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ABSTRACT

The Atlantic Constellation represents a joint collabora-
tive effort initiated by Portugal and Spain to develop
Earth Observation (EO) satellites operating in Low Earth
Orbit (LEO). Within the programme, a set of two initial
Very-High Resolution (VHR) satellites are being devel-
oped by N3O0, the first Portuguese satellite integrator. A
partnership with OHB Sweden has been established, the
contractor for the platform subsystem. The programme
aims to reach optical ground sampling resolution imagery
below 50 cm in an extremely agile smallsat platform [2].

The increasing concern with orbital debris and its impact
on future space missions has significantly impacted the
mission architecture and design of new spacecraft. This
concern is well reflected in current regulatory trends fol-
lowed by ESA and the FCC, where successful disposal
no later than five years after mission conclusion is re-
quired. The impact of this developing landscape on the
design of N3O’s first generation of optical VHR satellites
(named MARlIin for “Muito Alta Resolucdo, langamento
inicial da N30O” or ”Very High Resolution, N3O’s ini-
tial launch”) raises technical challenges in a NewS-
pace paradigm and demands regulatory breakthroughs in
countries with emerging space industries such as Portu-
gal. This article presents an overview on the impacts of
these regulations on the design and mission architecture
of the MARlIin satellite.
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1. INTRODUCTION

The MARIin is a 300 kg class small satellite based
on OHB Sweden’s InnoSat platform and developed un-
der the New Space Portugal Agenda, the organizational
body regulating the funding for the programme. In-
noSat was first established in 2017 and proven in flight
through several missions, such as GMS-T (2021), MATS

(2022), ESA’s Artic Weather Satellite (2024), GARAI
(2024/2025) and ADIS (2025). The MARlIin satellite
aims to reach sub-50cm ground sampling distance (GSD)
from a reference orbit of 540 km, providing imagery in
the Panchromatic (PAN) and Red, Green, Blue (RGB)
spectral bands using a TDI sensor. The design lifetime of
the mission is 7 years, with the possibility to extend fur-
ther. Being developed in Portugal by N30 and planned
to be operated by GEOSAT, MARIin must ensure that all
applicable space debris mitigation guidelines are met, in-
cluding those of the country of launch. These guidelines
have had a significant impact on the orbit selection and
design of the MARIin satellite during Phase 0/A and B of
the project, which also tries to follow previous Earth Ob-
servation methodology by established companies such as
OHB System [1].

Section 2 starts by giving an overview of the mission and
of the key drivers for the design of the satellite. Then,
Section 3 discusses the current regulatory landscape of
space debris mitigation guidelines, offering insight on
those applicable to the project. Sections 4, 5 and 6 pro-
vide the relevant analysis to ensure those requirements
are being met. Finally, Section 7 concludes on the im-
pacts that space debris mitigation has had on the project,
especially due to its NewSpace nature.

2. MISSION ARCHITECTURE

The current baseline for the mission is to place the MAR-
lin satellites in a sun-synchronous (SSO) repeat ground
track (RGT) orbit at an altitude between 520 km and 540
km. This altitude selection is partially driven by the end-
of-life disposal regulations, which require the satellite to
naturally decay within 5 years. Going above 550 km fails
to meet this 5-year decay, as addressed later in Section
5. De-orbiting manoeuvres are not possible, since they
require the satellite to demonstrate at least 0.9 reliability
at end-of-life which is typically not feasible for small-
sats. Another advantage of being at (or below) 540 km is
that the highly populated 550 km altitude, where the Star-
link constellation operates, is avoided. The high number
of satellites in this constellation (already over 6750, and
more expected in the near future) would likely increase
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the number of conjunctions during the mission, leading
to more complex operations and higher delta-v usage for
collision avoidance manoeuvres (CAMs) [3]. Neverthe-
less, CAMs were a key consideration in the design and
sizing of the satellite, as discussed in Section 4.

