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ABSTRACT 

In this paper we will present the design of a software to 
assess the impact of a space mission on the space 
environment and its contribution to the space overall 
capacity developed within an ESA-funded study by 
Politecnico di Milano and Deimos Space. The aim of 
this project is to create an open software platform for 
the evaluation of the impact of space missions on the 
space environment for a future sustainability of the 
access to space. The impact on the environment of a 
space object is assessed based on mission information 
such as its orbit, mass, cross-section, and on the risk of 
fragmentation due to accidental collisions or break-up. 

1 INTRODUCTION 

Space, as any other ecosystem, has a finite capacity. The 
continuous growth of space activities, due to the 
increasing reliance of our daily lives on services from 
Space, the privatisation of the space market and the 
lower cost of deploying smaller and distributed missions 
in orbit, is from one side improving human-life quality 
and however, it is contributing to overloading this 
delicate ecosystem. Is interesting to note as the orbital 
environmental trend, represented by the space debris 
growth has a similar behaviour to the Earth system 
trends which are the environmental trends [1]. As of 
today, the space debris problem is internationally 
recognised, and thus the environmental concern in 
Space activities is becoming a priority. For example, the 
European Space Agency (ESA) successfully applied life 
cycle assessment of spacecraft from launch from 
disposal. The environmental impact of spacecraft and 
launcher manufacturing and operation was assessed, as 
well as ground segment activities to reduce the impact 
of “pollution” in orbit, in the atmosphere and on ground 
[2]. Several environmental indices have been introduced 
over the years to assess the status of the space 
environment [11,12,13]. These indices take into account 
distinct aspects of the space debris environment, but 
they focus on monitoring the possible increase in the 

number of objects in space, and on the risk they pose to 
current and future satellites. 

In this paper we will present the design of a software to 
assess the impact of a space mission on the space 
environment and its contribution to the Space overall 
capacity [8], developed within an ESA-funded study by 
Politecnico di Milano and Deimos Space. Indeed, the 
aim of this project is to create an open software platform 
for the evaluation of the impact of space missions on the 
space environment for a future sustainability of the 
access to space. The impact on the environment of a 
space object is assessed based on mission information 
such as its orbit, mass, cross-section, and on the risk of 
fragmentation due to accidental collisions or break-up. 
The contribution of the launching stages to the mission 
impact assessment is also considered. The output of the 
environmental analysis is summarised into a single 
score, suitable for its integration into a life cycle 
assessment procedure. The top-level goals for this 
project are: 

• To analyse the state-of-the-art on cloud 
propagation, address its gaps and aim for its 
extension to any orbital regions; 

• To develop a database to track, update and analyse 
the objects in orbit and gather the information 
needed for a space environment impact 
assessment; 

• To develop a workflow for the computation of the 
environment capacity and implement it into a 
software pipeline; 

• To develop a web-based interface for the 
submission and evaluation of the space 
environmental assessment based on the technology 
developed in this study. 

The paper will present the development and 
consolidation of the different building blocks required 
for the definition of the environmental capacity. An 
overview of the expected user interface functionalities 
will also be presented.  

Proc. 8th European Conference on Space Debris (virtual), Darmstadt, Germany, 20–23 April 2021, published by the ESA Space Debris Office

Ed. T. Flohrer, S. Lemmens & F. Schmitz, (http://conference.sdo.esoc.esa.int, May 2021)

mailto:camilla.colombo@polimi.it
mailto:mirko.trisolini@polimi.it
mailto:juanluis.gonzalo@polimi.it
mailto:emma.kerr@deimos-space.com
mailto:Francesca.Letizia@esa.int


Leave footer empty – The Conference footer will be added to the first page of each paper. 
 

2 CLOUD PROPAGATION APPROACH 

2.1 Fragment propagation approach 

The phase space density is propagated using the 
continuity equation: 

 𝜕𝜕𝜕𝜕
𝜕𝜕𝜕𝜕

+ ∇ (𝑛𝑛 𝑭𝑭)  =  0 (1) 

where t is the time, 𝑛𝑛 the phase space density, 𝒙𝒙 the 
phase space variables, and 𝑭𝑭 = 𝑑𝑑𝒙𝒙

𝑑𝑑𝑑𝑑
 the dynamics. 

