ST ggi 5l SIS LS o
ol oty dasgs o cdl o JUSKw dloles cdl> ol jo
L: \)9.3 ..\.Q‘P
T

t|<— A
| t] 5 )
£,>0 a5 28y .ol onig 3 S LG5,8 ) a5
Sls T cad gg 5l S pieen il

v

_ . j2xf, t+jmut?
u(t)=e"""

i A Cad ge 3l S P s i1, <0

L> OS¢ M‘P ).3‘).3

1 7.ﬂ(f—fj)z+,£

U(f)=—se * ¢
O

il wBLE SB[ 4 sed s canlice (1) ala,

f, —E<f<fJ+E
2 2

)

! Single False Target Jamming
2 Forward Shifting Jamming

3 Backward Shifting Jamming




Cosl yioslSPITVD g ZashS FIAVD «jzaskSTITVD
el oo oaly Las (F) JSK& jo oS

Al AFis gy g9 3l SIS ST %
9owwwmﬁwmmﬁbuﬂ>d|)o
Oype 4 load dlgsa iS5 uand 12 (59, 2
iz olml 4 e anld ol sl o Jlesl oS
Iy el als G dax Bon 12 5000 o0 lam Bun
4 S e onl e o Gidgy S B 09> )
Eoee glp (ouils 3 e gloaials idg Jdo
[f]w‘ ).’).55.0 )L.m.s )b‘) Q)KLQ.C UO;
abal, 5l colatnl L alfas cadg g6 5l ¢ SN
(t):ejznfjnotﬂﬂ(}l*}lj)lz
n-1 T n o)

te(-Lonzly T ong
2 N 2 N

u.ln

eyl (V0) akaly yo

f,,0=f,, +(n-DAf, n=12,3,..,N
Cewl gl cidigy PIB Gla JUSw slaws cdl> o) o
L
. B-f
N, = ceil (———2——) (V%)
(n+p,). AT +Af,
-30
40 cover jamming
ol i o true target
o et
o
o 70
=]
2
ﬁ -801
£
< 90
-100
-110f
|

120 L . ' .
-1.5 -1 -0.5 o] 0.5 1 15 2 25 3

Relative distance (m) x10°

ABas cads g9 3l SPSI-0 S

U"" u.....vls)ﬂ J)L.?" 9 )J).Qlia ‘/A od.wd.ljd.a :L;Jg‘

SB by ey ol 4 e Gue SO S PI
9oy 50 ool e Slaal 1Ll cwl Slobis
HBlg Bas jasid Wil il ogxg 28ly Bun
(b Bue pais obl gl el lads el 6l
O 3 oS (o0 e Caond iz ) Gl oz
dgse S 2 g5y 2 ) Solite laulS
N Loagie jsbty oy o 0uiSon 2 S on
5 fy cadalgae adgl LuilS 8 (ol 00l ol Cooud
Gy p) SO 4 Ced e eaddlgue (IS8
P9 50

fi =f +(-DAf,  n=1,2,3,.,N OV
O 00l dgde il 8 OO AL, (V) abal, jo a5
L cal ol P LS csl jglome o g

_ L i2afytejrpt?
u;, (H)=e""

T n-1 T n av)

e 5l s oo (885 s S PLET JLSew YL a0
odgamme 48 ol oo Wgde LuilS B A0S e guate

3 ey Gl slass sl il 13 [6, -]
235 oo duslxe (VYY) alasl,
N, :ceil(—B_fm ) (\Y)
p.AT + Af|
235 so dulxs
f
AR=C—J“ (\F)
2n
-50
60} _false target

true target

e

Amplitude (dB)

-1.5 -1 -0.5 0 0.5 1 15 2 2.5 3
Relative distance (m) x 10"

sk Bas s gg ) S PEI-FSL
Slaal Sl slaws aS 005 o camline (F) S
dwles (V) dolae wlul 5 a5 o0 due F o>




