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This presentation

• EUMETSAT brief overview

• Orekit use at EUMETSAT

• Radio Occultations
• Station Keeping Analysis 
• Metop End-Of-Life Disposal
• Space Situational Awareness
• Integration with Matlab
• Orbit analysis (mean elements)
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EUMETSAT - An intergovernmental organisation with 
30 Member States and one Cooperating State
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EUMETSAT. An overview

EUMETSAT
EUropean organization for the exploitation of METeorological SATellites

� Monitoring Weather and Climate from Space

o Low Earth Orbit (LEO)
Metop-A/B/C, Sentinel-3A/3B
Jason2/3

o Geostationary Orbit (GEO)
Meteosat series

o Future programmes
MTG, EPS-SG, Jason-CS
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EUMETSAT mission planning
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Current EUMETSAT satellites

METOP-A & -B (98.7° incl.)

LOW EARTH, SUN-SYNCHRONOUS ORBIT

EUMETSAT POLAR SYSTEM (EPS)  / 

INITIAL JOINT POLAR SYSTEM

JASON-2 & -3 (63° incl.)

LOW EARTH, NON-SYNCHRONOUS ORBIT

OCEAN SURFACE TOPOGRAPHY MISSION, 

SHARED WITH CNES/NOAA/EU

METEOSAT-8 (41.5° E)

GEOSTATIONARY ORBIT

METEOSAT 2ND

GENERATION PROVIDING 

IODC FROM FEBRUARY 
2017 – MID-2020

METEOSAT-9, -10, -11

GEOSTATIONARY ORBIT

METEOSAT 2ND GENERATION

TWO-SATELLITE SYSTEM

FULL DISC IMAGERY MISSION (15 MINS) (METEOSAT-10 (0°))

RAPID SCAN SERVICE OVER EUROPE (5 MINS) (METEOSAT-9 (9.5° E))

METEOSAT-11 STORED IN ORBIT (UNTIL MID-2018)

SENTINEL-3 (98.65° incl.)

LOW EARTH, SUN-SYNCHRONOUS ORBIT

COPERNICUS SATELLITES DELIVERING 

MARINE AND LAND OBSERVATIONS
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Orekit-based applications at EUMETSAT

• Orekit-based applications at EUMETSAT
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Radio Occultations

• Radio Occultation: remote sensing technique to measure physical 
properties of Earth atmosphere, using the radio signals transmitted 
by navigation satellites (GPS, etc)

• This is a powerful and inexpensive approach for sounding the global 
atmosphere with high precision, accuracy and vertical resolution

[temperature and humidity profile information]
• Very important for NWP (Numerical Weather Prediction) and Climate 
• Rear-view & front-view antennas
• Currently about 2600 occult/daily (Metop, Cosmic)
• NWP results not saturated (the more the better) 

• Impact of future satellites and NAV
constellations on NWP and climate monitoring?



EUM/FLO/VWG/17/959327. Version 1. 21 November 2017 

Radio Occultations (JOccultations)

• JOccultations: tool for predicting radio-occultation events between multiple LEO 
satellites (primary objects) and multiple GNSS satellites (secondary objects), 
e.g. GPS, GALILEO, GLONASS, Beidou

• Tool used for supporting ‘saturation’ study (impact of future constellations on 
NWP and climate) as well as different scenario analyses (different combinations 
of receiving satellites and navigation constellations)

• Numerical weather prediction improvements still with 128000 profiles and 
beyond; with 16000 profiles, 50% of impact with 128000 profiles

• Impact of Jason-CS, also Metop-SG, FY…along with new constellations
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Radio Occultations (JOccultations)

• Same tool also used operationally today for providing predictions
• Based on accurate GNSS and LEO orbits, one can determine where 

occultations are expected (with some uncertainty)
• Product delivered daily, covering 14 day
• Allows to schedule observations (e.g. radio sonde, Lidar, etc) to 

coincide with potential RO observation
• Allows additionally to 

schedule observations to
coincide with Metop nadir
sounder (e.g. IR and MW
instruments) overpass
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Station Keeping Analysis Tool (SKAT)

• Station Keeping Analysis Tool (SKAT).

• Realistically evaluating orbit maintenance strategies for LEO and 
GEO missions via simulations over long time spans.

• End-to-end, full chain of
orbit maintenance and 
control, simulated 
uncertainties, automated
control rules ‘in-the-loop’
(several ‘controls’, 
constraints between
them, including also
possible ‘nestings’)

• Paper at ICATT 2012



EUM/FLO/VWG/17/959327. Version 1. 21 November 2017 

Station Keeping Analysis Tool (SKAT)

• Different ‘Controls’ implemented

• GEO controls:
• Inclination (GEO control on inclination vector)
• Longitude (GEO control; parabolic longitude)
• Eccentricity (eccentricity circle; single or double burn type)
• Inclination and longitude (own GEO ‘combined’ control)

• LEO controls:
• Mean Local Solar Time
• In Plane Ground Track Grid
• Out-Of-Plane Ground Track Grid

All controls: time horizon, manoeuvre types, boundaries and margins for each 
control, time offset for first manoeuvre (wrt start of cycle), max number of 
manoeuvres, manoeuvre orbits separation…
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Station Keeping Analysis Tool (SKAT). MTG 
simulation example
• MTG example with inclination manoeuvres every 6 months (with ‘north’ and 

‘south’ thrusters to compensate eccentricity), longitude cycles every 4 weeks.