The density is numerically propagated using the method 
of characteristics along with the phase, to achieve 
efficient integration while remaining applicable to any 
orbital region and force model.  In this way Eq. (1) is 
transformed from a partial differential equation into a 
system of ordinary differential equations. The initial 
characteristics, defined by a point in the phase space and 
its density, are sampled from the initial distribution.  

The trajectories are sampled from the initial distribution 
and propagated in the full orbital element set plus area-
to-mass ratio, 𝐴𝐴/𝑚𝑚  [1]. Then the spatial density and 
impact rate is evaluated at any required time. Different 
methods will be investigated for the density estimation: 
a pure sample-based Monte Carlo (MC) method for 
validation purposes, a weighted Monte-Carlo method 
based on the propagation of the characteristic lines and 
binning for describing the whole domain (see Section 
2.2) and a Gaussian mixture-model surrogate model 
proposed in [6]. For the first part of the project the first 
two methods have been implemented; one of the main 
challenges is the memory allocation for the propagation 
of a 6D domain when including the orbital elements and 
the are-to-mass ratio. This is tacked exploiting the 
properties of space matrices as will be described in 
Section 2.2. 

2.2 Sparse matrix approach for binning 

The fragment propagation approach described in 
Section 2.1 propagates the fragments density along the 
characteristics. If propagated to the same epoch, the 
characteristics form a scattered point cloud in the phase 
space domain. Therefore, a density interpolation 
technique, to get a picture of the density distribution in 
the whole domain, is required. In this work, an equally-
sized binning approach is proposed. The estimation of 
the density through binning in a six-dimensional space 
is a tremendous challenge from a memory usage 
standpoint. However, in most of the cases, the debris 
generated by a fragmentation event remain bounded in 
certain regions of the phase space. Hence, a 
Compressed-Row-Storage (CRS) technique is applied to 
the highly-sparse bins matrices to conveniently store the 

density distribution [3]. The Extended Karnaugh Map 
Representation (EKMR) [4] is used to transform the six-
dimensional array of density values into a series of two-
dimensional matrices, as shown in Figure 1. 

 
Figure 1: EKMR scheme. 

It is worth noticing that in principle it would be possible 
to concentrate the whole phase space domain in one 
two-dimensional array; however, this would imply to 
process a matrix of dimension ∏ 𝑁𝑁𝑗𝑗3

𝑗𝑗=1 × ∏ 𝑁𝑁𝑗𝑗6
𝑗𝑗=4 , with 

𝑁𝑁𝑗𝑗 the number of bins in the 𝑗𝑗𝑡𝑡ℎ variable, that would 
cause to run out of memory in most of the cases. 

The CRS technique is then applied to the set of two-
dimensional arrays, further re-shaping the density 
distribution into three vectors for each of the sub-
domain of the phase space, representing: 

• The non-zero density values taken in row-wise 
fashion. 

• The column position of the non-empty bins. 
• The pointers to the first non-zero element of each 

row and an additional element that counts the 
number of non-zero elements 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛 . 

A qualitative analysis can be performed to assess the 
minimum sparse ratio 𝑆𝑆 required to make the CRS 
technique convenient form a memory usage viewpoint, 
where the sparse ratio of a matrix is the ratio between 
the non-zero elements and the total number of its 
elements. The CRS technique is convenient whenever 
the total number of elements stored is lower than the 
number of elements in the six-dimensional array. 
Referring to the arbitrary EKMR scheme of Figure 1, 
the number of elements stored is: 

 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶 = ��2𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛
𝑗𝑗 + 𝑁𝑁𝑖𝑖𝑁𝑁Ω + 1�

𝑁𝑁𝑎𝑎𝑁𝑁𝑒𝑒

𝑗𝑗=1

 (2) 

where 𝑁𝑁𝑎𝑎 ,𝑁𝑁𝑒𝑒 ,𝑁𝑁𝑖𝑖 and 𝑁𝑁Ω are the number of bins in semi-
major axis, eccentricity, inclination, and right ascension 
of the ascending node, respectively, and 𝑁𝑁𝑛𝑛𝑛𝑛𝑛𝑛

𝑗𝑗  is the 
number of non-zero elements of the 𝑗𝑗𝑡𝑡ℎ two-
dimensional array. Adopting the sparse ratio 𝑆𝑆, Eq. (2) 
can be rearranged as:  
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𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶 = � �2𝑆𝑆𝑗𝑗𝑁𝑁𝑖𝑖𝑁𝑁Ω𝑁𝑁𝜔𝜔𝑁𝑁𝐴𝐴
𝑀𝑀

