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Design Technique of Wideband Array Antenna for Direction Finding

Using Two-Dimensional Phase Comparison DOA Estimation Accuracy
Simulation Software
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Abstract

In this paper, a design technique for a wideband array antenna for direction finding using two-dimensional phase-comparison DOA
estimation accuracy simulation software is presented. The direction-finding root-mean-square error results were analyzed by varying the
radius of the circular array antenna and the elevation angle of the incident signal. Based on the results of the direction-finding accuracy
calculation program, a wideband array antenna for direction finding was designed using an electromagnetic (EM) simulation tool. In
addition, the effects of EM coupling and interference among the unit antennas were analyzed. The development process of a wideband
direction-finding antenna will be effective when using a direction-finding accuracy calculation program.

Key words: DF (Direction Finding), Wideband, Array, EM (Electro Magnetic), DOA (Direction of Arrival)
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Fig. 1. Ground fixed direction finding antenna™.
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Input Simulation Set-up Data
(Frequency, Coordinate of Antenna)

l

Input Calibration Data
Creation Value

l

Input Phase Error and
Antenna Baseline

l

Execute CVDF algorithm and
Check the Results

S ol S e mog-a B 27 97

S 4% xe g
349 PIUAAOIE T22 deid A, 2
3 44 el 9 dolEE 19 ¢
QrELste] A4S ekl Zolm, S 3 e}
44 2 47 ) o W g

29 24 A HelEe] Ak AR AR
A F et 2FL AT et 2 CVDF

Phase Diffrence[Deg x 100]

.
1 ]
4! |
4 0
||-,,,‘
1
E 1 |
17

——T—
0 50 100 150 200 250 300 350
Azimuth[Deg]

8 4. o]4g ol ¢tely g B A dlo]H
Fig. 4. The ideal antenna array calibration data.
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Table 1. The parameter of simulation.

Parameter Value
Freq. range 500-3,000 MHz (1 MHz step)
Azimuth 0~359°(1° step)
Elevation 0~60° (15° step)
Phase difference error 20°

Radius of circular array 50~250 mm (50mm step)
# of antenna 5 EA
Circular Array (72deg. interval)

All antenna baseline combination
(10 EA)

Shape of array

Baseline combination

H 2. WgEA A RMS 23 AlEH A A
Table 2. The simulation result of DOA estimation accuracy
RMS error.

Elevation
\Azimuth

0° 3.634 | 1.827 3.139 3263 7.184
15° 3768 | 1.883 3.003 3.396 7.093
30° 4201 | 2.099 1.404 3.463 3.284
45° 5.171 | 2.562 1.731 2.783 3.479
60° 7392 | 3.633 2416 1.811 1.467
Average 4.833 | 2401 2339 2.943 4.501

50 mm | 100 mm | 150 mm | 200 mm | 250 mm
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30

150mm_E| 0 deg

. R
o R_150mm_E[ 30_deg . :
~ R 150mm_E| 60 _deg|. ... .... ... ...

25+

n
=]
!

RMS Error
>
F.' L L}
L}

e

2000 2500 3000

500 1000 1500
Frequency[MHz]

08 7. Foel B2 WFEA RMS 27
(RHA1&: 150 mm)

Fig. 7. DOA estimation RMS error according to freqeuncy
(radius: 150 mm).

Jg 9~39 112 vlg wA15°] 100 mm, 150 mm,
200 mm¥ W, 77} 0%, 30%, 600l A1) uhejzte] wp
A RMS QA YERISITE ™A & 5 A
o] VS A= WAt 7] wTol whelzhE g
A QA= A $5S& & 4tk 19 10 2 19 11
oAl Kol upel o] 43 wi g Qre|vte] §Ex 1201 2
ol el wet ool A Wzt S-S & 5 A
=, ol Sty 7+ wiojAgglo] AojRd whet 19

>

o

i

545



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 7, July. 2022.

