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Analysis of the monopulse radar tracking errors according to
the JSR of cross-eye jammer and radar reflection signals
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Abstract In this paper, we analyze the tracking errors of monopulse radar according to the JSR of
retrodirective cross-eye and radar skin return signals. The cross-eye jammer gain(G,) is used to
calculate the radar tracking errors, and the relationship between the jammer gain and the JSR is
represented mathematically. We analyze the radar tracking errors by varying the tracking angle and
JSR. Analysis results of the phase difference(¢) and amplitude ratio(a) between the two jammer
signals and the changing JSR show that the closer the phase difference of the two jammer signals
is to 180, the greater the tracking error and it shows that if the JSR is above 20dB, the tracking
errors no longer increase. This work presents an effective utilization of retrodirective cross-eye
jammers through various tracking error analyses based on the JSR, tracking angles, two-jammer
phase differences and amplitude ratios of two-jammer signals.
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Fig. 1. Antenna connection geometry of a

retrodirective cross—eye jammer(2]
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Fig. 2. Tracking response of a Monopulse radar

Fig. 3014 #lojetet Am2] 7122]Q1 vz 47}
AR = At Flolt Sl o] =gt Aoe
ArERE A 24T 0F J= SO QI (T F
upo] Heb7h AT gHgolA alEls ATl fd
2 712A o= Auto| olFA2|(R)o]| whet Hstar St
F Holz A9 ooy #ojne olser A7
T=E9 ayo] o3t Aol =& Aot 22 A #
2ol HhapE]o] Hi-EA Fofot MU pilse
A Az 4 (1), ()9 2ol 2AEHH-11].



25

F2A0(0] TRt 2O|CH BAL MS HIUSR)O M2 ZTA 2O|CH £ QR 24
©)

S, =P(6,—6,)P(6,-6,) P.(6,+6,) P,(6,+6,)
@)

X = (1+ae’) [cos (2k+cos (2K, )]

Estimated ° )
- : 2
R DJ = PT (07 70!" ) P{ (0( - ef’ ) PT (07 + ef’ ) P{ (0( +0f’ )

Target

X j— (1+ae™) [sin(2k+ (1—ae’ ) sin(2k, ) |

o714 P,(0)= AH EY broadsided] H+3}

Fig. 3. Geometry of monopulse radar and )% d. <RI AF 6, ~(d/2r)cos(b,),
retrodirective Cross—eye jammer[11] k= p(d./2)sin(0,), k, =~ p(d./2)cos(6,)8,0]ck.
o] % dlojtt -2t A5 Hl= thaat Zo] Z@EH
d
S,0,) = P,(0,) cos [ﬁ;" sin(e,,)] o)
. _ sin(2k) +sin(2k,) G, g
D,(6,) = jP, (07,)sin[ﬁ?" sin(e,,)] @) 7 cos(2k)+cos(2k,) ®)
o}7] A AZAoto] Y o]5(G )2 thedt Zo] F
ojXtt,
©)

1—a?

" 14+d>+2acos(6)

c

9714 P.(6,)& Foltt et At3} olF,

B=2mn/N, d, otk AH o|AAZ, 6,2 o]
t} oY boresight® ¥Z 4] Apo)ztro|th
0, =091 3 HlieFA Fo|tke] -2 AT Hl= o

4714 a®t o= F AW LU 459 7] H|e}

53 o] BAHH9-11].
d. -
M, = Re{?‘q}=tan ssinG)| 6 el
9
2.4 Y Aot yo|ot BA gL 4S9 ¢
2.3 A2A010| MY AMS 0ol .
_ gojct QHeHURE FAIEE A 4159t 34 ghAb
Fig. 3914 cross-eye A% IHE B9 $4SRe o0 o mo ge) saan
£ A A5E Aol $41 A5S 102 5541
L WokiA SATE WA AAE L, (0% W
- © = t J s 9
A ABAL T AE B AR e o = L p )P {1+ +0,0*) costan-+11)
180° o]z} drH11l.
D, =D, +ae”s,D, ~ j% [P.(6,)]? 11)
Jsl(t):Aﬁ,lReaf(t:_tl ) 612”(fi!(t’tl)+*(f’“y“’l) (4) ><{(1+aef°+asej°’)sin(2k)+(17aej°)sin(2k}.)}
Jsz(t):AﬁzReCt(t*tl).6j2fr(fu(t—t|)+%(t—t.)ﬂo;) (5) 0] 76]_?_ _(H 5194 T——L}\‘I_:,j_ iﬂ-?ﬁ% 71;-,\5' ?__SH%J E”O]
’ o @3} A5 Hle g3} o] EAHC
M, ~ tan(k) + Rel — =% sin(2k;) (12)
¢ = tan 14+ ae’® + agefm cos(2k)+1

017]/‘-1, Ajrl: A]'TQ‘C‘ _El:‘ Zﬂtﬂ ?l'EﬂL}Oﬂlﬂ _6_411:"]‘15
Azol 271, ¢, 7] Refl 2t AupAAd AR, 2
o743 A9 A 2olo] uf o]5(G,)e ot

#ojtt AT chirp rateo|tt. F AW A7} 2442 Ry,
T gojd ot ey AT T -2t Al
= o] Fojxih

R2
= o Zo] ZEE.