As a goal, both satellites will be in the same orbital plane
throughout the mission, maintaining a Local Time at As-
cending / Descending Node (LTAN/LDTN) between 9h-
11h and 13h-15h, the optimal range for imagining mis-
sions.

While in the same plane, the constellation of two MARIin
satellites will be able to achieve daily global access with
a half-field of regard of 50°. Phasing both satellites by
180° in true anomaly is key to ensuring the lowest pos-
sible revisit times. The current uncertainty surrounding
the drop-off orbit and LTAN/LTDN drift throughout the
mission may lead to the two satellites being in different
planes during the mission. While this somewhat degrades
the coverage performance of the constellation, it is possi-
ble to optimise the relative phasing of the two satellites to
mitigate this issue and achieve daily revisit time at most
latitudes.

Two types of mission were considered for MARIlin - a
decay and a station-keeping mission. The decay mission,
being the simplest, means the satellite would perform no
altitude maintenance and instead slowly decay through-
out its lifetime. To comply with disposal regulation, the
satellite could be placed at an initial altitude of 580 km
and decay at the rate seen in Fig. 1. While this type
of mission would greatly simplify satellite operations, it
carries the following disadvantages:

* Varying GSD - as the satellite decays, the GSD (and
illumination conditions) will change, which may not
be beneficial for certain applications

* Varying coverage performance - the prior rationale
assumed a constant altitude throughout the mission
for both satellites, which will not occur in this mis-
sion type and will lead to a negative impact in cov-
erage

In a station-keeping mission, the satellite performs fre-
quent in-plane manoeuvrers to maintain its altitude
within a specific deadband. This mission has the added
benefits of a constant GSD throughout its lifetime and
optimal coverage performance, with the downside of sig-
nificantly higher delta-v requirements. When the altitude
deadband is reached, the satellite performs a low-thrust
in-plane manoeuvre to reach its nominal altitude. Should
this manoeuvre exceed one orbit in duration, it must be
ensured that the eccentricity is not significantly affected
as to maintain frozen conditions.

The key drivers for the size of this deadband are:

* The power budget, specifically the maximum num-
ber of thruster orbits possible before sun-bathing is
required
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Figure 1: MARIin decay mission option starting at 580
km altitude with re-entry in 2040.

* The impact on the complexity of operations, since
a shorter deadband will lead to more frequent but
larger manoeuvres

* The availability budget, which should meet the mis-
sion’s challenging requirement and is highly depen-
dent on the decay rate and thrust of the satellite

For the selected deadband the satellite will need to ma-
noeuvre with varying frequency depending on the en-
vironment, specifically the solar activity. In periods of
high solar activity the atmosphere expands subjecting the
satellite to a higher density and increased drag. The solar
activity follows a cycle which repeats roughly every 11
years, making the atmospheric density that the satellite
will experience predictable to certain degree. For delta-v
sizing, it is common to utilise a standard solar activity cy-
cle such as the ECSS 11-year cycle based on solar cycle
23 [4].

At N30, a prediction of the solar activity from NASA’s
Marshall Space Flight Center (MSFC) is used during
early mission analysis [5], as per the ESA guidelines for
delta-v computation [6]. MSFC provides the 5%, 50%
and 95% percentile prediction for the future solar activ-
ity, which should be used according to the mission phase.

During nominal operations for sizing of station-keeping,
the 95% is the worst-case due to increased drag. For the
end-of-life (EoL) disposal, the 50% should be used in-
stead. A comparison between these two set-ups (ECSS
vs MSFC) is seen in Fig. 2, plotting the F10.7 solar flux
index up to the expected end of the mission (the Ap in-
dex is also used in the atmospheric model but not shown
here). The MSFC solar activity prediction is seen to be
overall lower than the ECSS one, resulting in decreased
delta-v requirements but in longer EoL disposal time.

