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Fig. 1 The process for class labeling of maneuver events in Starlink’s precise ephemeris
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Table 2 The actual orbital variations of three maneuver events

1D Class Date Start End Aa/m Ai/"
52092 in-plane raising 2024-05-12 04:57:42 05:06:42 269.31 0.01
52092 in-plane descending 2024-05-12 11:57:42 12:12:42 —418.16 0.01
53192 out-of-plane 2024-05-01 09:13:42 09:17:42 80.96 —1.73

*® 3 IEEERNRESRESH

Table 3 Model and noise parameters

used in filtering

Parameter Value
Gravity JGM3 (20 x 20)
Atmospheric COESAT6
Prior state noise 0
Measurement noise 0

radial (10~*), along-track
(107%), normal (107?)
5x107¢

Prior maneuver
error’ /(m-s~?)

Process noise

! The magnitudes of maneuver error in the along-
track and normal directions are greater than that in
the radial direction because the satellite is more

likely to maneuver along the first two directions.
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Table 4 Estimation accuracy under different maneuver-observation intervals

Sample' State Time Man End Obs Start Aa?/m Aa®/m A" AiJ"
1 14:38:42 16:01:42 16:39:42 163.48 191.24 0.11 —0.06
2 14:05:42 16:01:42 16:06:42 157.21 —4.00 0.01 0.32

! These two samples represent the same maneuver event that occurred from 2024-05-11T15:56:42 to 2024-05-

11T16:01:42 for satellite 53047.

2 Aa and A represent the cumulative actual orbital variations caused by the maneuvers from the state time to the

observation time. Due to the different time intervals, the values in the two samples are slightly different.

* Aa and Ai represent the orbital variations estimated by NSTFC.
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Table 5 Estimation accuracy and observation

arc length

Case! Obs Points Arc/min Aa?/m Aa®/m Ai/" Ai/”

1 1 0 174.47 50.94 —2.27 0.44
2 2 1 173.76 158.88 —2.26 —1.95
3 3 2 173.80 185.12 —2.26 —2.36

! These three cases represent the same maneuver
event that occurred from 2024-05-08T16:25:42 to
2024-05-08T'16:33:42 for satellite 53046.

> Aa and Aj represent the cumulative actual orbital
variations caused by the maneuvers from the state
time to the observation time. Due to the different
length of the observation time, the values in the
three cases are slightly different.

% Ad and Aj represent the orbital variations estimated

by TFC.
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Table 6 The classification accuracy under

different noises

Pos/m Vel/(m-s7') Obs/” Precision Recall F;

0 0 0 97.3% 97.1% 97.1%
9 0.01 0.7 92.8% 88.6% 90.5%
9 0.01 1.4 91.3% 87.6% 89.2%
17 0.02 0.7 90.1% 81.7% 84.7"%
52 0.06 0.7 75.7%  59.5% 61.8%
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Online Maneuver Detection of Non-cooperative Mega-constellations

ZHANG Ji-dan'? ZHU Ting-lei! ZHAO Chang-yin' LIU Ai-rong"?
(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 School of Astronomy and Space Science, University of Science and Technology of China, Hefei 230026)

ABstracT As the number of mega-constellations increases, maneuver detection of non-cooperative
satellites becomes an important part of Space Situational Awareness (SSA). The nonsingular thrust-
Fourier coefficients (NSTFC) model can effectively fit the maneuvers of mega-constellations, but the
feasibility of the online maneuver detection method based on this model needs to be verified. The
method uses the orbital variations estimated by a filter as the classification attributes and uses the
Naive Bayes as the classifier. The calculation results based on simulation show that this method can
effectively identify three classes of space events: no maneuver, orbit raising, and orbit descending. The
Macro F} score of classification can reach as high as 97.1%. The verification shows that this method
may help improve the efficiency and accuracy of maneuver detection in the cataloging.

Key words celestial mechanics: thrust-Fourier-coefficients, catalogs: maneuver detection, catalogs:
non-cooperative satellites, methods: data analysis
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