+ 𝑁𝑁𝑖𝑖𝑁𝑁Ω + 1�
𝑁𝑁𝑎𝑎𝑁𝑁𝑒𝑒

𝑗𝑗=1

 

= 2𝑁𝑁𝑖𝑖𝑁𝑁Ω𝑁𝑁𝜔𝜔𝑁𝑁𝐴𝐴
𝑀𝑀
� 𝑆𝑆𝑗𝑗

𝑁𝑁𝑎𝑎𝑁𝑁𝑒𝑒

𝑗𝑗=1

+ 𝑁𝑁𝑎𝑎𝑁𝑁𝑒𝑒(𝑁𝑁𝑖𝑖𝑁𝑁Ω + 1) 

(3) 

where 𝑁𝑁𝜔𝜔 and 𝑁𝑁𝐴𝐴/𝑀𝑀 are the number of bins in argument 
of periapsis and area-to-mass ratio, respectively, and 𝑆𝑆𝑗𝑗 
is the sparse ratio of the 𝑗𝑗𝑡𝑡ℎ two-dimensional array. The 
following assumptions are introduced: 

• The phase space domain is equally partitioned in 𝑁𝑁 
bins along every hyper-direction. 

• An average sparse ratio 𝑆𝑆̅ is assumed for each two-
dimensional array. 

Under these hypotheses, Eq. (3) reduces to:  

 𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶 = 2𝑆𝑆̅𝑁𝑁6 + 𝑁𝑁2(𝑁𝑁2 + 1) (4) 

The expression of Eq. (4) must be compared with the 
total number of elements 𝑁𝑁6 in the six-dimensional 
array, leading to the following requirement for the 
average sparse ratio 𝑆𝑆̅: 

 𝑆𝑆̅ <
1
2
−
𝑁𝑁2 + 1

2𝑁𝑁4  (5) 

Figure 2 shows the behaviour of 𝑆𝑆̅ as function of the 
number of bins 𝑁𝑁 in each hyper-direction; as it can be 
noticed, the curve asymptotically approaches 𝑆𝑆̅ = 0.5 
for 𝑁𝑁 > 20, meaning that whenever more than half of 
the bins are empty, the CRS technique is convenient 
from a memory usage standpoint. 

 
Figure 2:Average sparse ratio as function of the number 
of bins in each hyper-direction. 

Finally, it is worth observing that the way the EKMR 
scheme is built affects the number of elements stored. 
Referring to the scheme of Figure 1, the number of bins 
for each phase space variable are selected as follows: 

𝑁𝑁𝑎𝑎 = 𝑁𝑁𝑒𝑒 = 𝑁𝑁1,     𝑁𝑁𝑖𝑖 = 𝑁𝑁Ω = 𝑁𝑁2,     𝑁𝑁𝜔𝜔 = 𝑁𝑁𝐴𝐴/𝑀𝑀 = 𝑁𝑁3 

The number of stored elements of Eq. (3), still 
considering the average sparse ratio 𝑆𝑆̅, reduces to: 

 
𝐸𝐸𝐸𝐸𝐶𝐶𝐶𝐶𝐶𝐶 = 2𝑆𝑆̅𝑁𝑁12𝑁𝑁22𝑁𝑁32 + 𝑁𝑁12𝑁𝑁22 + 𝑁𝑁12 

= 𝑁𝑁12𝑁𝑁22𝑁𝑁32 �2𝑆𝑆̅ +
1
𝑁𝑁32

+
1

𝑁𝑁32𝑁𝑁22
� 

(6) 

From Eq. (6), it comes directly that one can minimise 
the memory usage by building the EKMR scheme such 
that: 

𝑁𝑁1 < 𝑁𝑁2 < 𝑁𝑁3 

Two approaches are investigated for the fragments 
cloud density propagation:  

1. The sampled characteristics are propagated, and the 
density is estimated a posteriori for each required 
time snapshot. 

2. The density is estimated from the initial samples 
and is directly propagated; the coordinates of the 
new set of ‘density samples’ correspond to the 
centre of the non-empty bins.  

