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Study on Monopulse Direction Detection Using Digital
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ABSTRACT

Analog Beamforming is a method of creating the beam direction and pattern by changing the amplitude and
phase values using phase shifters and signal attenuators connected to each antenna. Analog Beamforming also has
the disadvantage that the system complexity and price increase due to the characteristics and cost of each device.
The other hand, Digital Beamforming does not use RF devices such as phase shifters and signal attenuators, but
controls the amplitude and phase of the signal by digital signal processing at the baseband level.So, hardware
configuration of Digital Beamforming is simpler than that of Analog Beamforming. In addition, since the signals
of all the antennas can be controlled individually, there are advantages in forming a plurality of beams and
processing of signals. In this paper, we designed a system that detect the target directions by using digital
Beamforming and monopulse direction detection algorithm and analyzed the performance of the algorithm by

applying it to the real system.

First Author : Radarant Company Limited., hyunsu90@radarant.com, <17, A3|<d
Corresponding Author : Agency for Defense Development, csun1402@add.re.kr, ZFAIA)x}, A 3]<
* IMT Company Limited, steeve@imtpluse.com, B4, A3
& KICS201911-280-0-SE, Received October 31, 2019; Revised January 31, 2020; Accepted February 20, 2020

# A AT FETee) Bele] Mg DSSS Al 4 4 AT Al Sebdste] e,
*

875

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-05 Vol.45 No.05

.M 2

Wl 7 (Beamforming) 7]~ Qe e HRAL
¥ A9 EA] wsko g A= 7|EEA], &
vleko @ Asle] ouR|e Z/HA o ofE uF
o] A= 7FA4shA =l o]zl o] 8= Wz
= %7&2# Bejeetas ¥ Eu} pEANCH %s& ak

Zo

0%l o,

e g el i w42
SaLe el sl 20 44 slel
2 24T 29 e 5
T Qe ”]:f— 1% Jiﬂﬂ% Sh= b
o b M TAE WENCE b 5 9]
=), ohd® 1 Wlxn2 7F Ad
A% 7ka)7)9} -8 RF whollA] Wlzmo] o] Foix|u],
oA WERS ZARSdA opdEa AlEE
ADC(Analog-Digital Converter)E -3l tJA|& do]
B2 upre] ARggie) tAE WErS ohd® a1 W]
5‘—“]°ﬂ vl RF=e] SA1wr) Fol5a Z42pe] Als

B MR oR Aot 4 gl o] glo] B4 ol
A e A} QoI T R e
ket 714t TAE 71%e] ARAZA Qe
AlF7E AZE AT AR HElels %

3

Lo
L
o
>
2
N

2

o] 7)Ao 7 Al&3HA WE Z3Fs 5 9l= A
=Aol] webd ¥ Ex) pele] 2718 24
A7o] 9lo] AESA(Active Electronically Scanned
Array) #lo|rie} 22 FHAl Holr A= ARSHIC]
FA9] ukeZHDOA, Direction Of Arrival) A RS
7ke w2 ¥48 'Rska #4391’ 7o
Exgs Wk gxelsh g, Bartlett,
ESORIT(Estimation of Signal Parameters via
Rotational Invariance), ML(Maximum Likelihood),
MUSIC(MUttiple SlIgnal Classification) = kst
ke ze] AHgE| s Aslo] Sepl wie st v
£ amelzel vla Ao 9x zws) eap)
AT bede] Aol AXGES W Falo] 7
Aafeh Aol 3lof ol AMgl wheleh,
Mozt 47)e] & helels] Qe AlEE wEkow
g AlEe} 2} 4150 ¥]E(E g s BlE A H)S A
s e L R EL%—% T8 71Helck
wregae wfd qheluke] H4, qhede] Ad-s, wlel
7, stedlole] 4dA & vhekRk dsle] Al <

876

e 71A07) whiol el B 177}
S QIEN, S 18] AFE

co] A5 AR
ol 2318 Zol] $1a Q5] tiioln,
W 91E Bel] 18 wEnel] de QT A
£ pE gl

B el el gtEldell S HAE
I/Q(In-phase Quadrature phase) A1 35 AM8-3}], #|
A BAAEE AWshs Bl dauR|ES A8
sto] Alsle] whaks FAshe WS Alkslar, Al

Al whel] B Aleleld 2 =24 AdA sy
Azsisdel. 249 913= = o
Sl dsiA Rt ehrsl e, AdelMe] $41 Aee
Wro] ol E Ea) Salslelon] Eak Euleal 3
(o] vAke =7bA e 2 sks 1270 qhUE 14
H A3 v glelvHULA, Uniform Linear Array)<
ARGl Alskdt

