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Onsite measurement technology for radiation characteristics of
ultra large ground antennas

Liu Lingge Zhang Qitao Wan Jixiang

(Xi'an Institute of Space Radio Technology, Xi’an 710100, China)

Abstract: A planar near field measurement method based on unmanned aerial vehicles (UAVs) is proposed to address the difficulty of
precise measurement of ulira large ground antennas with apertures exceeding 10 meters due to their extremely high cost. Firstly,
simulation analysis was conducted on the main factors that affect the antenna field measurement results, such as drone scattering,
positioning accuracy, and measurement field selection. The measurement area was determined to use multi rotation drones and high-
precision flight control technology. Under the condition of high-performance drones with the best 20 mm flight control accuracy and 5 mm
measurement accuracy, the RF link design of the antenna field measurement system was carried out, and two near to far field data
transformation methods were provided, they can effectively solve the problem of unreliable measurement results caused by poor
positioning accuracy of drones in higher frequency bands. The effectiveness of the method was verified through case analysis, providing a
good solution for low-cost and accurate measurement of ultra large ground antennas.
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Fig. 1 Ideal pattern and disturbed pattern
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Fig.2 The influence of UAV scattering on antenna pattern
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Table 1 The size range of antenna under test

¥ A AT IAR e/ H 42/ m
1 L 9.50
2 S 5.00
3 o 1.90
4 X 1.50
5 Ku 1. 00
6 Ka 0. 60
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Table 2 Requirements for UAV positioning accuracy

in near-field measurement

MBI E ALK EE/ mm B E R

L 5.00
S 2.60
C 1. 00
X 0.80
Ku 0.50
Ka 0.30
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Fig. 3 Pattern of typical probes
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Table 3 Correspondence between position deviation and

amplitude phase deviation

S PR, PiEmZE, W A i 25/
m mm (p-p ,dB) (p-pfE,(°))

100 P 0.22 64.30

- ] 0.20 4.10
00 ) 0.18 62. 10

R 1] 0.15 3.20

60 EAD| 0. 05 11.90

S R ] 0.08 0. 40
200 P m) 0.03 12.20

] 0.04 0.20
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Fig. 4 Schematic diagram of measurement link
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Table 4 Dynamic range budget results

BBt X Ka

5 5 U D%/ dBm 13. 00 13.00 15.00
G At 1 21 %/ dBm 10. 00 10. 00 10. 00
BCK A4 )%/ dBm 40. 00 40. 00 40. 00
BN Rk B 25/ dBi -62.00 -73.00 -75.00

LIRS 19 35/ dBi 6.00 6.00 6.00
LA #E/ dB -30.00  -30.00  -30.00
AR AR AR/ dB -30.00  -30.00  -30.00
HhiE 55 30. 00 30 30. 00
L AL/ dBm -46. 00 -57 -59.00

PRI (dBm, IFBW=1 kHz) -115.00 -115.00 -115.00
REHSIEF (B, IFBW=1 kHz)  69. 00 58.00 56. 00
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Fig.5 Fiber optic concentrator installed

on the tested antenna
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Fig.7 Receiver schematic diagram
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Table 5 Uncertainty analysis results of
pattern sidelobe (—20 dB)

P - RER,  WEATEE u(x)/
dB dB
1 B3k 7 0.21 0.07
2 Btk 0.62 0.21
3 RS e X 0.50 0.29
4 AT 0.28 0.16
5 EREE 1)) 1.17 0. 68
6 kXY pEIRE 0.30 0.17
7 Bk Z i ERE 0.52 0.30
8 E2/ 42 ) 0.01 0.01
9 HLIREIEL T 0.05 0.03
10 RGMNLIRE 0.31 0.18
11 RGN TEH 0.03 0.01
12 IRBE U 0.73 0.52
13 R A H P 0.03 0.01
14 WFEERIARA BEPLIR 2 0.11 0.04
BIAREARTESE (k=1) 1.02 dB
YIRAWEE (k=2) 2.03 dB
xo HEBIFIHEESTER
Table 6 Uncertainty analysis result of gain
o - REF, WUEASTERE u(x;)/
dB dB
1 Rk AT 0.15 0.09
2 BHBT R BE 0.01 0.01
3 KA 0.03 0.02
4 EEEE ) 0.11 0.06
5 Bk X-Y I EIRE 0.18 0.10
6 Wk zmbiEiRE 0.19 0.11
7 2RI 0.00 0. 00
8 WAL IR B R 2tk 0.01 0. 00
9 REGMNLIRE 0.03 0.02
10 RGN 0.00 0. 00
11 PREE U 0.17 0.12
12 i 28 A AR 0. 00 0. 00
13 WA AR B AL R 22 0.01 0. 00
B AREATEE (k=1) 0.22 dB
PRI (k=2) 0.44 dB
3 & i

A SCAEFE 53 BB R By BE Al b 25 3T R R A M
KL IR AR AR S 1 00 5 325, EAT 1 00 4 R ¢
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