30

= R_200mm_EI_0_deg
o R_200mm_EI_30_deg
254 »+ R_200mm_EI_60_deg []

N
o
{
-
e}

RMS Error
>
1

500 1000 1500 2000 2500 3000
Frequency[MHz]

a8 8. Fukpe] wE WY
(¥4 5 200 mm)
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Lo

73 09 $ol4 BAE B Fo e BS54l A
HFo

g9zl Bo)7] ol
V. x| Alzeojd Zxt

1A A% ABHA 49T HEoR wew

A& WG VS EHHCE AA s 918 AA7A
o] stk sulg oUE TAEE T

546

6 ® R_150mmEL0_deg
o R_160mmE|_30_deg : ‘ :
- R_150mm/EL60 deg . . .

0 5‘0 10‘0 1&1:0 ZCIJO 25‘:0 360 35‘:0
Azimuth[Deg]
J8 10, W9zl wE wad
(A F: 150 mm)
Fig. 10. DOA estimation RMS error according to azimuth
(radius: 150 mm).

A RMS 2.4

8| = R 200mm/EL0_deg
> R_200mmvEl_30_deg
s+ R_200mmVEl 60_deg| o

6= [} R -
=3 >

g’ .: @oo.g,,o

5o
<] ° a” " m O wm
|_‘|:|4_2pr(?§>% gb‘i“'m _,.@:Dﬁp ,Dﬁ& 3
AN PO ‘

oo
X, el =N

Rl ¥

T o e S S W i i

0 T T T T T T T
0 50 100 150 200 250 300 350

Azimuth[Deg]
O3 1. $9ze) WE P RMS 0%
(REA] 5 200 mm)
Fig. 11. DOA estimation RMS error according to azimuth
(radiuv: 200 mm).

HAUE AAseH, Sy 342 19 129 2t
Aol Az v AS 913 UWB(ultra wide band) The]
Z 72E 7K I AL 1.2 mmol™ FA 1.68 mm<)]
AnkH 9l FR4 7 7|9 AA ST 19 13
9] Qrelvte] WAREA S YERA It T QHE U= 500
~3,000 MHz t&ellA —6 dB o|ste] WhAEE 545
7Ht I8 145 @9 e e WA E E4S e
it} eteue] 23wl X7 WA omni-directional 3+ &



27 Sl A e AlEd ol

2'e6l
2852

Radius : 30

Y

84— é ¥

z

- 104 ———» [Unit - mm]

O 12, &9 <Y 37
Fig. 12. The shape of unit antenna.

Return Loss[dB]

60

500 ’ 10i00 ) 1 5i00 i 20i00 ’ 25‘00 i 30‘00
Frequency [MHz]

DB 13, 99 QE A 54

Fig. 13. The return loss characteristic of unit antenna.

AL 7S U9 Ak &9 E U] A o5
500 MHzel A 0.85 dBi, 1,500 MHzo1 A 4.03 dBi, 3,000
MHzol A} 2.68 dBiC.Z &4 =it

9 15+ vl Srelve] e v Eo] wE v
AR AL YERdY oty 7F 4 2 A7 Y
ato] Sreluv 74 sjA AR E 2o B ®E shte tEu
A AT JeERf Q) vl g wExFo] ZolAF5 Qe
U 7+ A7) Aol oddko 7 Eao v ¢} WAl
£A 5N IR o] Mglele Ae 9%
ok A E0] 200 mmY W Yhe] T otEl uk

B 2ZESAE o3 FFRAS FUG G Qe A A

Rl

v 500MHz
i e 1500MHz|

Realized Gain[dBi]
8

]
|

8

Realzed Gain[dBi]
ST

]
L

o

+ 500MHz
0 - 1500MHz|

3
|

8

Realzed Gain[dBi]
B8

3
|

o

(c) YZ plane

A8 14, &9 <y BAE
Fig. 14. The radiation patten of unit antenna.

AR B S fARRS & & Tk HE e
A3 5ol 5 vEAE 100 mm ¥l °PEﬂUrS4 150
mm M QHElU F HAREA EA40) A thdelA] —
olats TEakE 150 mm W E Y-S HA }Oﬂt}
9 162 HHEAE 150 mm #j < <telvie) WA ES

547



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 33, no. 7, July. 2022.

Radius_100mm
— - —Radius_150mm
----- Radius_200mm

o4t N e

BO g e e e e e MW e

Return Loss[dB]

<04 e

-50

500 ) 1 OIOO ) 1 5IOO I 20I00 l 25I00 l 30I00
Frequency[MHz]

02 15, Mg ey WAES BA
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