This second approach aims at exploiting the 
concentration of fragments in bounded regions of the 
phase space, to merge the information of the broad 
population of initial samples into a subset of ‘density 
samples’. This implies a more accurate snapshot of the 
initial density distribution, parity of the number of 
propagated characteristics. On the other hand, the 
coordinates of the samples belonging to the same bin are 
collapsed into a unique point in correspondence of the 
bin centre; this hypothesis constrains the domain 
partitioning, that must be sufficiently fine to avoid 
distorting impossibly the samples dynamics. 

The two methods are applied to an example scenario 
representing the explosion of an upper stage in 
geostationary transfer orbit with the following 
parameters: 𝑎𝑎 = 24369 km,   𝑒𝑒 = 0.72,   𝑖𝑖 = 7 deg, 𝛺𝛺 =
328 deg,   𝜔𝜔 = 243 deg. All simulations consider 50 
partitions in each hyper-direction composed of the five 
slow-varying orbital elements and 𝐴𝐴/𝑚𝑚.  

Figure 3 shows the density distribution at fragmentation 
epoch, while Figure 4 and Figure 5 show how the 
density distribution has changed 540 days after the 
fragmentation event, with the characteristics 
propagation and density propagation approaches, 
respectively. To assess the accuracy of the two methods, 
the cumulative distribution function is computed and 
compared with same distribution obtained from the 
population of samples, as shown in Figure 6. As 
expected, the first method accurately describes the 
fragments cloud density in all the phase space variables. 
The density propagation approach, instead, while 
capturing most of the density distribution, lacks 
accuracy in the argument of periapsis profile, which is 
the parameter most affected in the analysed orbital 
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region. It is worth noticing that the proposed simulation 
is a first trial; a more refined domain partitioning should 

lead the density propagation method to approach the 
actual cumulative distribution. 

 
Figure 3: Density distribution at fragmentation epoch. 

 
Figure 4: Density distribution 540 days after fragmentation obtained with characteristics propagation approach. 
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Figure 5: Density distribution 540 days after fragmentation obtained with density propagation approach. 

 

 
Figure 6: Cumulative distribution function 540 days after fragmentation for characteristics propagation (above) and 
density propagation (below) approaches. 
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2.3 Interface to propagator 

The propagation of the dynamics for the continuum 
approach explained in Section 2.1 is performed through 
a semi-analytical trajectory propagator. The software 
tool will have a common interface to allow different 
propagators to be used. Current efforts are devoted in 
defining a propagator-agnostic interface that avoids 
lock-in with a specific propagator, and in adding support 
for additional propagators to enable testing and trade-
offs. The main requirements for the propagator to be 
included are to allow for the efficient evaluation of the 
Jacobian, needed to solve Eq. (1), and to have the 
possibility to implement the density computation 
through the trace of the Jacobian matrix of the 
dynamics. Additionally, it is highly advisable from a 
performance point of view to have a thread-safe 
implementation, suitable for parallel propagation of the 
characteristics.  Figure 7 shows the interface with the 
propagator. Currently, two options for propagators have 
been identified: the Planetary Orbital Dynamics 
(PlanODyn) semi-analytic orbit propagator, developed 
at Politecnico di Milano [7] and the Orekit space 
dynamics library, a free and open-source project lead by 
the CS Group [19]. 

The PlanODyn suite [7] is well suited for the cloud 
continuum propagation, as it was specifically extended 
to propagate many characteristics in parallel. PlanODyn 
models the Earth’s gravitational field (up to 4th order 
and degree), atmospheric drag (derivative of Jacchia-
77), Moon and Sun third-body perturbations and solar 
radiation pressure using the cannonball model. Despite 
its singular Keplerian formulation, it was shown that 
fragmentations from circular parent objects can be 
modelled too. 

 
Figure 7: Interface with the propagator. 

3 INDEX ESTIMATION AND INTERFACE 
REQUIREMENTS 

The space debris index implemented in this tool will 
follow the definition of the ECOB index in Letizia et al. 
[12], which is defined as a risk indicator composed by a 
probability term (p) and an effect term (e), which 
considers the contribution of fragmentations on the 
sustainability of the space environment. The expression 
of the index is as follows: 

 

 𝐼𝐼 = 𝑝𝑝𝑐𝑐 ⋅ 𝑒𝑒𝑐𝑐 + 𝑝𝑝𝑒𝑒 ⋅ 𝑒𝑒𝑒𝑒 (7) 

where pc and pe represent the collision and explosion 
probabilities, and ec and ee represent the collision and 
explosion effects, respectively. Each term can be 
evaluated based on the characteristics of the object (i.e., 
mass and cross-section), its orbit and the mission 
scenario. The probability of collision (pc) is evaluated 
using a flux-based model of the space debris 
environment and exploiting the analogy with the kinetic 
gas theory as follows: 
 
