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Abstract

This paper describes a simultaneous multi-beamforming technique for application in an electronic warfare jamming transmitter. The
proposed technique is a hybrid transmission structure that combines the functions of conventional analog and digital multi-beamforming
methods. The structure has a simple configuration and does not generate intermodulation problems due to multiple signals, even when
operated in the saturation region. In addition, it provides flexibility in aperture division and allows variation of sub-array within a limited
range. Methods for dividing the aperture into multiple sub-arrays using switch control and for assigning different frequency signals to
each sub-array are presented. Radiation tests were performed on the split apertures. The results demonstrate that multiple signals can
be simultaneously steered in different directions through each split aperture. These results indicate that the proposed method is suitable
for jamming transmitters capable of simultaneously responding to multiple electromagnetic threats.
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Fig. 1. Comparison of jamming transmission methods.

Ly

S|

=3

o] 7p & Aot

A & 19 29} 7o) AA A 7R ERE
H g

e A
ok A WA opd 2 AR E WA= Oz 2]
BHo| 7 A WAl = UAE WA o2 WAl g =
3H3) aho]Ha) EINB WA o] T}

opg2 1 W A WA Qe Y v ge] B RF A
Egt AAE™ gezbel sl WnkE FAE 5 Uk
Rotman lens, Butler matrix, Blass matrixS A3} W ¥
W o] tEAelth W W wake] A4H ¢

29AE Addte] 1 WFOE W

ot
oX
ol
&2 rr o H

Au)
N
ol
rid
ok
o
|o
fil
2
st
o
ol
oX,
>
i)
4
%9
N

Signal
Source

—( RFChainH Splitter E

A A A A

L8dd

Phase Array
Shifter Antenna

(@) b2 WEY

(a) Analog beamforming

Digital Source

RF Chain [ F——
RF Chain |—| —
RF Chain |—-| ——

RF Chain |—] F——

Splitter

Splitter

Splitter

TITT
LALL

Splitter

Array
Antenna

(b) tAE W=z
(b) Digital beamforming

Signal
Source

T

hain H splitter _'_QS
RF C H ': _|_¢

: &
4| RFChainH Splitter l:::_g

Phase Array
Shifter Antenna

A A A A
\

(c) dtolBT = W
(c) Hybrid beamforming

28 2 Wy 72

Fig. 2

. Beamforming structures.



OAY gEy 84 BAe AU RE AFES 8 E 1 9Ed w4e) Equw

L3t o] AT E ZA|d £AI8 = At vfgete| vt Table 1. Characteristics comparison of beamforming schemes.
o] BE Adel] AFHe A5 94 AEE ygAd Items Analog Digital Hybrid
Aoz WA 7hssith wEa JET dyEEes 5l Number of beams Single Multiple Multiple
A Wz ekl ZEA7E B 2ET F e Manufacturing cost Low High Middle
wkalolt), I8} o] R E tE A5t S5 449 H) Flexibility Low High Middle
Ao FEHH EWHZ A5 o Egs B2 Power consumption Low High Middle
Nz 7 BAE & 9} o]d AL £ 22377} 3} Manufacturing difficulty Low High Middle
= AT 7} ZI1aE we 15 Tl 7 Operating range Saturation Linear Saturation
warg o Azs A 18DE od dAS 9ale) Intermodulation No Yes No
o8] =712 Ao deA TE O} T S EIAL Use of phase shifters Yes No Yes
Zgo] Yo @o] Ak E3 thgre tAE 2% OJHFT W HA £ATLRE Fokely o] TR 7E
el apsfef pelm S Adeid A2 M g gojuez w gy Tl e RAAEIE DY
VAR Aol W HAeT £d AR AR ARL g gog gee) pug MR $32 5 U982 A
G A e} TP w Bty YA e UE £ A
o FAdelM AT 7hE 94 (flexibility) o] Foi
B S W02 DR [ ANEF A

