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In this presentation we introduce measurement and modeling techniques applicable for spacecraft breakup
events in the geostationary region. A large number of uncatalogued objects have been found in the
geostationary region. Spacecraft breakup event is a possible cause of the population of uncatalogued objects.
The techniques to be introduced may include observation planning for breakup fragments, origin identification
of uncatalogued objects, and breakup event modeling based on the origin identification result. This research
will contribute to space debris mitigation/remediation measures, whose effectiveness largely depends on our
understandings of current space situation and its future prediction.
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Obijective

This research aims to establish a comprehensive method
to understand and define the current orbital debris (OD)
environment contributed by spacecraft breakup events
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Approach and Contribution

oD * Objective
| Mitigation/Remediation | — To estimate the characteristics of
breakup events
t — To confirm the presence of

— unconfirmed breakup events
Space Situational Awareness

* Approach

Assessment of

Spacecraft Breakup Events — To model the observable states of

breakup events

— To verify and revise the modeling
OD Modeling results via optical measurements

* Contribution
— To understand the current space
situation and predict its future

— To plan effective orbital debris
mitigation/remediation measures

OD Measurement
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R&D Roadmap

* Verification in GEO (2010-2013)

— Development of the effective strategy applicable
for breakup events in GEO

— Confirmation of possible breakup events

— Characterization of breakup events

* Application to LEO (201 3-)

— Establish the effective strategy applicable for
breakup events in LEO
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Breakup Events in GEO

Six rocket bodies (only Trastage!), four satellites, and two artificial events.
Two confirmed events (1968-081E and 1977-092A), and ten unconfirmed events.

ID Cataloged name Event epoch

(YYDDD.dddd)

1966-053] TITAN 3C TRANSTAGE R/B 87276.6882
1967-066G TITAN 3C TRANSTAGE R/B 94045.416|
1968-08 | E TITAN 3C TRANSTAGE R/B 92053.3745
1973-0408B TITAN 3C TRANSTAGE R/B 81067.2007
1975-117A SATCOM | 99257.6799
1975-118C TITAN 3C TRANSTAGE R/B 87072.6430
1977-092A EKRAN 2 78174.0000
1979-053C TITAN 3C TRANSTAGE R/B 82309.0000
1979-087A EKRAN 4 82157.7550
1988-018B TELECOM 1C 02263.0000

(AE-02) ; 98180.0000

(AE-03) - 92280.0000

(Oswald, 2008)
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States of Orbital Debris

A space object (= orbital debris)

(Low rank) Time-dependent states (High rank)  Time-independent state

atime

o ? Tracklet ® :
.. / / TRy
S.ign.al 7& Tracklets ‘ g
FOV Orbit ./ F’x

v Components of
Xy Xy X3 a time-dependent
state

Signal Tracklet Orbit Origin

Origin Identification

(To associate a time-dependent state with the time-independent state)

23 Jan.2013 Masahiko Uetsuhara, et al., Fifth Space Debris Workshop 6

This document is provided by JAXA.



316 FHZERA BRI R JAXA-SP-13-018

Origin ldentification ()

Tracklet

* Probabilistic assessment

— To associate the tracklets with the predictions of breakup fragments in the
angular velocity plane by using a k-NN (k nearest neighbor) algorithm

k-NN algorithm Sample Result
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Origin Identification (2)

Orbit

* Deterministic assessment

— Oirigins of breakup fragments can be identified in the parameter spaces
related with orbital plane

Sample results from test cases (1968-081E, 1977-092A)

T T
‘O—‘ 15 T T T T T
10 - (] Pinch point ~ +
S0k 1968-081E .
E UCT1
£ s UCT2
~ 5t SN 4 = —
S x N g
‘@ . L s
X 0f e 41 =
O -10
)
do.) 15 1 1 1 1 1
SE O e i -
© 360 300 240 180 120 60 0
Geocentric Right Ascension [°]
-10 L L L L L
5 0 5 10 15
ixcos(Q)
|
23 Jan.2013 Masahiko Uetsuhara, et al., Fifth Space Debris Workshop 8

This document is provided by JAXA.



W5lE [ AR—=2F TV T —r g v HEERME 317

Event ldentification

* To identify an orbital anomaly as a breakup event
* Problems to be solved
I. How to plan survey observations of the possible breakup fragments

2. How to identify the origin of observations with the possible breakup
event, i.e., how to confirm the presence of the possible breakup event

The evolution of possible fragments of 1967-066G

Suitable observation
points can be determined
even if there are
uncertainties in the event
epoch
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Breakup Event Modeling (1)

* AV given to the 1968-08|E fragments
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Breakup Event Modeling (2)

* Scaling factor (the term defined in the NASA's breakup model)

Results of the test case (1968-081E)

A size distribution estimated from the The scaling factor estimated for several
correlated observations hypotheses about max. AV of the event
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* To effectively combine the OD modeling and
the OD measurement, we should select the
right states to be handled

* Not only the deterministic assessments, but
also the probabilistic assessments are
necessary and helpful for characterizing
breakup events
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BACKUP MATERIAL

The Effective Strategy applicable for Spacecraft Breakup Events
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