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Environmental estimation on sub-millimeter-size debris utilizing in-situ measurements
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Space debris smaller than 2 mm cannot be tracked or detected by ground-based observations even though an
impact of such small debris can cause a fatal damage on a spacecraft. Therefore, the environment of
sub-millimeter-size debris must be monitored utilizing in-situ measurements.

This paper proposes a statistical method to estimate the environment of sub-millimeter-size debris utilizing in-situ
measurements. The proposed method consists of a sequential Monte Carlo filter and natures of orbits on which
debris may be detected by the satellite. This paper also evaluates that the proposed method can sufficiently
estimate the environment utilizing simulated impacts onto the satellite.

Furthermore, this paper describes modifications to apply the proposed method to measurement data obtained by a
satellite in an elliptic orbit.

This document is provided by JAXA.



328 FHA T SE R I JAXA-SP-18-011

W, kYUSHU UNIVERSITY

The 8™ Space Debris Workshop
3-5 December, 2018, Chofu, Japan

BB _FEDRI-—5 7LV

MUNANR—RFT TV DIRIEHETE

Environmental estimation on sub-millimeter-size
debiris utilizing in-situ measurements

Masahiro Furumoto
Daigo Izumizawa
Yasuhiro Yoshimura
Toshiya Hanada

Kyushu University, Japan.

3}\\% KYUSHU UNIVERSITY 8th Space Debris Workshop

Outline

- Background
« Sub-millimeter-size debris
« In-situ measurements

- Estimation Method
- SMC filter
- Natures of detectable debris

- Simulation Result
- Model Generalization

2018/11/30

This document is provided by JAXA.



H8ME [AR—RFFVT—ray | H#EERME 329

W, kYUSHU UNIVERSITY 8th Space Debris Workshop

Background

Sub-millimeter-size Debris

« Small debris (< 2 mm) can neither be tracked nor
detected by the ground-based observations

* There is a difference between the existing models
(MASTER / ORDEM)

* Impact of small debris can cause a fatal damage on
a spacecraft

Cables severed by an impact with simulated debris (0.3 mm) 3
2018/11/30 .
Nitta et. al., 2010
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Background
In-situ Measurements

% |IDEA project (In-situ Debris Environmental Awareness)
+  Kyushu University has initiated in 2011

« Satellites record the position and time of impacts

« 1st satellite “IDEA OSG 1” was lost in Nov. 2017
—_———_—_——e————

Objectives of the IDEA project

« Develop a dynamic environmental model

« Recognize environmental changes due to breakups

2018/11/30
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Estimation Method

% Dynamic Estimation

Initialization

s

System Model Observation Model

Calculate the probability
of the measurement data

*

Propagate the state

+

Measurement Data

% Sequential Monte Carlo (SMC) filter
v’ Statistical

2018/11/30 v" Non-linear 5
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Estimation Method

System Model

% Approximation of the environment

+ Ensemble of orbits
» Each orbit represents a lot of pieces of debris
» Debris are in circular orbits

> State vector: x = (Ng, Qq,i,Qy, 05, o, Qpy, i)

Orbital plane of each orbit
— Number of debris in each orbit
» Propagation -
N,(t + At) = N4(t) + Atvy
Nodal regression 5

3/,a
. + . = Q(t+ 4t) = Q(t) + At (——]Z Sncos i+ UQ>
White noise 2p

i(t +4t) =i(t) + Atv;
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Estimation Method
Observation Model

To calculate the probability of the measurement data,
the orbital plane on which debris may be detected and
the collision flux should be determined

€ Orbital plane constraint

Use =0deq)
The orbital plane on which debris e
may be detected by the satellite | /
is constrained by the position of //
the satellite (Furumoto et al., 2017) o T v d
;| /
ya
gsinﬂ’ sini —%cos Q'sini’ +§cosi’ =0 <0 //
-120 + /
R TR a— 0 0 120 180
iXcosQ2 7
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Estimation Method
Observation Model

To calculate the probability of the measurement data,
the orbital plane on which debris may be detected and
the collision flux should be determined

& Collision Flux Debris

The collision flux between two
circular orbits is approximately

determined by the torus model
(Furumoto et al., 2017)

_ Satellite

¢ Earth center

—<U
1
1

Torus model 8
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Evaluation Strategy
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MASTER-2009

Simulated impact data

Estimation Method

Estimated Distribution
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Impact Simulation
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condition of the simulation

Initial Epoch
Final Epoch

Semi-major Axis

Eccentricity
RAAN! (Q)
Inclination (i)
Debris size

[yyyy/mm/dd]
[yyyy/mm/dd]
[km]

[deg]
[deg]

[mm]

1 Right ascension of the ascending node

Comparison

&

Evaluation

2007/04/01
2008/04/01
7170.8
0.0003
267.776
98.576

0.1 -10
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| Estimation Result
Inclination Vector Distribution
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Estimation Result
Estimated Collision Flux
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Estimation Result

Estimated Collision Flux
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Sufficient estimation is achieved after 180 ~ 200 days
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Estimation Result

Estimated Collision Flux
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Estimation Result
Estimated Collision Flux
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Method Generalization

» Assumption of the current method
: Both the satellite and debris are in circular orbits

« Generalized method that can be applied to in-situ
measurements in elliptic orbits

e Debris orbits
— Also assumed as circular orbits

« Satellite orbit (elliptic)
— Torus model must be modefied

17

2018/11/30
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Modification of Torus Model

1. Modified Torus
« More similar to original
« Difficult to calculate £, and 1, ,

Debris Orbit

S/C orbit

Cross Section

fout

fnodal

18
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Modification of Torus Model

Measurement
satellite’s orbit

2. Ring
» Easier to calculate

— - -
-

Measurement
satellite’s orbit

Debris Orbit
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Modification of Torus Model
Evaluation
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Conclusion

% This study proposes a statistical method to
estimate the environment of sub-millimeter-
size debris utilizing in-situ measurements

% The estimation by the proposed model was
simulated and evaluated for an in-situ
measurement on a circular orbit

% A generalized approximation of collision flux
that can be applied to in-situ measurements
on elliptic orbits was discussed
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