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Abstract: End-to-end orbit maintenance operations for LowtBaand Geostationary missions
are simulated in a realistic and high fidelity manntaking into account all processes and logic
of real operations. This includes variability of agg environment, orbit determination
uncertainties, maneuver predictability issues, tioastraints between the different on-ground
processes, other operational constraints (suchdipse related) and well defined contingency
scenarios implemented over simulated time in ahsteiic manner. This simulation concept is
implemented on the basis of currently availablentedogies, and its use demonstrated with
current and future EUMETSAT satellite systems. ®perations to date of Metop-A Sun-
Synchronous Orbit (SSO) satellite (launched in 208@ mimicked and then projected to a
possible end-of-life. The future Sentinel-3 SSOraipms are then analyzed and orbit
maintenance strategy fine-tuned accounting for kalbwn uncertainties. Finally, long term
constellation simulations are performed for the &btestat Third Generation geostationary
program. These include standard longitude sepamatims well as alternative
eccentricity/inclination co-location. The evolutiofkey performance parameters, like minimum
inter-satellite distance or maximum angular sepematas seen from a given on-ground antenna
(necessary for keeping the antenna sharing opamaticoncept), is shown under realistic and
operational conditions.

Keywords: Low Earth Orbit, Geostationary Orbit, Maneuver dgs Simulation, Real
operations.

1. Introduction

EUMETSAT is the European Organisation for the Exptmn of Meteorological Satellites. Its
main purpose is to deliver weather and climatetedlssatellite data, images and products 24
hours a day, 365 days a year. For fulfilling itssemn, EUMETSAT operates a fleet of
meteorological satellites. Our present system ohedutwo generations of geostationary Meteosat
satellites. Their global overview is complementgdile detailed observations provided by the
polar orbiting Metop satellite(s) and the marinesater Jason-2, a joint project of space
agencies in Europe and the United States. In phrdliUMETSAT prepares next European
operational meteorological satellite systems, rigtdbeteosat Third Generation (MTG) and
EUMETSAT Polar System (EPS) Second Generation (E8%- Other future satellites in
preparation include Jason-3 under a program lecEOWMIETSAT and NOAA, and GMES
Sentinel-3 satellites, a Low Earth orbiting misstorsupport services relating to the marine and
global land environment and for which EUMETSAT wiakcome operator.



According to the EUMETSAT policy principles, theactivities shall be implemented in a
manner which is affordable for its Member Stated achieves best value for money and cost-
effectiveness.

In the frame of system engineering support acsésitio current and future programmes, and in
view of currently available technologies, the neext identified for realistically modelling with
sufficient fidelity Orbit Maintenance Strategies r fA.EO (Low-Earth-Orbit) & GEO
(Geostationary) orbits of interest to EUMETSAT. particular, it was required to propagate
orbits over long time spans (up to full satelliteetimes), allowing for the implementation of
maneuver planning and implementation concepts enpifopagation process (including major
propagation and maneuver uncertainties as welimsseéd maneuver” scenarios) and analyzing
a number of resulting performance parameters agpicto single spacecraft (number of
maneuvers, delta-V and their temporal distributiaifective control achieved and box
violations, if any) or spacecraft pairs (inter-dgeedistance or angular separations as seen from
ground antennas).

2. The Station Keeping Analysis Tool

Classical Mission Analyses are typically based artybation analysis and individual
considerations derived mainly from experience. €ha® very useful for providing key insight
into orbit maintenance activities and related opena. When it comes however to real
operations, these preliminary analyses need furtimization, for incorporating certain
operational aspects: robustness to anomalies taircategraded scenarios (including sufficient
control margins, maneuver re-planning for a dagrla) or other operational constraints such as
the necessity of maneuver execution during workingrs, for cost saving purposes. In some
cases marginal violations of the station keepingidews can even be allowed, but a
guantification of these is difficult until real o¢ions take place.

Thanks to the exploitation of currently availablechinologies, high-level programming
languages and associated packages in the areaad Hght dynamics, it was felt possible, as
well as convenient from the precise operationsyambktandpoint, the implementation of end-to-
end orbit maintenance operations simulations ieadistic and high-fidelity manner, accounting
for all processes and logic of real operations.sTihcludes variability of space environment
disturbance with respect to predictions (i.e. afgd and solar radiation pressure), orbit
determination uncertainties, maneuver predictgbiksues, maneuver cross-coupling effects,
maneuver implementation issues (quantization, lmngy effects), time constraints between the
different on-ground processes, other operationastraints (i.e. eclipse related, working hours)
and even well-defined contingency scenarios (implaied over simulated time in a stochastic
manner).