It is worth mentioning that, during the project, some op-
portunities for enhanced guidance from the relevant reg-
ulatory entities have been observed regarding which as-
sumptions should be taken for each mission phase to en-
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Figure 2: Overview of the solar activity cycles used in
N30 mission analysis

sure compliance with the guidelines. While ESA pro-
vides documentation on the form of ECSS and guide-
lines, the same was not observed from the regulatory en-
tities - which may be partially due to the relative novelty
of the space sector in Portugal. For now, ECSS such as
ECSS-E-ST-10-04C [4] are being applied in the project
to ensure best practices.

In summary, one of the major driving constraints for the
mission architecture definition was the end-of-life dis-
posal (Section 5) regulation.

3. SPACE DEBRIS MITIGATION

Space debris mitigation (SDM) comprises a series of ac-
tions that tackle, among other topics, the release of debris,
break-ups, disposal, and re-entry. To comply with cur-
rent guidelines, various mitigation actions are included
in the mission design, ranging from collision avoidance
and disposal manoeuvres to passivation strategies and the
assessment of the casualty risk.

Adopting these mitigation actions to their full extent in
small satellite missions can place significant constraints
on the resulting performance and mission scope unless
significant schedule and cost impacts can be accommo-
dated - with the latter case often not being a possibility in

the current commercial landscape.

3.1. Regulatory Landscape

Challenges in the implementation of SDM guidelines
may start with discovering which ones apply. Although
the design and analysis of these mitigation actions for
each mission are under the probe of every regulatory en-
tity, not all of them treat this subject equally, both in ex-
tent and thoroughness.

For the MARIin satellites, the response to critical top-
ics within these regulations is under preparation such that
differences in the requirements amongst distinct licensing
authorities will not heavily impact the concept of opera-
tions and overall configuration in future stages. This is
achieved by considering guidelines from the national au-
thorities — in Portugal, the national communications and
space activities authority is ANACOM -, and from the
country of a potential launch provider — Federal Aviation
Administration (FAA) in the United States or ESA in Eu-
rope.

For both ANACOM and alternative European launch
providers, ESA requirements are expected to represent
the strictest set of mitigation measures, acting as an ap-
propriate reference in case of uncertainty. Beyond a sig-
nificant number of normative references, the following
standards either from or adopted by ESA can be high-
lighted:

* ESSB-ST-U-007 - ESA Space Debris Mitigation
Requirements (30/10/2023)

* ESSB-ST-U-004 - ESA Re-entry Safety Require-
ments (04/12/2017)

* ECSS-U-AS-10C - Adoption Notice of ISO 24113
(09/02/2024)

* ISO 24113:2019 - Space debris mitigation require-
ments (05/2023)

This set of documents is quite extensive in its scope
and includes validation and verification requirements that
must be followed for proof of compliance.

For U.S. launches, the FAA is responsible for regulating
launch vehicle activities and any payloads that are not
regulated by the Federal Communications Commission
(FCC) are subject to a Payload Review [7], as identified
by SpaceX [8]. This review, in the form of a document,
confirms if the owner or operator collected the necessary
licenses and if its launch or reentry does not pose a risk.
The required information includes the expected life span
of the payload and its planned disposal. The FAA does
not indicate any specific requirements for the disposal or
any other space debris mitigation topics in the context of
the Payload Review. However, SpaceX informs that it



supports FCC’s guidelines for disposal up to 5 years af-
ter the mission ends [8] and a statement of compliance
with this guideline is commonly requested. Nonetheless,
no detailed analysis or any robust proof of compliance is
requested by SpaceX in its licensing process with U.S.
authorities.

This disparity in the verification of requirements can lead
to vast inequality between missions, depending on the
acting regulatory entities. For instance, assuming that li-
censing bodies of various European countries do not have
the capacity or intention to enforce ESA guidelines, mis-
sions based on those countries may decide to steer away
from emerging European launch service providers and
launch from the U.S. or other territories with more re-
laxed regulations to lower risks of non-compliance and
overall effort. Thus, while not discarding that the expo-
nential rise of launched satellites and space debris poses
various concerns, unifying and simplifying the SDM
guidelines across the world should be a pressing concern,
particularly for regions such as Europe where the strictest
set of requirements is enforced.

