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Update Status of the On-orbit Objects Database
--Application for Detecting PMDs and Anomalies of Orbit--
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JAXA continues to update the on-orbit objects database for the debris evolutionary model. As part of the work, we
survey TLE orbit histories, estimate A/M from TLE histories, and compare them to debris environment models to assign
sizes and masses. By surveying TLE histories, it is possible to determine orbital changes due to the termination of
operations or PMD of individual satellites, as well as anomalous changes due to collisions, etc. and their timing.

We have worked to automatically identify and classify whether a satellite is still under control or out of operation, and
whether the orbit change is due to operational control, PMD, or a collision event, based on the characteristics that appear
in TLE histories. We are considering incorporating machine learning methods to improve their accuracy.
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Outline

mJAXA on-orbit objects database

BmUpdating the database
« estimate A/M from surveyed TLE orbit histories
 assign sizes and masses for debris comparing to debris
environment models (MASTER)

mApplication of TLE orbit history survey
« identify PMD of satellites
« detect anomalous orbital changes
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JAXA On-orbit Objects Database

» Baseline file for the debris evolutionary model; NEODEEM

* Over 24000 objects data is maintained, about 20,000 available
from TLE data by space-track.org, uncataloged objects from

ground observations
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« Based on the breakup history, fragment objects supposed to be in

the orbit are added

e Orbital elements, mass and the other characteristics of the

objects are contained

 Area-to-mass ratios(A/M) of cataloged objects are estimated

from TLE orbit histories

- Mass and size of fragments are randomly set to match the A/M
with fragments generated by NASA standard breakup model

A/M Estimation from Surveyed TLE History
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Frequency (10-km Altitude Bin)

Mass and Size Assignment for Debris

+ Masses and sizes of debris are assigned according to that relation between A/M
and those of ESA MASTER-8 debris sources
« Explosion fragments generated by NASA standard breakup model are added
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Application of TLE Orbit History Survey

e TLE of satellite shows each condition such as under
operation, end of operation, deployment of deorbit devices,
control for PMD.

e TLE of the others may show anomalies such as collisions,

explosions, generation of new debris, disappearance from
TLEs, etc.

« Objective is to detect those by surveying

PMD ldentification from TLE History : GEO

Orbit History of a GEO Sat.
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PMD ldentification from TLE History : LEO
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« Orbit histories have variety of
patterns

* Machine learning will be effective

for accurate identification
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Future Work

Detection of anomalous orbital changes by TLEs daily check
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Summary

mJAXA’s original database for debris evolutionary model have
been developed

m\\Ve have updated it by analyzing TLEs and add observation
data to improve the completeness

BAnN application of TLE survey, we identified PMD of GEO
satellites with sufficient accuracy, and work on using
machine learning to improve accuracy for LEO satellites

mDetecting anomalous orbital changes is another objective
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