 𝑝𝑝𝑐𝑐 = 1 − 𝑒𝑒𝜌𝜌⋅Δ𝑣𝑣⋅𝐴𝐴⋅Δ𝑡𝑡 (8) 

where ρ is the debris density, Δv is the relative impact 
velocity, A is the cross-sectional area of the object and 
Δt is the time span considered. The value of the debris 
density and of the impact velocity are extracted from 
ESA MASTER, considering the debris population at a 
specified epoch. The cross-section of the object is 
obtained from a satellite database such as DISCOS.  
When computing the collision probability, we only 
consider debris fluxes of particles whose diameter is 
large enough to generate a catastrophic collision. The 
criterion adopted is based on the energy of the collision, 
which should be greater than 40 J/g. In this way, we 
define a minimum required diameter that will generate a 
catastrophic collision. The relevant flux used in the 
computation of pc is the cumulative flux associated to 
this diameter. However, the debris index calculation can 
also consider the possibility of performing Collision 
Avoidance Manoeuvres (CAM). With this respect, the 
general approach is to consider that objects larger than 
10 cm can be tracked from Earth. Therefore, a satellite 
with collision avoidance manoeuvres capabilities will be 
able to avoid such debris. This is reflected in the 
collision term of the debris index by adding an upper 
limit on the particle diameter, which in turn result in a 
modified debris flux. 
However, the traceability of debris particle also depends 
on the orbital altitude of the debris. In fact, the lower the 
altitude, the higher is the capability of telescopes of 
tracking smaller particles. The expression of the 
traceable diameter, dt, as a function of the altitude is the 
following: 
 

 𝑑𝑑𝑡𝑡 = 𝑑𝑑𝑟𝑟𝑟𝑟𝑟𝑟 ⋅ �
ℎ
ℎ𝑟𝑟𝑟𝑟𝑟𝑟

�
2

 (9) 

where h is the orbit altitude, dref = 0.32 m is a reference 
diameter, and href = 2000 km a reference altitude. Using 
this expression in place of a constant diameter of 10 cm, 
the collision probability changes, particularly for lower 
altitudes. Figure 8 and Figure 9 show a comparison of 
collision probability maps in altitude and inclination for 
the same satellite but with different upper limits for the 
collision avoidance diameter. Figure 8 considers a 
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constant 10 cm threshold, while Figure 9 a variable one, 
based on Eq. (9). It is interesting to observe how in the 
second case, the lower altitude band, until about 900 
km, shows a null collision probability. This is because 
at lower altitude smaller particle diameters can be 
tracked. This results in an upper diameter threshold that 
is smaller than the lower threshold needed to generate a 
catastrophic collision. Therefore, in this case, the 
satellite can avoid all the debris particles that can 
generate a catastrophic collision. This is of course valid 
assuming a 100% reliability of the CAM. 
 

 
Figure 8: Collision probability map for a 1000 kg 
spacecraft with a 10 m2 cross-section with constant 10 
cm threshold. 

 
Figure 9: Collision probability map for a 1000 kg 
spacecraft with a 10 m2 cross-section with a variable 
threshold. 

The probability of explosion (pe), instead, is derived 
from historical data gathered form the ESA DISCOS 
database in terms of epoch, altitude, event type, Id and 
class of the objects involved. Given the difference 
between the number of fragmentations occurred in 
payloads and rocket bodies, these two classes are 
considered separately in the modelling of pe. In addition, 
fragmentation events due to collisions, deliberate 
destructions, atmospheric forces, and attitude are 
excluded. Figure 10 shows the data from DISCOS 
including only events involving rocket bodies and 
payload launched before 2020. 

 

 
Figure 10. Fragmentation by object type from ESA 
DISCOS database. 

Starting from the work in [14], the Kaplan-Meier 
estimator is used for estimating the explosion/survival 
probability for different classes of objects. This type of 
estimator allows considering a variable population that 
is, for our case, the removal of objects due to 
fragmentations and re-entries. The estimation will be 
updated on yearly basis (see Figure 11).  

 
Figure 11. Example of survival rate for payload and 
rocket bodies. 

