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Practical Method to Extract Azimuth Angle of Target for Air-Borne Antenna
Hybrid Mono-Pulse Radar System

27! eyd' - w4t

e

l.o|zel . My . 212! . 9212, QAEM . A 0I®

Jin-Woo Kim' - Jae-Hyuk Youn' * Soo-Hyun Rho' - Jong-Eun Lee' - Yeong-Beom Jeon' -
Jae-Woo Ok' - Eung-Noh You® - Sang-Ho Yoon** - Hyun-Ik Shin*’

Q o
FFE AL} ol Bt Rt doitt N2 olgstel A IFEH YA A, B9 Y% JHEE AL
90 A 2 S BERel e Bid s )87 34 Asuo] AMFHOR 9P wET B ERAAE deus)
180 StolBel=e] Bl o] old] oI A4 BFHS AHHOE WAT £ A= YL AL Sk v
2 Falo] AR el A5 AFE A% Wy Aud 48 AN A9 FAT ¢ 99t

Abstract

The accuracy of extracting the azimuth angle of a target is significantly affected by the error in the mono-pulse ratio of the air-borne
antenna hybrid mono-pulse Radar system. This error is strongly induced by the phase imbalance between the channels of the system.
In this paper, a method is proposed for effectively calibrating the phase imbalance caused by physical differences between the RF
channels from the antenna to the 180° hybrid. Through a flight test, it was confirmed that the accuracy of the azimuth angle of the
target is improved by using the proposed method.

Key words: Target Azimuth Angle, Mono-Pulse Ratio, Phase Imbalance, Antenna, 180° Hybrid

.M B o) hsate] B4 dolth AzH AN Bol AHgHLL

BrE2 /)5S TR FHAE o duuERE 5

A O FEA YAZ Slste] BrB2 dolrk A2 A 2 oae] FUNEE FAHe] F 2 A A
9 sty Azgoltll o] Azgel AgE S A AEE AT FANES FHES AY 13 A9 2 4
ChFe Gl RS FolM Esta 2 D 2AE & ol9] SR IR0 Aolrt e AR FE(IE
B TEE EH0E Augel Holda, 2EY S SolHeS)e ASIYEY g% dolngss £F

LIG ¥~ 9(LIG NEXI)

#=1E3}8F 41 A (Agency for Defense Development)

1: A—]oloqq_q 2: /\401;_01 3. AJAFY

- Manuscript received July 1, 2018 ; Revised August 7, 2018 ; Accepted August 13, 2018. (ID No. 20180701-069)
+ Corresponding Author: Jin-Woo Kim (e-mail: modone79@gmail.com)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved. 735



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 29, no. 9, Sep. 2018.

ok

x
o
fu
l-\:l

g AIAEMH #A ] fAE el
D}. A 2| o] QtelL A3z el @
Agehd, RF Ao W*OM £49] W]

LH gtk 2 A

N
o
Iz
Ko
kD
ox, r:-t_',

R
WO

fi et 50
T oft H1 & hu

o}i[‘ll‘
o>
2 [y
1o 2o
_O‘L
2
N
o
o)
o2
o
-\_Z
o> >
Elo
fin
4 o
o 1o

[>
uiti}
1o
X
H
e
[>
N
o
N
it
rE
o
>
Y
oL
—o
N
to
2‘1_',
:‘o
2 > Lo

o
(]
!
O]
Y o
U:
_E
In
Ll
AC)
Rl
=
op»
>
r>
~N
o
B
M
ot
_O‘L
£

zH“ S -‘4 NS T4 F UTh RF F
FANE 5 7F aAEe] AfE Aol g
AA7F B34 4 AR, Ao el A Loop-back 41
S5 & FAlEte] AAZIOR A TAS FYT S 9
o}, whol ote|Ubel 180k dlolB el SAARY &
24 Aol ztolof &l Ad 7+ FANT Y 94 B Y
o] Wit thE o 7, A B4 MAE Hsto
QHEILFS} 1805 o] E2|E Ato]9] AR WS +5
St AT AT Al BAfsto] o] 2AQl HirdA 7]g7| =
FH 2H9 W97 JHE FEIGP gl 42 By
H= FE] AT AP B B B2 A7 B S0
20 FE @Rl gl

B =rdAE gad dEH Y sto|BeE Rird X g
ojth AlAEo A <L} 180 slo]E =9 Ad 7H
TAANZE] Y RS H4EH0E BT F S
WS AT [gol s & =FolA] Aletet 94
B8 B Adeisith MAdAE A H8gAE
< B8k AP 23E AFaEAa, NAdAe 2
E0Z npRth

I8 18 ¢H Y slo| Bt Ri-FA Folt} A AE e

736

Ch.l,, Sum;; "
1 I | ‘Ill |
| 1]

ch.2'! Diff.i. B

Antenna 180° Hybrid

RF Receiver  Signal Processor

O 1. ey sfo]HejE RicHX gojth A A7 ] RF

E tholo] 13
Fig. 1. RF path block diagram of antenna hybrid mono-
pulse Radar system.
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Traditional Process Proposed Process

Physical Calibration Extraction of mono-pulse ratio
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Fig. 2. (a) Diagram of target azimuth angle for mono-pulse
system, (b) Extraction procedure of target azimuth
angle.

e
[
)
o
N
1o
oxl
tot

al
=
1o
ok,
£
i
ol
i
i
[

o
AHO R BiHAg oteLbs) 180k S| =7k

W ASAES Slske] B e A A8A

ARz W dEE g5 17 32 B E=EdA AL
43 el SlolHE Bxg A AlX

& Aoty 1d 3@olA B & Aol &3 2 A
TNz MaEl(FAlol 5)o] ALz FAF 3
z

28 AYsA AZse 180k sto|HE|E g T A}
A FEvo] A, oA die ZHAA AE 3
B2 7187 75 A9 vHEEHA oAl B
B2 71&717F 952 W7kA] WA she ol vk &
ARk o AJZk H]g-o] ol £QH7] W], AR B
ks FEd Ao A ] Al BAdshe ol gubz o]
th ol 2HAA SAHAAERE & EE 2 A $4
A5 ks A ol dA R E 2 7127
ot HAshe 9 2 FEok AIAY Al B
3= ol
shA A 7F BElA AR Apold] ot 9 B
e O W By S st QA R, 55,
AY 2hshe 2] B IBHOR YT ARG B4
S fFdete AAbolth webA, 119 3(b)el LFAA
A S48 BB 712717h & o F ARl %t Aol
7t Ydghe o] 2HE <tely 71 giv] 249 4
4 w917 RO E FE3= Ao] 7hssith & =7
dAE 49 Exdx 718719 13} fitting Al
o] El P2 7|2 7IRRE 4
17 2(b)e] AR €]

2 180 sheluel=
4 Faglol 7I1E AgH
05 A% F2T 5
AAE hadt @ Sle

A
o s £ 2 2

K} [ 1
Azimuth angle [deg]

o
[deg]

@ EY HAREA § 0) ReEs e 2

A, Al & A A AN oA %)
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line: Sum channel, dotted measured, dotted line: ideal
line: Diff. channel.) case)

a8 3 2HAA A A

Fig. 3. Results of near-field test.
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Fig. 4. Results of GMTI for flight test.
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