26 gsEE=2X H11H Xss

— qpl®
G.. = Re Laet (13)
(1+ae’)(1 +aje'7“)

21 (13)°1A a®t ¢, ¢;°l Wt o] 59| Hehr} 271
mZof oot 4 A8 detAom F4str] At
azzote] AW o] =(G.)9 MGy, T
o] Fojiltt.

1—d’

- 1+a”>+2acos(p) +a a9

ctm

A714 a=0(AY A7} s AN 35 A
Alzot 34 WhAF A2 H|(SR)E Hhadt Zo] Aojd.

1
2
Qg

JSR = (15)

Az 2oto] A 059 FUHH Gy, T 2
o] xHH}

1—d*

1+a*+2acos(¢) +(1/JSR)

Gaﬁm = (16)

= RolA] AuiE JSRY FFL BN HAstol
4 (16 oA Asha

Gafm
1—g— [1 +a2+2aCOS(¢) ] Gafm

JSR = (17)

o BAZE g1l

3. Cross—eye jamming 2X} £

Zega dojt $471E Az 2 448 £
A A5 G- AT HE o] gste] Folere] F4
ZEE AN Fig. 30014 2 A9 Ao ekt Aol
o Al L, Folct ket Z4t A 7124 F
o Azt )Rk 24(9)S doltt FH%we
Holgte). Holet £4 93 2w(,,,) 4 (1893 2
o] JIE 1 FHY ofF A= AH 8 93
#(r,,., ) A (1999} o] HATHI2-14],

_ 40 1—a’ (18)
“T 2 142acosp+a’+ad
. _ Lcosé, 1—a? (19
2 1+2acos¢+a’+a

9] AollA a= F A AHU] EAlSO M=
], a & glolt} BhAF A5 H]) 12 & A QHeu A
o] o]AAY, ¢ F A AHU 4159 §AFA}olTt.

Fig. 4004 glolct :87%(6,)2] Wstol| dhsf +
A Qe A13H](a)7F 2H2F 0.7, 09911 JSRo| 2+
7+ 0, 13, 16, 17, 19, 20dBS! %0 digt A|E|o]
A ATBE AA ST =0.72 A2 JSRY] 3}
o] AdHoz 4 oo Hsh 34 ¥SE &
4= Sith o]AZ & A Ato]9 A5 H|(a)7t ZHoFAIH
ARl A 837t E01E7] WZol| JSRo] i
°F JFE @ I "Hobe A& /5 T 5 Uk wt
A& =092 F9= AY &37F 237 JSRO H3}
et 24 A9l HEol F AL & & Ut

Tracking Error(m)
& 3 b o w
T T T T T

R
]
T

&
&

) P
90 180 270 360
6.(Tracking Angle)

(a)

T
a=0.9

IS
-3

= N w
) e S -]
T T T H

e
T

Tracking Error(m) )

N
5]
T

@
&
T

&
=

6.(Tracking Angle)
(b)
Fig. 4. Tracking error of monopulse radar w.r.t.
tracking angle of two jammers @JSR=0, 13,
16 17, 19, 20dB, L=10m



F2A010| FHHRL HOICH WAL Al HIUSR)ON M2 RBA ol £H Xt 24 27

Fig. 52 a=0.7,09¢1 3% = A4 7] A=
AAH9)7F 1657, 1707, 175 390l Hiet 340445
HofFal Qt}. o] Folle a=07< B¢ 74 A
of izt F2eAe] Hoprt 34 &5 & & Ut

Fig. 62 A A5 7] ¥l(a)7} 0.990 <] JSR
< 10, 20, 30dBE H3} A2 uf 24 uaF v As
A Mo mE £ oAE ZAT AHE 3F%
Yo = HojEAl gltt. JSRO| 57 EpE £4 24Pt
AAE Ae & 5 A 34 4= A A 983
o "t IFe Al = 5 A

a=0.7
30 T
|
25 @P=175
T T 02170
— 20 e
! .
Er 7l
s 0 ST - ©=165
£
w 15
o
£
3
© 10 -
£ 5
o
) /‘fg =
o ‘ ‘ ‘ ‘
0 5 10 15 20 25 30
JSR(dB)
(@
a=0.9
60 T
50
=175
— 40
£
=
o
£
w 30
o
sy,
= 0SS e -
730% =170
-l e
-------------------- -]
0 5 10 15 20 25 30

(JS)R(dB)
b
Fig. 5. Tracking error of monopulse radar w.r.t.

