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Analysis Method for Interference between Close-In Weapon System Radars
Using Complex-Valued Fields and Received Currents
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Abstract

This paper proposes a method for analyzing the interference between closed-in weapon system radars. To reduce the simulation time,
we modeled hundreds of antenna arrays of the transmitting radar as near-field-equivalent sources, with the interference signal received
by the radar interpreted using complex-valued fields or currents based on the operating frequency compared with the transmitting radar.
The complex values derived from each analysis were used to generate a two-dimensional array manifold matrix. From the perspective
of the receiving radar, we identified the direction of maximum interference and the corresponding electric field and current magnitudes
in that direction. In addition, by assuming a real operational scenario, we simplified the modeling of the onboard structures around
the radar and analyzed the interference between the radars. The simulation results confirmed the influence of onboard structures and
that the proposed method of analyzing radar interference can reflect both line-of-sight (LOS) and non-line-of-sight (NLOS) scenarios.
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Fig. 1.Radar interference scenario.
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Fig. 3. Modeling equivalent source of TX radar and the corresponding results.
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p;: Relative position vector of the field observation point
and antenna port from (0, 0, 0) in wwn-coordinate.

?j/k]-lﬂl‘— )\];9] k. 601:0] (¢Iooal’ Zoml)o EH b, g]r T‘_
Zkz} i-H A field observation pointol] A 2] 9174 zFo] &} Al
AL qulgith A1z A el &3 §14F ZFol vt A
s, 2] (1)3 2ol r= w9 W wE J9t 7E
field observation point (0, 0, 0)9] X ZHF 747“6}5
point®] A 912 (p) o W2 FA A o] wl
gtk Q) B 24 (9o EE MU Axte] B4 g
E 3 EL A A 54 ek gk 94 2ko] 7t

34 (E Wk F H FAE Y gAY
S ANE DL nk. olw, B B 1713
A FORRE 4 (109 E

observation point 2] antenna port®] 79} Y
olf, A7} F7HEFE, N B4 FE Ee FA AR
Hlel 9 7hs219] Fadol AtAeE o AAA ¥

th I B, WE A7 B S04 AlRME s

o =EE A A A8d ARe AA full-wave

simulation 314 Ao} FAF FFA S 2 ATk ¢

= 0°~360°, 6,5 0°~180° Lol A 1° T & 74A]H,

HEA 02 22+ array manifold 3 2S5 A AT

24 LH 43

& ASe] S8l 19 6%
NLOS(non-line-of-sight) 273 S
= Atk & A4 A = goltt F

2
%
1%

O = near field source (N, =16)
oul, A7HA +29 Au ez A

N
—
. O
=
i

r e
;9

@:Ag% T 0}1\__ ] ]1—4"4 Xﬂxﬂ ?:]Ej X{ 40 dBm
o2 ARagth £ doltks $4 dolte] 9%
SER -ws}uq, local J}Aﬁ](uvn AE)E 2=



Normal vector of
RX radar aperture

.; e = I; - | n
RX
=
- Sln —— >
(a) LOS &0l e] FA1 dojtke} =41 golt}

(a) TX and RX radar in LOS

Normal vector of

7 RX radar aperture
v o

U
g

N e

\RX

(b) NLOS $7gel|lAf 2] $A1 #lojthe} =41 & ot
(b) TX and RX radar in NLOS
08 6. ASHE Aot WY 24 24 W 9% Y
Fig. 6. Verification model of the proposed method of ana-
lyzing interference between radars.

% glth. v, 19
}ﬂi r,].él:l%]:

6(b)= SA glojttet Al gleolthrt
Fehi = NLOS #7482 HolEth &4

jus

EJI oltte] & Far7t
, BE ARRRE AAE 2X}$J array
manifold®] 275 Yepdth A gojthe] £ faH
AE —50°<¢,,,<50°, 30°<6,,,<146°C|EZ o] HIE
FOV(field of view)Z A ]8Itk LOS 742 19 6(a)
o 2= Id T@AE, Sl JARHE ¢, 0%,
0100 =90° HEFO A H) TS BT, ojgf o] A7
1.569 Welth. NLOS $H74¢1 19 6(b)e] 2= 17 7(b)
o 7ol oItk FOV ¥4l W ¢,,,765° 0,,,~62° %
S ulHE ) 0.845 mWel 27|12 Ho) 7Ajo] wA gt
= A< ¢ 7 stk @9, A4 E array manifolds 19
72 ¢,,.,~=180°
=62°

lomI:9OO’ 1% 7(b) g] ¢Zoml:1 150’ eloml

T AP 2E 5 g,,,=90°0 tEA Bl

ol M ==
ze A A Ak ol Ao 7H L]