Despite the differences in their application, it is worth
noting that there is a converging trend on this matter,
which may fuel the needed homogenization of require-
ments across different countries. For example, the FCC
guidelines for disposal [9] - a 5-year window at EoL with
a probability of success of 0.9 — are in harmony with ESA
standards, as well as the requirements for the casualty
risk threshold. Furthermore, the Orbital Debris Mitiga-
tion Standard Practices from the U.S. Government, an-
other commonly referenced document for operations in
the USA, is also harmonized with ESA standards, under
the influence of the Inter-Agency Space Debris Coordina-
tion Committee (IADC). Even within the U.S., the FAA
typically follows guidelines created by other U.S. federal
agencies and, with the increased concern with space de-
bris, there may be an approximation between its demands
and the full scope of the current FCC requirements.

A positive example of a global initiative on this subject is
the Zero Debris Charter, which sets a series of goals for a
commitment to space safety and sustainability. This dec-
laration started by ESA, which is collecting significant
support from various countries and companies, is accom-
panied by the Zero Debris Booklet, which defines critical
technological developments needed to achieve the char-
ter’s requirements. These collaborative efforts are still
non-binding agreements and transposing them to broadly
accepted regulatory frameworks is the necessary step to
achieve true global cohesion.

The details regarding which standards apply to the MAR-
lin satellites are under clarification as the licensing pro-
cess progresses, in parallel with the final definition of the
launch provider — nonetheless, both Europe and the USA
are pioneers in Space debris mitigation and the strictest
rules are assumed at this stage. Space debris mitigation
practices described in the referenced ESA standards are
expected to be met in the development and operation of
the MARIin satellites. This is corroborated by the inclu-

sion of these strategies and analysis at an early design
stage, exerting influence on the concept of operations, the
satellite configuration, and various technical trade-offs.

4. COLLISION AVOIDANCE

As mentioned in Section 2, the selection of the opera-
tional altitude was done with collision avoidance in mind,
which has somewhat mitigated the issue. Nevertheless,
CAMs remain a key design and sizing driver. Firstly, it
impacted the selection of the propulsion system, which
should provide sufficient thrust to perform a CAM in rel-
atively short notice. It also impacted the delta-v sizing,
where the Debris Risk Assessment and Mitigation Analy-
sis (DRAMA) tool can be used to estimate the number of
collision avoidance manoeuvres during the satellite life-
time. This analysis is shown in Fig. 3 for different An-
nual Collision Probability Levels (ACPL), which quan-
tify the risk of a collision occurring. An ACPL of 10~*
is a commonly used value and yields under one collision
avoidance manoeuvre for an altitude of 540 km, assum-
ing a 1.6-meter sphere representative of the satellite in a
deployed configuration. Despite this result, a conserva-
tive safety margin was imposed to account for the evolv-
ing space debris population, resulting in a baseline of 5
CAMs per year.
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Figure 3: DRAMA Ares run for MARIlin, showing the
mean number of CAM for different ACPL values.

Another key challenge of collision avoidance is the lack
of pre-established procedures in the event of a conjunc-
tion. Currently, most operators work on a case-by-case
basis where contact is established to the operator of the
incoming satellite and a joint decision is taken on who
should perform the CAM. While this solution works,
there are no rules/guidelines to facilitate the decision of
who should manoeuvre. Working towards the standardis-
ation of the process, a list of potential criteria is provided
here:

¢ Available delta-v - where the satellite with the most



left over fuel would perform the manoeuvre

* Thrust capability - where the satellite with the high-
est relative thrust would perform the manoeuvre for
faster avoidance

» Large constellations - operators with a very high
number of satellites could be advised to implement
(near) autonomous CAMs and notifications for the
incoming satellite’s operator

* Mission Type - where scientific missions of high im-
portance could take priority, and the incoming satel-
lite should manoeuvre

* Mission Cost - where high cost missions would
again take priority over small or mass produced
satellites

* Years in Flight - where the satellite’s elapsed time in
orbit would influence the decision

There is a long process ahead to ensure standardisation
of this process, which could begin by coordination efforts
with satellite operators in Europe and the U.S.

