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1.1

New xo_orbit_to_time, xo_time_to_orbit and
Ifree_osf _records functions.

X0 _cart_extra removal

23/05/02

1.2 Draft

Cosmetic changes
Updated error handling

19/07/02

2.0

Maintenance release.

29/11/02

21

Maintenance release.

13/05/03

2.2

New options for xo_propag_init_file and
linterpol_init_file functions.
Maintenance release.

30/09/03

222

Option to use a simplified algorithm to initialise using
| propag_init_def

IAbsolute orbit and time since ANX calculated within
|propag_extra and xo_interpol_extra functions.

Nodal period calculated by
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Use of enumerations to size extra results arrays

26/04/04
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pagation and interpolation.

New interfaces
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24/11/06

3.7

Maintenance release
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Library version for MAC OS X on Intel (32
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13/07/06

3.7.2
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Maintenance release
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Maintenance release
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ew initialization function for the OrbitID:
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Maintenance release
New features:
4.5 | New function xo_orbit_data_filter
+ Acceleration vector is computed for TLE and
heric propagators
Maintenance release
New features:
46 + SDP4 TLE propagator
' + Executable to generate TLE files
+ Fitting method to compute TLE in xo_osv_to_tle
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e Maintenance release.
e New features:
o Spacecraft Midnight computed by
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o Support for SENTINEL-5P, Metop-SG, and
Jason-CS satellites.
4.8 e Maintenance release. 29/10/2014
e Maintenance release.
4.9 e New features: 23/04/2015
o Support for Orbit Ephemeris Message files
410 |e Maintenance release 29/10/2015
4.11 e Maintenance release 15/04/2016
e Maintenance release
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413 ¢ Maintenance release 05/04/2017
4.14 ¢ Maintenance release 16/11/2017
4.15 ¢ Maintenance release 20/04/2018
¢ Maintenance release
¢ New features:
4.16 09/11/2018
e TLE support for Sentinel-5P, Sentinel-3B,
Aeolus
417 ¢ Maintenance release 10/05/2019
4.18 ¢ Maintenance release 08/11/2019
4.19 ¢ Maintenance release 29/05/2020
¢ Maintenance release
¢ New features:
e Added support for LEO satellites with SP3
4.20 files 30/11/2020
e Added support for new missions: Sentinel
6, CIMR, ROSEL, CHIME, CRISTAL,
CO2M, LSTM, FORUM
4.21 ¢ Maintenance release 23/06/2021
4.22 ¢ Maintenance release 22/12/2021
¢ Maintenance release
423 |« New feature: - Added support for new mission: | 23/06/2022
TRUTHS
4.24 ¢ Maintenance release 23/06/2022
¢ Maintenance release
4.25 New features: 01/05/2023
- Orbit initialization with new Orbit Scenario
files with ANX longitude drift parameters
¢ Maintenance release
4.26 New features: 31/10/2023
- API support for longitude drift