)
ru{o

FE oldd 24 Wol 771 AAE dolnte]

F 1eld of view

(M) 1omog

-120 -60 0 60
Procar (deg)
(@ H& FEE o]&d LOS A Fojtk W7k 7hy
=]
B

120 180

(a) Analysis of interference between TX and RX using com-
plex-valued field in LOS
107
180
. . 8
- Field of view
150 7
120 0
Fy IsS
3 T =
= 9% 49
g =
<= 60 3~
2

-120 -60 0 60
Plocal ((10g)
&3 NLOS &7delM 9 ot |7k 74

120 180

(b) Analysis of interference between TX and RX using com-
plex-valued in NLOS

J8 7. 54 dEF ©]&3h array manifold 23}
Fig. 7. Array manifold using complex-valued field.

A o] ZA3E o)FE uon-FIFANA EE field
observation point & SHlU LE7} ¢, =90° HH -?]7"]
371 delck 4 )] 7.7} 6,,~90° Bl 942
2 02 % it 13 wa o s 2 3k
I, o)At F Ekel A e AV E A=

&FA)9F, field observation p01nt9]r Ste L} X E 35 t

e} 1.0
7+0 7€

>1>'_40
)
-L‘_m__

341



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 4, April. 2024.

A Flojtke] 7S Hojot kel EAEERE —90°
< <90° HSI7F AA| FHolrke] 21 gholTt,

I9 82 $4l glolthKu tho)eF A1 FlojthX tf <))
o & FATtOE W, B4 FA AF FEERE A
ekl 27<Hl array manifold®] A& Yepdth 193 2
o, #&¥ A AF AEEFE YA H aray manifold
A= LOSSF NLOS $HglM 4 FE o) 2ot 7

o HAHEHS FAT F Atk o) F B, Aolth £8 F

180

1

150

08
120 Q
= 0.6 =
= 9 g
2 =
) 04 >

30 02
0
-180 -120  -60 0 60 120 180
Gbl():';ll (d(‘g)
@ 2 ARFE o1& LOS &7llA ] otk M7k 7hy

1=‘ }v]

(a) Analysis of interference between TX and RX using re-
ceived current in LOS

180
150 Fleld of view
120

90

010(‘;11 ((.1(!%)

60

_---_o..:.--____---
O

0
-180 -120 -60 0 60 120
Dlocal (deg)

(b) FA AFE o]&3 NLOS 73l A 9] gojtt |7k 7t
/]Kj H}\—l

(b) Analysis of interference between TX and RX using re-
ceived current in NLOS

O3 8. 41 AFE o] &3t array manifold 2 3}
Fig. 8. Array manifold using received current.

342

gpepol] et} §A4Jo] A WA dethd, B4 Z2E
o A AR AAZHEH 717 AAH array manifolde
o)
P

S, Ak W7E 7R EA ol full-wave simu-
At e A5sk7] faA, 2434
L= (S-parameter)
Hlwstith 17 9a)9k 7ol
L L4><4 BHOC‘_J zrzq

TE1 542“1?1
IE s 7+
S-parameter #t= AAFSTE YA, & m=EolA AA
H s Aes $4 Wl 3 AA71H, RX
1:} i 734. _—/_al

09.~'
£
Sl
N
)
)
2
2
g
053
odl
é
_>|1
p)
2 -
e
>4

TX

_— ) Beam
¥ »7 steering

— "\angle

“ Sm >
(a) LOS 37 A9l & - A1 oty nd)
(a) TX and RX antenna model in LOS

543 150
) —
= 100 &5
6-34.4' =
e 50 2
] o
= 545 -
5 2
S 0 5
o R3]
&.54.6 5
s 0
> ot
<
-54.7 - -100

] ] el e o o =] o

PP I S

Beam steering angle of Tx (Azimuth)
(0) $4 e 92 2ol Be B4 23 ¥z
(b) Comparison of analysis results with varying beam steering
angle of Tx

J% 9. Full-wave simulation 2 3}-9} H 2
Fig. 9. Comparison with full-wave simulation.