A prototype station-keeping simulator, named SK/Station Keeping Analysis Tool), was
developed in Java and fulfilling all previously dabed requirements (see [1]). SKAT was built
upon two external components:

- The Orekit space flight dynamics library [2], prawig all flight dynamics features like
orbit propagation, time, frames as well as usefechanisms like event detection and
step handlers that can be used to monitor propgagati

- The Apache Commons Math mathematical library [3jpvmling all mathematical
algorithms such as random generator or curvedittin



The implementation was meant to be flexible endogillow the simulation of different types of
station keeping control strategies and to takeouarimission profiles or constraints. The design,
highly modular, is depicted in Fig. 1. New typesawntrols or constraints can be added as
necessary. The main loop is shown in Fig. 2. Tlopuylsion system is modelled separately per
maneuver type and including blow down effects olfatime, thrusters force vectors and
performance curves, cross-couplings (determiniasicwell as uncertainties) and performance
uncertainties. Maneuver planning can be performitd & number of predefined orbit controls,
either on the basis of fixed-length cycles or justindary violations:
- for GEO, classical longitude, eccentricity (sunigee pointing) and inclination controls,
including compatibility with e/i co-location contrechemes
- for LEO, inclination, Mean Local Solar Time (MLS@&hd grid (Ground Track) controls
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Figure 1. SKAT packages and two external
dependencies

Other features include orbit determination and pgapion (perturbation) uncertainties, and time
constraints or delays between processes (suchbasdetermination and first maneuver time
opportunity, or between maneuver types belongingatoe cycle). Montecarlo analyses are also
possible, by which each run is performed varyingegiuser-defined configuration parameter(s).
The full implementation, object oriented, resuliegust about 6000 lines of code (comments
and blank lines removed). In terms of CPU time gantances, Tab. 1 shows these for a typical
dual core 3-year-old PC (Pentium Dual-Core CPU B&2.70GHz, 3.2 Gb RAM)

Table 1. CPU Typical time performances achieved

Case, main characteristics: CPU time

10 year simulation of 2 GEO s/c, numerical propagatvith 6x6 gravity field, Sun & Moon 20 minutes
attraction and Solar Radiation Pressure, 4-weekemzer cycle with controls on longitudg,
eccentricity and inclination with just north/sowthd east/west maneuvers, 5% missed maneuyers,
usual realistic uncertainties.

10 year simulation of 1 LEO SSO s/c, numerical pggiion with 8x8 gravity field, Sun & Moon40 minutes
attraction, Solar Radiation Pressure and air dNILMMSISE-00, solar activity based on MSHC
MSAFE), 4-week horizon time control with controls+g-2 min in MLST and +/-5Km in Ground
Track (grid-based, along-track), 5% missed maneyjvesual realistic uncertainties

! Orekit is currently not thread-safe yet. Perforomis expected to improve in the future.



Noting the CPU time performances of single endrtd-eimulations from Tab. 1, one can see
that multiple Monte Carlo simulations would stik affordable in days to weeks of CPU time,
depending mainly on time spans to be simulated,beuraf simulations and level of fidelity.

The main aim of this paper is however to preseatrésults obtained by such implementation in
the frame of a number of real application cased,tha usefulness and potential of these results
as opposed to more basic classical mission anabtséges. This is what will be shown in the
next sections, and in particular in the frame of tdpeA/B, Sentinel-3 and MTG
satellites/programmes.

3. Metop-A/B operations

Metop-A is a 4 ton satellite launched in Octobef@@vith a planned lifetime of 7 years and
flying on a repeating sun synchronous orbit witB%day repeat cycle (14+6/29). Its ground
track is to be maintained within 5 km, constraiatided from the calibration needs of ASCAT
instrument (given viewing geometry to be maintaifredn on-ground transponder over Turkey).
This constrain can normally be relaxed in real apens and in liaison with users and experts.
The MLST is also to be maintained within 2 minufiesn 9:30 at descending node and also for
the sake of GOME instrument calibration (sun withigiven field of view over the entire year).
Operations could however be fulfilled with MLST tih 30 minutes from nominal, where sun
would definitely get out of the AOCS sun field aew. This opens the possibility for lifetime
extensions with relaxed MLST control and only somhkegraded performance from some
instruments. Moreover, no fuel was allocated fod Exfi Life Disposal operations, although a
large amount was allocated for AOCS contingencied ean definitely be used for EOL
operations. A more detailed description of EOL Mefocan be seen in [4].