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



Code: EO-MA-DMS-GS-0004

,,‘,/,:}‘-/"”’:iﬂj ”:’”;"TT B k
= - \\k“ - e S a Date: 31/10/2023
deimos \
Page: 7
TABLE OF CONTENTS
DOCUMENT INFORMATION ...ttt ettt st e st e e e nab e e e nnneeennes 2
DOCUMENT STATUS LOG...... oottt ettt e ae et e e sse e et e e sse e e sseeabeenteeanneens 3
TABLE OF CONTENTS ...ttt ettt ettt e st e e e e st e e e e ne e e e neeeenneesnnneas 7
LIST OF TABLES ... ..ottt e sttt sh bt e e abb e e e e bb e e sabe e e sabeeesnbeeesnbeeean 22
LIST OF FIGURES. . ....... ..ottt e b et et ne e nn et s 26
TR 1 00 | = PSS PP ST PPPPUPRPRUPI 27
2 ACRONYMS, NOMENCLATURE AND TERMINOLOGY .......ccooiiiiiiiiieiee e 28
P2 B XV (1) 1) 11 PP PP PPPPPPPPPPPPN 28
2.2 NOMENCIATUTE .......coiiiiiiiiiiii ittt b bbb bbbbnes 28
2.3 Note on TermiNOIOZY ..........oooiiiiiiiiiiiii e 29
3 APPLICABLE AND REFERENCE DOCUMENTS ..ot e 30
3.1 Applicable DOCUIMEIIES .............oooiiiiiiiiiiiiiiii ittt bbb e bbb bbb b be bbb aenbeeennennes 30
3.2 Reference DOCUIMENES ............c.ooviiiiiiiiiiiiiii e e e e e e s e s 30
4 INTRODUCGTION ...ttt et e e et e e ss b e e e abe e e e bbeeebeeesnbeeesnbeeennnes 31
4.1 FUunCtions O VeI VIEW .......cooiiiiiiiiiiiiiiiiiii ettt bbbt e bbb bbbbbbbbebneenes 31
4.1.1 OrDit INTHATISATION ..eiiiieiiiiiiiiii ittt e e e e e e s ettt et e e e e e e s nbb e e e ae e e e e e e nnneaeeeeeeas 31
4.1.2 State Vector Computation (Propagation/Interpolation)...........ccccvvevvieeiiiiniiiiiiiiiieee e 33
4.1.3 Ancillary Results COMPULIATION ......iiiiiiiiiiiiiiiiiiee et e e e e e e e e e eennees 34
4.1.4 Time/Orbit TranSfOTMAION .....ueeiiieeiii ittt e et e e e s abbb e eeeeas 34
4.1.5 Orbit Information Parameters ..........c.uuviiiiiiiiiriiiii e 34
4.1.6 LT € 153 T3 110 W TP UPT TR 34
4.1.7 CleaAN-UP MEIMIOTY .eiiiiiiiiiiiiitit e ettt e ettt e e e e e s s ettt e e e e e e s et bbb et e e e e e e e s e nnnbbeeeeeeas 34
4.1.8 (O] 1 T<Te Q0 o] L 1< ROTR S 35
4.2  State Vector Computation Calling Sequence (Propagation/ Interpolation)................................ 35

