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ABSTRACT

In 2008 the UN General Assembly adopted resolution
62/217, endorsing the space debris mitigation guidelines
(SDMG) of the UN Committee on the Peaceful Uses
of Outer Space (UNCOPUOS). These guidelines con-
tain recommendations for satellite operators to imple-
ment measures for various mission phases in order to re-
duce the further accumulation of space debris in space
and especially within the protected regions. These are
defined within the SDMG as being the LEO region (up to
2,000 km altitude) and the GEO region (±200 km in alti-
tude around the GEO altitude and ±15 degrees latitude).

In the first version of ESA’s DRAMA tool suite, OSCAR
(Orbital SpaceCraft Active Removal) was designed as a
tool to allow users the analysis of different disposal stra-
gies for spacecraft in the LEO and GEO region. The
upgrade of the ESA DRAMA tool suite by TUBS and
DEIMOS under ESA/ESOC contract included the de-
velopment of a renewed version of the existing OSCAR
tool, allowing in its current version the consideration of
different future solar and geomagnetic activity scenarios
and besides the already known disposal systems (chem-
ical and electric propulsion, as well as electrodynamic
tether) the analysis of the orbital evolution using drag
augmentation devices. One of the primary goals was
to implement techniques recommended by current stan-
dards. The recommendations from the SDMG were used
for the definition of the critical regions as well as com-
pliance criteria, the user may check his disposal strat-
egy against. For satellites operating in GEO, the ISO
26872:2010 (Space Systems - Disposal of satellites oper-
ating at geosynchronous altitude) standard was accounted
for. For the generation of future solar and geomagnetic
activity, the standards ISO 27852:2011 (Space Systems -
Estimation of orbit lifetime) and the ECSS-E-ST-10-04C
(Space engineering - Space environment) have been con-
sidered and recommended modeling approaches were im-
plemented.

In this paper, the OSCAR tool is presented, giving an
overview on the future solar and geomagnetic activity
scenario generation, the standards involved, as well as
the new available disposal option of using drag augmen-
tation devices. Exemplary results are shown, consider-
ing the deviations encountered when using methods pro-
posed by different standards, as well as some propagation
results obtained with FOCUS-1A, which is the propaga-
tion tool used in OSCAR. Further new features will be
highlighted, for example the possibility to download up-
to-date solar and geomagnetic activity data and use it in
OSCAR simulations, as well as the compliance checks
provided by OSCAR based on the SDMG.
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1. INTRODUCTION

OSCAR is the component of DRAMA (Debris Risk As-
sessment and Mitigation Analysis) designed to address
disposal manoeuvres, using different disposal strategies
under consideration of standardized future solar and geo-
magnetic activity and assess the compliance of the latter
stages of a mission with the SDMG.

The modeling of the future solar and geomagnetic activ-
ity is the main driver in the estimation of the residual life-
time for a specific orbit. In the upgraded OSCAR tool,
forecasts are based on methods as recommended by dif-
ferent standards, e.g. ISO, ECSS, and will be described in
more detail in Sec. 2. OSCAR allows for the estimation
of the residual lifetime for a given orbit and also checks
whether an action is required to be compliant with the
SDMG. A new function in OSCAR is to directly down-
load and use available up-to-date solar and geomagnetic
data files from ESA as well as CSSI.

The upgraded version of OSCAR also allows for the anal-
ysis of drag augmentation systems, besides the already
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previous cycles which showed a significantly higher ac-
tivity than is observed for the current 24th cycle. Also,
the repeated ECSS cycle shows a drift which is due to the
140 month duration compared to about 132 months for
the other scenarios. A more detailed comparison of the
different scenarios was done in [2].

3. DISPOSAL OPTIONS

The OSCAR tool can be used to estimate key parameters
as the required ∆v or fuel mass for the disposal maneu-
ver, which transfers the spacecraft to an orbit with the
desired properties consistent with the SDMG recommen-
dations. Such a maneuver can be performed by different
means. In OSCAR, the user may analyse the following
disposal options:

• Chemical propulsion system (CP)

• Electric propulsion system (EP)

• Electrodynamic tether system (ET)

• Drag augmentation system (DA)

Having the system defined it is necessary to specify the
disposal strategy. In OSCAR, the following strategies can
be used:

• Direct de-orbit (CP)

• Delayed de-orbit (CP, EP, ET, DA)

• Re-orbit (CP, EP, ET)

• None

While a delayed de-orbit is an option available for any
disposal system selected, the other options are only viable
for specific systems, given in parantheses in the above
listing. For example, a direct de-orbit is a strategy, where
the perigee of the orbit is adjusted to 60 km, which can
only be accomplished by a chemical propulsion system
and results in an atmospheric re-entry within the next
perigee pass in OSCAR. Also, a re-orbit is not possible
with drag augmentation systems, as these systems are as-
sumed to be deployed only to accelerate the orbital decay.
The option ”None” allows for the analysis of the initial
orbit of the spacecraft. In such a scenario, OSCAR would
not perform any maneuver and only compute the orbital
evolution for the given trajectory. This is useful, for ex-
ample, if one wants to know the remaining lifetime on the
current orbit as it may be possible, that no action needs to
be performed to comply with the SDMG. In the follow-
ing sections the single disposal systems are described in
more detail.

