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Intrigued by the clear signals present in the orbit solutions, we hypothesized that the TLE generation process TLE Latency (Hours/TLE) TLE Latency (Hours/TLE) almost all be generated on the circa 8-hour mark
could provide further insights into the noise source. This process could reflect various factors, including the Figure 7. Histogram of argument of latency (time until a suggesting a single source. 's have more

sensor(s) used and thus the quality of the measurements. subsequent TLE was available) for each TLE. Coloured by variance suggesting multiple sources Bonus Questions:
constellation and TLE source
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Layinch b Here, we benchmarked both SUP TLE and NORAD TLE against operator ephemerides, using these as a

"truer" reference.
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To characterize the differences between the solutions for each
spacecraft, we employed a range of metrics: 3D Cartesian, height,
cross-track, along-track discrepancies, and differences in latitude
and longitude.

Table 1. Number of TLEs collected for each
constellation by TLE Type/Source

Number of TLEs

To test this hypothesis, we recorded the latency with which each orbit was updated with a new TLE. This What are the limitation of using geodetic spheres in calibration

allowed us to track the frequency at which TLE were released and attempt to identify any correlations with the What is the impact of 1m of error in a set of initial conditions over 24 hours®?
observed noise.

Methodology 2: Benchmarking TLEs Against Operator Ephemerides

Inspired by the work of T. Johnson (2022]), we also investigated the location within the spacecraft orbit In an attempt to achieve a more absolute understanding of the errors [as opposed to relative), we undertook a
(argument of latitude] where the TLE was generated. This could provide a clue about the data source and more detailed comparison of orbit solutions derived from NORAD TLEs and SupTLEs, against precision operator
further illuminate the origin of the noise in the orbit solutions. ephemerides. As an additional step, this involved converting the operator ephemerides from the Mean Equator
Mean Equinox [MEME] to True Equator Mean Equinox [TEME) reference frames.
This tripartite comparison offered a more robust and holistic view of the orbit solutions, but was only possible for
the Starlink satellites as do not make operator ephemeris data available.




