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Fig. 1. Circular array antenna with three ground structures: ( ) Full ground; (b) partial ground; (c) partial ground with slots.
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Fig. 2. (a) Structure of sector unit; (b) partial ground with slots.
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Fig. 3. (a) Return loss and (b) isolation of the three Yagi circular arrays.
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Table 1. Parameters of the circular array antenna

with slotted partial ground.

Parameter ~ Values/mm | Parameter  Values/mm
hy 35.0 b 2.5
hy 22.5 Iy 4.0
hy 22.0 Iy 26.8
R 120.0 ls 61.2
d, 29.0 wy 10.6
dy 22.0 Wy 1.3
dy 16.0 Wy 15.0
b 13.0 Wy 2.0
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Fig. 4. Element gain patterns of the three arrays in the 0° zone: (a) zoz plane; (b) zoy plane.
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Fig. 6. Generalized wireless power transfer system.
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gram; (b) photo picture.
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ectional beams.

Azimuthal angle/(°)

Port
15 30 45

0.74,£-96° 0.71,,-118° 0.60,4-106° 0.43,£-119°
0.44,£0°  0.60,£-80° 0.70,£-144° 0.75,,146°
0.16,£114° 0.19,£26°  0.29,4-25° 0.43,£-119°
0.10,£16° 0.09,£-99° 0.12,£131° 0.16,2-7°
0, £178° 0.03,£155° 0.04,4-44° 0.09,£-116°
0.10,£12° 0.03,£-18° 0.03,£106° 0.05,£56°

0.17,£113° 0.13,£156° 0.10,£-155° 0.09,£-111°

co N O Ot s W N

0.44,£0° 0.27,£0° 0.20,£0° 0.16,£0°

(b)

15
5F
—5F

a

<

g -15

<

—

@]
75.
5.
15t
15
5.
75.

.

<

g -15

<

-

@]
-5
5.
15t

270°

— Simulated = Measured

K12 RE R A5 O 1A

(a) 0% (b) 15% (c) 30%; (d) 45°

Fig. 12. Gain pattern of the directional beam: (a) 0% (b) 15°% (c) 30°% (d) 45°.
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Table 3. Comparison of the recent work with reported circular arrays.

Ref. Working frequency

Size of the circular array No. of the antenna

No. of beams for Realized maximum

bands/GHz (Ao X Xo) element 360° coverage gain/dBi
[5] 0.783—0.886 0.9%x0.9 4 16 6.0
(7] 2.32—2.78 0.64x0.64 8 8 8.4
[15] 4.785.19 1.9%1.9 6 12 9.2
[16] 1.65—2.75 0.51x0.51 4 4 5.4
[17] 2.35—2.61 0.64x0.64 8 8 4.5
[18] 2.25—3.16 0.61x0.61 4 4 4.1
[19] 0.7—1.2 0.43%0.43 6 6 3.1
[20] 8.811.2 3.02x3.02 8 8 5.2
This work 3.26—3.73 2.72x2.72 8 Continuous 11.1
T A B B 51 R4 5 A ) 5 1) 5 AR A 1) 4
Zn

P25 0 A G O, O ECRTIN R T Bl P A
0°—45°77 o7 A 1% SR AH I R 1] B AR 25 AR AR A O,
i 13 s, IE 13 0T &t G AR AE PRSI R
2R s 5 5 1) (00 45°) B B R p E (I3a)
B2 11.1 dBi(10.8 dBi), £ WA~ ] 7 fir
1 (22.5°) HAA RN (M) ¥4 4518 10.7 dBi
(10.45 dBi), B )i s gy B (3X) 3 25 0% 38 3
T BRERTE 0.4 dBi(0.5 dBi) LA, FE5I KL 4
{18 R [ Y0 TR e KM i AR AR 7 ) A T T B, X
T R M e AE AR v 56 5 [l 7 A (R 1 2 450 2K TS
PRI, A3 I RS R e, Pl e —
AP 5 ™ A 1 S ) 0 SRS £ 46 O 6 A
(R B0, SR T IE SR R HE 0 TR B 371 R 1)
SRGIE [ BEHAT T B g5 e A H AR 3, 4
THET RIS REHAT T HERE g, Wk 3 irgl.
AT 2, $2 A IRDE 30 2 7R M o i sl R
SRS AR T BAT BRI ) R 25, JF 0T LA
A T P ) S AT SR S 360° (3 £ 7

15

13

11

o)

Peak gain/dB

T —— Simulated

= Measured

5

0 5 10 15 20 25 30 35 40 45
Azimuth angle/(°)
P13 & R R R 45 5 77 AL A R R

Fig. 13. Peak gain of the directional beam versus azimuthal
angle.

