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Monopulse Ratio-Based Mainlobe Target Detection and Validation in
Pulse-Doppler Radar
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Abstract

Monopulse techniques are widely employed in pulse-doppler radars to achieve reliable target detection in complex electromagnetic
environments. However, conventional methods are vulnerable to sidelobe interference, which leads to false alarms and degraded
performance. Although various approaches have been proposed, these often suffer from increased system complexity and implementation
costs. In this study, we propose a mainlobe target detection method that utilizes the angular characteristics of the monopulse ratio to
suppress sidelobe targets without auxiliary antennas. The proposed method involves a simple structure and low computational
complexity, while ensuring reliable detection. The flight test results demonstrate the effectiveness of the proposed method in detecting
mainlobe targets and verify its applicability in practical operational environments.

Key words: Monopulse Ratio, Mainlobe Target Detection, Validation, Pulse-Doppler Radar

o] =88 20059 RIS AN FAHEATL AL o} £ A7,
e AT A 37]E AT 45-(4th Directorate, 3rd R&D Institute, Agency for Defense Development)
#G-e} A AH) 838 o] ThA Al © (Avionics Radar System Team, Hanwha Systems)
#+31 3L A 28] SWEI(SW Team, Hanwha Systems)
- Manuscript received December 1, 2025 ; Revised December 29, 2025 ; Accepted January 13, 2026. (ID No. 20251201-150)
+ Corresponding Author: Tachee Jeong (e-mail: tachee@add.re.kr)

482  (© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



LM 2
Ao 2 =52 Holoh Al2"> Bi4ek AAr] 84
dAME A= e 24 B84 % 74 Vs AT
A4 N AguAeta Qo 58] A =2
o|th= o]F %3 A Al(moving target indication)®} &
IS F3 ZEE(clutter) AN E 73 &4 A4
T THEH, 37 AR 2 A AR dFAA 2
g QS gttt o|H T A Lwo M 29 AL 9
A F43 PEAR] BAE FA BAsk] flsf R
Z~(monopulse) 2] 7|HEHe] dg] F4HT) BrPA
ZIHE gl 2 0T 2 A4 YL E A3l
e SH S5 FHT F e AL gl
ey 7)€ BieEA )Nk B w5 gt AL
g2 FH(sidelobe) 7Hol F ksl ZEAQ SHAE
Aok FholA FoEe 2 2HY Ay Fe> F
zo
o =

H(mainlobe) 3£ 7}
4 Aske 2
IS o183 4 oA 7P, 238 W E ) (adaptive
beamforming)"!, TIXE % 2E]o] #(digital beam steering)
7re] R4 A7 7R o] Ao o) gitt. StAt
ol WHES F7HHS Y A, B AEA
Qi YT SIESOIE Syetel A2l TR HE

= 2771 A7 Ak 53], e wig a7t 2
o AS 28 AFSE a7ste dy STYEd e 48
o] AlgtAleltt. Bek Hx QMY F7IE Qg wid At
7+ 45 A (mutual coupling) % ¥ F(calibration) F-A

SOE Qe AA A 7 A5 SRk v B
A7kt Hlgo] FRsiths HE A4 Hr

= =M e ol FAIE sl dstr] 95t
2~ H]&(monopulse ratio)?] 7t 54S 83 F4
G2 7S ARk AR /TS HE HEHUE

o
Hr

il

S
-

o
fuj

o e %
o o
oft tilo
AN
- -

I, o

ob
p
o

op Jz ¥
By
-oly
o oX

ol

B

52

fd

b

4

d ol

o

ol

re

_0|L

X

[ J_%
o ot
© ¥
O

% s
A

~

PN

o X ok ol o

3o, L
I
oo

!
38
=8
[
=
o
N
==
N
fine
=]
)
ot
N
NE
o
fos
oX
o
o|N
~N
o
Lo
-+

2
2
N
i
lo
>
tof
oX,
rlo
>
2
=
=

o

o, "