£ full-wave simulation 2 3}<] Tt AA Folzt,
A ot= vk o] Axjo] 1nterference power 3+ W33k 7t
=7F S7retel wet A AlZI7E ZobA Al =, full-
wave simulation 239} A A S THAE RS &

?JO}ME]'.
HAE &S o8¢t 7Hd =4

31 2ot g 2N ZE2Y

44§ AUEeE betel e B By
Ag37] el dolet 229 Bl T2AE BAYHY
o 29 1005 FHS 98 magE 284 ol

Gun carriage

Gun barrel

u
Local coordinate of
detecting radar

-20°~0°
(@) 32k B
(a) Three-dimensional view

Detecting radar

b) $ Es
(b) Top view
A8 10. ol w2 BHAl 72A 7H4s Rd Y
Fig. 10. Simplified modeling of onboard structures around
the radars.

N,
S
i
o
oo
ot
rd
m
o
2
N,
B
)
ofo
)
O
1o
g
[
i
x
e
1%
ok
jini2)

I-N
E
ol
™
N
=
1o
b
=
12
ol
N
&
o
v
NS
ol
E-)
i
L

%8

= *o—s} —20°~80° wm Vs £A15F A Ku ol
o

7} .
o] Aolctel 98 AL 46 dBm, A Aol
s 40 dBmolth, AB ol B4 A7 B3

o4 %
A F2AT BAa 2T, 0 2

FIo0] oE 2ol

I9 () ety Ra=E gA 249 3
Ae 459 W BAE A F -2 gt A&
vebdth 28 11(b)elA 2" 11(a)] B4 Holtt +o
S WO R Wxdee A v g4 gojtd ¢
Atsl= ZHd M71E array manifold2 UERY QUTE ©] A
T+, A Holtte] & Fuev ZoEE B4 F
T AEE Z&31%0m, FOV WollA W7k 7Hdo] Wk
gh gelstsinh &gk FOV M9 W 0= 85% O
=102° WekS vietE w6152 W 3712 Ho) 74
ol G A & F Ak

a9 ll(c)lE Hi OE +& For 7P< g o] t}e]

2l

z &1 gl OlD}(X KHO%‘V} ‘?%% 7&43
FEFLE 4 %}%E} & FIF GERR B4 4]
Xl £ EXo &89 om, FOV Well ] Hagt
< 0.105x10 ° AZ A ATE EF FOV UolA 713
=2 M9 ek ¢, =3 0,,,83%01H, 7THd AT E
A5 ;m: 2.344x10 7 AZ 3H1E 9T},
Ao o] wgko] vhr = 7, THd A Ao W
3l 28 11(b)S AlEdeld s Ol
] Al o) gyz-FA A 12 00, I
Ieko] e, Wl Zh 00, 227 £30°2 vl A 7HA
st At 2bzk 39 12(a)9F 19 12(b)ol] A ATE T
- B FOV el Al H7F 232 w9 vl okshg &
olatgom, 18 12()2) A ¢pu=—T4° 0,,=80° %

o
oLt ofy ox rlo
I%) o> i

oy ﬂ,

2
5
N
@ i

ko

2 L oojp l
=)
[e]
o

N

o 2

343



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 4, April. 2024.

TX antenna arrays
(equivalent sources)

RX antenna arrays
(near field / current)

(@) <& Wol F71 AA A TXS RX dlojth 914
(a) Position of TX and RX radar in close-in weapon system

TX antenna arrays
(equivalent sources)

%107
6
Field of view
= 5
— 4 g
o0 =]
- 3=

=

0
-180  -120  -60 0 60 120 180
(;'lu('.\l (dcg)

() BAEA-F )T BT h B
(b) Analysis of interference between detecting radars

%107

[}

Olut al {(IC‘{.’;)
(v) yuaxmyy

-180 -120  -60 0 60 120 180
Procar (deg)
(©) FAGE Itk gAY oIt W7k 7 $4
(c) Analysis of interference between tracking radar and detecting
radar

28 11, A FRAZ 9 A% Aol 1 24 B4
Fig. 11. Radar interference analysis with onboard structures
around the radars.

