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This presentation

e EUMETSAT brief overview

e Orekit use at EUMETSAT

e Radio Occultations

o Station Keeping Analysis
 Metop End-Of-Life Disposal

e Space Situational Awareness
 Integration with Matlab

o Orbit analysis (mean elements)
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EUMETSAT - An intergovernmental organisation with

30 Member States and one Cooperating State

Member States Cooperating State

-
|

BELGIUM BULGARIA

SERBIA

(1
T

-
L

CZECH REPUBLIC DENMARK

n
Y
>
Z
0O
m

GERMANY

ITALY

0O
m
-
>
Z
O
X
m
-
>
Z
O

LITHUANIA LUXEMBOURG THE NETHERLANDS

+H

z I n 0

f o NN ¢ S = = N
Py 3 5 - @] 4
E < > > > 4
> > T Z =
< z ] >

1

SLOVAK

POLAND PORTUGAL REPUBLIC

|
]
TR
+

SLOVENIA SPAIN SWEDEN SWITZERLAND
C» N LZ
Z1IS
TURKEY UNITED KINGDOM

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



EUMETSAT. An overview

EUMETSAT

EUropean organization for the exploitation of METeorological SATellites

d Monitoring Weather and Climate from Space

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

Meteosat series

o0 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.) JASON-2 & -3 (63° incl.)

LOW EARTH, SUN-SYNCHRONOUS ORBIT

SENTINEL-3 (98.65° incl.)
LOW EARTH, SUN-SYNCHRONOUS ORBIT
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'METEOSAT-8 (41.5° E)

METEOSAT-9, -10, -11
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Orekit-based applications at EUMETSAT

e Orekit-based applications at EUMETSAT

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



Radio Occultations

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

o 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) —=

source

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

atmosphere
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Radio Occultations (JOccultations)

« JOccultations: tool for predicting radio-occultation events between multiple LEO
satellites (primary objects) and multiple GNSS satellites (secondary objects),

* 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)
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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)

e 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

° A”OWS add|t|0na”y to Sug.ﬂelc_:p-ﬂ Distance Difference OccPre-OccGRAS, Fct Start: 2016-11-29
schedule observations to | Impact of GPS Manoeuvres
coincide with Metop nadir ~ _ = m
sounder (e.g. IRand MW ¢ | _' Impact of LEO Manoeuvre
instruments) overpass S 100 5

200 —Crer Tooy
Ceccultation 1D, sorted by PRN and within PRN by time
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Station Keeping Analysis Tool (SKAT)

o 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 A--‘:ﬁ?:‘—--l N = _bflt]
control, simulated l I
uncertainties, automated R real
control rules ‘in-the-loop’ ( o =
(several ‘controls’, 1
constraints between l —_— |
them, including also 1
possible ‘nestings’) cstimated| l — ]
* Paper at ICATT 2012 s—— bt
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Station Keeping Analysis Tool (SKAT)

o Different ‘Controls’ implemented T
« GEO controls: % .
* Inclination (GEO control on inclination vector) °°°°° \ J

» Longitude (GEO control; parabolic longitude) kb
« Eccentricity (eccentricity circle; single or double burn type)
 Inclination and longitude (own GEO ‘combined’ control)

e LEO controls:
« Mean Local Solar Time L
T

 |n Plane Ground Track Grid e e w

« Out-Of-Plane Ground Track Grid 5@@

00000

aaaaa

All controls: time horizon, manoeuvre types, boundarles 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.