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



e Code: EO-MA-DMS-GS-0004

- . M— " Date: 31/10/2023
el mOS &X\E esa Issue: 4.26

Page: 8
4.3 Time/Orbit Transfor mation and Orbit Infor mation Parameters Calling Sequence .................. 35
4.4  File Generation Calling SeqUENCE ................oooviiiiiiiiiiiiiiiii e 36
5 LIBRARY INSTALLATION ...ttt ettt r e e nne e 38
6  LIBRARY USAGE ...ttt e s e e e e be e e s be e e sne e e nanee s 39
6.1  USAGE MINES ........ooeiiiiiiii e e e s e e e e 41
6.2  General enuUMETrAtiONS ...........cooiiiiiiiiiii 41
6.3 DAata STIUCTUIES .....oooiiiiiiiiiiiiiiiii et 45
7 CFIFUNCTIONS DESCRIPTION ... ..ot 52
7.1 xo_orbit_init def.............cccooiiiii 53
7.1.1 OVETVIEW. ...ttt ittt e e e bt e e o bbb et e s e bbb e e e e s bbb e e s st e e e e e s 53
7.1.2 CalliNg INTETTACE ... eeeiiiiiii et e e 53
7.1.3 INPUL PATAMETETS . ...iiiiiiiiiiiiiii ittt 54
7.1.4 OULPUL PATAIMIETETS ...evvitiiieiiieie ittt ettt ettt e e e e e e e nennne 55
7.1.5 WaAININES ANA CTTOTS. ...eiiieieiiiitiiee ittt e e e e e e st b e et e e e e e s s bbb e et e eeeessanneenes 56
7.2 xo_orbit_imit_def 2. 58
7.2.1 L0 A S A Ta Ty PPN 58
7.2.2 CalliNG TNEETTACE ... viiiieei ittt e e e e sttt e e e e e e s bt bbbttt e e e e e e s e bbb breeeeeas 58
7.2.3 INPUL PATAMETETS . ...eeiiiiiiiiiii ittt ebnee 58
7.2.4 OULPUL PATAINICLETS +.vvveeei s iieteteeee e e e s e skt e e e e e s s st r et e e e e s s s s e e e e e e e s s s e nnnnrn e et e e e e e s s annnnreeeeeeas 59
7.2.5 Warnings and ITOTS........iiuuiiiiiiiiiiie ittt 59
7.3 xo_orbit_init_def 3. 60
7.3.1 OV ETVIEW. ..ttt ettt ettt et e e et e okttt e o Rttt e e st e e ek et e e et e e e s e e e et e e e as 60
7.3.2 CalliNG TNEETTACE ...evviieeei ittt e e e e e e e e e s s et e e e e e e s a e eeeeas 60
7.3.3 INPUL PATAMELEIS. ..eviiiiiiiiiiiiiiiii it 60
7.3.4 OULPUL PATAIMEBLETS ..evvveeiiiieiirrree it ettt e e st s et r et e s s st et e e e e e e e s s e eeeeas 61
7.3.5 WaAININGS AN @TTOTS. ...eiiiiitiiiei ittt ettt e e e et e e et e e et e e e a b et e e e s e e e e enes 61
7.4 X0_0rbit_cart INEt ... e 63
7.4.1 OVETVIEW. ..ttt ettt ettt oot e e ot e e e bbbt e e ek et e e e e e e e st e e e e as 63
7.4.2 L7 11T 111 (5 T PR OTR TS 63