stojnzt vl A A4S &9 RF A 9
A7 HEAHAE F3 v ey o] 92 et st s HEY $AA Y] e 193
o] o]FoiXit}. o2 7 FHE TR, FAsL I 2ok AeEARES AU 7] HE OE Fak
2 ste A W kg wgeEuE e el AZE AT A= 43E RFSocs AHE 33l
(sub-array) 2 MG = il M2 02 24 Foig 2913 MEYARES wjdetEy A el 2914
£ Ze o Jeo] QheuE FUH ol EFate] £ ShHHi7 2 ek SARES YR AR 7 EE
G RIS W MR OB S o8 8 Fo < 8709 AEE 2 ZF Aol = AR ALAKTTD, true
T HdetH U= @%3}{— %Li””m 5ol AHEET. 9l time delay)S WjA|ste] ¥ 20| 7hsot=S sioith £
a2 TAY A g $ARE T S5 RE Al tigh AZ 5 9 B sl
T4 E(single-tone) AR FAE 7] v THZE A I8 48 SAIEES] XE WA E HAFth $AEE
7 AL 23N 5ol The sttt o] WA A4 AW SHIEE wAete U] AHZES} FUT 9
" g G E SEHE AAs A9AE 29 A g A g dto] MR el AF Ade] 7hsst
Ao g F22 Fujd HEUE Aes] mie] 72 Al AT MI~Mod= SRS SHEE WSS
4 e RS AR g = A A AR )2 B S B i = FoAg Aotk FAIEE WA JHXE shjuit =
T&date] A7) Wl 74 FANT Y FRAEY
o] oty wHe Zet

A% 7w 94 BAS B 13 2S AR 2] N |
WMol BIAES REGE WsldlA SA)0) By, Comoim(cmmetion =) vt | T,
AilE 58 s 4ge 728 dedr ¢ o
TFol A= thekst Hejd ouE Adgd 4 e A9 a2 3. £A%R 74
A EA ASTFIE T3 MEL FH 9 3 Fig. 3. Transmitting equipment configuration.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 37, no. 1, January. 2026.

<) E’v/] cl):]
azwt— 327W(T1~

L=

.

29Y AAHEE sl mEkA 7 $A

EE MIE AHA A4 9YxE

ojth, dE TICE YEH AlsE $ARE YHo
=227 13} 28 FE87] 93 Yo ey
A ASE MM ZER YR 7 F )9
S dAAe WA g BTI~TR)S 9&9
e #AE HAFETh 13 49 A5 18L& Tx B

BR! HH@“"PEﬂUr«] Aoltt 1
AR

Zh g Fdolm @Y el U(element antenna)T 45° Al
HHIE 7F= TSA(tapered slot antenna) T-32°]T} Al~
A4 T QL] Mol H3 1Y 5= FARE

| @ Tx Module Input Port ® Tx Module Output Port |
meM1 TxXM2 TxM3 TxM4 TxM5 TxM6é TxM7 TxM8

M1 M9 M17 M25 mM33 Ma1 ma9 mM57
L4 L] L 4 ° L 4 L4 L 4 ®
® o
T T2
e o
T3 T4
Tx Module1 Tx Module Rear View

Front View

Sub-array’5 “Sub-airay 6
N 4 S

S

J8 5. A E AR E
Fig. 5. Phased array antenna (front view).

(TxM)} B Etel 7t o] BA AZAHE=AE HoFr.
T8 49 $ARE 28 MI~Me4E= 18 59] ¢kelu Al~
A6l Zt7F AAHT A& E9, I¥ 4 $ARE Tl
A7t JEEE FARES] M1 M3 XEE FZH A
7 E9EI T AeE I 5 e V] Al A3
ohIVE AR

ghA QU Y= AE e ¢
HEE 182 “ﬂo}“t} o] 7] A

2 A9 ol et FasE s ALwe] FaA
292 VSN2 + 95 A4 WA 299 Aol o
Buge AARHY we o 2 gz AP S 9
I A EE 44T £ ok

14 69 /ﬂ JSG(jamming signal generator)= A YA & &
A sl A7)0 2L SW(switch)= 2F AI'dS on/off 8t
‘3]- b= od%a PD(power divider)— % RELS 93 por

