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typology & orbital regimes of artificial space objects 

compatible with a stable evolution of the environment

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

▸

Orbital capacity

▸
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Space debris index
▸
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Space debris index

𝐼 = 𝑝𝑐 ∙ 𝑒𝑐+𝑝𝑒 ∙ 𝑒𝑒

𝑝𝑐,bkgd = 1 − exp(−𝜌Δ𝑣𝐴Δ𝑡) 𝑒𝑐 = ∑𝑝𝑐,break−up
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Space debris index

𝐼 = 𝑝𝑐 ∙ 𝑒𝑐+𝑝𝑒 ∙ 𝑒𝑒

𝑝𝑒 = 𝑓(objfamily, Δ𝑡) 𝑒𝑒 = ∑𝑝𝑐,break−up

▸
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The role of reliability




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The role of reliability: temporal horizon
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Objects & environment
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Objects & environment

𝐼𝑃𝑀𝐷

𝐼𝑁𝐴𝑇
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Long-term evolution: scope & setup

Analyse long-term simulations with 

• different PMD success rates 

• different explosion rates

• a large constellation

with the following reference values 

for the environment evolution

Starting population: 2013
Launch traffic: 2016-2017
Explosions: 2016-2017
PMD: 10-90%
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Capacity allocation: threshold definition - example

• Define an acceptable trend 

for the population [*]

• Derive from the long-term 

simulations the final index 

value after 100 years (If)

• Estimate the capacity that is 

already in use (Iu) [**]

• Define the portion of 

capacity that can be spent in 

one launch year:

𝐼 20XX =
𝐼𝑓 − 𝐼𝑢

#years

[*]
Consensus-based 

approach.
Here: PMD90

[**]
Estimation of the 

reliability of objects 
already in orbit

Here: PMD = 60% 
(all objects)
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Capacity allocation: contributors - example

Simplifying assumptions

All objects have the same PMD 

success rate and the same 

PMD strategy

Discussion points

• max value per mission?

• priority for certain mission 

typologies?

Suggested approach

first-come, first-served
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Capacity allocation: mitigation strategies - example

• No RB

no rocket body is left in orbit after 

launch,

• Improved PMD

PMD success rate increased from 

60% (used for all other objects) to 

90% (only for the objects launched 

in the analysed year),

• PMD + no RB

both mitigation measures are applied
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Conclusions

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



ESA UNCLASSIFIED - Releasable to the Public Francesca Letizia | ESOC | 24/10/2018 | Slide 17

Explosion probability: Kaplan-Meier

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

including incomplete observations

መ𝑆 𝑡 = ෑ

𝑖:𝑡𝑖<𝑡

1 −
𝑑𝑖
𝑛𝑖

▸
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Explosion probability: Kaplan-Meier

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

including incomplete observations
▸
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Long-term evolution: PMD scenarios
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Long-term evolution: # objects & collisions