5. END-OF-LIFE DISPOSAL

A critical part of space debris mitigation is a satellite’s
end-of-life disposal operations, which should ensure it
does not pose a risk to other operational satellites in LEO.
This section addresses this in the context of the MARIin,
ensuring that, after passivation, the satellite will re-enter
the atmosphere within a specific amount of time to miti-
gate debris in orbit.

5.1. Requirements

The recently updated FCC [9] and ESA [11] rules for
satellite de-orbiting has significantly impacted all satel-
lites in the LEO region. While before 25 years were al-
lowed for re-entry and subsequent disposal, the rapidly
increasing population of space debris and awareness re-
garding this issue has motivated the change to only 5
years. Additionally, this constraint must be ensured with
a 0.9 reliability at EoL.

The way that the spacecraft re-enters at end of life may
be divided into two categories. The first, a controlled
re-entry is characterised by the satellite performing a re-
entry burn, decreasing the perigee altitude significantly
and allowing for control of the landing zone of the re-
sultant debris. By selecting a zone with low population
density, the casualty risk of the spacecraft’s re-entry is
significantly decreased. In addition, this strategy is most
common for satellites which employ chemical propulsion
methods, as these provide higher thrust allowing for the
perigee altitude to be accurately controlled. Additional
approaches other than using chemical propulsions are

possible, such as that of the Starlink constellation, which
even though primarily relies on natural decay, combines
this with attitude slews aimed at changing the drag area
of the satellite down to very low altitudes of ~ 125 km.
This control of the drag area allows the targeting a land-
ing zone in the ocean, significantly decreasing the casu-
alty risk [3]. The use of this method still requires the
necessary reliability to be demonstrated.

The 0.9 reliability requisite raises an issue for smallsats
in the context of NewSpace; the accelerated timescales,
frequent usage of off-the-shelf components and compro-
mises on subsystem redundancy make it very challenging
to achieve. Such is case with the MARIin satellite. Ad-
ditionally, the high delta-v requirements for the mission
have led to the choice of electric propulsion (EP) as op-
posed to chemical, not allowing for fine perigee control
and preventing controlled re-entry. An additional benefit
of EP is the usage of gaseous propellant instead of liquid
- the latter leads to sloshing inside the propellant tank, in-
creasing the duration of the satellite’s settling time when
imagining after a slew. Although anti-sloshing propellant
tanks are available, these would represent a delta cost and
schedule for the project.

The combination of electric propulsion and low reliabil-
ity at EoL leads an alternative type of re-entry being nec-
essary. The uncontrolled re-entry does not make use
of a high-thrust disposal manoeuvre but instead relies on
either atmospheric drag - natural decay - or a long dura-
tion low-thrust manoeuvre - manoeuvred decay - to pro-
gressively lower its altitude. Even though this re-entry
type does not require any propellant, it has the downside
of increasing the casualty risk since a particular landing
zone cannot be selected. Once again, the low reliability at
EoL prevents the usage of electric propulsion to lower the
satellite’s altitude, making natural decay the only viable
option for MARlin.

5.2.  Assumptions on Decay Time

The low atmospheric density in order of 10~ *3kg/m?
creates challenges in meeting the 5-year de-orbiting rule.
Compliance with the requirement is highly dependent on
the assumptions made both for the solar activity, influenc-
ing atmospheric drag and solar radiation pressure (SRP),
and for the spacecraft parameters. As mentioned in Sec-
tion 3.1, guidance on these assumptions is sometimes not
given or conflictory between different regulatory entities.
In Phase O/A of the project, the guidelines from ESA have
served as a baseline. Specifically, the most up-to-date
guidelines for computation of the delta-v and propellant
mass budgets [6] have resulted in the following assump-
tions being used:

* Atmospheric Model - NRLMSISE-00, as recom-
mended in [4].