Regarding orbit control and maneuvers, the reateuld refer to papers [5], [6] and [7]. In
particular, out of plane maneuvers are to occuniwieclipse, pre- and post-maneuver slews are
performed on thrusters and cost a non-negligibletarhof fuel, and number of maneuvers is to
be minimized for maximizing service. In turn, theseneuvers are performed around the
autumnal equinox, where eclipse is larger and be#etred around the node, and the total delta-
V to be implemented is segmented in 2, 3 or 4 bumaximizing each burn the eclipse
occupation (at least 80% of eclipse useful timenfi@noeuvring is typically occupied). As tanks
deplete, pressure inside decays, and same dekapired longer durations, which is also to be

considered.
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Figure 3: Metop-A Ground Track deviation [km] from launch (in October 2006). Over
ascending passes at 0° (red), 30° (green), 60° (blue) and maximum (pink) latitudes
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An end-to-end modelling of Metop-A past operatisperformed. For this, an Orekit-provided
high fidelity numerical propagator is used withtpépation forces including Earth gravity field
(36x36), air drag model based on NRLMSISE-00 Eatthospheric model with future solar
activity estimates from MSFC (MSAFE average is Qissettl a 50% three sigma uncertainty on
the ballistic coefficient at the time of in-planeaneuver control check and planning. The
spacecraft (S/C) characterization includes propualsystem modelling. The Ground Track
control is performed with in-plane corrections gnbased on semi-major axis control (orbital
period is adjusted to adapt the times the spadecmadses the reference latitudes). In this case,
only true equator crossings are considered. Tm#rabwas implemented with enough versatility
and simplicity for allowing both automated in-tte@sp control as well as reasonable CPU
performance. For this, the control uses a parabamdicending node mean evolution model,
obtained by simple fitting and performs a maneuwmarimizing staying in the GT dead-band if a
violation is conservatively predicted to occur witla so-called configurable “horizon time” for
in-plane control. The other control used is an ML&htrol, which drives the need of out-of-
plane (or inclination) maneuvers. For this, the ewxawers are scheduled at a fixed day of the year
around the autumnal equinox: the eclipse constiaiptroperly considered, the maneuvers are
segmented in several delta-V each occupying at B8 of the eclipse useful duration (for
optimizing fuel consumption); additionally the mawmers are only implemented if a violation at
the lower dead-band is expected to occur beforenéx¢ maneuver opportunity, and these are
sized as much as possible to achieve the upperlbrati
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The results for a simulation covering from 1 Jag@009 until 1 January 2013 are shown in Fig.
4. The resemblance with out-of-plane real contsotlear, since this is more deterministic and
better predictable than the in-plane control penmce, which is mainly driven by air drag
uncertainty. The in-plane control is obviously dint, but provides comparable results in terms
of delta-V and number of maneuvers (real operataréorm less maneuvers but also allow a
larger number of GT violations).

Figure 5 shows another simulation taking actualddeA state and conditions in September
2012 (as of writing these lines) and projectingrapiens for a hypothetical scenario until EOL.
A last out-of-plane maneuver is performed in 201@wang for other 1.5 years of nominal
operations and thereafter a further 2 year extengibh no inclination control and degraded
performance (MLST constraint violated) could dbti possible and before the S/C is de-orbited
(in 2016). The Ground Track control is kept, althownly at equator crossings.