(

2.1 b e} £

e <revt ij"i *11{« 7] 13} o] )3k
HE=al71el s A 1Q dlelelE @A ekl
olu] 7+ AP EHE] A= gk 12 29} 71-0] wjed o}
kel Alssle] Aelel Zhzel ofsf A=k

Zzte] Qlelut Alelo] Aelzt dwbg o]A4% wid
okelutel| ] Algle] wied qlefe] FAlo el R
ubE ol gl O RkE slAlEle] gle ) 27k gk
Hlutel Alssle] A r& vk A1) 7ol vehd

A~
3

= (z, * cosf)+ (R—x, * sinf)* (1)

—(V—1)
2

(N—1)
2

d]
®

z, =

ofu, N-& Ad 7 v, wid el Filoew
- WofHsle 72lE vellie d = 0.5 0]tk A

Bandpass
Filter

Ozl 1. 3kEF W3k A7) BE R
Fig. 1. Block dlagram of down conversion receiver

www.dbpia.co.kr



=AY WzRe o]4dt Ry ubek wx] s A

(HellA] r sz

& o1

Antenna center
1

J2 2. v olee} Alssle] we
Fig. 2. Geometry of array antennas and target.

1=
o] e 4 olek

L3 el 23 ghgleow A (3)
o} 2] HAY 4 9L HFA R Asdelld
Ardellr] aldhe Ales A @) 2

2.2 H{Y otE|L} =& sl

2y dyglZo g FAe ArE =35)s] 9
A= A8 F ule] g A1E( )9} 2} AlE(A)Q)
F ol8gk olul, o) ¥ Fo] 5% 2%

d(Sineend - Sineﬂrst)

sinfg,,
p= (g St
M—1 sinf i,

o

. Q

*Jﬁ(k*
(&

)n

047]/(‘]’ gfirstg} eend‘— M7Ho H

o{w
pra
rn:

1,2, - Mo W s, a2
- N—l—ﬁ— iHLg M52 pehdich H

w3l ©el Alsddelzt 7S ), 3 Alse} At
AlZ= QIR T 1 AlolollA ARz M — 170
o] w2 A% w]E FAle] A7|A Hek WFEW
A
S

3 AlEsh A Al A (1003 2] vehd 5

10
Ap(0) =8y — Sy 1y (10)
0217]/‘1 k% ,M—]_—%_,] 5].1:% Al (10)
& ALslel Wl 0% wlag ok A (13
2.
Ek:' (9)
E,(6) 2,00) (11

=
:

T
ir=}
=)
r=
H-E
u@

41 CjX|= gl o] 7= Al
o Aol A= 24 3} 34 el 4] Myq]s‘l. g ok

FB|Z9] A gelslr] 98l B2F Fukral 302
Hlbg 5202 o] A3k 127)9] 1;(]— o] A1
A S olgsle] ST Avje} Aol A

d&
5 wlasisich A Axlel yakap el z1sgst

871

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-05 Vol.45 No.05

gow, A4S AR 9} A5 Al |= el <k
o] A4S 7[R oF 10me] AR HeiA 9l
o} 7IA S WHEhs 9% 3RS A7 A8 NI
Ae] SDR(Software Defined Radio)E AH&-3}iaL,
1270 =418 9] 2]4F F7|(Phase Coherence)E 25
7] S8 =4 RS Fsle] ARSsksih w3t o
2" FH o2 AME-E|&= Reference Signal 3-f-3}
A3

il s FAol AR <bElv= A4 Log
periodic SFEILEE 700ME~4072] Fok Hejel4] oF
4dBi?] ©]5-% ZHetHad 3 3x). wid Qe
o]A AL T2 Tl 30k W 0.50) %
wix|slde) w3l S48 A9 AlEEeld BT
S Hils U] 98 dde] dEs-E H8s
sick

I 4= X 19] A FepvlEE e E ')
-45°~+45%0|| U-33h= g AE ulE 5
AeJslr] 217t 9 Wk 2 xekE
o} 14 0°= Z3k%l 9o 79 3dB |
7Aool A HelA
Bl 252 #E1e ¢ ook a9
9l 3ol A AlEHe] AR 072 &
3} A1 A ol|A EAJgE ¥ A'lS v|ask A
A= AlEYel A2 AR WUE5-S
ow 53] Wl ARl FHo S g ¥

1

£
f

) oo b

oo L

.