JSR (a)@a=0.7, (b)@a=0.9)

Tracking error(JSR=10dB)

Tracking error(m)

(a)

Tracking error(JSR=20dB)

= - N
e o =] 3

 Tracking error(m)

N
3

360

(b)

Tracking error(m)

©
Fig. 6. Tracking error of monopulse radar (a)@
JSR=10dB, (b)@JSR=20dB, (c)@JSR=30dB

4. 28

E =FA+E retrodirective cross-eye A Al
59} Holct A Alzo] H(SRY] e Bioga o
oo 24 9ig RN, Aolt 24 9iE
d&3s}7] Yste] Az Aoto] A o]5o] ARGE ],
AW o5} JSR Ate]e] BAZE 208 AAE AT
THiegA Fojotet F A Qteu; 7|24 424 wgF
o] o2k ZHEAZ, 07 JSRE Bl Hak Al7|E
A Foltk 4 eAkE A8t 181 A &= A
S249] 914H(g) Afol9t JSRE] WstE £4 o A3t &
AW Az 3 #ol7h 18079 7SS 4 2
27k AA 1L JSRe] 20dBolAo] EH 34 947} ¢
ol T7IHA] Y& & & AT 2 AT AA
H 2= FF retrodirective cross-eye AW A
Aol -&=jo] FAAQ] Hi-FHA Foloh AT Wk A
29 RS 9%t F83 HolHERE €82 5 UE

Zolet,



28 s¥E==Xl 113 Hez

(11

=
=

REFERENCES

D. L. Adamy. (2015). EW 104 EW against a New
Generation of Threats, Artech House, 319-321

A. D. Mattino. (2012). Introduction to Modern EW
Systems, Artech House, 325-334.

D. Curtis Schleher. (1999). A Electronic Warfare
in the Information Age, Artech House, Boston,
201-214.

Filippo Neri. (2001). Introduction to electronic
Defense Systems, 2nd ed., Artech House, Boston,
324-334.

W. D. Plessis. (2010). A Comprehensive
Investigation — of  Retrodirective ~ Cross-Eye
Jamming. Ph.D. Thesis, University of Pretoria,
Pretoria, South Africa, 86-95.

T. W. Tucker & B. Vidger. (2009). Cross-Eye
Jamming Effectiveness. Technical report, Tactical
Technologies Inc. Ottawa, 1-10.

Y. S. Jang & J. T. Park. (2018). Performance
Experiment of the Angle Deception of Cross-Eye
Jamming against a Monopulse Sensor. Journal of
the Korean Institute of EM Engineering and
Science, 29(2), 146-149.

DOI : 10.5515/KJKIEES.2018.29.2.146

W. D. Plessis. (2016). Cross-Eye gain in
multi-loop retrodirective cross-eye jamming.
[EEE Trans. Aerosp Electron Systm, 52(2). 875~
882.

DOI : 10.1109/TAES.2016.140112

S. M. Sherman & D. K. Barton. (2011). Monopulse
principles and techniques. Artech House.

W. Jianlu, Z. Yang, D. Huanyao & C. Jianling.
(2016, October). Response analysis of monopulse
radar  under retrodirective and  non-
retrodirective cross-eye jamming. In 2016 CIE
International Conference on Radar (RADAR) (pp.
1-5). IEEE.

W. P. Du Plessis. (2012). Platform skin return and
retrodirective cross-eye jamming. IEEE
Transactions on Aerospace and Electronic
Systems, 48(1), 490-501.

J. S. Lim & G. S. Chae. (2020). Range Error of
Monopulse Radar according to the Engagement
Angle of Cross-Eye Jammer. Journal of
Convergence for Information Technology, 10(5),
30-35.

J. S. Lim & G. S. Chae. (2020). Jamming Effect of
Stand-Off Jammer to Main Lobe of LPI Radar,

Journal of Convergence for Information
Technology, 10(3), 16-21.

DOI : 10.22156/CS4SMB.2020.10.03.016

[14] Y. H. Kim, J. S. Lim, G. S. Chae & K. C. Kim.
(2015). An investigation of the Azimuth Error for
Correlative Interferometer Direction Finding.
Journal of the Korea Convergence Society, 6(5),
249-255.

DOI : 10.15207/JKCS.2015.6.5.249

il

& = £(Joong-Soo Lim)

- 19879 8¥ @ ST AAE
I FEHA AL

- 19944 39 : Auburn University
CRERY)

|- 19809¥ 8% ~ 2003 129 : =

el R

20034 39 ~ @A) ¢ WAThEkL AntEITESRE @4

- Aok 1 AR o]E, Y Fukgs 4R AA, glo]
o 9 HA A A/

- E-Mail : jslim@bu.ac.kr

xH 7+ 2(Gyoo-Soo Chae) [BAI513]

- 20008 129 : Virginia Tech.
A1 ZSIHF D

-+ 20019 1€ ~ 20034 2¢¥
Amphenol Mobile, RF manager

- 2003¢ 3¥ ~ @A : WAhete
AUPEIT S 25

- TAlEoF ¢ QHElU HA|, 21153} o], [oT AlAH
- E-Mail : gschae@bu.ac.kr