BT — T T AR R STy (5
MESI R, SR Al Jmy B AR 254, S8 T IR [
G RER YA I RIS 7 45 ) KF- D7 (L1 5 Sd i A )™
NTLNFREMARLE, $eih T —FhBEIE 5 R E
[ P ARG S B, ) ™ B dme R Il R AL b iR it
BT FARAT T 0P 1E 17 IR foe A i A
SEER AV AR R, Bt RIE RS R TAELE
i) M [va) 68 S T 4 P AROE 485 1) 2K P D7 oL T
FE 1] PR B3 £ SE B T BORAEBET, IR HEA 360°
D7 LA SRS, R 1) PR R Y 45 BT (A
AR BAR /N, AT R i AR R 28 NaE 15 /N Ak
ol R G HR A H FE R S R T .
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Abstract

In this paper, a 360° continuously scanning circular array antenna is presented. The circular array consists

of eight Yagi-Uda monopoles, each one consisting of a driver, a reflector and four directors. When the circular

array is fed identically, an azimuthal omnidirectional pattern is obtained. When the circular array is fed with an

optimized distribution of excitations that is calculated by the expanded method of maximum power

transmission efficiency, an azimuthal directional pattern with maximum directional gain is obtained. The

measurement and simulation results indicate that the average gain of the omnidirectional pattern is about

3.78 dBi with azimuthal fluctuation of less than 2.0 dBi, and the maximum gain of the directional pattern is

about 11.1 dBi with azimuthal continuously scanning fluctuation of less than 0.4 dBi and front-to-back ratio of

larger than 12.5 dB. The reported circular array antenna is featured by high directional gain and 360°

azimuthal beam continuous scanning, and it has potential applications in indoor communications.

Keywords: Yagi-Uda monopole, circular array antenna, beam scanning, expanded method of maximum power

transmission efficiency

PACS: 84.40.Ba, 84.40.Ua, 07.57.Kp

DOI: 10.7498 /aps.71.20221503

* Project supported by the National Natural Science Foundation of China (Grant No. 61971231) .

1 Corresponding author. E-mail: wangsy2006@126.com

248402-9


http://doi.org/10.7498/aps.71.20221503
mailto:wangsy2006@126.com
mailto:wangsy2006@126.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

—#K360° EETWEEIEFI KL R T
I 5% REMR ¥ h—

Design of a 360° continuously scanning circular array anttena

Wang Shen-Yun  Zhang Kang-Xu  Wang Feng  Wen Ge-Yi

5] Fi{# B Citation: Acta Physica Sinica, 71, 248402 (2022) DOI: 10.7498/aps.71.20221503
TEZE RT3 View online: https:/doi.org/10.7498/aps.71.20221503
BHAPIZS View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

TV TR R A A ) ki i P R B

Beam steering of orbital angular momentum vortex wave based on planar phased array

WIFEAEA. 2021, 70(23): 238401 https://doi.org/10.7498/aps.70.20211119

ST FEW AL AR T R SE M TR % 1

Wide—angle scanning linear phased arrays based on wide—heam magneto electric dipole antenna

PrPReEd. 2021, 70(1): 014101 https://doi.org/10.7498/aps.70.20201104

A G BT ES E E TN
Magnetic monopole array model for modeling ship magnetic signatures

YyFEEEAR. 2019, 68(11): 114101 https:/doi.org/10.7498/aps.68.20190201

— 7 2 B AR 2 RIS A A e v R A7) it

A coding metasurface antenna array with low radar cross section

PB4 2020, 69(24): 244101 hitps:/doi.org/10.7498/aps.69.20200978

HL TG R R 2 T 5 RS — AL YRR CSI51)

A novel low—RCS antenna array based on integration of electromagnetic metasurface and conventional antenna

YrH2EA. 2021, 70(19): 194101  https://doi.org/10.7498/aps.70.20210746

TSI PR AR SR SN D3R B AR S A M R BT
A tightly coupled dipole array used for radiation power improvement on finite radiation aperture

YIBR2A 4. 2021, 70(20): 204101 hitps:/doi.org/10.7498/aps.70.20210309


https://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.71.20221503
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.70.20211119
https://doi.org/10.7498/aps.70.20201104
https://doi.org/10.7498/aps.68.20190201
https://doi.org/10.7498/aps.69.20200978
https://doi.org/10.7498/aps.70.20210746
https://doi.org/10.7498/aps.70.20210309