MTG - GEO Longitude Control

0.1 ’ ’ ' it
—IP
— OOP north thrusters
OOP south thrusters
0.05 K
E 0
= a5
= TR
-0.05
041 =
| | | | | | | | | |
BO 100 120 140 160 180 200 220 240 260
dates [days
[ Y ] x10* MTG - GEO Eccentricity control .
. . /'/ o IP
O OOP north thrust
e 10 year simulation o A
15 /’ N\
2 4
1 //
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Station Keeping Analysis Tool (SKAT). Jason-CS

simulation example

e 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
o |t 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:
e 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]

circularize down,

target perigee,

lower perigee while possible (min altitude respected) and fuel margin available,
lower apogee while margin available,

last possible burns in ‘extended’ visibility (over north pole),

passivate quickly

Developed in Matlab (calling Orekit), then moved to Python (getting rid of
Matlab)

OUAWhE
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Metop EOL Disposal. Metop-A rehearsed disposal

e Paper at 25" ISSFD Munich (2015)
e 2-day manoeuvre seguences, each with 3 x 30 min (max) manoeuvres,
at ~9, 21, then 9 UTC, with O.D. and planning of next sequence

i -4814,892433km

T: -2767.712535km

Z: -4484.002770km

WK 3.246651km/ 3

Wy 3.478082km/ 3

Vz: -5.710987km/ 3

Mean equatorial perigee: 209.09km

Mean egquatorial apogee: 825.84km

Mean argument of perigee: 85.6853deg
CD: 2.20
CR: 2.17
Initial target AcP: 290.00deg
Io Burn start time Burn end time Time[s] F[H] r Isp([s] OVr(m/s] DWVa[m/s] CDWVc[m/s] DOV[m/s] M[kg] m[kg] D[m[kg] Fl[bar] DF[bar] Perigee[km] Apcgee[km] w[deg] FPhase
1-B1 2014/12/10-09:19:00.753 2014/12/10-09:49:00.753 1800.00 21.35 1.056 216.6 -0.348 -9.549 -2.210 9.807 3915.09 145.42 18.12 8.372 0.528 790.04 808.28 312.72 targeting perigee
2-B1 2014/12/10-21:05:47.301 2014/12/10-21:35:47.301 1800.00 20.29 1.0681 216.4 -0.32 -9.113 -2.118 9.361 3897.8 128.20 17.23 7.925 0.447 758.07 805.17 297.91 targeting perigee
3-B1 2014/12/11-08:53:438.444 2014/12/11-09:23:48.444 1800.00 159.38 1.085 218.3 -0.314 -8.739 -2.038 8.979 3881.40 111.73 1lé.4s8 7.541 0.385 727.21 802.61 299.26 lowering perigee
4-B1 2014/12/12-09:56:52.962 2014/12/12-10:26:52.962 1800.00 18.59 1.06% 216.1 -0.302 -B.414 -1.870 8.647 3865.40 95.94 15.80 7.205 0.335 697.51 799.98 287.27 lowering perigee
5-B1 2014/12/12-21:35:49.028 2014/12/12-22:05:49.028 1800.00 17.8% 1.073 21&.0 -0.291 -8.128 -1.390% 8.354 3850.39 80.73 15.21 §.909 0.296 669.33 787.60 2896.30 lowering perigee
4-Bl 2014/12/13-09:12:22.508 2014/12/13-09:42:22.508 1800.00 17.27 1.076¢ 215.% -0.281 -7.874 -1.855 8.095 3835.71 46.04 14.43 4,644 0.264 641.77 785.79 285.40 lowering perigee