1Fol ylimwoj g jusb /70 OJL_A.l'i'J /PP Jlaw

eoee o0

Sell-Protection Jamming

Stand-off Jamming

[V] Lo S M 55 i gos alols - IS
Slp b i &5 A plen Gt (nl )0 rizeen
PAPR Juis S Jiews angy el sl
5 glrosl el PAPR (2ol3dl s sl (alidl wuls
aolgs SIS gl 00T o0ds o Al il
[Y]os

— I:’peak

High Power Region

p(t)

Low Power Region

[VIPAPR) Lissio g5 as ,iSTa )lg3 s -V S

03,5 o0 dewlxe (VA) alafl, 5 PAPR oS

P
PAPR =10 * log < AA)

Avr
o oolaiwl x> Bas wiz IS 5l gaass ol o
oo 48,8 s o LEM ol JUKew e ol
ol Gebie ;s ) ST JUSs )35 5l a2
ol (A) oless IS
b a pad oplley Gl am Gelaie LS (29>

| d.slfw ;........u % ‘_g)fJ)l?‘ L Pve) o..\...%oul.m.s

PAPR 4 JSRmin' caus -¥

b )0 e slo,exSl I JSRmin lade sl
Bl ol oS opeme SPB LS
SMoly JiSew a4 SN JUSs (g5 jlode caimolis
&S Cewl gme (pl & JSRmin Jlade als 14 ail
o loly o b s SB lys 5l ST e
@ nl @ JiSw Lk gl 5o e o952
Saie bl glaads o o a5 il Ayl £adge (ol
D9l yeS  ure lade 5| JISRmin

Ao Thadlresgs gg5 5l S NS wileles 3 ol yo
Joie bblresgs  slptaaws [0 el oad a8 S
[V] 95,5 o assle (V) alayl, 51 JSRmin

JSR min :Eijng

self protection ﬁ G (\V)
(VY) adaly o

;J)l?‘ U""] o2 9 ;J)L‘>| o..\.:.';.w)é Q‘?" :Gj,Pj -3
)‘bb u-‘-’j o2 9 )L)‘) od..l.‘;.u)é u‘?’ =Gr,Pr -y

Bun i xhw =0 -Y

Sl b S M alols -F

slahi 4 wel o Soop Llol, 4 SIS a5 23
ol ole b d) S Gl alais ] 50 a8 oy oo
JSR =0dB i ls alais ol )0 050 o0 00l

Saly 4 SP jade o bl s a4 U alads ol 5l
ans 13 5l cou | ol Wlgh ced K0 09l ZSUo 3
[V ]ams (mal38l 55 ) 095 ol aim o

! Jammer to Signal Ratio
2 Self-Protection

3 Burn Through




Jaie A LYY Sled 3 i ll o oS
ade VL Sleweds 5 5 wboo Sl JSRmin

SR VS oo sampes AE0RA0
T

o

ovoesy

Gilies aiges ;3 PAPR e 3 JSRmin -\ - JS5
!5l & PAPR 4 s JSRmin jlaie (V)) S5 0
Sl 00l oy, LEM (605,9 JUSs 51 digad YO« -
YAS L ol Lo as aiges olows ol 0 JSRmin luis

& Figure - [m] 4

File Edt View Inset Tk Desktop Window Help S
Dade @ 08| kE

JSRminvs PAPR ¢, A (5| @ G}

JSRmin (dB)

e e TP TS

-140
0 2 4 6 8 10 12 14

PAPR (dB)
LFM &g Y0+ + ,5 PAPR (o> 5 JSRmin -1\ S

O lake 4y ladiges sloxs oS L (VYY) & 5l
Uil s AF 50> B JSRmin jlade wae 4+ -

Abse
Saie gd oo ools ualS iy badiges slass o3
L oS ok @ wleiee (205 4 9,3 5 JSRmin
Sade (g99,8 JUKw ladiges slaws in ialS
(_gleiu )0 03 )Sb 0)19.41 o (0 )M Le JSRmin

[4] Figure 10 — o X i
File Edit View |Inset Tools Desktop Window Help N
NEEL 3|08 :E