• 10 year simulation
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Station Keeping Analysis Tool (SKAT). Sentinel-3A 
simulation example
• Sentinel-3A example with Ground Track IP and OOP controls (GT to be < 1km 

at all latitudes; MLST indirectly controlled). 10 yrs simulation
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Station Keeping Analysis Tool (SKAT). Jason-CS 
simulation example
• Jason-CS example, on stable inclination plane (66 deg) with only Ground Track 

IP control (GT to be < 1km at all latitudes). 10 yrs simulation
• It flies higher than SSOs, at ~1334 km => very ‘weak’ atmosphere
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Metop End-Of-Life Disposal. 

• Metop-A to be disposed, complying with ECSS and ISO standards: 
• 25 year decay orbit to be reached via de-orbiting manoeuvres, followed by s/c 

passivation

• Orekit implementation for planning manoeuvre sequence(s)

• Monitoring fuel on-board and fulfilling constraints: 
• last burns in combined GS visibility (implying perigee targeting), 
• minimum geodetic altitude to be respected (AOCS constraints),
• freeing operational orbit (additional safety rules)…

• Manoeuvre sequence in different potential phases:
[depending on maximum manoeuvre duration and minimum altitude constraint]

1. circularize down, 
2. target perigee, 
3. lower perigee while possible (min altitude respected) and fuel margin available,
4. lower apogee while margin available,
5. last possible burns in ‘extended’ visibility (over north pole),
6. passivate quickly

• Developed in Matlab (calling Orekit), then moved to Python (getting rid of 
Matlab)
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Metop EOL Disposal. Metop-A rehearsed disposal

• Paper at 25th ISSFD Munich (2015)
• 2-day manoeuvre sequences, each with 3 x 30 min (max) manoeuvres, 

at ~9, 21, then 9 UTC, with O.D. and planning of next sequence 
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Metop EOL Disposal. Metop-A rehearsed disposal
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Metop EOL Disposal. Metop-A rehearsed disposal
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Metop EOL Disposal. Metop-A rehearsed disposal

• Last PFTs (Possible Final Thrusts) in extended visibility for 
allowing passivation actions right after
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Other tools. Space situational awareness

• JFilterTLE
• filters from TLE catalogues

• JCloseAp
• detects close approaches

• JCollinearity
• detects collinearities
(from stations; for RF
interferences)

orekit

JCloseAp JCollinearity

NapeosEphemerisFile TLEsFiles

StationCoordinatesJFilterTLE
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Other tools. Space situational awareness

• Possibility to filter catalogue for only ‘Operational Objects’ (normally from 
UCS Satellite Database) or specific list of Norad IDs (i.e. potential 
interference satellites)

• Example of JFilterTLE
[output truncated to fit slide]
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Other tools. Space situational awareness

• Example of Collinearities



EUM/FLO/VWG/17/959327. Version 1. 21 November 2017 

Integration with Matlab

• Matlab offers many advantages (with the drawback you need a license)

• Rapid prototyping, access to powerful toolboxes and graphics

• Jason-2 and Jason-3 ‘interleave’ orbits (one-day tracks) 
on a ‘topographic color and shaded relief from GLOBE Elevations with bathymetry from Smith and Sandwell, at 4 arcmin grid’ (from NOAA Gallery of High Resolution Images)
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Integration with Matlab

• Revisiting and coverage (with equispaced Earth grid)

• Example for 2 equal push-broom instruments (OZA<53 deg) on-board different s/c phased 180 deg in orbit, 
observations over daylight only (SZA<90 deg)…
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Integration with Matlab

• Direct Broadcast antenna coverage
for given instrument swath

AOI = Area Of Interest
(longitudes -65 to 50 deg,
latitudes 30 to 80 deg north)

Push-broom instrument. 1 orbit only

412 orbits. Misses within AOI

412 orbits. Total Observations
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Orbit Analysis. Mean elements analysis (1/2)

• Mean elements analysis 
• supported by Orekit/DSST 
• or by simply integral average over integer number of orbits

• Semi-major axis mean elements show ‘manoeuvres’ out of the much 
larger orbital variations  (Sentinel-3 example, 1000 times more)

• Similarly, inclination mean elements for SSO orbit
• inclination drift driven by Sun, Moon and solid tides
• manoeuvres

Zooming in
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Orbit Analysis. Mean elements analysis (2/2)

• Mean eccentricity vector evolution
• Full earth ‘cycle’ (or subcycle) to be averaged to obtained mean eccentricity 
• 100 times smaller variation that osculating orbital values
• 4-month rotation around theoretical frozen eccentricity value (with additional 

up/down seasonal movement due to solar radiation pressure)
• Manoeuvres planned looking at ‘mean evolution’ to guarantee frozen conditions
• Impact of manoeuvres visible

Zooming in
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EUMETSAT and Orekit. Summary

• Orekit is used for a wide variety of applications at EUMETSAT, 
• stand-alone apps
• also integrated with Python and/or Matlab
[main operational Flight Dynamics or related Data Processing 
chains rely however on other, older, s/w packages] 

=> future evolutions may well consider Orekit

• Our experience: It allows rapid development of powerful and 
reliable applications, as well as quick analyses (also for the non-
Java expert when for example integrated into Matlab)

• For cases where some accuracy or integrity necessary, results 
normally need cross-validation with other independent s/w (as 
usual)
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Orekit and EUMETSAT

…and that’s all. Thank you!