7-B1 2014/12/14-10:01:02.192 2014/12/14-10:31:02.192 1800.00 1&.71 1.079 215.9 -0.273 -7.647 -1.806 7.862 3821.49 51.83 14.21 £.409 0.237 615.11 793.59 292.44 lowering perigee
8-Bl1 2014/12/14-21:33:28.649 2014/12/14-22:03:28.649 1800.00 1&.21 1.082 215.8 -0.265 -7.441 -1.762 7.651 3807.71 38.04 13.79 6.195 0.214 589.62 791.43 290.98 lowering perigee
9-B1 2014/12/15-09:03:36.842 2014/12/15-09:33:36.842 1800.00 15.75 1.085 215.7 -0.258 -7.255 -1.722 T.460 3794.31 24.84 13.40 §.001 0.195 565.12 789.78 289.94 lowering perigee
10-B1 2014/12/16-09:51:17.814 2014/12/16-09:57:08.760 350.95 15.48 1.087 215.7 -0.04% -1.392 -0.331 1.431 3791.74 22.08 2.57 5.965 0.036 560.19 789.29 286.57 lowering perigee
11-Bl1 2014/12/17-05:17:00.000 2014/12/17-05:23:00.000 360.00 15.40 1.088 215.7 -0.050 -1.421 -0.338 1l.462 3789.12 19.445 2.42 5.929 0.036 555.53 787.48 282.95 possikle final thrusts
12-Bl1 2014/12/17-06:54:00.000 2014/12/17-07:00:00.000 360.00 15.31 1.08&%8 215.7 -0.050 -1.4135 -0.336 1.455 3786.52 16.85 2.4a0 5.893 0.036 551.02 785.69 281.88 possible final thrusts
13-Bl1 2014/12/17-08:34:00.000 2014/12/17-08:40:00.000 360.00 15.2 1.08% 215.4 -0.050 -1.408 -0.335 1.448 3783.93 14.26 2.59 5.858 0.035 546.48 783.8 280.87 possible final thrusts
14-B1 2014/12/17-10:20:00.000 2014/12/17-10:26:00.000 360.00 15.16 1.089 215.4 -0.050 -1.402 -0.334 1.442 3781.35 11.68 2.58 5.824 0.034 541.61 782.95 280.17 possible final thrusts
15-B1 2014/12/17-18:26:00.000 2014/12/17-18:32:00.000 360.00 15.08 1.090 215.4 -0.049 -1.39¢ -0.332 1.436 3778.78 9.12 2.57 5.790 0.034 536.98 781.2 2758.42 possible final thrusts
le-B1 2014/12/17-20:04:00.000 2014/12/17-20:09:60.000 360.00 15.00 1.090 215.& -0.049 -1.390 -0.331 1.429 3776.23 6.57 2.55 5.757 0.033 532.4¢6 779.66 277.61 possible final thrusts
17-B1 2014/12/17-21:43:00.000 2014/12/17-21:49:00.000 360.00 14.93 1.090 215.4 -0.049 -1.384 -0.330 1.423 3773.69 4.03 2.54 3.724 0.033 527.70 778.29 276.84 posaible final thrusts
18-B1 2014/12/18-05:49:00.000 2014/12/18-05:54:60.000 360.00 14.86 1.091 215.4 -0.04% -1.378 -0.328 1.417 3771.14 1.50 2.53 5.692 0.032 523.17 776.56 275.21 posaible final thrusts
13-B1 2014/12/18-07:26:60.000 2014/12/18-07:32:60.000 360.00 14.78 1.091 215.4 -0.04% -1.372 -0.327 1.411 3768.65 -1.02 2.52 5.661 0.032 518.67 774,87 274.31 possikle final thrusts
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Metop EOL Disposal. Metop-A rehearsed disposal
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Metop EOL Disposal. Metop-A rehearsed disposal