* Solar Activity - as described in Section 2, the MSFC
50% percentile is used in ESA GODOT, while the
sample ECSS cycle is used in ESA DRAMA.



* Spacecraft Mass - 280 kg, current project baseline
value.

* Spacecraft Drag Area - 2.3 m?2, estimated using the
CROC module in ESA DRAMA, assuming a ran-
domly tumbling satellite.

* Spacecraft Drag Coefficient - 2.2, as per guidelines
for the worst-case EoL disposal value; a drag coeffi-
cient of 2.45 was also obtained from a Direct Simu-
lation Monte Carlo tool at 500 km altitude.

* Spacecraft SRP Area - 2.3 m2, also assuming a ran-
domly tumbling satellite.

» Spacecraft Reflectivity Coefficient - 1.2, a com-
monly taken value for early design.

5.3. Decay Analysis and Results

N30 makes use of both DRAMA - ESA’s tool for com-
pliance analysis with space debris mitigation standards -
and GODOT - ESOC'’s astrodynamics library - for gen-
eral mission analysis and in this case, to study compliance
with the disposal regulations.

Disposal Time [yrs]

____________________________________________________

=== ESA GODOT (MSFC50)
=== ESA GODOT (MSFC95)
ESA DRAMA

20'34 20‘35 20‘36 2[)'37 20‘38 20‘39
Disposal Year [yyyy]

(a) Starting disposal year vs disposal duration for the
MARIin, comparing ECSS sample cycle in DRAMA
with MSFC in GODOT for a 540 km altitude

--- ESAGODOT (MSFC50) x
--- ESAGODOT (MSFC95)
ESA DRAMA %"
20 1
-

[ x
Lo L
M x
E »
3 X
2 -

104 <
& x
a Jie

7%
54 =
T %7
x==" ==X
- X=X
e St EE bt Sl
0

500 520 540 560 580
Starting Altitude [km]

(b) Starting altitude vs disposal duration for the MAR-
lin, comparing ECSS sample cycle in DRAMA with
MSFC in GODOT for a 2034 disposal date

Figure 4: EoL disposal parametric results for the disposal
year and starting altitude for DRAMA and GODOT

DRAMA allows for collision avoidance estimation
(ARES), collision impact damage (MIDAS), EoL dis-
posal studies (OSCAR), projected area estimation
(CROC) and re-entry casualty risk estimation (SARA).
For the context of compliance with the disposal regula-
tion, the OSCAR module is used in combination with
the ECSS sample solar cycle seen in Fig. 2 (a), the rec-
ommended method. The decay analysis is performed for
several dates around the end of the mission. The results
are presented in Fig. 4 and show how orbits above 550
km are not compliant with the 5-year rule at the nominal
lifetime under the current assumptions.

GODOT is an extendible and flexible flight dynamics li-
brary that can also be used for orbital lifetime estima-
tion. As DRAMA, it utilises the NRLMSISE-00 model
but with the MSFC 50% percentile solar activity seen in
2 (b). The propagation uses the RungeKutta787 method
with an accuracy of 10711, The results for both the 50%
and 95% percentile MSFC can be seen plotted together
with DRAMA in Fig. 4. Contrary to the DRAMA re-
sults, with MSFC50 the satellite does not decay in the
required 5-years at 540 km altitude at any of the years in
study. Instead, the requirement is only met at altitudes
below = 510 km, clearly highlighting the dependency of
the results on the solar activity.

5.4. Outcomes

The implementation of the 5-year rule by the FCC and
ESA has significantly limited the operational altitudes of
the MARlIin satellite in LEO to below ~ 550 km, as per
the DRAMA results. Other smallsats of similar charac-
teristics (namely ballistic coefficient) will also be subject
to this constraint. This is shown to be highly dependant
on the solar activity taken as assumption for the analysis,
which remains to be confirmed from the relevant regula-
tory entities. Other methods are not feasible for this class
of satellite or for the NewSpace approach of the project,
requiring either a significant delta in schedule or cost.