344

x 10
180 16
150 Field of view 14
12
—~ 120
% 0e
2 =
~ 90 g S
g =
D 60 6 =
4
30
2
0
-180  -120  -60 0 60 120 180
ém‘:\l (dﬂg)
() $41 Azl vrgko] W97} 0°, 7 30°%0 A W T
4 24

(a) Analysis of interference when TX beam steering direction
is Az 0°, El 30°

<107
180 i
b
B Field of view
150
4
— 120
8 g
< 3=
=~ 90 g
=
= 7 =
T 60 =
30 I
0
180 <1200 60 0 60 120 180
Dlacal (deg)
(b) £ A5 Hgro] wZE 0°, 27F -30°91 7% W7
7 A

(b) Analysis of interference when TX beam steering direction
is Az 0°, El -30°
J8 12 $4 A5 ol vk A dolgh W 7
4 2y
Fig. 12. Radar interference analysis with different TX beam
steering direction.

ol A 16365 W I7Z, I8 120)2 BS G
—75% 0,,=19° WA 53.117 pWe] A71Z Hu| 7+
Aol wAsithE Zls Eelstsith Z2RA 0 E A ¢ke g

4 WA LOSHER okl NLOS
at, BA FERAY Y g F



N2 B

rd
m
o
2
N
é

Al AgEE deltie 2Ae
FAREE QHE doltt ol
SANA Doltk H5E A B ERAE
AL, 44 A2

L o
o

lo
=

ne
"o
© o
l‘ll‘

3
>
fhr=)
o
fuj
to
10
Ho
ofo
N
jf_l‘
&
s

o8
4
>
2
il
fru
ofrl
sl
b
e,
oft X
QL

2
ok
N o
N
)
z o
_1)4 2
oF Mt
ol

r_{

.L:
ofr
ol
>’~8,
_YL
N

o
i
“r
22
oL
1>
o

array manifold &} 2
=317] 93 LOSQ} NLOS % oﬂ
H“*O‘ &t om, o) 7“3

A
o)

& Sl E9, 44 Aot ¢
o bAg

r
oi_,_),l
o“_',mn
H o
o= o
NS A o N oo rr e 3 2 O

:Oé
ﬂ
E
% o
o
2 3
—LJ
FN
2
N
> %

=)

_E,_@I% z‘sga} 3T} 7ﬂJJr7<4°E A e "
of F7] AAY & Ay Lol 2&3lof
Aol 389 & 9leL Fols)

o =2

TRl A B deltt 2

]
[¢} H
2837 & 98 Ao YA,

r_'\l_, 2

A

> omy fEom Y

[o rlo Y

References

[1] T. Yu, H. Lee, J. Park, S. Kim, and G. Byun, "Perfor-
mance evaluation of radar array antennas based on com-
plex received currents using full-wave simulations with
surrounding platforms," The Journal of Korean Institute
of Electromagnetic Engineering and Science, vol. 32, no.
2, pp. 163-172, Jan. 2021.

[2] T. Tang, Y. Wang, L. Jia, J. Hu, and C. Ma, "Close-in
weapon system planning based on multi-living agent
theory," Defence Technology, vol. 18, no. 7, pp.
1219-1231, Jul. 2022.

[3] R. J. Prengaman, E. C. Wetzlar, and R. J. Bailey, "Inte-
grated ship defense," Johns Hopkins APL Technical
Digest, vol. 22, no. 4, pp. 523-535, Oct. 2001.

[4] S. Alland, W. Stark, M. Ali, and M. Hegde, "Interfer-

g 0§ 2 ol =) AAE dAolthe] WL B B

ence in automotive radar systems: Characteristics, miti-
gation techniques, and current and future research,” /EEE
Signal Processing Magazine, vol. 36, no. 5, pp. 45-59,
Sep. 2019.

[5] F. Wen, X. Xiong, and Z. Zhang, "Angle and mutual
coupling estimation in bistatic MIMO radar based on
PARAFAC decomposition," Digital Signal Processing,
vol. 65, pp. 1-10, Jun. 2017.