Tank Pressure at manoevre end Total thrust level Propellant mass at manoeuvre end
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Metop EOL Disposal. Metop-A rehearsed disposal

o Last PFTs (Possible Final Thrusts) in extended visibility for
allowing passivation actions right after

Station Passes - day 1is MJD2000 5462 (2014-12-15T00:00:00.000)
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Other tools. Space situational awareness

e JFilterTLE orekit

o filters from TLE catalogues

e JCloseAp

e detects close approaches l>{

The minimum approach is defined mathematically as the epoch when: NapeosEphemerisFile TLEsFiles

flri v v) = —1m)-(v2 —v) =0

f =0 /
where: JFilterTLE

1,, U; are the position and velocity vectors of the primary satellite in inertial frame

s, U5 are the position and velocity vectors of the secondary satellite/object in inertial

JCloseAp JCollinearity

StationCoordinates

frame

The collinearity entry and exit events are defined mathematically as the epoch when:

T
¥ — Yo = Qcos —| =0

— —
|T'1| '|1”:

o JCollinearity

) deteCtS CO”IneantleS ¥ = 0 for collinearity exit event
(from Sta'“()ns, for RF ¥ < 0 for collinearity entry event
. where:

Interferences)

* ¥ 15 the angular separation (collinearity angle) between the primary satellite and the

secondary satellite/object as seen from a given ground station
* ¥, 1s the user-defined collinearity angle
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Other tools. Space situational awareness

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

HEADER START

MINTIMIM SMR = 0.0 km
MRS TMITM = 1_0E8 km
MINTHUM = 301000.0 km
. MAHTMIM = 134€000.0 km
« Example of JFilterTLE == et
MR TMITM = 1_0EB km
MINTMUM INCLINATICN = 0.0 deg
MRAHTMIOM INCLINATION = 350.0 deg

[output truncated to fit slide] MINIMUM RAAN = 0.0 deg
MRAETMUM RARN 360.0 deg

TLE CATRELOE fteenas/home/fdfca/FDF_DATR/interface/mes/in/tleCatalog.txt

FILTEER TLE FILE = Hone
LEGEND START
NORAD = NCORAD Id of the ocbkject.
SMER = Semi-Major Axis [km].
Ecc = Eccentricity.
Inc = Inclination [deg].
BRBEN = Right Ascension of Rscending Node [deg].
ZoP = Rrgument of Perigee [deg].
Perigee = Distance from center of the Ezrth to Perigee [km].
Apogee = Distance from center of the Ezrth to Apogee [km] .
Hame = Object name (line 0 from TLE) .

LEGEND END
HERDER END

NORRD SMz Ecc Inc EEEA ZoP Perigee Lpogee Name
[km] [deg] [deg] [deg] [km] [km]
ZZZ3 TE8B8.99423933 0.00535470 101.201 185.384 13.1z24 1238.525058 1382.785528 DELTZ2 1 LEB
2857 T7e0.743831 0.00723%360 10Z.08B7 1&€8.88ZX Z7TB.780 1326.002871 1435.2103%0 ESsSh 4 (TOS5-B)
Zeel T7€8.533647 0.00851830 101.913 &e8_400 37.382 1335.755014 1441 .034280 DELTR 1 R/B
2578 T711l.8341e3 0.00377e30 loz.183 10.702 Z2Z5.43Z 1258.1055914 1408.888412 DELTZ2 1 LEB
3051 TT752.084553 0.0088e580 101.350 225.825 2Zg4.775 1344.833758 1483.082225 DELTZ2 1 LEB
4388 T783.424504 0.00812%70 74.031 3%.1%% 183.130 1342 .010538 1488.584410 COSMOS 341
5Zls TT735.318221 0.00%58750 T4.01l5 28€3.78& 215.8&€3 1342.443807 1451.59185834 COSMOos 417
glss T&55.3288eg 0.00580820 101.241 2Z2.13€ 2ZB7.780 1276.472Zc24 1385.911107 THORRD RGENR D DEB *
6Ze5 TT77T7.977%9¢ 0.00882110 T74.033 125.450 85.832 1332.788285 1486.835722 COSMOS 530
6288 TT7T70.084Z684 0.00374840 T74.037 4%_121 358.070 1316.181570 1487.8T2Z95% COSMOS 533
&313 TT3B.Z224101 0.00248340 T4.015 185.340 245.834 1341.0247a0 13753.145442 COSMOS 533
@320 T731.575€95 0.00242440 T74.0123 112.050 1le3.431 1335.0593237 1372.584101 SL-8 R/B
ge81 TT78E.7E85097 0.00%24480 74.017 1835.8550 Z03_.75%5 1336.844574 1480.81%220 COSMOS 570
6843 T785_.224878 0.00%83050 73.9%98 155.04z2 31.757 1330.555224 1483.620531 COSMOS 532
&985 T78€.771825 0.00553830 T4.0Z8 Z212.788 1ll5.348 1334.382255 1482.590735%0 COSMOS 817
T0zZ4 7730.850348 0.007581s0 1l01.887 51.75%8 &.105 1254.101133 1411.3255&3 DELTZ2 1 LEB
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Other tools. Space situational awareness

