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Fig.1 Position and mean motion difference between SDP4 solar/lunar orbit and JPL DE432 ephemeris, top panel: solar (Jan
1st 2021—Jan 1st 2023), bottom panel: lunar (Aug 1st 2021—Oct 1st 2021).
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Fig.2 Position difference in solar/lunar orbit propagation—SDP4 vs. JPL DE432 and “corrected” vs. JPL DE432. Top: solar
(Sep 1st 2021—Oct 1st 2021), Bottom: lunar (Sep 1st 2021—Oct 1st 2021).
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%=1 EffhEtalon 1 BETLESRERFEIRE

Table 1 Mean elements of Etalon 1 satellite TLE catalogues in test cases

Epoch (UTC) i/° Q/° e w/® M/° m B*
2021-09-01T04:08:18.319  64.2406  132.3353 0.0023321 212.0902  19.8036  2.13156400 0.
2021-09-10T09:48:28.510  64.2421 132.0178 0.0023336 212.0723 267.3588 2.13156275 0.
2021-09-20T12:30:29.741  64.2441 131.6702 0.0023356 212.0598 107.3365 2.13156337 0.

%2 Hfl#Galileo 23 B2 TLES B HTARE
Table 2 Mean elements of Galileo 23 satellite TLE catalogues in test cases

Epoch (UTC) i/° Q/° e w/® M/° m B
2021-09-02T02:07:22.945 57.0586 29.0053 0.0001871 256.3644 103.6222 1.70476126 0.
2021-09-10T21:17:33.684  57.0628 28.7669 0.0002119 253.6791 106.2977 1.70475944 0.
2021-09-21T10:41:46.259  57.0675 28.4806 0.0002457 252.6734 107.2886 1.70476178 0.

WO TR CPREE AL B R
AL bn 2 € SUNITRS (International Terrestrial Ref-
erence System), 1E A EHE % A I, 75 25 #e 2
SGPARE A A& Bt I TEMEAL b5 & . A S A%
M CPF &AL E R EAF e PR N, Bl milal
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190 B R AW R, DLl 4w B A1 TLE S H
ot 1% 22 AR B Sk Wi . AR ST RGBT agk A i Bk
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AR BIRT AN “UT Bl e B2 o £ f /s — 3
SRR ) 29 SRR FH 5 0000 HeHhe A 17D, 2 g 0 2
i) — B BT A SCAE “UALLE LTI 1 4
REFE B, G SR R ) <A AUE B AR I [A) 9 LA
9 H 1 oot 20 2 1, A RETRIE B2 4k B e 1 “ii
fehgh H7, fe 24 HUTH I 1) 9 B PR G2, DA 2 3R B B
FEEAL g H HIEER. anEI3AIE A R, DL 755
S A S P P CPE 4l H I TR] Y

B3 45 Y T Etalon 1T 2 76 fr %34 i %1 (1)
TLES H. I g B A<t gn B 6 7RG B
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Analysis on Propagation Accuracy of Deep-Space TLE Objects
Affected by Solar/Lunar Orbit Calculation

GUO Xiao-zhong'? LI Jia-wei® SHEN Ming! GAO Peng-qi! YANG Da-tao’
YU Huan-huan! ZHAO You!

(1 National Astronomical Observatories, Chinese Academy of Sciences, Beijing 100101)
(2 University of Chinese Academy of Sciences, Beijing 100049)
(8 Lunar Ezploration and Space Engineering Center, Beijing 100190)

Asstract Two Line Element (TLE) set is a widely used catalogue data of space objects, consequently
its propagation accuracy and error characteristic became one of the concerned problems in space debris
research. TLEs should be propagated with the compatible SGP4/SDP4 (Simplified General Perturbations
4/Simplified Deep Space 4) model. For a deep-space object, SGP4/SDP4 model includes Js, J3, Jy zonal
perturbations, solar/lunar third-body perturbation, and an extra treatment for 12 h/24 h orbit resonance
problem. In regard to third-body perturbation, the SGP4/SDP4 model describes solar/lunar orbit with
a set of time-varying elements with a simple two-body mean motion, of which there would be 2°-3°
solar/lunar position error after a 10 d extrapolation. A modest accuracy solar/lunar orbit model has been
chosen to provide a more precise position estimation at the TLE element epoch. Due to the difference
between solar/lunar motion complexity, the lunar is directly modeled by its true anomaly function, while
the solar is modeled by the two-body mean motion. The result that approximately 1’—2’ for solar position,
and 15’—-20' for lunar position is achieved for a 10 d extrapolation. The laser ranging satellite Etalon 1 and
Galileo 23 were taken as examples to show that the evolution of position accuracy of the TLEs could have
an abnormal change during the propagation, while an “improved” TLE with solar/lunar orbit correction
will have better performance.

Key words celestial mechanics, SGP4/SDP4 (Simplified General Perturbations 4/Simplified Deep Space
4), methods: data analysis
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