[6] G. M. Brooker, "Mutual interference of millimeter-wave
radar systems," IEEE Transactions on Electromagnetic
Compatibility, vol. 49, no. 1, pp. 170-181, Feb. 2007.

[7] H. L. Sneha, H. Singh, and R. M. Jha, "Mutual coupling
effects for radar cross section(RCS) of a series-fed dipole
antenna array," International Journal of Antennas and
Propagation, vol. 2012, pp. 1-20, Sep. 2012.

[8] B. T. Amold, M. A. Jensen, "The effect of antenna mu-
tual coupling on MIMO radar system performance,"
IEEE Transactions on Antennas and Propagation, vol.
67, no. 3, pp. 1410-1416, Mar. 2019.

[9] J. Heo, J. Yoon, H. Kim, Y. Kim, and G. Byun, "A
cross-correlation-based approach to pattern distortion and
mutual coupling for shared-aperture antennas," Applied
Sciences, vol. 11, no. 20, pp. 2-6, Oct. 2021.

[10] M. Kim, S. W. Park, and H. K. Jung, "An advanced nu-
merical technique for a quasi-static electromagnetic field
simulation based on the finite-difference time-domain
method," Journal of Computational Physics, vol. 373,
pp- 917-923, Nov. 2018.

[11] Altair Feko, "Requesting a near field," 2020. Available:
https://help.altair.com/2021/feko/topics/feko/user _guide
/cadfeko/request near field feko t-cadfeko.htm

[12] O. Borries, P. Meincke, E. Jorgensen, and P. Christian
Hansen, "Multilevel fast multipole method for higher or-
der discretizations," IEEE Transactions on Antennas and
Propagation, vol. 62, no. 9, pp. 4695-4705, Jun. 2014.

[13] A. D. Yaghjian, "Electric dyadic Green’s functions in
the source region," Proceedings of the IEEE, vol. 68,
no. 2, pp. 248-263, Feb. 1980.

345



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 35, no. 4, April. 2024.

4 A g [AA7e A

https://orcid.org/0009-0002-7382-3852

20231 8: AEhSta AR (3

Ah

2023 99 ~EA): e [
ARg g3 AL

Z MM FO0H Array Antenna, Radar, RF

of F 3 [£2AA71EAA - vt SFAF)

https://orcid.org/0009-0005-1036-5374

20239 29: 2AAR|Ed A7
BE N

20239 3€~&A: A4 A
AR A - A S

T A ZOH RF, Wi E el 93 A
o}t EM 4 5

e

< n

8 A o [SAHEA - v R
https://orcid.org/0000-0002-1896-7469
20199 8€: EAled A7 A
stk (T3

- 20199 9¥ ~&A: AT A7)
e A et A - Al B33
~ [ 2HAF0H 5G Array Antenna, Transparent

Antenna, FMCW Radar

346

A% £ LG 92944979

https://orcid.org/0009-0001-2290-0152

2004 29: Tyt PHEA
3 (Z3H4a)

2009 2¥: S=AE e AApALe)

I} (FeHEkA}
> 20099 39 ~20109 59: =&Y

- - -
Bz e ave
=== 2010 6¥€~&A: LIG W 2AL4(F) doltt

11—

MY 2O 2L 71AA|, dolt 2, dojt A&
=1 .

o] & < [LIG 92/54aA749]

https://orcid.org/0000-0002-6323-6294

2006 2¢: Seol et oty et (38t
AAh)

20063 39 ~&A: LIG 4 A9(F) dlolth
AFA FAATY

[F 2 Z0H 5E74ME delth, 24

w71 A, doltA 2] &

WO d [T

https://orcid.org/0000-0001-9388-9205

20104 29: Fo sk A7 2 (B
sHAh

2012+ 29 TS AAHRFAT

st (34N

ot 20159 89: Ity AAAFEHEA
. S ERELAN
2018'd 29 ~2022\d 24Y: £AEE |49

A7NAA g8 2
2022 28 ~AA: AN e A7\ AR R
[ ZAFO0H Antenna, Array Antenna, Metasurface, Bio EM

=
Sensor &




