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Design of flexible narrowband fabric antennas for

BeiDou satellite communication
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Abstract.: A flexible narrowband fabric antenna operating at 1. 36 GHz, based on the normal-mode
operation of a three-dimensional (3D) helical antenna, was designed to improve the conformality
and space utilization of helmet-integrated antennas. Through simulation modeling analysis of the 3D
helical antenna’s key structural parameters, the number of antenna coil turns required to achieve
the target operating frequency was investigated. After optimization, other structural parameters
ensuring operation within the desired frequency band were determined. Subsequently, the antenna
was fabricated using a weaving process, and the impacts of antenna thickness and conductor
diameter on its radiation performance were explored. The results demonstrated that when the number
of coil turns was set to 16, the fabricated flexible narrowband fabric antenna exhibited a measured
return loss of —17.7 dB at the center frequency of 1. 36 GHz, a bandwidth of 17 MHz at the —10 dB

return loss level, a relative bandwidth of 21. 25% , and a gain pattern consistent with the simulation
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results. The proposed flexible narrowband fabric antenna offers a viable solution for designing

wearable wireless communication flexible antennas and helmet antennas tailored for the BeiDou

satellite system.

Keywords: helical antenna; fabric antenna; structural design; optimization; simulation; helmet

antenna; radiation performance
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Fig. 1 Schematic diagram of topological structure and structural parameters of the fabric-based helmet conformal antenna

JF R R ARSI ERE, 8 H WY IRGE R & T AE
B 7 12 B MUE RN o

[#] 2 R HABLE Y SHORAE | %A [ 2 B T4
(1~20) WM HY REHTIHE, B T4
THT WL ZEA [F] 28 P I 50 K 28 6F I 1) 18 I A 3 ¢4 L
PAEBHN 0.9~1.5 GHz, iR, R 50 Q
BHTVCHC , S J3 5 1. 36 GHz, SV LT 1Y
FAXS S oL B BOA 1,57 A HLARAE Y 0.009 6, i it
PRI BARFE (S, ) GEIRATAR  BHAT T 0] A 45
(G) FFHEHR , T 2 B I 00k R 2 At FIBH 47
S5 TR S M AR S T 0 R R AR B A B AR Y
ek el AL,

1.3 EEFETHAMRENH &

FRAE 1.2 3505 Bl 245 B i Je Do 4k el I A s i
TR LR LR T 455 BT i K LR 5 B2 R i 39
R A L5 T B EBEF 29. 5 texx2 MR 45 I 26 4E
NELE 59. 1 texx3 T LL M EAE 0.3 mm 1Y =2k
W 2R R ERLD | LAY 2 REARI R B | FEAR R L
MR RE MR S R A S R R 4
LG5 3 2O, HAR LA 2, R A5
RETERE B B HLPEHECH 6, AR 40 5,
PR 2 A S I A Al 22 D) — Y
W —IE— 2 5400 E R 54, IR
N TET LA A 2 i 8 20 il 1) B i 22 7R — 32 8L
s ARG Lb il F DT 40 20, b s Gl 22 e SCHEE A
UG SERUG , [ 8 22 %% SMA ( Subminiature version
A) 3BT 5 RZR R v 22 A 2R i 42 (8 T 5 2L R 2k

— 10 —

PEREAIIIL,

A iR

B2 FHEFRYREGMEBLEH
Fig.2  Organizational structure of the flexible narrowband

fabric antenna
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Fig.3 Physical photo of the flexible narrowband fabric antenna
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Fig. 4  Physical photo of the antenna radiation performance test
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Fig.5 Simulation results of the antenna radiation performance
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flexible narrowband fabric antenna
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Fig. 7 Measurement results and simulation results of the antenna gain
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