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



—— Code: EO-MA-DMS-GS-0004

Ty . & \\&\\N& Date: 31/10/2023

delmos &V‘—: esa Issue: 4.26

Page: 9
7.4.3 INPUL PATAIMETETS ... eeeeeiei et e et e e e e e e e ar e e e e e e e e e nrn e e e e e e e rnnnnnaraaeees 63
7.4.4 OULPUL PATAINICLETS +..eveeee ittt ee e e e s s st e e e e e e s s e b e et e e e e s s s s e e e e e e s s s e s R rn e et e e e e e e s s nnnnnreeeeeas 64
7.4.5 Warnings and ITOTS........iiuuiiiiiiiiiiie ittt 64
7.5  x0_orbit_cart Init PreciSe..............cooiiiiiiiii 66
7.5.1 OV ETVIEW. ..ttt ettt ettt et e e et e okttt e o Rttt e e st e e ek et e e et e e e s e e e et e e e as 66
7.5.2 Calling INtETTACE ... ..uiiiiiiiiii i 66
7.5.3 INPUL PATAMETETS . ....eiiiiiiiiiiiii ittt 66
7.5.4 OULPUL PATAIMEGLETS ..evvvee ettt s sttt r e e s et e e s s s st e e et e s s s b e et e e e e e s s n e e e e eas 68
7.5.5 WaATININES ANA CTTOTS. ¢..eiiieieiiiiitiiii it e et e e r et e e e e e e s r e e e e e s s s nr e e e e e e e e s s annnnnes 68
7.6 X0_orbit_init_file............oooiiiiii e 70
7.6.1 OVBTVIEW. ..ttt ettt ettt e ettt et e e o a b et e e e b b e et e e a bbbt e e et e e e s e e e e 70
7.6.1.1 Recommendations on Orbit Files USAZE..........ccoiiririiiiiiiiieiiiiiie e 71
7.6.1.1.1 Reference Frames.........ccuviiiiiiiiiiiiii et 71
7.6.1.1.2  TIMeE COTTEIAtIONS. ..iiiiiuiiiiiiiiiiii ettt 72
7.6.1.1.3 Delta UTC-UTI in Orbit Scenario Files ..........cccccoiiiiiiiiiiiiiiiiiii e 72
7.6.1.1.4 Computing orbit dIAZNOSLICS ....eeeiiiiiriiiiiieee e ettt e e e e e e e e e s er e e e e e e e e annneees 73
7.6.1.1.5 Criteria for loading several flles............iiiiiiiiiii e 73
7.6.2 CalliNG TNEETTACE .. .viiiieei ittt ettt e e e e s ettt e e e e e s st bbbttt e e e e e e s e nnbbbrreeeeas 74
7.6.3 INPUL PATAMETETS....eiiiiiiiiiiiiiii e 75
7.6.4 OULPUL PATAIMIETETS ..o eetieeitieieie it it ettt ettt ettt ettt ettt ettt ettt et et ettt bttt bttt bttt ettt bbbttt bebnn e 77
7.6.5 WaAITINES ANA CTTOTS. ..eeeiieieiiiititie ittt e et e ettt e e e e e e s bbb e et e e e e s s s bbb b e et e e eeessannnnnes 78
7.7  x0_orbit_init_file Precise ...........ccoooiiiiiiiiiii 81
7.7.1 OV ETVIEW. ..ttt ettt ettt et e e et e okttt e o Rttt e e st e e ek et e e et e e e s e e e et e e e as 81
7.7.2 CalliNG TNLETTACE .. eeeiiieei ittt e e e e e s e e e e e e s e r et e e e e e e s s nnn e eeeeas 82
7.7.3 INPUL PATAMETETS . ...eeiiiiiiiiiiiii ittt bnenee 82
7.7.4 OULPUL PATAIMIETETS ..ttt eieiiiiieiitie ittt ettt ettt ettt ettt ettt e e e e ettt bttt bttt et e e bbb e b e ne e 84
7.7.5 WaAININES ANA CTTOTS. ...eiiieie it ittt e e e ettt e e e e e ettt e e e e e e e e es e tnbeaeeeaeeeesaanneebneeeaeeeeeasaannnnnes 85
7.8  x0_orbit Id INit ... 86
7.8.1 OVETVIEW. ..ttt ettt ettt e et e e e b et e e e bbbt e e e sk et e e e e e e e s b e e e 86
7.8.2 CalliNg INTETTACE ... eeeiiiiiii et e e 87
7.8.3 INPUL PATAMETETS . ...eiiiiiiiiiiii ittt 88
7.8.4  OULIPUL PATAINETETS ...vvvriiiiiie e ettt r e s e s e r e e s s er e e e e s e 90