€S

k.l
Y
o
© g

™ o
>
el
~~

2 =2
S

2,
x o
B ofN
e
2

o
Tx
ox =
olr niei)
o =
o =

(i
X rir
o It
¥ ox
lo b

)
, o 1¥

oo e

ox Mo

o,
uf
X

%0, fot fifo

rir u

J

4
2
25
)
tilo
Y
)
ok
L 4y
o e

47
o
At
ol
re
2 K
-
=2
2
rr
o
X,
iE i
= by
(HUREN]

Ry
My o ofN Ok ox A of

=2
>

r
X

E o
an
rlo
il

%

o o o
>N,

g 2
e
=2

=
=
_?(_ll
f
i
)
R <)
lo, o

iy

2 -4
oX,
rlo
&
:i

N
oY, a8 ok

4

ﬁ
>
rlr
>
N
o
ox ofl N

iR
fol
tlo N,

olN T
QL
=
=
o
S
>
i)
fil
lo
N
>
ot
&

2 =M BE QEUE ARESkA] AL glo|th v
A otV B2 g 548 AF et 74
RAS B AZE 7MY 248 249 fFEAS
ASshe 71HS Adt) 7129 £ 583 AA e
& Bz ok AA 2 A Fo] D oglon o7
el Az BRI vlgo] Frtske dAE ddith
HhA A okshs S wl g obeu A 7F Zhe TR
Brgs BEAS $8EE, F7HHQ StEd Y §lolke
79 284S a4Ho= AET F Qe AHe] Qith

TH EA BA 7S W4T A AM #5EE B
E2HEY] £X 54E o]ddith 249 91X m}
BeEs gL 349 T4 o2 S YehiH,
olgfg zolE W 7|FoE 4% 4 otk I¥ 12 %
2 QAo 2 HiH X g EAS HoFH, o] 7|
Hho 2 B =R A= 4 (1) 22 S 2S Aosloith

—_——
5
g B
N
T
—_——
N
| B
—
IA

-

483



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 37, no. 5, May. 2026.