« Example of Collinearities

bOLLINEBRITY EVENTS FILE
HEADER START

OBJECT1_ NAME = SENTINEL-3A

EXECUTION START = Z017-11-18T07:35:17_2537 UTC

STRRT TIME = Z017-11-18T00:00:00.000 UTC

END TIME = Z2017-11-23T12:00:00.000 UIC

DURATTION = 475200.0 sec

COLLINERRITY AWELE = 4.000 deg

MINIMUM ELEVATION = 5.000 deg

LEGEND START
Cbjecti = Id of secondary object.
StationId = Ground station Id.
StartCollinearity = Start date [UIC] of the collinearity.
MinCollinearity = Date [UIC] of the minimum collinezrity angle.
EndCollinearity = End date [UIC] of the collinearity.
Duration = Duration [3ec] ocf the collinearity
StartColl = Collinearity angle [deg] at StartCollinearity.
MinColl = Minimum collinearity angle [deg] at MinCollinesrity date.
EndColl = Collinearity angle [deg] at EndCollinearity.
StartElel Elevation angle [deg] f primary object at StartCollinearity date.
MinElel levation angle [deg] primary object at MinCollinearity date.
EndElel Elevation angle [deg] of primary cbject at EndCollinearity date.
StartEleZ Elevation angle [deg] of secondary object at StartCollinearity date.
MinEleZ Elevation angle [deg] of secondary ckject at MinCollinearity date.
EndEleZ = Elewvation angle [deg] of secondary object at EndCollinearity date.
Name = Object name (line 0 from TLE) .

LEGCEND END
HEADER END

CbjectZ StationId StartCollinearity MinCollinearity EndCollinearity Duration StartColl MinColl EndColl StartElel MinElel EndElel StartEleZ MinEleZ EndElez Hame
[UTC] [UTC] [UTC] [zec] [deg] [deg] [deg] [deg] [deg] [deg] [deg] [deg] [deg]
40897 10403EIR1 Z017-11-18T11:04:Z1_8&7 Z017-11-18T11:04:21.867 2017-11-18T11:04:43.3&0 21.433 3.878 3.878 4000 5.000 5.000 &.548 1.185 1.185 Z_555 SENTINEL ZR
40€37 10403EIRL 2017-11-18T12:43:5€.664 2017-11-18T12:44:10.61l¢ 2017-11-18T1z2:45:41.152 104.488 3.1ls8 3.154 4.000 5.000 5.885 1z.152 1.527 2.7€3 g.815 SENTINEL Zh
37847 10403FKIR1 Z017-11-18T12:45:23.240 2017-11-18T12:4%:35.130 2017-11-18T1Z2:45:47_057 23.81¢ 4_000 2.353 4_000 25_€83 25.674 25.533 23_.275 23.323 23.371 GRALILEO-FMZ
40897 10403EIR1 Z017-11-18T14: €.017 Z017-11-18T14: .0Z8 Z017-11-18T14:27:11.734 Z55.71% 4000 Z2.32Z8 4000 5.434 13.780 15.43Z2 Z.885 10.887 17.870 SENTINEL ZR
40637 10403EKIR1 2017-11-18T14:28:52_671 2017-11-18T14: -80% Z2017-11-18T14:32:50.88%9 23B.218 4_000 2.740 4_000 15.021 13.114 5.811 20.087 15.830 8.258 SENTINEL Z&
40637 10403EIR1 Z017-11-18T1le:05:25.413 Z017-11-18Tla: .880 Z017-11-18T16:11:44.665 373.252 4._000 0.1lg0 3.147 2z ._817 1&a.540 5.000 13.137 15.732 5.708 SENTINEL ZA
40837 10403EIRL 2017-11-18T17:47:31.470 2017-11-18T17: .233 Z017-11-18T17:51:14.011 z22z2.541 4.000 2.230 2.5925 26.942 l2.848 5.000 22.951 12.02¢ 3.928 SENTINEL Zh
40637 10403EKIR1 2017-11-18T1%:25%:1€.1&8 2017-11-18T19: .785 Z2017-11-18T19:31:06.785 110.€17 4_000 2.880 2.e80 14_451 5.000 5.000 10.525 2.444 2_.444 SENTINEL Z&
35634 10403EIR1 Z017-11-15T17:Z5:1Z.77% Z017-11-138T17: -075 Z017-11-15T17: :23.075 10.238 4000 Z2.331 Z.3831 5.701 5.000 5.000 8.323% 7.880 T.880 SENTINEL 1A
37847 104023EIRL 2017-11-15T15:03:55.644 2017-11-15T19: .805 Z017-11-15T19:05:11.554 Te.311 4.000 2.4€8 3.537 11.185 T.812 5.000 T.97¢ 7.800 T.832 GALILEO-FMZ
38257 10403KIR1 2017-11-21T18:12:02.383 2017-11-21T15:12:15.571 2017-11-21T18:12:34_&37 31.€54 4_000 2.435 4_000 11.41Z2 10.051 8.7z0 8.085 7.723 T.277 YTROGAN 14
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Integration with Matlab