3.1. Chemical propulsion system

The CP system in OSCAR is represented by its specific
impulse only. The user thus only needs to provide this
single value for the simulations, in which it is assumed
that thrust is provided instantly at a given position within
an orbit. Thus, OSCAR does not account for problems
associated with finite maneuver duration, thrust charac-
teristics, multiple starts, etc. A propulsion database is
available to select a CP engine by its name, e.g. Cold
gas, Solid Motor, Monopropellant, etc. It is also possible
to define new engines or alter the existing ones.

For de-orbiting from an initially circular or elliptical or-
bit, a chemical engine is fired impulsively at the apogee
in a direction opposite to the velocity vector, having the
effect of lowering the object’s perigee. For delayed de-
orbit manoeuvres OSCAR applies a bisection iteration
technique to find the required perigee altitude for the
given apogee altitude of the initial orbit to achieve a de-
orbit within (a) the lifetime limit specified by the SDMG
(which is 25 years), and (b) a user-specified time pe-
riod (which has to be defined and can have any arbitrary
value > 0). The natural orbital evolution using FOCUS-
1A and hence an estimate of the remaining orbital life-
time of the new orbit is determined.

The ∆v required to manoeuvre a spacecraft from its ini-
tial trajectory to the orbit with the estimated perigee alti-
tude is then computed and from the ∆v the required fuel
mass is obtained from the Tsiolkovsky rocket equation,
given the spacecraft dry mass.

The re-orbit is another option for spacecraft especially in
higher LEO altitudes and in GEO in order to get space-
craft out of the protected regions with significantly lower
effort than would be the case for a de-orbit option. In the
upgraded OSCAR version it is possible to specify any ar-
bitrary value for the re-orbit altitude, which will always
result in a circular orbit after the application of a series
of two-burn Hohmann maneuvers. Therefore, it is also
possible to analyse re-orbit strategies in GEO with sev-
eral intermediate orbits, e.g. as recommended by [12].
However, if the re-orbit altitude given by the user does
not comply with the SDMG, OSCAR will generate an
appropriate warning according to the compliance criteria
as given in Section 1. The required re-orbit altitude in
GEO is computed using the IADC equation:

∆H = 235 + 1, 000 · cr ·
A

m
(3)

3.2. Electric propulsion system

The EP system in OSCAR is represented by its specific
impulse, the thrust and the thruster lifetime. This data
triad is given for any thruster selectable from the propul-
sion database in OSCAR, while new engines can also be
defined by the user. In OSCAR it is assumed that a con-
stant thrust is provided during operation. This may be









lar and geomagnetic activity. OSCAR performs the orbit
propagation in order to evaluate the compliance with re-
spect to the SDMG.

For the modeling of the future solar and geomagnetic ac-
tivity, four different methods have been implemented: A
best-guess method including best case and worst case es-
timations using a confidence interval, as well as a Monte
Carlo method, both methods being recommended by ISO
27852:2011 [13]. A repeatable and standardized cycle,
as recommended by the ECSS [5] and an equivalent con-
stant solar flux as applied within the French Space Act
[7]. The resulting future solar cycles may be significantly
different for the individual methods, which strongly af-
fects the orbit propagation. This was shown for the
Cryosat-2 orbital decay, where applying the best-guess
method resulted in an orbit lifetime of more than 210
years, while for the Monte Carlo scenario the result was
115 years. This is due to the fact that the current 24th

solar cycle shows a very low activity and also the mean
solar cycle, which was derived from solar cycles 10-23
for OSCAR’s best-guess method, shows a moderate level
compared to the five solar cycles 19-23 which are the ba-
sis for the Monte Carlo sampling and showed a signifi-
cantly higher activity.

The new feature of drag augmentation system simula-
tion was shown exemplary for two different solar and
geomagnetic activity scenarios. For the practical prob-
lem of finding the required cross-section in order to be
compliant with the SDMG, simulations were performed.
The results show that for a best-guess scenario, the cross-
section is about 30 % higher for a typical SSO compared
to an ECSS cycle. The examples for spacecraft in LEO
show that the best-guess scenario tends to provide con-
servative estimates as it is based on cycles with lower
activity, while the other methods all are based on recent
cycles which showed much higher activity. Especially
for shorter orbital lifetimes, the best-guess scenario, how-
ever, should provide more reliable results, as it is the only
method incorporating information for the current 24th so-
lar cycle. As OSCAR was designed to use up-to-date so-
lar and geomagnetic data, one can always update the data
files and thus the lifetime estimation process in the best-
guess scenario.

For spacecraft in GEO, a new feature in OSCAR is the
visualisation of the orbital evolution wrt. the GEO pro-
tected region, which was shown in Figure 5. If the black
rectangle, representing the protected region, is crossed by
the plot, this can be directly seen.
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