While the implementation of the regulation is a signif-
icant step in addressing the critical issue of space de-
bris mitigation, it may also make the LEO region more
crowded at lower altitudes, leading to an increase in col-
lision avoidance manoeuvres and therefore operational
complexity.

This is reflected in the MARIlin satellite, as this rule be-
came a critical design driver and may even lead to an
early stop of the station-keeping manoeuvres, causing
a switch to a decay mission from 2035 onwards. This
switch to a decay mission ensures the MARlIin is compli-
ant with the rule for both its nominal and extended life-
times. However, should the MSFC50 become required
for ensuring compliance with EoL disposal regulations
instead of the DRAMA solar activity cycle, the satellite
will be forced to operate at an even lower orbit, or begin
decaying much sooner.



6. CASUALTY RISK

Casualty risk on re-entry is “determined by the fragments
which are generated from the spacecraft under the effect
of aerothermal and mechanical loads during re-entry and
survive along the re-entry trajectory until ground impact”
[10].

6.1. Requirements

ESA [11] and the FCC [9] define the threshold for the
casualty risk of a re-entry event at 10~%. If this is not ac-
complished through an uncontrolled re-entry, a controlled
re-entry should be programmed to respect this threshold.
As the latter option is not achievable for this mission - and
unlikely for any similar missions - as detailed in Section
5, a successful demise of most of the satellite is neces-

sary.

6.2. Modelling

Casualty risk analysis can be performed with the SARA
module of ESA’s DRAMA software, according to the
modelling guidelines in [10]. The modelled configu-
ration for the initial preliminary iterations includes the
solar panels, a simplified satellite structure, the reaction
wheels, propellant tanks, and the optical payload, ac-
commodated within the satellite structure and composed
of its various optical components - see Fig. 5. The
selection of the critical elements for the analysis comes
from the indications in [10] and the current literature on
this subject, from which it is possible to conclude that
various components or materials in the MARIin satellite
may be hard to demise, namely:

* from the optical payload and its mechanical inter-
face — CFRP, titanium alloys, and ceramic-glass el-
ements,

* from the reaction wheels — titanium flywheel and
ball bearing units,

* and from the propulsion system — composite over-
wrapped pressure vessels and ceramic elements

6.3. Results

The preliminary analysis shows that, with a conserva-
tive approach to components under significant uncer-
tainty, the contribution from the payload-related compo-
nents alone is higher than 50% of the casualty risk thresh-
old of 1074, illustrating how challenging it is to comply
to these standards when equipping small satellites with
state-of-the-art optical instruments. When the resulting

(a) platform

(b) telescope assembly, reaction wheels, tank and
dummy mass

Figure 5: Representation of the preliminary SARA model
for casualty risk analysis

casualty risk threshold appears to be on the verge of non-
compliance, two sets of measures can become a priority -
adopting design for demise methodologies or identifying
and correcting excessively conservative modelling deci-
sions.

Design for demise consists of replacing problematic com-
ponents or materials with others easier to demise or em-
ploying any other strategies that aid this demise. A
straightforward example of this for the MARIin satellites
would be to replace the optical payload mechanical inter-
faces with aluminium alloys. Such measures may come
at a significant cost - either financial or in performance -,
and for this particular action, deviating from these mate-
rials would jeopardize the optical performance. Another
possible action would be to replace the reaction wheels
with fully demisable alternatives, which in this case is out
of scope given the low maturity of the current technical
solutions and the programmatic constraints of the mis-
sion. Additional design strategies, although not necessar-
ily classified as design for demise, can lead to a lower
casualty risk by focusing on a reduced casualty area. The
casualty area is a circle in which the tangent circles of
the debris area and the vertical projection of a human are
inscribed, thus, its total value for a re-entering satellite
is significantly affected by the number of components.
For instance, assuming that the propulsion system is com-
posed of two pressure vessels, adopting a non-demisable
connection between them or replacing both with a single
tank with the same total value will reduce the casualty
risk. With the latter approach applied to the preliminary
model, the casualty risk added by the pressure vessels is
lowered by 40%, which signals the impact of such mea-



sures.