« Matlab offers many advantages (with the drawback you need a license)
« Rapid prototyping, access to powerful toolboxes and graphics

e 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

* 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)...

Cowerage of the Earth surface
100

Coverage frequency (number of passes) over 1 days with 2 s/c Global Cowerage |

90 5
75 b
60
4514,

Cowerage abowe 56 deg latitude

Latitude (=)
Coverage percentage (%)

457

60 i : .
k g i e et O T ——
-75 ]

-9
-180 -150 -120 80 -0 -30 0 30 B0 80 120 150 180
Longitude {%)
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Integration with Matlab

* Direct Broadcast antenna coverage
for given instrument swath

Latitude (=)
=

14 1 1 1 1

Missed passesfobservations over 29.0000 days (412 orbits) 30 n

=10} — T T o T T 45 ol d}:
7oL * B0k M _
g0 il K
a5 =4t o Man -15|D -12ID -BID -BID -BID DI 3ID EID 9ID 12ID 1:%0 180
a0k ‘ ____"i:_ . \.'_\--' ] 4'_,2 " Longitude (7]
= af ‘-a* : \{ {j& ]
= 0k - . b, ¥ . o B -
= , ; . ™ AL ¥ > Ty
557" - .412 orbits. Misses mt/l}F@.-AOI IZALNIRS
30t | v (I .
A5 . i o .-f-'b: -
EOF T Observations over DBA coverage: 29.0000 days (412 orbits)
e g 392
1 | 1 1 1 1 1 1 1 1 ?5 -
a0 4s0 20 o0 60 a0 0 30 &0 91 120 s 364
Longitude (%) 336
45 308
a0 - 280
T s =, B 252
= . ’ ' 1224
AOI = Area Of Interest E 12 ) : {196
_ R 5F° - 1168
(longitudes -65 to 50 deg, a0 412 oz?gps. Total -- b
latitudes 30 to 80 deg north) el .o : 1L

-BI:I ] ] ] ] }I]
=180 -180 120 50 H0 -30 1l 30 all] 50 120 150 180

Langitude (%)
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Orbit Analysis. Mean elements analysis (1/2)

 Mean elements analysis
o 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)

7190

7185

7180

or axis [km]

i)
: 7175

J

7170

7165
o

5‘0 160 15I i} 2 =
DOY-2017
0 50 100 150 200 250
DOY-2017

o Similarly, inclination mean elements for SSO orbit

 inclination drift driven by Sun, Moon and solid tides
* manoeuvres
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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

©10°3 4 day moving average eccentricity vector
' w1073 deviation from frozen value (0.0,0.001148)

mean eccentricity
osculating eccentricity | |

Zooming in >

mean ey deviation from frozen value
] :

-1 0.8 0.6 0.4 0.2 0 02 0.4 06 08 1 -3 -2.5 -2 -1.5 -1 0.5 0 0.5
ex 2102 mean ex deviation from frozen value «1072
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EUMETSAT and Orekit. Summary

o Orekit is used for a wide variety of applications at EUMETSAT,
e 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

e 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!
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