MMetOp -2 future orbit maintenance operations - simulated

10000 7T T T T T | T T T T T

5000 P

(T deviation ()
(@]

-5000

-10000 1 I
Q =65 F30 1095

Caws from 21 Septermibaer 2012

1450

Inclination (deg)

98.74

98.72

98.7
98.68
98.66
98.64
98.62

98.6
98.58
98.56
98.54
98.52

98.5

MetOp-A future orbit maintenance operations - simulated

0 365 730 1095
days from 21 September 2012

1460

LTDN (h)

10
9.9
9.8
9.7
9.6
9.5

MetOp-A future orbit maintenance operations - simulatedt

[ R S

9.3
9.2
9.1

9

o]

365 730 1095
days from 21 September 2012

1460

Figure5: Simulated Metop-A GT deviation, Inclination (Mean of Date) and L ocal Time at
Descending node evolutions from September 2012 until a potential EOL scenario

Finally, Metop-B has just been successfully launchiem the Baikonur Cosmodrome in
Kazakhstan on a Soyuz rocket on September 17, 24 2ole is to ensure continuity of
observations from polar orbit, service currentlynigeprovided by Metop-A, which has exceeded
its nominal lifetime. The injection in orbit wasgaeted at 70 seconds earlier in local time and 35
milidegree higher in inclination than nominal vauer allowing starting naturally a long MLST
control cycle and saving with it an important amooh fuel. Figure 6 shows, for the same



conditions, modelling and uncertainties as for pmes Metop-A simulations, and using actual
Metop-B state soon after launch, the planned ewmrutf Ground Track, inclination (wrt mean
equator) and local time at descending node crogsingver 7.5 years. The full simulation takes
less than one hour of CPU.
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Figure 6: Simulated Metop-B GT deviation, inclination (Mean of Date) and Local Time at
Descending node evolutions from 18 September 2012.

4. Sentinel-3

The future Sentinel-3 satellite is a Low Earth trlgg mission to support services relating to the
marine and global land environment. Sentinel-3&usrently planned for a launch in 2014. It
also flies a Sun-Synchronous repeating orbit, wépeat cycle 27 days (14+7/27). The mean
local solar time at descending node shall be betvi®e00 and 10:30 and it shall be controlled
within 5 minutes. The actual satellite ground trablll differ from the nominal one by less than
+/-1km maximum. The tight 1 km ground track contrat all latitudes, imposes the need to
control both orbital period via in-plane maneuvarsl inclination via out-of-plane maneuvers
and for avoiding exceeding bounds at the northestr(end southernmost) points in the orbit.
By controlling the ground track tightly, the MLS &t be easily, and implicitly, controlled.



Again, an end-to-end high fidelity modelling is fmemed, on the basis of Orekit-provided
numerical propagator, 36x36 gravity field, MSAFkdeage) atmospheric model... A number of
uncertainties are modelled and in particular a 50%e sigma uncertainty on the air drag
(implemented in same manner as in previous Metopilsitions). No MLST control is used this
time, since this was found not needed. Insteadedamund Track control at equator crossings
is used (for in-plane maneuvers) together with rap inclination control. This inclination
control consists simply in keeping the mean inc¢lora(wrt to mean Earth equator) close enough
to the reference inclination (9 milidegree, indgckilkm deviation at the northernmost point)
with which reference ground track was computed. d¢ipse constrain is kept.

Figure 7 shows the obtained results for groundktideviation as well as in-plane maneuver
delta-V per cycle (30 days is used) and the reguttumulated in-plane delta-V.
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Figure 7: Sentinel-3A In-plane control performance simulation (GT deviation, delta-V per
cycleand cumulated delta-V)

The first thing which is noticed quickly is largeT®oundary violation soon after some out-of-
plane maneuvers. In fact, a simple investigatiamshthat out-of-plane maneuvers occur every
3-4 months and are implemented as pure inclinahaneuvers with no in-plane component. A
change in inclination has however non-negligibleat on node rotation with an impact on the
ground track evolution. In the unlucky situation which an out-of-plane maneuver occurs



nearby the eastern boundary of the ground tracklovir this produces a quick violation of this
boundary and until next in-plane maneuver oppotyuairives. This was not so clearly visible in
the Metop simulated cases due to the larger grdwemk window for control. In this case
however, it clearly shows that inclination manegvshall either be performed close to the
western boundary of the ground control window angérformed with an in-plane component
that compensates the effect on node rotation.

Figure 8 shows the same case but with no air dnagrtainty (perfect predictability) and perfect
out-of-plane control. It shows the decreasing @anpl delta-V per cycle as consequence of the
decreasing solar activity, which was no so visiblgrevious simulation. The total cumulated
delta-V results in 0.68 m/s. From Fig. 7, totaltaldl when accounting for all effects was 0.83
m/s, showing a penalty of 0.15 m/s over 6 years.
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Figure 8: Sentinel-3A I n-plane control performance simulation with no uncertainties and
perfect out-of-plane control (GT deviation, delta-V per cycle and cumulated delta-V)

Actual operations may perform better, with betteitesl controls and fine-tuned operational
algorithms. The current results give at least sidfitly realistic cases showing the range of
performances that can be expected.



