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Fig. 1 Schematic diagram of satellite optical observation
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Table 1 Basic information of seven low Earth orbit satellites

Object Name Orbit Image
01361"" Lincoln Calibration Sphere (LCS)-1 2704 km %2869 km, 32.1°

05398 LCS-4 795 km %913 km, 87.6°

28521" Cosmos-2414 908 km x 965 km, 82.95°

29048? Formosat-3B 700 km x 700 km, 72°

29479’ Hinode-(Solar-B) 279 km %672 km, 98.33°

29709° Lapan-Tubsat 635 km %635 km, 98°

31576 Globalstar-M071 1410 km %1410 km, 52°

'https://sat.huijiwiki.com /wiki/
*https://space.skyrocket.de/

*https://www.esa.int
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Fig. 2 Data cleaning results for satellite 01361 over two
orbital observation arcs. (a) December 7, 2014; (b) December
4, 2015.
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Table 2 The number of orbital observation arcs and time span of the training and testing sets for

each satellite

Training time span

Testing time span

2014-01-02—2018-11-11
2015-01-20—2018-12-26
2014-11-27—2018-01-16
2015-06-17—2018-03-05
2015-02-09—2016-02-15
2013-12-22—2015-12-12
2013-12-18—2014-04-01

2018-11-12—2019-03-14
2018-12-27—2019-05-06
2018-04-15—2018-11-26
2018-09-07—2019-02-27
2016-02-17—2016-02-25
2015-12-14—2017-09-17
2014-04-03—2014-04-13

Object Training orbital arcs Testing orbital arcs
01361 135 14
05398 42 4
28521 71 7
29048 33 3
29479 19 3
29709 20 3
31576 61 6
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Table 3 Optimal hyperparameters for machine learning models of different satellites

Support vector regression

Random forest

Object Kernel function Epsilon Regularization parameter Number of trees Maximum depth
01361 Polynomial 0.01 10 100 5
05398 Polynomial 0.1 1 150 5
28521 RBF 0.1 10 200 10
29048 Polynomial 0.01 1 100 5
29479 RBF 0.01 100 200 5
29709 RBF 0.01 1 50 5
31576 RBF 0.1 100 200 15
& 4 MXE LA ENER TN RERIXTEE
Table 4 Comparison of predictive performance of different models on the test set
Model
Object Support vector regression Random forest Spherical model
RMSE MSE MAE MAPE RMSE MSE MAE MAPE RMSE MSE MAE MAPE
05398 0.26 0.07 0.21 2.99% 0.38 0.14 0.29 4.14% 0.45 0.21 0.41 5.99%
29479 0.28 0.08 0.21 2.77% 0.34 0.12 026  3.43% 0.62 039 052 6.75%
01361 0.47 0.22 0.33 3.61% 0.46 021 033 3.64% 0.50 0.25 038 4.19%
31576 0.60 0.35 0.47 7.52% 0.63 0.40 050  7.92% 0.77 0.59 0.62 10.34%
28521 0.69 0.48 0.53 7.91% 0.68 046 0.52 7.88% 0.81 0.65 060 9.34%
29048 0.75 0.57 0.56 6.53% 0.88 0.78 059  6.58% 0.93 0.86 0.65 7.46%
29709 0.80 0.63 0.45 5.02% 0.95 090 079 8.07% 0.70 049 046 4.95%
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Fig. 4 Comparison of observed and predicted magnitudes with error analysis for satellite 01361 using different models. (a)

Photometric prediction and error analysis with the support vector regression model. (b) Photometric prediction and error

analysis with the traditional spherical model.
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Fig. 5 Comparison of observed and predicted magnitudes
with error analysis for satellite 29479. (a) Support vector
regression model. (b) Random forest model. (c¢) Traditional

spherical model.
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Research on Machine Learning-Based Photometric Model for Low
Earth Orbit Satellites

LI Juan'? ZHANG Xiao-ming!? QU Yao-bin? WANG Jian-feng!?
WANG Leil? JIANG Xiao-jun'?

(1 CAS Key Laboratory of Optical Astronomy, National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 Shanghai Institute of Satellite Engineering, Shanghat 201100)

Asstract The photometric characteristics of satellites play an important role in analyzing their
physical properties. An accurate photometric model can effectively support observation planning and
strategy formulation, while also facilitating the analysis and interpretation of satellite attitude and
structural characteristic changes. However, due to the rapid and complex variations in attitude and
observation conditions during Low Earth Orbit (LEO) satellite transits, existing photometric models fail
to accurately estimate the brightness of these satellites. To address this issue, we propose a modified
spherical photometric model based on equivalent cross-sectional area, specifically designed for LEO
satellites with stable attitude and orbit, and with observational data that sufficiently covers various
viewing conditions. This method equates the satellite’s cross-sectional area to that of a sphere with
equal brightness. By incorporating the relative positional relationships among the satellite, the Sun, the
observation station, and the orbital plane as key parameters, it employs machine learning algorithms to
effectively fit and estimate the equivalent cross-sectional area, thereby enabling accurate photometric
predictions during LEO satellite transits. To validate the effectiveness of the proposed method, we
conducted performance evaluations using V-band photometric data from 7 LEO satellites observed by
the 50 cm telescope at Xinglong Observatory, with comparisons made against the traditional spherical
model. The results show that when sufficient observational data is available, the proposed method
achieves higher accuracy and greater stability in photometric prediction, demonstrating strong
reliability and broad applicability.

Key words astrometry, techniques: photometric, methods: data analysis, planets and satellites:
general
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