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



g Code: EO-MA-DMS-GS-0004

Ty . & \\&\\N& Date: 31/10/2023

delmos &V‘—: esa Issue: 4.26

Page: 10
7.8.5 WaAININGS AN @TTOTS. ...eieiiiiiiee it e ettt e e e e e e et e e et e e e et n e e e e s e e e e nnes 90
7.9  XO_OrDIt NIt 0 ..o 94
7.9.1 OVETVIEW. ...ttt e e e et e s s bbb et e e et e s s bbb e e s st b e e e s e s 94
7.9.2 Calling INTETTACE ... eeeiiiiiiii et 94
7.9.3 INPUL PATAMETETS.....eiiiiiiiiiiiiiii ittt 94
7.9.4 OULPUL PATAINIELETS .tvvvvvviiieseeeeeeeeetii e e s e e e ee ettt s s e e et e e eetbbea s s e e e e e e bbb e e e e e e e eeesebbbaaneeeeeesnbbananaeeees 95
7.9.5 WaAITINES ANA CTTOTS. ...eiiieieiiiittiii ettt e ettt e e e e e e s bbb e et e e e e s s st e e e teeeeessannenees 95
TA0 X0 _0rbit CloSe ... 97
TL0.T O VOIVIEW. .tttutiuititititititititbtbtbtt s £ 44111441 e e e e e o4 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e anaeaas 97
7.10.2  Calling INEETTACE ..ottt e et e e e e s e s e e e e e e 97
T.10.3  INPUL PATAIMELEIS. ...ttt 11 e e e e e e e e e e s e e e e e e e e e e e e e a e e e e e e e e e e e e e e e e aaaeaeeas 97
7104 OULPUL PATAIMNELETS ... vvvvereeeeeeess s eeeeee e e s s s e e e e e e e s s s e as s e s e e e e e eeasaaanEr e s et e eeeessannrnrnreeeeeeennns 97
7.10.5  WarNINES QN0 @ITOTS. . .uuurriiiieeaiiiitrreeeteeee e e s r e e e s s s s e e e e e e e e s s sa s e e et eeeessannnnrrrnreeeeaeennans 98
TAT1 X0 _0FDIt et OSV...ooi i 99
2 B T B 0 ) o 4 1) PO PP PP PPPPRPPPPUPRN 99
7.11.2  CalliNg INTETTACE ....eeeiiiiiiic et e e e e e e s e e e 99
7 O T €N 10 41 <) TP 99
T I14  OULPUL PATAIMELETS ...ttt r e a e s a1 e s e e e e e e e e e aaa e e e aan e r e e e e e e e e e e e aaeaeeas 99
7115 Warnings Qnd ©ITOTS. ... .uuveeeiiriiieeiiitet e e tree e e sttt e s e e e b e e e e e st e e e s e e e e et re e e e s a st e e e s annneees 100
T2 XO_OFDIE_S@E OSV ..ooiiiiiiiiiiieec e e e 101
A 2 I O 1< 74 15 TP 101
7122 Calling INEETTACE ....cii ittt ettt e e e ettt e e e e e e e e s abb e reeeeas 101
7123 INPUL PATAIMELETS ceeeii i eeerrreeeeeeeee s e et e e e e s s s e e e e e e e e e s e s e e e et e e e s s s as s nn e r e e e e e e e e e e s s annnnn e eeeeeas 101
T 124 OULPUL PATAINELETS ... ieetreieeeeee e s ettt e eeeae e e s s s er e e e et ae e e s s an e e e b e e et e e e e e s s s s nr e rr e e e e eeeesenannnrnrereeeeas 101
7.12.5  Warnings and €ITOTS.......uuuieiiuiiiieiiiiiie sttt s bbb e s r e s bbb e s 102
T3 XO_0FDIt_Get ANX ...ooiiiiiiiiiiiii e 103
0 R T B 0 )< o 4 1 PP PPPRP PP 103
7.13.2  Calling INtETfaCe .....coiiiiiiiiiiiiii 103
7133 INPUL PATAMIELEIS. ..ttt e e e e e e a1 e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e eaaaas 103
7134 OULPUL PATAIMNELETS ... etrveiieeiee e s e er e e e e e s s st e e e e e s s s e e e e e e e s s e e e e et e s e s e s annnn e e e eees 103
7.13.5  WAaTNINES QN0 CITOTS. ...uuttreiiiiieeeiiiitiie et et e e e st e e e e e e s s s e e e e e e e e e s s s s nr b r e e e e e e e s aanannnnrreeeeeas 104
T A4 X0 _0rbit SEt AMX......ccoiiiiiiiiiii 105