5.MTG

The MTG in-orbit configuration will consist of twdifferent platforms, the MTG-I (imager) and
the MTG-S (sounder), co-located within a +0.1° litude box. Unlike the previous first and
second generation of Meteosat satellites, MTG béllbased on a three-axes stabilised platform.
Figure 9 shows an ideal configuration of these satellites at around 0° longitude, using the
longitude separation scheme for co-location. Oree Yegh fidelity propagation is shown, with
no uncertainties and perfect controls, including-parigee pointing longitude control. As it can
be seen, natural eccentricity circles for both Ise are not the same but similar, due to
different masses. This ideal station keeping has brodelled on the basis of a 3-week fixed
length station keeping cycles, with station keepmgneuvers occurring at cycle start. The
obtained longitude drift control has 4 cm/s maneyper cycle, which is in line with the known
drift at that longitude position (0.66 m/s per yesge ref [8]).
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Figure 9: Ideal co-located MTG-I and MTG-Swith longitude separation scheme: longitude
and eccentricity control

Maintaining this same ideal scheme, more realstwlations are performed assuming:
- inclination maneuvers within first day of cycle ltmled by longitude drift maneuver on
next day for allowing orbit determination and crassipling correction in between
- cycles are synchronised between both satellismianeuvers on same days
- single east-west maneuvers if eccentricity is keihin 4 10%, otherwise a double burn
is planned for reaching a natural eccentricityleiaf approximately 2.5 19
- inclination is arbitrarily maintained at about +Dand -0.1° respectively for MTG-I and
MTG-S satellites, with 2 to 4 m/s inclination maxers almost every cycle
- inclination maneuvers produce a deterministic 0&%is total delta-V along track and
0.2% in the radial directions, with additional 5% ) uncertainties (predictability) on
these cross-coupling components
- maneuver uncertainties are 2% for inclination a¥df8r east-west maneuvers«p
- 2% of the maneuvers are “missed”, implying a rex@ad execution for a day later
- negligible orbit determination uncertainties as Ivad propagation uncertainties (solar
radiation pressure model)
Figure 10 shows these more realistic results fogitonde and eccentricity control during 3 years.
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Figure 10: Simulated co-located MTG-I and M TG-S longitude and eccentricity control

The maneuver results are shown in Tab. 2. About B0%e cycles require double burns for

eccentricity control and there is less than 1 nefsafty over the 3 years in longitude control with
respect to the ideal case.

Table2: Maneuver resultsfor MTG-11/MTG-S1 3-year longitude separation simulation

Nbr AV total AV mean/cycle | Re-planned
MTG-I1 Longitude 63 2.713 m/s 0.051 m/s 2
Inclination 46 147.238 m/s 2.778 m/s 0
MTG-S1 Longitude 62 2.813 m/s 0.053 m/s 0
Inclination 46 146.919 m/s 2.772 m/s 2

Figure 11 shows the achieved angular separationeleet the two satellites, as seen from an
antenna located in Usingen (Germany), and the-gatgllite distance. The angular separation is
a key parameter for maintaining the antenna shawperational concept and is shown to be
maintaining in this case below 0.3 degree. Tha-s#étellite distance is kept above 40 km.
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inter-satellite distance. Longitude separation scheme.
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For comparison, a different simulation is performesing an eccentricity/inclination (e/i)
separation scheme. In this case, both satellitesalkowed to use the full 0.2 degree longitude
window and the satellite separation is guaranteethé radial and north-south directions, by
appropriately selecting and maintaining the indloxaand eccentricity vectors. In this case, the
station keeping cycle length is set to 4 week, \thih potential saving in maneuver numbers. All
other configuration is kept, with the exception tbe “missed maneuvers” which are now
increased to 5%.