Ambiguity Function - Slice along Delay

1

0.9

0.8

0.7

Magnitude
s e o
B @ (=]

e
@

=
5
£

]

) 1A b |

0 500 1000 1500 2000 2500 3000 3500 4000 4500
Delay (samples)

Sl Gelare jild (g 5 -A S

(4 Figure 10 - a X

File Edit View Inset Tools Desktop Window Help b
OE W3] 08 §E
R Ay e b sk o e s Gl Sluar

l u
2150 . .
4 EEE
L
50 *
L 2 4
o 500 1000 1500 iﬂ?:iﬁ)iﬂg 3500 4000 4500 5000 %
o elleys ol ebane 5l g5 -9 S
3
solaws ;o PAPR o cos JSRmIn jlade e §
0,8 dwle o, LM LK w sbodises calize
Lo ol cud 4 bbdiges slass .
wzzso(),&:ngQ@: 1389’ EEE
1 1.4 1.8 BN
||
2500 _ 1250,@:1042 , 2500 _ 91,
2 24 2.6
2500 893, 2500= 833, 2500=781 ,
2.8 3 32
2500 _ 714, 2500 625, 2500 _ 555,
3.5 4 4.5
-0

oolazwl L PAPR >, JSRmin loges s,y 5l o
Ko woas )53 sledises ;o MATLAB l38le 5 5l
> » JSRMin laie S5 cpl jo 0l Jol> (V0)
L el 00ls oy LFM (605, JUKs sladigas olass
Al ke 5l (s0g,5 JUSw slrdiges olaxs ials

olawi oy 5l a5 2SS polae U osae YO-o o

_ . . \ \ .
oo;‘se ol live Dg oo J..ol> -9 ; 9 ; ).:)»S‘da




1Fol (L) 9 jasls /50 oylouis /PP Jlaw

eoee o0

@ 699y JUSow sladiges sl i a5 L g
Jade g ol S 5L JISRMIN jlade wae 0+ sq0>
Al by 55 o wSlas jlade g jho dga> o] JSloo
Ll yao
6995 LFM JuSs (sladigas slass (2805 L ol oy
Jlade 45 Jeews Y4 090> 5l JSRmin Jlade waas o
Jd OA S0 oo Conl odinsy s AY 350>
siols PAPR  jlade pusmen g conl atdl il58l
G Gl o Ve aSl @ dxgl bl ails
Slde gy cnl He Galpl csl b pln T opsede
FY A0V sgu> ¢ (1) Slewbrs 4 4595 L ISRmin
ot 3 4255 BB Sl el 45 sy 2l
Al o
97(db) =10*log (JSRmin, )
JSR min, , =10"7 =5011872337

39(db)=10*log (JSR min, )
JSR min, =10** =7943

(%)

JSRmin,, 5011872337
JSR min, 7943

=630957

G0 9 (5 5 Al -0

u.i)_e 6L®Jl}i¢w 6)'Lwo.>lﬁ;v 9 L;>|)Ja L alas O'.’.‘ o
e (g Mol ladilels yo ] oloul Bua b (5,00l
lapi ;o8 093859, (S 4z Lol sl
oolazwl oy e glajloly o UK il y 5 slulis
Sy Cad g S P Cid S LSS
Syse e p Sl adsi 0 S5e ol laisa
(285 )3 (o2

Grdiges slasy pals as ol lis bgjluans ol
oIl 4 e peiites jsbay LEM JUSK 6395
eblS (ol jsbas 54d o JSRMin Jade e
Y A0V Joleo slalamMe BB iol3dl ccams b ladiges
Exoge (nl 05 sbml cu @ sl 218 50 2l
Sl oo Bdiges olows (g5lwaige a5 el T Slo
g oa,S Wl o b bl Lk o gads i
el cds gals o S P slealle SUlgs