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



g Code: EO-MA-DMS-GS-0004

Ty . & \\&\\N& Date: 31/10/2023

delmos &V‘—: esa Issue: 4.26

Page: 11
70 R O 10 Vs 12 105
7142 Calling MEETTACE . ..cii i e e e e e e e e s eas 105
T. 143 INPUL PATAMETEIS. ...uuuttiiiiiiiiiiiiiiiiiiiie s r s a s e e e r e n e n e a e rnrn e e e e e e e e e e e e e e e e eeas 105
T.14.4  OULPUL PATAIMIELETS ....uevrrreiiiiiee e sttt e e e st r et e e e s s s et it e e e et s s et r et e s e s s s s e e e eees 106
7.14.5  WarniNGS QNd ©ITOTS. ... .uuvreeiiuiieeeeiiiietees e e e st e e st et e e et e e e e s s e e e e e s b et e e e b e e e e annbne e e e s annneees 106
7.15  X0_0rbit_get 0Sf FeC..........cccoiiiiiiiii 107
A BT B € 1< o () PP P PP PTPPRPTP 107
7.15.2  Calling INTETTACE ....eeiiiiiiiiii i 107
T.15.3  INDUL PATAIMELETS . ..eeii i eierrieeeeeee e e s et e et e e e e s s s e e e e e e e s s e s e s e e e e e e s s s a s nn e e e e e e e e e e s s annnnnreeeeeeas 107
7154 OULPUL PATAIMNELETS .. ieeetteiieeeeee e s sttt e eeeae e e s s s e e e et ae e e s s s s e e e b e e et e e e e s s s s nr e b e e e reeeeesenannnnnrereeeeas 107
7.15.5  WATNINES QN0 @ITOTS. ... uutttiiiiiieee ittt e e e ettt e e e e e s s s bbb b et e e e e e s s et bbb et e e e e e e e aananabbbeeeeeeas 108
7.16  X0_0rbit_Set_0Sf IeC........cciiiiiiii s 109
8 T B € 1< o4 Tc PP TPPPPP 109
7.16.2  Calling INLETTACE ....cei ittt e e e st e e e e e e e s s bb e eee s 109
T.16.3  INPUL PATAIMIELEIS. ...ttt e a1 e e e e e e e e e e s e e e e e e e e e e e e e a e e e e e e e e e e aaaaaaaaas 109
T.16.4  OULPUL PATAINELETS ... overreeeeeeeee s ee e e ee e e s s s e e e e e e e s s s s e e e ee e e s s e s n e e e e e e e s e s nnannnn e eeeeeas 109
7.16.5  WaTNINES ANA @ITOTS. ....uuureiiiiieeeiiiiitiie ittt e e e s st e e e e e e s s s r e e e e e e e s s s br b e e e e eeesaanannnnrreeeeeas 110
717 x0_orbit_get val time ... 111
8 W B 0 )< o 4 1<) PR P PR PTP PP PPP 111
7172 Calling MEETTACE ..ot it e e e e e e e s e e s 111
B A T (N 10 T 41 <) TR 111
T1T7.4  OULPUL PATAIMIELETS ... evrrreiiiiiee e st r et e e e s sttt e e e s s s et it e e e e s s s r et e e et e s e s s s s e e e eeas 111
7.17.5  WAarnINGS QNA ©ITOTS. ... uuveeeiirieieeiiiteteasttie e e sttt e st e e e et e e e e s s b e e e e s s r et e e e sbe e e e s anbne e e e s annreees 111
7.18  x0_orbit_set_val time..............cccooiiiiii s 113
A R 8 B O 1< o () PP U PP PTPPR PP 113
7.18.2  Calling INTETTACE ....eeiiiiiiiii i 113
T.18.3  INPUL PATAIMELETS . ..eei i ierrrteeeeeeees s st e e e e e e e s s s e e e e e e s s e s e e e e e e e e s s s r e e e e e e e e s s annnnn e eeeeees 113
7.18.4  OUPUL PATAIMEIETS ....ivvriiiiiiiie et e s 113
7.18.5  WATNINES QN0 CITOTS. ....uutttiiiiiieee ittt ettt e e e ettt e e e e s s s bbb e e e e e e e e s st bbb b et eeeeeeeaananabbbeeeaeeas 114
7.19 xo_orbit_get _precise_propag_config ..............ccooiiiiiiiiiii 115
B B T 0 )<’ 4 Tc) OO UP PP PPPPPT 115
7.19.2  Calling INEETTACE . ..cei ittt e e e st e e e e e e e e s s anebb e reeeeas 115