=

=

o=

B
_1[{1.1 rlo l"Lﬂ.,
a0 o ik

5
4

o

N o

5
4
lﬁl';
;

o
<

p

o e N
o2t

3,

o

A

4
o,

-9,
)

Al

i
|

(a) Antenna shape

1 8GHZ\({ 2.5GHz V

120 90 "0 120 %% T60
150 0 150 20 N30
180 0 180 0
210 30 210 30

240 300 240 300

(b) Specification

T2l 3. Log periodic gFeta) 2 AFKb)
Fig. 3. Log periodic Antenna shape(a), specification(b)

878

Normalized pattern[dB]

T2 4, mxdaF 9 W A el B
Fig. 4. Beam patterns generation for monopulse (Ideal
value)

E 1. AA g g

Table 1. Parameters value

Channel Beam

N=12 M=9 3Gl

Frequency Angle
—45° <60 <45°

7dB AE F& B5S HoFgn)

) TR E Wl AR oA AW S}
o] FRIL a9 59} Fo] FAl AR, Ik
7} WA= RlFe] Wizl wli= SAdo] o'l

S4& 7HA |

I

. webd, Aol Habasl ¢

Digital Beamforming

T T
—Simulation
- =~ ~Measurement|

Normalized pattern[dB]

C‘l Z‘D 4ID
Angle[ ©]

a2l 5. AlEelA, A1 ¥ SA3k vay0” 23, 36k

Fig. 5. Comparison of Simulations and Measurements

www.dbpia.co.kr



"
Mo
Au)
)

)
ot
el

q,
tlo
o,
o
<
ol
b
ity
[>
o
‘?&‘
L

2 719 AT

£5 9eAE L8 WZ(Uniform beamwidth) &
AAe Zh= Zlo] nigAsic. olggl et 7 A
2 7] 918l 2R3 ZE|(Eigenfilter) 27 7]‘f” e
= Slepian &5 0|43t 7|He] A==, &

>

DA o83 el AL et

42 DL-EHA disE EI—XI H=E AlE

o

e 18 4%
2 Al

woket

a8 62] ERIEE 3iellA] Reds 21 u)
& 3L a8 49 97)e] FEle] 1A sEle] 3
Azt AF Alse] vlE A8} 3 aFlo]n, 346l

Ardghate} 2ol g7le] Are= 27t IAF o] =
HelellA Agel=o] glck
B Z1FE vjE S o]l s 4
She M2 Alssle] 3]l w=t Alert 7 2
7Ne] WS 2kar, o el ofsl Aol maeds
% ulg FAelA g Aol 2} AlEe] w(X/ Ak
Hlasle] =g AT 5 glrk wkef 4Assle] -40
15 4ollx] LFellA] 1, 20 ¥ A}
ofell H|A3HAl FaL ofuf F Az} A} Alwe] H]
Y/A9) 3k <k 0.179] gro] A=) uleby 13
6°] 111 A Boellx] y=o] gho] 0.17¢] ek x5 it
Azl AAE & 5 3

aq 72 %/‘%w%% ! 3GHz°ﬂH ¥4 Aze] 914
45742 mprA] 24 gkt
= A]»‘é— ]|o ]Aﬂ(o]ﬂ;ﬂo )&F ZHe
B 5])::4 zvl:?ﬂ- I—L:_

(e % Alg o) PN 2P 4

i

Monopulse Ratio [Z/A]

2l 6, 2 vjE FA
Fig. 6. Monopulse rato curve

——Angle error

*  Steering angle

Error(®)
x
X

004

50 40 30 20 10 10 20 EY 40 50

Target Angle[ gl
3 7. 2 AR A elA)

Fig. 7. Monopulse angle error(simulation)

2, g Al o o) eals} £ ghel
O3} FRA O Z HiEELE wHo B4 i)

I3 82 A AlEde| ) Fgt A Ffetnlg
2 A% AR AEHeld A} fAlsAl =3
g 2t ellA] 93} Fho] ZA| vehed], o)l A
o] ele Aoy myPa AE ulg FA9 B R
o YAetA FAe] REAe] FrlE] vehd |
Aro 7 galElt) vl grEte] 4107 %)l oAk

o] E(Boresight)oll4] HolA4E 23k §l9| 0| 59|

Aol wet 2} bk wig nelErh

T T
Angle error
oer x_ Steering angle| ]

Error [°]

4 L L L L L L L
50 -0 30 20 10 0 10 20 30 40 50

Target Angle [°]
T8 8. waEs 34w 03
Fig. 8. Monopulse angle error(measurement)
V.2 B