The effect terms of both collisions (ec) and explosions 
(ee) depend on the characteristics of the fragmentation, 
and on the evolution of the cloud of debris and its 
interaction with the objects’ population. Specifically, 
the resulting increase in the collision probability for 
operational satellites is used for the assessment of the 
consequences. The fragmentation is modelled following 
the NASA SBM [15], which provides the distribution of 
the generated fragments as a function of the object orbit 
and mass for both collisions and explosions. However, 
in this work the implementation proposed by Frey et al. 
is used that directly describes the distribution of the 
fragments in orbital elements exploiting the formulation 
in Gauss’s planetary equations written for finite 
differences [16]. As proposed in the ECOB formulation 
[12] to assess the effects on the population of 
operational satellites, a set of representative targets is 
defined by considering the distribution of the cross-
sectional area of the operational satellites on a semi-



Leave footer empty – The Conference footer will be added to the first page of each paper. 
 

major axis versus inclination grid. 

The effect of fragmentations is evaluated by simulating 
a catastrophic collision for each grid cell and evaluating 
the increased collision probability for the target objects 
and the effect ec then obtained with a weighted sum of 
the cumulative collision probability on each target, with 
the weights depending on the share of cross-sectional 
area represented by the representative object map cell. 
The MASTER ESA tool [17] is used to derive grid for 
the representative targets and effect maps (see Figure 
12). 

Figure 13 represents the weighted average position of 
the representative targets in inclination (Ci) and semi-
major axis (Ca) weighted with their cross area. It is 
interesting to see how it changes in the years how it has 
been changing in the past few years due to the orbit 
injection of the SpaceX satellites. 

 

 
Figure 12. Representative objects in a semi-major axis 
and inclination grid. Data from ESA MASTER. 

 

 

 

 

 

 

 

 

 

 
Figure 13. Weighted average position of the 
representative targets in inclination (Ci) and semi-
major axis (Ca) weighted with their cross area. Data 
from ESA MASTER 

The index in Eq. (7) is then assessed over time to get its 
cumulative value for the mission lifetime. As proposed 
in [13] the formulation include the reliability of post-
mission disposal manoeuvres with a coefficient 𝛼𝛼. 

𝐼𝐼𝑡𝑡 = � 𝐼𝐼 𝑑𝑑𝑑𝑑 +
𝑡𝑡𝐸𝐸𝐸𝐸𝐸𝐸

𝑡𝑡0
𝛼𝛼 ⋅ � 𝐼𝐼 𝑑𝑑𝑑𝑑 +

𝑡𝑡𝑒𝑒

𝑡𝑡𝐸𝐸𝐸𝐸𝐸𝐸
(1 − 𝛼𝛼)

⋅ � 𝐼𝐼 𝑑𝑑𝑑𝑑
𝑡𝑡𝑓𝑓

𝑡𝑡𝐸𝐸𝐸𝐸𝐸𝐸
 

(10) 

where tEOL is the epoch at which the operational phase 
ends, te is the epoch at which the disposal ends and tf is 
the epoch at which the object would naturally decay 
from its initial orbit. 

Figure 14 represents the index estimation workflow that 
will be implemented within this project and highlights 
the interfaces with the available ESA tools. The inner 
computational core for the space debris index and the 
space capacity estimation will consist of the Staling-
based cloud propagation module, the break-us 
modelling module, the single object mission profile 
module. These will be used within the debris index 
estimation module and the capacity evaluation module. 
As part of the project, the requirements for the 
interfaces with the ESA tools have been defined. 
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Figure 14. Index estimation workflow. 

 

4 CONCLUSIONS 

This paper presented the steps completed so far in the 
ESA-funded project for the design of a software to 
assess the impact of a space mission on the space 
environment. The Staling tool extension is being 
performed to be applied to computation of the space 
debris index. A space matrix approach has been 
implemented for efficient memory allocation during the 
propagation of a fragmentation cloud in 6 dimensions. 
The implementation of the space debris index based on 
the ECOB formulation is being performed with a 
particular attention on the definition of interfaces with 
existing ESA software and the orbit propagator. 

As next steps some effort will be devoted to the 
development of the interfaces with ESA tools: DISCOS, 
MASTER, DRAMA. We will focus on the definition of 
the space capacity formulation and threshold. For this 
phase engagement with the space debris community will 
be very important. 
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