%ﬂEg(TXMH %1 IE, T1~T3zoﬂ ‘Eé%ﬂk

i 28 A91A Alojl| whet Fujde] N E TEEHE
A5t a8 #9455, B9 1(sub-array 13 2), wH 2
(sub-array 337} 4), ¥ 3(sub—array 59} 6), w9 4(subarray
7_7,]. g)oi stl-_r;]% L= X%a]ts]- 740]1:]—.‘;3,_23 7}31-}_
et thFet el el A ‘5 #&o] 7hsstth o & S0

Signal

Generation Module Switch Matrix Module

™M

f=D17—+T3 p=D1—+T1
—D18—T4 [—D2 -T2
=D19—~T17 l=D3—~T5
=D20—~T8 [~ D4—~T6
D21 T11 [ D5—+T9
~D22—+T12 [~ D6 —~T10

[~ D23~ T15 [—D7—~T13
[—D24—~T16 [~ D8—~T14

Multi-In/Output PD3

PD

Multi-In/Output PD1

TXM ™M

ws
-y D25 ~T19 [-Do —TI7
JS@GS P SW9, D26 — T20
- D27—T23
Term. - D28~ T24
— D29~ 127
™ D30—-T28

[=D10—~T18
= D31—~ 731

|—=D11—=T21
[~ D32—+T32

[—D12—~T22
[~ D13 —~T25
D14 —T26
—D15 —~T29
—=D16 = T30

Multi-In/Output PD4 Multi-In/Output PD2

:lal 6. /\O] ] uHEQ/\ IE
Fig. 6. Switch matrix module.



SW29} SW82 =3 Aol A JSG12 ISG3ol 72 F A RS 77 s AR o %ﬂ% A%
S AEMS TR, M PROE SWAS 2 QIE 4 Ui ek Bk olsh g Yoty
SWI10S =53t Aol A JSG23} JSG4ol - F314= 4l gk Jef o] A £ o] shesith 19 7 sUe W
I(H)E It JFHoel AelE 258 JHE £ WO R JFHe] REHE 117 495 HoFoh $4F
B2 EEAAAN XE, 294, ISG 1T
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) ) Transmitter module
Switch matrix module (see Fig. 4) Array ant. Sub-array Quadrant
(see Fig. 6) g (see Fig. 5)
In Out No. SW ISG No. SW ISG
D1 T1 Ml, M3 Al, A3
D2 T2 M2, M4 A2, A4
1 SW1 ISG1
D3 T5 M9, Ml1 A9, All
Multi-
) D4 T6 M10, M12 Al10, Al12
in/output 1 Sw2 JSGl
PDI D5 T9 M17, MI19 Al7, A19
D6 T10 MI18, M20 Al8, A20
2 SW6 ISG2
D7 T13 M25, M27 A25, A27
D8 T14 M26, M28 A26, A28
D9 T17 M33, M35 A33, A35
D10 T18 M34, M36 A34, A36
3 SW7 JSG3
. D11 T21 M41, M43 A41, A43
,Multl_ D12 T22 M42, M44 A42, Ad4
in/output 2 SW§ JSG3
D2 D13 T25, M49, M51 A49, AS1
D14 T26 M50, M52 AS50, A52
4 SWI12 JSG4
D15 T29 M57, M59 A57, AS9
D16 T30 M58, M60 A58, A60
D17 T3 M5, M7 AS, A7
D18 T4 M6, M8 A6, A8
5 SW3 JSGI
) D19 T7 M13, M15 Al3, AlS
Mulg- D20 T8 M4, M16 Al4, Al6
in/output 3 SW4 JSG2
PD3 D21 T11 M21, M23 A21, A23
D22 T12 M22, M24 A22, A24
6 SW5 JSG2
D23 T15 M29, M31 A29, A3l
D24 T16 M30, M32 A30, A32
D25 T19 M37, M39 A37, A39
D26 T20 M38, M40 A38, A40
7 SW9 JSG3
) D27 T23 M45, M47 A45, A47
Mulg- D28 T24 M46, M43 A46, A48
in/output 4 SW10 JSG4
PD4 D29 T27 M53, M55 A53, A55
D30 T28 M54, M56 A54, A56
8 SWI11 JSG4
D31 T31 M61, M63 A61, A63
D32 T32 M62, M64 A62, Aod




THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 37, no. 1, January. 2026.