B =FollxE Eak Tk 300] wbk0.5)0) ZE
Ae] wjed <FeltE AMgsle] TAE JQAIEE 5

slsirt. o] Al5E Algsle] AAIR E‘Zl HelelA
s e g daEiEe] Aes EAskelck
879

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-05 Vol.45 No.05

Argeeld Astet A Al P o

o rlo

o St Aol s g Al
of W} ches ehdel & wwas wlg 34
A7) 913l W S Sl B eI} )
ol gelib 2k kel A, Wl

A5E U ol AASP W 2347 Zhehs
A7 o3 W SR UF AxE
Fhehe wle] A1 Hek TR maeds ulg
F4lo] gelsl] 913 Desh o) AR A S1Ae
B 4t F7be) A7k Baw oz 4w

ofN dZ nE N o =y

£

U}Zl‘“@i B =olME 12H99] 1270 gkvE
o]-83) A3 = kel HULA)S} 1719 74" AE
kS ii‘%f& Ago]7] wjiel kow zlefad A

e 24 23 23] ol vl gk, gl
vhe] A WA ] geld 71 o] Azt vl
orelt mld, ohre] AE Ao Alol= AR a
gk A7t IR Fld=]ojof ahv, Ao Wleks &
2]&}= Bartlett, Capon, ESPRIT, MUSICZ} ML 7|
] Dl% s daElEe] vlashs A7t
Ha3k 7ot}

References

[1] H. Steyskal and John F. Rose, “Digital
beamforming for radar systems,” Microwave
J., pp. 121-138, Jan. 1989.

[21 R. Mailloux, “Phased Array Antenna
Handbook,” Boston: Artech House, 1994.

[31 L. Godara, “Smart Antennas. Boca Raton,”
CRC Press, 2005.

[4] M. Vavrda, “Digital Beamforming in wireless
communications,”
Technology, 2011.

[5] H. K. Sim, M. A Jung, and S. C. Kim, “A

performance analysis of phase comparison

in Bmo University of

monopulse algorithm for antenna spacing and
antenna array,” J. KICS, vol. 40, no. 7, pp.
1413-1419, 2015.

[6] H. K. Sim, S. W. Lee, and S. C. Kim,

880

“Enhanced DOA estimation method combining
monopulse angle estimation and beamspace
MUSIC,” in Proc. KICS Conf. 2017, pp. 538-
539, Highl Resort, Jan. 2017.

[71 H. Steyskal, “Digital beamforming antenna:
An introduction,” Microwave J., pp. 107-114,
Jan. 1987.

[81 J. Litva and Titus K. Lo, “Digital
Beamforming in wireless communications,”
Artech House, 1996.

91 S. S. Kim and K. W. Yeom, “Monopulse
slope calibration in  frequency agile
noncoherent monopulse system,” J. Korean
Inst. Electromag. Eng. and Sci., vol. 18, no.
11, Nov. 2007.

[10] Donald R. Rhodes, “Introduction to

McGraw-Hill, 1959.

[11] Yugo M. Kuno, et al., “A neural network

nmonopulse,”

approach to  broadband Beamforming,”
ICA2019 23 Int. Congress on Acoustics, pp.
6961-6968, Sep. 2019.

to
rek

= (Hyun-Su Oh)
2015 29 gk Az}
¥ &4

= 2018 29 @ FEeEtaL A}
S S AAt

—
-

> 2018 8U~FHA : (PyUlo|st
Y

<ok AR, FAF, A5
[ORCID:0000-0002-1807-0811]

www.dbpia.co.kr



Ht & &= (Cheol-Sun Park)

=i/ UAE HEYS o

I
3
$

«

A 71y AT

19891 29 : A7|stw A=}

AlAres) Al

199141 2 : Qlalefstw =}
AAREE} AL

19974 59 : AAAREZA]L-&
712}

20074 24 :

SedEa AR
sl uat

1991 29~&A : tatsted o AT
<ol AlzAE], 4168

[ORCID:0000-0002-3678-4041]

www.dbpia.co.kr

b2 7 (Lae-Kyu Chang)

20019 29 : A 2=}

Tt &4
2007 84 : Fddlglm zis}
3} Aal

2014 8U~3A) : (F)ole]slE
Aol AT, A

[ORCID:0000-0002-0548-8506]

881



	디지털 빔포밍을 이용한 모노펄스 방향 탐지 기법 연구
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 디지털 빔포밍
	Ⅲ. 모노펄스 방향 탐지
	Ⅳ. 시뮬레이션 및 실험
	Ⅴ. 결론
	References


