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How to measure the impact of a mission on the \
space debris environment?
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Orbital capacity

typology & orbital regimes of artificial space objects
compatible with a stable evolution of the environment

> Krag et al., 1" ICSSA, 2017
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Space debris index &\i €eSd

> Letizia et al., 7" ESDC, 2017
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Space debris index

I =p;-e.+pe- e

Collision probability

resulting from the flux of
background debris population

Pcbkgd = 1 — exp(—pAvAAYL)
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Collision effect

increased collision probability for
operational satellites
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Space debris index

I =p.-e.+pe-

Explosion probability

historical data on orbital fragmentations +

» Jankovic&Kirchner, 2018 Kaplan'ME|er estimator

e = f(Objfamily’At)
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Explosion effect

increased collision probability for
operational satellites

€e = 2P break—up
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The role of reliability
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The role of reliability: temporal horizon

Index for Envisat-like SC
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Objects & environment

Top objects Top regions
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Objects & environment \‘\&\gesa

RB: Rocket Bodies | NPL: Not-active Payloads | APL: Active Payloads | PMD: Post-Mission-Disposal
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Long-term evolution: scope & setup &\m cSda

Analyse long-term simulations with ,
Average temporal evolution over 12 runs
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Capacity allocation: threshold definition - example
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Capacity allocation: contributors - example \&&iesa

Simplifying assumptions Mission contributing to 90% of

All objects have the same PMD the added index in 2017

success rate and the same Index
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Capacity allocation: mitigation strategies - example
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Conclusions {cesa

The concept of environment capacity can be used to strengthen current space
debris mitigation implementation requirements by considering the global
evolution of the environment.

An indicator based on the collision risk for operational satellites is used as a
metric of the capacity: it can be used to evaluate the criticality of single objects
and of the whole environment. The index is computed along mission profiles and
the expected reliability of the execution of PMD strategies is considered.

Long-term simulations were carried out to test the index evaluation under
different scenarios and to define a preliminary scheme for the quantification of
the environment capacity, which was applied on recent historical data.
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Cumulative index \&\z—‘esa

Current environment PMD scenarios
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Explosion probability: Kaplan-Meier \Q&Zesa

Non-parametric estimator to obtain the survival curve from a population sample,
including incomplete observations

> Jankovic&Kirchner, 2018
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Explosion probability: Kaplan-Meier \&g_—*esa

Non-parametric estimator to obtain the survival curve from a population sample,
including incomplete observations

> Jankovic&Kirchner, 2018
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Long-term evolution: PMD scenarios

Average temporal evolution over 12 runs
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Long-term evolution: # objects & collisions \s CSdad
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