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Abstract: The continuous growth of space debris in low Earth orbit (LEO) has ma
de accurate orbital decay prediction an essential task for space safety management
and re-entry risk assessment. However, Two-Line Element (TLE) data exhibit signifi
cant noise in low Earth orbital regimes, and the decay process of debris is characte
rized by strong nonlinear dynamics. These factors often lead to considerable predicti
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on errors when conventional methods are applied for long-term extrapolation. To ad
dress these challenges, an equal-altitude-interval time series reconstruction method b
ased on TLE data is proposed. First, altitude-time scatter points are fitted using a r
egression function to describe the decay trend. Then, inverse interpolation with a fi
xed altitude step is performed to generate a time sequence corresponding to unifor
mly spaced altitude intervals. This transformation alleviates the influence of irregula
r temporal sampling and provides a more stable representation of the orbital decay
process. Based on the reconstructed time series, a sequence-to-sequence (Seq2Seq) g
ated recurrent unit (GRU) multi-step prediction model is established. The model em
ploys an encoder-decoder architecture to extract nonlinear temporal features from hi
storical decay sequences and iteratively predict the remaining lifetime of debris acro
ss different altitude ranges. Experimental validation is carried out using fragments g
enerated from the COSMOS 1408 and COSMOS 2251 breakup events. The results
indicate that when the initial altitudes are 250 km, 300 km, and 350 km, the propo
sed model achieves mean absolute errors of 0.088 h, 0.142 h, and 0.587 h, respecti
vely. In the 350 km altitude range, the relative prediction error is maintained withi
n 10%-25%. Compared with traditional orbital propagation approaches, including the
SGP4 and SGP8 models, the proposed method demonstrates superior prediction acc
uracy and error control capability. These results suggest that the proposed approach
can effectively capture the nonlinear characteristics of orbital decay and provide re
liable support for orbital congestion assessment and re-entry timing analysis of LEO
space debris.
Key words:Space debris;Orbital decay;Seq2Seq;Low Earth Orbit; Time series
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