Accepted Manuscript

ADVANCES IN
% SPACE

REseArcH

An Environmental Estimation Model for In-situ Measurements of Small Space
Debris

Masahiro Furumoto, Toshiya Hanada

PIL: S0273-1177(18)30374-0

DOI: https://doi.org/10.1016/j.asr.2018.04.042
Reference: JASR 13743

To appear in: Advances in Space Research

Received Date: 30 November 2017

Revised Date: 10 April 2018

Accepted Date: 26 April 2018

Please cite this article as: Furumoto, M., Hanada, T., An Environmental Estimation Model for In-situ Measurements
of Small Space Debris, Advances in Space Research (2018), doi: https://doi.org/10.1016/j.as1.2018.04.042

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our customers
we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and
review of the resulting proof before it is published in its final form. Please note that during the production process
errors may be discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.


https://doi.org/10.1016/j.asr.2018.04.042
https://doi.org/10.1016/j.asr.2018.04.042

An Environmental Estimation Model for In-situ Measurements of
Small Space Debris

Masahiro Furumoto?', Toshiya Hanada?

aKyushu University, 744 Motooka, Nishi-ku, Fukuoka 819-0395, Japan
Abstract

Space debris smaller than 2 mm that cannot be detected by ground-based observations may lead to a
spacecraft's missions end. Therefore, IDEA, the project for In-situ Debris Environmental Awareness, which
aims to detect sub-millimeter-size debris using a group of micro satellites, has been initiated at Kyushu
University. To estimate the debris environment based on in-situ measurements from the project, this paper
proposes an environmental estimation model with a Sequential Monte Carlo (SMC) filter. First, this paper
reviews the previous research that investigated the nature of an orbit on which.apiece of debris can be
detected through in-situ measurements, and applies this phenomenon to the algorithm of the SMC filter.
Second, the proposed model is evaluated by a simulation using MASTER-2009, which is the environmental
model developed at European Space Agency. Comparison between the debris distributions predicted by
MASTER-2009 and the simulated estimation verifies that the proposed model can estimate the debris
environment sufficiently. Finally, this paper also investigates the effect of the measurement duration on the
estimation. It is concluded, therefore, that the estimation model proposed and evaluated in this paper can
provide a better definition of the sub-millimeter-size debris environment with in-situ measurements.
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1. Introduction

The number of non-functional artificial objects orbiting the Earth has increased through humankind’s
outer space development and activity. Those objects called space debris are one of the major risks to
spacecraft because an impact of a piece of space debris on a spacecraft can cause a breakup or fatal damage.
Space debris larger than approximately 10 cm, which can cause a catastrophic collision with a spacecraft,
can be detected and tracked by ground-based observations, so that operational spacecraft can conduct
collision-avoidance maneuvers (Mehrholz et al., 2002). Mehrholz et al. (2002) also reported that debris
between 2 mm and 10 cm in size are observable (e.g. Haystack radars), thus a collision with those debris can
be predicted statistically. However, space debris smaller than 2 mm cannot be detected nor tracked by
ground-based observations. Therefore, a spacecraft cannot avoid nor predict a collision with a sub-
millimeter-size debris. Nitta et al. (2010) reported that a simulated debris particle with a size of
approximately 0.3 mm fractured the power cables of a spacecraft. This kind of damage might be the cause
for loss of power, which is believed to have happened to the Japanese ADEOS 2 spacecraft in October 2003
(Neish et al., 2005). In fact, impacts on spacecraft with sub-millimeter-size debris have been observed in the
actual space environment. For example, the US Space Shuttle Endeavour and Atlantis have received a
number of small impact features caused by sub-millimeter-size meteoroid or debris impacts on their radiator
panels (Hyde et al., 2007; Lear et al., 2008). Another example is impact damage on solar arrays of the
International Space Station reported by Christiansen et al. (2014). Therefore, knowledge of sub-millimeter-
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