A5 olien b ads ol

(4 Figure6 - o x
File Edit View Inset Tools Desktop Window Help ~
Do Ee @/ 0&E|kE
JSRmin vs PAPR
100 —— T T
50
—_ i .
@ O, . 1
= i :
£ N :
E i1 . L
4 (1N . .
L sofjil IR
| il i
it I I
: |
t.
. s
-100 R
-150 -
4 5 6 7 8 9 10 11 12 13
PAPR (dB)

LFM 4ge5 4+ + ,5 PAPR (s 5 JSRmin -V Y S

[4] Figure 6 - [m] ®

File Edit View Inset Tools Desktop Window Help N

Ogde@2/08|sE

JSRminvs PAPR 2, £ [=]d" & €}

100
(1]

100 : !

o
=]
=

JSRmin (dB)
A
8

-400

-500

ook gy gt it

3 4 5 6 7 8 10 " 12 13

8
PAFR (dB)

LFM 4ga5 V-« s PAPR cem s JSRmin - VY IS5

slaxi als b as 05 )5 oo cawlice (VY) S 0
OO+ dguz 4 due YO+ 3l (634,5 JiSKiw slrdigas
Jo =55 s polie & JSRmin polie woe
Ay Ly JSRMIN ke o5y 5265 oS 5k 4y 005 o0
el Jwd V8l ] laie o yiien § yho

@] Figure & - o x

File Edit View Insert Tools Desktop Window Help £

Dgde 808 |KE

JSRmin vs PAPR

-520
=540 -

1
i
560 [ i
H

JSRmin (dB)
&
3

&
(<]
=]
IR
e RasvmavLt .
e tmaru

3 4 5 6 T 8 10 " 12 13

8
PAPR (dB)

LFM 4505 0+« ;s PAPR (>, JSRmin -V ¥ JSCs




[6] Sun, J., Yuan, Y., Sabrina, M. G., Gini, F.,
“Coordinated ~ Deception ~ Jamming  Power
Scheduling for Multijammer Systems Against
Distributed Radar Systems”, I[EEE Transactions on
Radar Systems, vol. 2, pp. 1076-1088, 2024.

Wbl gylae by Seolaiel b (559,98 [V]
P sl a4 G faamme o S b
a Sl ol Cans age Glee bl o eany 8

slabls ;o pei sl g dolilad Klawgie olgs
olKisls ‘U‘)'ef ‘U‘)"‘ A o)l_o...':: Ay 0,93 ‘U,Su.'”..SJI &IBQ
VEY )b agls
[8] Zhengjie Li, Yang Yang, Ruijun Wang, Cheng
Qi, Jieyu Huang; “Joint antenna scheduling and
power allocation for multi-target tracking under
range deception jamming in distributed MIMO
radar system”, Remote Sensing, N/A, N/A, 2024.
[91 M, Skolnik,  “Introduction  To  Radar
Systems”, McGraw-Hill, ISBN: 978-0072909807,
Third Party, Book, 2008.
[10] David L. Adamy, “EW 105: Space Electronic
Warfare”, Space Electronic Warfare, Artech
House, ISBN: 978-1-63081-834-0, Book, 2021.
[11] Joseph R. Guerci, “Cognitive Radar: The
Knowledge-Aided Fully Adaptive Approach”,
Artech House, ISBN: 978-1-63081-774-9, Book,
2020.
[12] V.N. Bringi, Kumar Vijay Mishra, Merhala
Thurai, “Advances in Weather Radar”, Institution
of Engineering and Technology (IET), ISBN: 978-
1-83953-624-3, Book, 2024.
[13] Qun Zhang, Ying Luo, Yong-an Chen,
“Micro-Doppler Characteristics of Radar Targets”,
Elsevier, ISBN: 978-0-12-821398-8, Book, 2020.
[14] William L. Melvin, James A. Scheer,
“Principles of Modern Radar: Volume 3 - Radar
Applications”, SciTech Publishing (IET), ISBN:
978-1-891121-54-8, Book, 2020.
[15] Fabiola Colone, Pierfrancesco Lombardo,
“Passive Radar: Principles and Applications”,
Artech House, ISBN: 978-1-63081-650-6, Book,
2020.
[16] Thomas Willenberg, “Fighting in the
Electromagnetic Spectrum: U.S. Navy and Marine
Corps Electronic Warfare Aircraft, Operations, and
Equipment”, U.S. Naval Institute Press, ISBN:
978-1-68247-849-3, Book, 2023.
[17] Helena Calatrava, Shuo Tang, Pau Closas,
“Advances in Anti-Deception Jamming Strategies
for Radar Systems: A Survey”, arXiv:2503.00285,
2025.
[18] Yihan Xiao, Liang Dai, Xiangzhen Yu,
Yinghui Zhou, Zhongkai Zhao, “Generation of a
Synthetic Aperture Radar Deception Jamming
Signal Based on Deep Echo Inversion Network”,
IET Radar, Sonar & Navigation, DOI:
10.1049/rsn2.12345, 2023.

