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Development of JAXA's Original Baseline File for Debris Evolutionary Model
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A debris evolutionary model is indispensable for investigating effective debris mitigation measures and for
developing international rules regarding space debris. JAXA has been evaluating the future space debris
population using an evolutionary debris model named NEODEEM, developed in collaboration with Kyushu
University. A baseline file is required for the debris Evolutionary model, which is the initial population data of
the on-orbit environment, such as mass characteristics and orbits of all objects larger than 10 cm. JAXA has
created its own baseline file by taking into account the area-mass-ratio evaluation from the TLE (Two Line
Elements) history, literature review, and uncatalogued objects observed with the JAXA telescope, and so on. The
baseline files provided by ESA at IADC have been used for research purposes only, but due to lack of information,
for example, evaluation of specific debris removal targets was not possible. In this talk, the methods for
developing the baseline file, the results of comparison with some debris models, and the results of debris
evolutionary model predicted using the developed baseline files are reported. In particular, the evaluation of
debris removal targets and the effectiveness of debris mitigation measures using the developed baseline files are
introduced. In addition, the information that can be analyzed from the TLE history survey is introduced.
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Introduction

* Debris evolutionary model is indispensable as a technical basis for international rulemaking discussions such as for
evaluating the effectiveness of debris mitigation measures, ADR targets, etc.

* Initial conditions (orbit, mass and other characteristics of all orbital objects larger than 10 cm, type of object, etc.) are
necessary for the debris evolutionary model

=JAXA developed its own baseline file based on TLEs, observations, models, etc.
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How to develop the baseline file

 Daily check of TLEs of all catalogued objects, about 20000 available from space-track.org, and estimation of
area-to-mass (A/M) ratio from orbit history

e Mass characteristics of intact objects and other data are from literature survey

* Mass characteristics of fragment objects are randomly set to match the estimated A/M with fragments
generated by NASA standard breakup model

* Actual size of each object may be different from the assigned size, but it is acceptable since the goal is to be able to
evaluate statistically

* Uncataloged objects from ground observation data are added(see next page for details)
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Addition of uncataloged objects from ground-based observations

e LEO survey results conducted with JAXA remote observation site in Australia are added to the
baseline file.
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Results of developed baselines
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About 21,000 objects were considered and baseline file as of January 1, 2021 has been developed

size have been compared with debris environment models (ORDEM, MASTER) and confirmed
ck of fragments debris at some altitudes while the sizes of some objects might be too large.
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Prediction results using the developed database (1)

* PMD90% (8-year repeated launch, Post Mission Disposal compliance rat

Object Diameter / m,

lux comparison

e 90%)

* Prediction with the JAXA database as of January 1, 2019 and with the January 1, 2018 of ESA

database provided for IADC studies, as presented in previous papers
* Total number of LEO objects (especially fragments) in JAXA baseline file is still insu
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Prediction results using the developed database (2)

* Effectiveness of debris mitigation measures were evaluated, and the same
results were obtained
* High PMD compliance rate is important
* As for PMD time period, 25-year rule is effective enough
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Prediction results using the developed database (3)

* Effectiveness of ADR

* The increase of future debris populations could be suppressed by ADR of
about 3 — 5 debris objects per year
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Evaluation results of the Top 50
ADR targets (debris listed by 3 or
more teams are shown in bold, by
all teams in red)
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Specific targets for ADR

* |ADC data did not show the specific target names, but now we can see them
* Participated to international paper “ldentifying the 50 Statistically-Most-Concerning

Derelict Objects in LEO” (McKnight et al., IAC 2020)

* 11 teams listed ADR targets in their respective evaluations, and merged them into a Top 50 list,

confirming that SL-16 and others are ADR targets.

* Reasonable results with a high rate of agreement with other teams
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Daily check of the TLEs of all cataloged objects (about 20,000 available from space-track.org)
to detect anomalies such as collisions, explosions, end-of-operation, deployment of deorbit
devices, generation of new debris, disappearance from TLEs, etc.

Possibility of detecting attitude mode change of an object based on the difference in the
estimated A/M, or evaluating debris environment models

BROTEF = v 71K YER - IRREFICL 2P0EZRL >, ERIRT. PMDT /N R EFRZ = RH AR,

76725 7162 7085 7060 —
- TiE TiE TLE TLE
.. TLE history estimation e T A — csumaton —— 4 7050 |. estimaton — |
L ° lastest. — [ 1 2075 —_— last est. last est. ——
= L 3 i = 7040 L |
-.\ g E qonl e g
T g sl 1% L : 4 ¢ 73} 1
1 5 = 8 708 ¥ 5 Deployment of
2 i & 7060 | £ " 2
- S Eos anomaly detection % ' End-of-operation | § 72| membrane 1
i £ isi £ 75| . - | £
anomaly detection (co ) (collision) H * & detection g Jom0| E
7670.5 |- it hi ith 7050 |- @
Orbit history wit 7156 | 1 7045 L 4 7000 |- 4
7670 estimated A/M — s L L 7040 . . 6990 L L L L L L L L
2012 2013 2014 2015 2016 2017 2018 2019 2020 2 2 2006 2010 2002 2014 2016 2018 20 2 2008 200 2012 2014 2016 2018 2020 202 b16s 2017 20175 2015 20155 2019 20195 2020 20005 2021
year o year -
78252 7370 7200 . . . 7096 T T T T T T
! ! ! ! i TE . TiE TE . TLE
7825.1 |- s estimation - sl estimation L - estimation 7005.5 estimation
— e — e —
7825 [ : - _ —
g : g Tt - g : : i 7095 - . 4
§ sl . & End-of-operation —, 2 T T
% 78l . " g 7355 L d : | % Tess
N . anomaly detection g letection s
T 78247 i T 7350 | — L 1 70|~ 5 ~
2 I (breakup) 13 s £ Deployment of tether
£ 78246 |- § 74 £ 70035 1
78245 |- A/M change due to — @
7340 : P o 6600 - 7093 |- -
78244 |- attitude change ? H
78243 L L L L 7335 L L L L 6500 i i i i i i i 7092, - L L L L L L
2006 2008 2010 2012 2014 2016 2018 2 2006 2008 2010 2012 2014 2016 2018 2020 2006 2008 2010 2012 2014 2016 2018 2020 202 2019.4 2019.6 2019.8 2020 2020.2 2020.4 2020.6 2020.8 2021 1@1
year year year vear

This document is provided by JAXA.



HE [AR—ZFFVT—ray | H#EERME 149

Summary

* JAXA’s original database for debris evolutionary model have been
developed.

* Although the number of debris objects is still insufficient, we are now
able to evaluate debris mitigation measures, and specific removal
targets, etc. using the developed baseline file.

* We will continue to analyze the TLE and add data from surveys and
observations to improve the completeness.
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