me T T RW o 8 ® % T FTTW DMK T oA Mook
o] - uwonﬂ% Hel O oF T T O tol %@ T o] oF oy Mo
O )| IS ol 3
B g RO g B N o oy Txw FuTXw o owmounw
T L N np T R 5% T E N W= T B o W om
o oy 8 F o o X = g TR, WL W WA
T w2 > ol T TR Moo A od RO
2 Mo o Do M oF = o o K W o N s T
oy Ne R =4 = < B on o K o W = 3 R o )
of o e o o) L ™ N X e T B — 5o ™ Ko
%O mvw_‘wl - ~~ ‘I\_A,IDI FI 3 \HUOLO_‘LI < o T
M B L E X S B o . T 2P T ®R &
L% e Lol s Mg & T EVI gXERRbuofa
ajo T E ~ °of R T 5 N = o & - TN o) = T © BN
y ) = g N S T X
S NI T T w23 s PN EIEumgEEmg Mg
= %6 o] B H = o < VT 2m gy ETRN 4 m ® oo
< 5 ) i Im o T N S NS L~ ol oY
do T &rﬁ_%_ﬂﬁﬁ% ~ = o Ltﬂﬂm\ﬂ * G &ﬁﬁﬂﬂnﬁﬁ_ﬂomﬂmo%du
. J p o e = Al - s 0N = 2 o B 2 = = o
o T .u%u ~ Ko < A S m T S & A9 i,lLo:Jx.,@moulEW
T O o B o Y & = T = = 5 Doy oo g0 o %) O
zﬂ,_iﬁmnm\_ﬂjﬂﬂr‘_ﬂﬂ S M_u - QWMM,:L 3 2 %%VﬁLﬂLmaWj ,DIMMMUKH:
) O — 1_% e ﬂ.o” . — S — = T o Uﬂ‘l ‘Alvll
g AE MxT® oM HEs v oz owm ] 2 T T S IO S
T o ;&EM\MLt‘w s o] oF W o— ol o = BK *T _ 2 " Mg Zuﬂ\-ﬂ/‘_mﬂ B bl JJo I GO ‘m.oﬂl
= 2 =0 BmORE L — X o) + CUN | = © Qe W ooF L
T N g Ul ~ X = N I I ~ W o 1 I G S
R TR T ¥ A TN T s % Sy = TR0 Rolwm B W F e
™oor W NI ol ™ T oy Ny m T KW w AR s N A
er.ﬂjw%wwi%awzf il i e _ﬁm@m
— o0 I ] 1_|J| = ©a o- ~ ko)
PRIy FogeRAES DL ”
oF ur LS N Jnﬂuu.iuu X oW el 3
I T S A L L e - NI S m -
Ny ™y SETKT Agm yw ™ 3o b 1N 8 mo
e I I I b o (R R TR Lo VR T | i
A - S LA U I g B L R B - B -2 =
auL:ﬂELtﬁW@UgLEEWEﬂﬂEﬁﬂzﬂﬂﬂ% o] T o g g~
= Z,ﬂHuTA Nﬂﬂﬁmulovﬂoow] @Lﬂoﬁeﬁo R e = = M%
W T ol NP o) i 0 S o > il
HoE P AW Ty e B T e, Re A "l 3
ﬂﬁwqﬂe_/eﬂ_.npuuﬂﬂrogeﬂmﬁl m&ﬁ%%%% R oo o £ 3 mﬂ
DGR e IR T SN - e N ol & oW o | H - 5
—_— »:L — o [l 0
oo B o W oy AR B} ' K i o | £ B~ s s " £ o
BE LB L TIEA YR LT L BT o g m | ¢
—_— o) i = o ' = = p—
TR Y wlotomg Py o ® Bl | ~3 =
aﬂ_ﬂr%@ﬂh@zr%ﬂﬁﬁ%%%%%%%%%%%% | | X
- — ! ! 5]
A_ﬂmw_iﬂ,mcﬂﬁmamqﬂmex%HHT%_/H%ﬂLVm P e A
— W = s - = -~ —_ o) _— S 0 - [ =) w - w ' N
= ﬂ_AHMmm.L:i‘IE HTMUJ%V&JQNIUBEMJI:LM viE._ & 2 3 b o
) T X r-
T ™ < 5 N 5 ~— B B D o phall
= L ool 2 e o o% 20BN 2 2o o . i) )
= ﬂmu Ho o) o - ™ 3] ~>MH = o= go = Ay o < o =5 = = T AMVE_ T AMVE_ —
TR oy LRER M W oo oof B W ORI Bmogm T oW ™ D K] Ry v v il
w I B R E N AR RO RO BE Mo N B X B B W R = T M

el

[¢]

| (near-field target)] 739~ oHo|

Monopulse ratio characteristics for different target

locations.

Fig. 1.
484



A =59 dolvte] RixdEs vg 7k F4 £4 ¥4 2 24 A5 7Y

wA =H, Pk 7] 71k wy Eﬂﬂﬂ EEECE
=4l A ANE ok dE ol %
—‘?«] 371 dolth+ 5= FH X}‘j’kol‘/} 25, A
A&oA e 23 TS A e, ol dF
e W H>E FIE F otk 24, A o J%
H](signal to noise ratio)”} W< PIA| EX#% gAT o &
FEA HE FAR Y] HFoE Qe o Eﬁf} SEA B
Aol IAE 4 Utk AlA, Aol s FH Hhate] mE
U574 Z(multipath) 212 A YA 'gtﬂlﬂ' z27&
ol WA A5
ojttel| A= sl 4
371 dolte A
°]3H u]%,ﬂ;@o s
whebA 2 ol A
s P& 7] HEo
¢ E-‘*P“o]‘:} 579

r> oszL oNore
—l>
};_

=

oX

2 D

N 1o

NN
2 o rlo

Hﬁr

>

=

R4l AN A
ro

=5
Y

q Mo n;ﬂ
Y
i
o AN

n f
do o

o o Ho rjm gt [0 o

9

= Zﬂﬂﬂ T Atk 2y 28 14
A o o] ot} LHboll A BA|S
274e gz A8 749 A4 fr=
Fo] EAlgtt wEhA # 212 59
2}7] . th= CFAR(constant false alarm rat
A W, dedE B IS 2 B
stod AgdE o F 238 T3 e &, Al
AL 7] g3 ALt 242 A
oA B AFA el 7] glom,
qrE 14 54 4 gojt FEo o}
&3k Zlo] vpgrA st