SaaSS Jold - P sla by, glgl (o) 2 rized
oy plas - wlfais sibg ¢ e Susais (x>
Ban S0P 40 sdxie e Sl 55,54 as
oaesis o 1y ks gl ol lgr wiles e 28l
s gals 6 S el e 4 Blasl s

@ axg Loyl *5[-' o Sl S adg sla o,
WP plp )0 polie 5 aiedisn slajll, b i s,
S5 gy, p oodnl Clidss sedice olginy
5 Oeole (5 ,50b (g slas, b SadS (slaSuSS
sbabls ohb (Ll 0o )5 35 aie soias hga
o9 ol 3 5asllS 5 il 5D

S0yu8 g Sl -F
ol ;350 LI Oliz o jail 5 5 1585 sl
aS pslaiel Ly yg 350 LB Ol 5 (559,95
5 Sl 089 il (gl (L8 Do ddien (liog>g
slogloal) § S5 fgam alie cpl plosl SO (50
5 55 JloS il 0095 iy (LSl pltal o)

.'o)L) ‘) &5"‘3)’)‘3

&l

Sig Sl Koy e bl 59,0 [V
plol mal> oRzils wlylacsl ol olS &)l
VAP (&) Lo

Gl gl wBly e QBN 5l e (V]
Sz gl 0lS &Sy i8Sl Koz (glawador
T () ¥l s olan bl olf )5 Saig i
AvAay.

ole Azl Gl camd el Lo is e S [Y]
oolazwl L MIMO-OFDM (sladilols jo (PAPR) lawsgio
g Olighixd g pole &jlis «Glojy g olad 3loy
9 &.9)" 0aSisly ‘uW‘ s.«.!.uo " oKisls ‘6)9TO:Q

AYAY (el

[4] Ye Yang, Kai Da, Yongfeng Zhu, Shengwen
Xiang, Qiang Fu; “Consensus based target tracking
against deception jamming in distributed radar
networks”, IET Radar, Sonar & Navigation, N/A,
683-700, 2023.

[5] Bassem R. Mahafza; Radar Systems Analysis
and Design Using MATLAB, Fourth Edition,
Chapman and Hall/CRC, 2022.




L

eoee o0

/%0 djlois /PP Jlaw

IFol liumoj g j

power scheduling for multi-jammer systems
against  distributed radar systems”, [EEE
Transactions on Radar Systems, N/A, N/A, 2024.
[33] Zhengjie Li, Yang Yang, Ruijun Wang, Cheng
Qi, Jieyu Huang; “Joint antenna scheduling and
power allocation for multi-target tracking under
range deception jamming in distributed MIMO
radar system”, Remote Sensing, N/A, N/A, 2024.
[34] Yuanhang Wang, Tianxian Zhang, Lingjiang
Kong, Zhijie Ma; “Strategy optimization for range
gate pull-off track-deception jamming under black-
box circumstance”, [EEE Transactions on
Aerospace and Electronic Systems, N/A, 4262—
4273,2023.

