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Abstract: In order to improve the surface precision of large deployable planar antennas efficiently
and accurately by adjusting the truss system, the surface precision prediction and accuracy verification
were realized from two aspects of finite element simulation analysis and photogrammetry. According
to the principle of mechanics of materials and temperature equivalence theory, the simulation model of
plane antenna surface precision was constructed. A rapid measurement system of surface accuracy was
established based on photogrammetry. The variable confidence Gaussian process model was estab-
lished by combining the finite element simulation samples and the photogrammetry measured sam-
ples, and the precision was optimized and adjusted by Bayesian optimization. The accurate prediction
and on-site rapid adjustment of large planar antenna precision were realized, which may provide simu-
lation analysis model support for forward precision evaluation and inverse optimization adjustment of
large planar antennas.

Key words: planar antenna; statics simulation; surface accuracy; industrial photogrammetry;
Bayesian optimization
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Fig.1 Sketch of satellite-based SAR antenna model
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Fig.2 Equivalent model of the rod
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Tab.1 High precision resin performance parameters
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Fig.3 Simulation model of spaceborn SAR antenna
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Fig.4 Deformation of antenna profile
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Tab.2 Rod errors and simulation results
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6 0.264 0.669 0.299 —0.109 —0.246 0.311 0.383 0.610
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Fig.5 Antenna profile accuracy simulation results
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Fig.7 Ideal binocular camera imaging model
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Fig.8 Binocular stereo vision measurement model
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Fig.9 Image coordinate system and camera

coordinate system conversion
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Fig.10 Camera coordinate system and world coordinate
system conversion
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Fig.11 Photogrammetry system experimental platform
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Fig.13 Image threshold segmentation results
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Fig.14 Experimental fitting results for photogrammetry
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Tab.3 Comparison of simulation and experiment results

for flatness error

S84 PidLas R/ | LA/ | EXRE/ | X2/
mm mm mm %
1 0.682 0.814 0.132 16.25
2 2.291 2.664 0.374 14.02
3 1.488 1.721 0.233 13.56
4 10.692 11.966 1.274 10.64
5 2.368 2.083 0.286 13.71
6 0.948 0.801 0.147 18.37
7 1.046 0.883 0.163 18.42
8 2.427 2.047 0.381 18.61
9 1.551 1.298 0.253 19.45
10 3.592 2.962 0.630 21.25
11 2.774 2.274 0.501 22.01
12 1.835 2.261 0.426 18.84
13 12.296 9.998 2.298 22.98
14 1.021 0.827 0.194 23.47
15 0.833 0.667 0.166 24.86
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Fig.17 Verification of simulation and measurement results

for flatness error
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0 s 8 12 16 TR | S | MRIC | MR | BRI | MR
SEIGHEN, 75 | AR/ mm | AL/ mm| AR ED / % | AL /mm | (LR ED /%
E18 FELZRSIRHF/REE 1 0.270 | 0.356 31.91 0.221 18.23
Fig.18 Error values of simulation and experiment results 2 0.446 0.697 56.28 0.320 28.31
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Fig.20 Optimization results with different fidelity
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Tab.5 Comparison of original error and optimized results mm

S B RE&H# KLk KL KL R I R R T
1 2 3 T 4 5 T 6 7 2%

. iR 22 0.432 —0.568 —0.901 0.346 —0.789 —0.235 0.679 0.432
LR A 0.960 —0.097 0.987 0.969 —0.137 —0.177 —0.192 0.221

) SRR 22 —0.055 —0.051 —0.161 —0.420 —0.830 1.506 0.750 1.547
[t 0.744 —0.046 0.995 0.152 0.975 —0.188 —0.184 0.320

3 iR 22 0.357 —0.103 —0.062 0.745 0.705 0.709 0.336 0.576
' R A 0.950 —0.102 0.987 —0.054 0.932 —0.126 —0.148 0.240
. SRR 2% 0.264 0.669 0.299 —0.109 —0.246 0.311 0.380 0.610
e 0.314 0.625 —0.167 0.844 0.185 —0.128 0.208 0.194

* 907 -



FEPL TR 4 36 % 5 5 0 2025 £ 5 H

i 5 25 3R R 3R SAR Kk (1 %% 8 B JOKS
PLZR 5 thscgidl 2 g, L R % A A Ak i B dn
Kl 21 Fros .

R 5 A0 £ 285 R 43 ) 245 i) 1B A0 2 bR A DA B 0y
JG R SAR R ml& &, WK 22, 7] DL
W FE Bt A G 1 R L8 kS A R
> 2 BNZ AU AL S BT B I S R X O B 2R
SAR K211 % P8 B2 4 T e 80KG 1 Rl B T HL

— =
[N R )

SFTH iR Z W/ mmd
o

0.4
0 1 1 1 1 1 1 1 1 l
1 23 456 78 910
R RHG
B21 WA ERMHEUIE

Fig.21 Iterative optimization process of group 2
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