N
R
off

ofr
ol
R
2
st

39
)

il
>

-
@
~J
9,
>
&
=)
e
rlo
L,
for
e
[
E S
o 82 e
2
4y =
r2
2
)

-
E=)
Ol
of
oE
=
N
o
k)
=~
4
o)
©
>

oy
©
e
i
Sl
2
X
2
>
r
|> rlo
do
=

ko X ot
=
=
iz
i)
N
=
S
D)
fil

_?(_’,
o,
o
=)
L —

G Im e

o |y
ﬂﬂ

o

R -
v

o, rir
o
i 2 o8

= o
:?L_',

a9 6 —% e LN
4 A1 3(JSG) *PEH
Aeg Aotk & & 59 Type 3(2)< 7

(JSGI=ISG3) = JSG2=ISG4° 4] ISG1 3} ISG3 & £ J fi
Fo Ao g WA ISG2+ b, ISG4E £ Fok

to gy
N
N,

I
R=)
o
ofl
—\N

M
(98]

Q2

M
it
i

| A,

AEWYL gnFt & Bl 55 BAH ATE F
A FIFE Ze Ao, H55 FAH ASE AR
ne %ﬁr%% 2 A48 Uehith o Typeg A9
3t Bl ISGA7HA 479 3 AEE A

), wabd JSG1~ISG4<] E71(syn-

chronization)7} |-~ % 9.3}tk

TI9 82 AlFE 2904 MEYHA BE ARIS BofE
o A AR M= a7 ajRIgk AdS st &
QA9 0E 429 PR Belde] AREA. o
= &Y PR+ SAEEF EFRIE vo]E B9

74 u) Fﬂi A 7<4 Zﬂ 1—/}

Type 1

Type 2(a) Type 2(b) Type 2(c)

Type 3(a) Type 3(b) Type 3(c) Type 3(d)
Type 4(a) Type 4(b) Type 4(c)

J8 7. #3249 d
Fig. 7. Split apertures.

3. 19 69 28A9F Ao 23] A7
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Aperture Switch o.
division (see Fig. 6) ISG
Type &
Type 1 2, 4,8, 10 ISGI=ISG2=ISG3=JSG4
@ | 248 10 |(SGI=ISG3)=(ISG2=ISG4)
Tyzpe ® | 24810 |(SGI=ISG2)=(ISG3=ISG4)
© |2,4,7,9 11, 12| JSGI=ISG2=ISG3=ISG4
@ | 24810 |(SGI=ISG3)=ISG2=ISG4
®) |2, 4,709, 11, 12| (SGI=ISG2)=JSG3 =ISG4
Type
3 | ©| 24,810 | JSGI=ISG22ISG3=ISG4
@ | "> 151’ 6127 % | 1SG1ZISG2=ISG3 = SG4
@ | 13287 s6i=s00=1863 21564
11, 12
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4 | ®) | 1,356 8 10 | ISGIZISG2=ISG3 =ISG4
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Table 4. Measurement frequencies and beam steering angles.
Frequency (GHz) Beam steering angle (Az, El) (°)
Type Beam 1 Beam 2 Beam 3 | Beam 4 Beam 1 Beam 2 Beam 3 Beam 4
(B1) (B2) (B3) (B4) (B1) (B2) (B3) (B4)
1 f 0,0
(a) f 127 £ —45, 10 45, 10
2 () f 127 £ —45, =20 45, 20
© f 127 —45,-10 45, 10
() f 127F | 155 0, 10 —45, =10 | 45, 10
. (b) f 127F | 155 —45,-10 0, 10 45, —10
© f 127F | 155f —45, 10 0, —10 45, 10
6) f 127 | 155 45,-10 0,0 45, —10
@ | 127f | 136f | 145f | I155F | —45 10 —20, —10 20, 10 45, —10
4 0 | 127f | 136f | 145F | 155f | —4510 —20, —10 20, 10 45, —10
(© | 136f | 155f | 145f | Le4f | —4520 —45, =20 45, 20 45, =20
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