[35] Xinhai Wang, Gong Zhang, Xiangmin Wang,
Qingqing Song, Fangqing Wen; “ECCM Schemes
against Deception Jamming Using OFDM Radar
with Low Global PAPR”, Sensors, N/A, 2071,
2020.

[36] Xuegang Lan, Tao Wan, Kaili Jiang, Ying
Xiong, Bin Tang; “Intelligent Recognition of Chirp
Radar Deceptive Jamming Based on Multi-Pulse
Information Fusion”, Sensors, Basel, Switzerland,
2693, 2021.

[37] Zhang Shunsheng, Chen Shuang, Chen
Xiaoying, Liu Ying, Wang Wenqin; “Active
Deception Jamming Recognition Method in
Multimodal Radar Based on Small Samples”,
Journal of Radars, N/A, 882891, 2023.

[19] Feng Zhou, Xueru Qu, Tian Tian, Bo Zhao,
“Deep Learning-Based Deceptive Jamming
Against Spaceborne SAR with Limited Samples”,
IEEE Transactions on Geoscience and Remote
Sensing, DOI:  10.1109/TGRS.2022.3156789,
2022.

[20] Xinhai Wang, Gong Zhang, Xiangmin Wang,
Qingqing Song, Fangqging Wen; “ECCM Schemes
against Deception Jamming Using OFDM Radar
with Low Global PAPR”, Sensors, N/A, 2071,
2020.

[21] Xuegang Lan, Tao Wan, Kaili Jiang, Ying
Xiong, Bin Tang; “Intelligent Recognition of Chirp
Radar Deceptive Jamming Based on Multi-Pulse
Information Fusion”, Sensors, Basel, Switzerland,
2693, 2021.

[22] Zhang Shunsheng, Chen Shuang, Chen
Xiaoying, Liu Ying, Wang Wenqin; “Active
Deception Jamming Recognition Method in
Multimodal Radar Based on Small Samples”,
Journal of Radars, N/A, 882—891, 2023.

[23] Mark A. Richards; Fundamentals of Radar
Signal Processing, Third Edition, McGraw Hill,
2022.

[24] Guangfu Tang, Yifeng Cai, Rongbing Gan;
Techniques and System Design of Radar Active
Jamming, 3rd Edition, Springer, 2023.

[25] Mohammad Alaee-Kerahroodi, Mojtaba
Soltanalian, Prabhu Babu, M. R. Bhavani Shankar;
Signal Design for Modern Radar Systems, First
Edition, Artech House, 2022.

[26] Air Force Doctrine Publication 3-85;
ELECTROMAGNETIC SPECTRUM
OPERATIONS, 1nd Edition, 14 December 2023.
[27] Helena Calatrava, Shuo Tang, Pau Closas;
“Advances in Anti-Deception Jamming Strategies
for Radar Systems: A Survey”, arXiv:2503.00285,
N/A, N/A, 2025.

[28] Haowei Zhang, Weijian Liu, Qiliang Zhang,
Junwei Xie; “Joint resource optimization for a
distributed MIMO radar when tracking multiple
targets in the presence of deception jamming”,
Signal Processing, N/A, 108641, 2022.

[29] Shanshan Zhao, Minju Yi, Ziwei Liu;
“Cooperative  anti-deception jamming in a
distributed multiple-radar system under registration
errors”, Sensors, N/A, 7216, 2022.

[30] Ye Yang, Kai Da, Yongfeng Zhu, Shengwen
Xiang, Qiang Fu; “Consensus based target tracking
against deception jamming in distributed radar
networks”, IET Radar, Sonar & Navigation, N/A,
683-700, 2023.

[31] Jun Sun, Ye Yuan, Maria Sabrina Greco,
Fulvio Gini, Xiaobo Yang, Wei Yi; “Anti-
deception jamming resource scheduling for multi-
target tracking in distributed radar networks”, IEEE
Transactions on Aerospace and Electronic
Systems, N/A, N/A, 2024.

[32] Jun Sun, Ye Yuan, Maria Sabrina Greco,
Fulvio Gini; “Coordinated deception jamming