shA, A () 9AF BHE 7S 7]
ALEE, 2R Gl Ak wlg, 1
TAE} EA e S e Y 7Hg ol
5 ]

o Be T °AE‘r 1%7“’ “ﬁ‘&ﬂ/\i“ el_

R

P ﬁ

==
o
-
o
o
o
=
rir

2
L
ol

-
AN

N e
)

S gy 1O

e
N

(
—

1

=

o x M
Moo

L L ofN

>
2
.1
o ofo
o do PN

rx
i)
2o
I-FU [

o F
[e3
Pj b
O‘_|_. :10
i

ol
foox &

fob 2o 2 ot o L A0

'1E rj1<_>,
do
FO{[

o p

>
for
N
)
)
X
O_A., N
= Mo
:J_’ .
juie}
é
é
)
i
i
E
O_L,
©

Y rir o X

=)
k)
&
o
i
rlo
i
o
iy
_>|.1_:‘
T
i
OFO
_0|L
rir
% rir
— Mo off
¢ Mo >x kT oo
o = ()

2
1o
4
L)
N
01 r
oX,
[

@k S, A 1L BEOE AHES N CFAR

23 ulv =HRI0|M 2] Hot 71H Sd

-
Lok
-0,
:J_,
o
tilo
N
N
ok
oy T
3o,
i)
>&>‘:
=S
o
O{‘

29 25 A 3G 4 BA EE (1) F34

02

0.15

01}

0.05 |

Fas's

-0.05 -
T

-0.15

-0.2

-0.2 -0.1 0 0.1
Lu

@) 79 £3 94
(a) Mainlobe target detection

05 &

05F -

-1 -0.5 0 0.5 1
u

(b) 248 AS
(b) Validity verification
J8 2. wyv EvQlelA Ak 71

0.2

Fig. 2. Illustration of the proposed methods in the u/v

domain.

485



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 37, no. 5, May. 2026.

A% 7T @)= wy B A2 02 Vel T
doltt. A (Do) W 23S A& 4F 79 g9l &
Adte Aol PgHo g gAE ¢ UdHE B F S
H, o1& el At 7Wol Fd A2E EHHOE A
S FH RATS MO AEY £ 9l & F
go £, 4 99 =A< A&s =Yg Bgdt
3o e mATo] FRF Aoy WEES AT
Aok F, o] THE A 7IWo] Sed FoE wEN S
Tl A 2 EAG 294 K2 HS5E 44 ¢
& FARS ANHOE HAFE A & F Aot

M HIEAIY &8 & 20|t ALY

Xﬂ?}?} T 24 24 7 9 724 A5 71w A
4& H7ket7] A8, 55 AR FAF i S(AESA, active
electronlcally scanned array) dolts AlY F37I(FTB,
flying test bed)oll §AIste] HA vPA| S Sttt
WS AL ook A2El g g d37]e 27 39 v
BRI, HIAIRlol A8 goltt & #¥ setnH
o Al FAIE & 19 Felatith & Folle &8 F
4= )<, PRI(pulse repetition interval), PRF(pulse repeti-
tion frequency), &37] 29 &5, T12]3 UE A9 %4
73AF A2 (slant range) T A1F S AHA o E AHH
4 s EE Eheto], o5 ARt 71 9] A% sl Aol

J8 3. etk A2’ 3 AE g7
Fig. 3. Radar system and FTB.

486

E 1 WA AN Aol 4 sl
Table 1. Radar operating parameters in the flight test.

Parameter Value

Operating frequency band X-band

Pulse repetition interval (PRI) 200 us (approx.)

Pulse repetition frequency (PRF) 5 kHz (approx.)

Aircraft altitude 1.5 km (approx.)

Aircraft speed 150 m/s (approx.)

Target slant range 5 km (approx.)
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