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Abstract

The 5G ATG (Air-to-Ground) communication system serves as a pivotal technology for establishing high-
speed air-ground connectivity, where the performance of its core component—the phased array
antenna—directly impacts the overall communication quality and system capacity. To address the
unique requirements of airborne 5G ATG systems, this study designs and implements a high-gain,
wide-angle coverage phased array antenna solution. First, the performance demands of antennas for
airborne 5G ATG systems are analyzed and targeted solutions are proposed to overcome challenges
such as platform constraints and complex airspace environmental conditions. In terms of antenna
design, a novel antenna structure is adopted to achieve both low-profile characteristics and high gain.
In terms of beamforming, an improved Particle Swarm Optimization (PSO)-based beamforming method
is proposed to significantly enhance anti-interference capability and beam-pointing accuracy. In terms
of RF component design, a highly integrated, low-power chipset solution is adopted to meet stringent
size and power consumption requirements for airborne platforms. Finally, a test platform is estab-
lished to validate the antenna’s performance. Experimental results demonstrate that the proposed
solution exhibits excellent radiation characteristics and beam coverage, fully satisfying the applica-
tion requirements of airborne 5G ATG systems.
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Figure 1. Component diagram of ATG communication antenna

Bl 1. ATG RIEREH K E

2.2. RETIERIE

ATG REET X L MBS S B C ABUE SRR, Sail CALRN M T 3L 0 S il . LA K
BRI FI W RS B AR, AT MEERRE SR EER, AN HLIALFE T FIEORTE
M5B ERES ATG K2k, ATG RRfem Nk B 3347 A B B eI HIHe 4, S REmMAE . R

DOI: 10.12677/ja.2025.142002 17 RE 7R


https://doi.org/10.12677/ja.2025.142002

MRRR %

WA BAFRRAR TS . Jeaf db 3 A oTiE T ARINCA29 2G4 AL S 414E 1 GNSS 24411, FREX
RHUHEE . 2 m A, 458 BRI S b 6 B A5 BT 5 ATG REMARINIIAEE, Ik
GBI RIES ATG REHAT: ATG RE AP HARYE AR5 R 15 2 A Wk £ 75 22 AR iR 2k
Wi, TR PR ST ARG S, FEAIEEE S SRS, R 28 58 Ak ol D)3 DR KPR 7 i
fE Tk, LB P . ATG RE TARREM T K 2 frx.

| :
| I
I AR, T
| = g KA AE |
- S €2 550 |
: : ! $ HELRIE |
+H- '
y 4 C‘I_—?

Figure 2. ATG antenna workflow diagram
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Figure 3. Relationship between antenna beam coverage and the farthest base station
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Figure 4. Aircraft coordinate system
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Figure 5. Array element configuration relationship of phased array antenna
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Figure 6. Antenna element model
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Figure 7. Antenna element port VSWR characteristics
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Figure 8. Antenna element 3D radiation pattern
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Figure 9. Antenna element 2D radiation pattern
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Figure 10. Antenna arrangement of main array A

10. £MmE A XE&H#H

Figure 11. Blind-spot-filling array antenna model
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Figure 12. Main-array-A azimuthal plane radiation pattern
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Figure 13. Main-array-A elevation plane radiation pattern
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Table 1. Statistical table of antenna gain at typical angles
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R 7 (dBi)
R =0 @ =20 @ =40 @ =60 @ =280 @ =90
6=0 155 15.4 15.4 15.4 15.4 15.4
6=20 14.6 15.0 152 15.6 155 15.6
6=40 122 133 16.5 16.7 17.9 18.9
6=60 13.9 122 14.4 15.1 16.4 16.8
6=80 13.3 12.9 14.4 16.7 16.4 172
0=86 133 122 133 14.5 16.5 16.7
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Figure 14. Main-array 16-element two-algorithm radiation pattern comparison
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Figure 15. Channel link design
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Figure 16. Antenna spherical field test installation scenario

16. REAKREIDMIXREAR

Table 2. Statistical table of measured antenna gain
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RERH 35 (dBi)
FRE D=0 @=20 & =40 @ =60 @ =80 @ =90
6=0 15.1 15.0 15.1 15.0 15.0 15.0
6=20 14.1 14.6 14.6 15.1 15.0 15.0
6=40 11.8 12.9 16.0 16.2 17.5 18.5
6=160 13.4 11.8 14.0 14.6 15.9 16.3
6=80 12.9 12.5 14.0 16.2 15.9 16.8
6=86 13.9 11.8 12.9 14.0 16.1 16.2
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