Figure 12 shows the evolution of the eccentricitg anclination equinoctial vectors, during the 3
years’ simulation. Figure 13 shows the longitudeletion for each satellite. The impact of the
higher eccentricity is visible in the larger longie libration at specific seasons for each sagellit
The maneuver results are shown in Tab. 3. In thsecno double burns seem required and
overall maneuver numbers as well as delta-V aredlem&he smaller delta-V in inclination
control hints to a slight suboptimal control in thest simulation case (maneuver could have
been better optimized to move inclination vectdon@ their mean drift line). The delta-V per
cycle numbers cannot be directly compared sinckedgagths are different, 3 weeks for the first
case (longitude separation), 4 weeks for the secasd (e/i separation).

Eccentriclty Vector Control - MTG-11 Eccentricity Vector Control - MTG-51
0.001 0.001 T
0.00075 . 0.00075 |- i 8
0.0005 R — 0.0005 Foeees il
0.00025 - weef 0.00025 - -
& 0 4 & 0| 4
-0.00025 - - -0.00025 - =
-0.0005 - -0.0005 - -
-0.00075 | # & -0.00075 =
-0.001 L - ! -0.001 -
i -0.0005 -0.00025 0 0.00025 0.0005 -0.0005 -0.00025 0 0.00025 0.0005
Ex Ex
Inclination Vector Control - MTG-11 Inclination Vector Control - MTG-51
T T T T I T T T
0.0015 e /," "':--—.-:\,, LR 0.0015 f _
e ™ N N
0.001 b+ .4./, - b i i \\.‘ e 0.001 H // : \ 1
0.0005 b Lo N 0.0005 [ |
T 0 . £ 0| ]
-0.0005 l"‘-‘. i 20,0005 b ]
Neord 0001 b N : pam
_0.001 b \\ J : \\: : //
0.0015 b o A | 0.0015 ot e ]
' i i i i i i i
Il 1 Il 1 1 Il 1
-0.00150.001-0.0005 0 0.00050.0010.0015 -0.00150.0010.0005 0O 0.00050.0010.0015
Hx Hix

Figure 12: Simulated MTG-11 and M TG-SL1 eccentricity and inclination control.
Equinoctial elements used:
&= esin(nt+Q), e = e cos(w+Q), Hy = tan(i/2) sinQ, Hy = tan(i/2) cos
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Figure 13: Smulated MTG-11 and MTG-S1 longitude, using co-location scheme based on

eli vectors separation

Table 3: Maneuver simulation resultsfor MTG-I1/MTG-S1, 3-year, €/i separation

Nbr AV total AV mean/cycle | Replanned
MTG-I1 Longitude 38 2.296 m/s 0.057 m/s 3
Inclination 42 139.308 m/s 3.483 m/s 2
MTG-S1 Longitude 37 2.434 m/s 0.061 m/s 3
Inclination 41 134.755 m/s 3.369 m/s 2

Figure 14 shows the achieved angular separatiosea@s from Usingen (Germany), and inter-
satellite distance, for this last case. Angularasafon is consistently kept below 0.4 degree,
although sometimes close to zero (potential opimt@rference risk). Inter-satellite distance is
normally kept above 20 km (one cycle getting beldnkm).
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Figure 14: MTG-11 and MTG-S1 angular separ ation as seen from Usingen, Ger many and
inter-satellite distance. /i separation scheme.

Even though controls used here seem to perfornirsit dight in an effective and somehow
efficient manner, a closer look shows quickly somem for improvement. Effectively, given
the nature of GEO station keeping in which inclioatmaneuver times depend on the time of the
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year, when taking into account deterministic maeewross-couplings, their effects could be in
principle anticipated. The simple controls impleteehin the cases above, however, optimize
single cycles not taking into account any predidi@bout the coming future and how this can
impact for instance the control in eccentricitynfre sensible approach would be to introduce
the concept of “rolling cycles” in the maneuverioptation, by which several (2 or 3) cycles are
planned and optimized at each cycle (only firshgectually implemented). This will be further
explored in future works.

6. Conclusions

The approach used at EUMETSAT for modelling en@d- high fidelity orbit maintenance
operations has been shown. The concept is basedrmntly available technologies in the area
of Space Flight Dynamics (Orekit and Apache Commidiagh) and allows for accounting for
the variability of the space environment, orbit edgtination uncertainties, maneuver
predictabilities, time constraints and maneuveripsel constraints and many more. The
implementation approach has been demonstratednumber of real application cases and in
particular for LEO Sun-Synchronous and GEO curesrtt future missions: Metop-A, Metop-B,
Sentinel-3 and MTG system.
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