While the examples listed above can exert a significant
effect on programmatic aspects of the mission as they
drive the satellite design, reducing the number of mod-
elling uncertainties and its level of conservativeness is
theoretically easier to achieve as it only affects the mod-
elling task. In reality, since the current data on this sub-
ject is scarce, this activity becomes subject to simplified
and conservative models that can lead to either overly op-
timistic or pessimistic results.

An example of one point of uncertainty in this prelim-
inary analysis is the behaviour of the CFRP baffle. In
DRAMA’s current material database, CFRP is highly re-
sistant to demise - however, this is based on composite
systems used for overwrapped tanks, which are not nec-
essarily representative of every CFRP constituent com-
bination, manufacturing process, or thickness. This has
already been confirmed by experimental analysis on ad-
ditional composite systems, with the widely used L20
and LY556 resin systems showing improved demisabil-
ity in comparison with cyanate ester matrices [12, 13].
These new CFRP models with higher demisability are ex-
pected to arrive along with DRAMA 4.1, still in 2025.
The higher demisability epoxy matrices fit the case of the
CFRP baffle and many other CFRP components in small
satellites, thus leading to a significant decrease in the pre-
dicted casualty risk when available, and confirming how
conservative the current estimations may be.

Other impactful contributors to the re-entry risk of the
MARIin satellites are the glass and ceramic-glass lenses
and mirrors of the optical payload, which represent
around 30% of the total casualty risk of the optical in-
strument in the preliminary model. In this regard, the
extended materials library for DRAMA’s 4.1 release [13]
can be highlighted as an important advancement towards
correlation with experimental data.

Despite the described advancements, material models are
still sparse and their low maturity level affects the accu-
racy of the results, the difficulty associated with needed
assumptions to simplify the models and the expertise re-
quired of the regulatory entities to scrutinise them. The
urgency to develop this subject further can be justified by
how these challenges affect the goal of the casualty risk
threshold by leading to models that are often recognised
to be adjustable for compliance by exploiting optimistic
simplifications and the difficulties from emerging licens-
ing bodies to recognise it.

7. CONCLUSION

This paper highlighted the many uncertainties related to
space debris mitigation and how they affect the design of
the MARIin mission. The presence of several different
regulatory entities and somewhat lack of communication
between them has posed difficulties in finding the appli-
cable regulations to the project. To mitigate this, the more

conservative ESA guidelines were used in the estimation
of CAM, study of end-of-life disposal and casualty risk
mitigation.

A significant safety margin was applied to the number of
CAM/year to account for the growing amount of space
debris and of mega-constellations in the LEO region.
A future set of operational procedures for conjunction
events, serving as recommendation, is needed to facili-
tate satellite operations.

An in-depth parametric study was also conducted to anal-
yse MARlIin’s compliance with the recently updated 5-
year decay rule, showing that an altitude below 540 km
is advisable, as well as a decay starting in 2035 the latest.
While this tackles the space debris accumulation in LEO,
it will also lead to a significant increase on the number of
satellites in the lower altitude orbits, complicating opera-
tions.

Finally, a preliminary analysis on the casualty risk mod-
elling of the satellite showed that the payload is a sig-
nificant contributor to the 10~* limit of the casualty
risk. An increased development effort and availability
of demisable components would facilitate the implemen-
tation of a design for demise approach in small satel-
lite missions. Additionally, further research on material
demisability would improve modelling accuracy and al-
low for a more transparent proof of compliance of the
casualty risk threshold, as is expected to happen with
DRAMA'’s material database update. Both of these mea-
sures are crucial for smallsats, which are often unable to
perform controlled re-entry due to the lack of chemical
propulsion and low EoL reliability.

While increased attention is given to space debris reg-
ulations, particularly in Europe and in the US, global
constraining guidelines are yet to be implemented as le-
gal framework. While this facilitates access to space for
companies in some regions, it is counterproductive in
tackling the evolving concerns with space debris.
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