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



e Code: EO-MA-DMS-GS-0004

] . S \\&\WQ Date: 31/10/2023

el mos N esa Issue: 4.26

Page: 12
T.19.3  INDUL PATAIMELETS . ...ciiieeerrreeeeieee e st e e e e e s s s e e e e e e e s e s e et e e e e s s s s e e e e e e e e e s s annnn e eeeeees 115
7194 OULPUL PATAIMNELETS ... oieeerteiiieeeeessissrr e eeeee e e s s s r e e e e e e e e s s s e e e e e e e e e e s s e nnrr e e e e e e e e e s e s annrnneeeeeeas 115
7.19.5  Warnings and €ITOTS.........cceiiiiiiiiiiiiiiies ittt r s e e 116
7.20 xo0_orbit_set _precise_propag config.................. 117
A B O )< o 4 1) O PP PP PTPRP PP 117
7.20.2  Calling INTETTACE .....ciiiiiiiiiiiiiii 117
7.20.3  INPUL PATAMIELEIS. ...uuuvtiiiiiiiiiiiiiiieiiietbt e e e a e anr e e e e a e a e n e n e e e e e e e e e e e e e e e e aas 117
7.20.4  OULPUL PATAIMNELETS ....ouevrrreiiiiiee e ittt r e e e e sttt e e e s s s et it e e e s s s st e e et e s e s s s s e e e eeas 117
7.20.5  WaININES ANA CITOTS. .. .uurrriiiiieeeiiiiririe e et ee e e s st e e e e e e s s s et e e e s s s s nr e e e e e e s s aa s annnnreeeeeees 118
7.21 x0_orbit_get time id...............ccooiiii i s 119
% B B € 1< o 4 1) 2P PP T PP PPTPRR PP 119
7.21.2  CalliNg INTETTACE ....eeii it 119
T.21.3  INDUL PATAIMELETS ceeeii i ueerrreeeeeeeee s et et e e e s s s s et e e e e e e e s e s e e e et e e e s s s an s nnnr e e e e e e e e e e s s annnnnreeeeeeas 119
7214 OULPUL PATAIMELETS ...ttt a1 s a1 e s s e a e a e e e a e an e e aaan e e e e e e e e e e e e eeaaas 119
7.21.5  WATNINES QN0 @ITOTS. ... uutttiiiiiiee e ittt e e e e e e e tb et e e e e e e s s s bbb bbbt eeae e e s s s bab bt et e e e aeeeaasanabbbeeeeeeas 119
7.22  x0_orbit_get model id ..............ooooiiiiii 120
72201 OVOTVICW. . .utttttiiiteeee s ettt ettt e e e e e e e ettt ettt e e e e s sk b et e ettt e e e e s o a R R e e et e e e e e e e e bR bR n e et e e e e e s e nnnnnn e e e eeens 120
7.22.2  Calling INLETTACE . ..cei ittt e e s e e e e e e e s e e as 120
7.22.3  INPUL PATAIMELETS . ..cciiiieerrrreeeeeeeesss st et e e e s s s s et e e e e s a e s s et e e e e e s s n s n e e e e e e e e s s s annnn e eeeeeas 120
7224 OULPUL PATAIMNELETS .. oeeerteieeeeeeesssisrr e eeeeee e s s s rr e e e e e e e e s s s e e e e e et e e e e e s s e s nnn e e e e e e e e e s e e annnnnneeeeeeas 120
7.22.5  Warnings and €ITOTS........cuiiiiiiiiiiiiiiiie sttt r s e e 120
7.23 xo_orbit_get_osv_compute_validity ................cc.oiiiiiiii 121
R B B 0 )< 4 Tc PP P PP PPPPP 121
7.23.2  CalliNg INEETTACE .. .uuuvviiiiiiiiiiiiiiiiiiiiiit e a e e e e a e aa e e e e e e e e e e e e e e aaaaaas 121
7.23.3  INPUL PATAMIELEIS. ...uuuvitiiiiiiiiiiiiiieeiiebte a1 r e e e e e e e a e e e e a e a e rn e e e e e e e e e e e e e e e e as 121
7.23.4  OULPUL PATAIMELETS ....evrrreiiiiiee e ittt e e e sttt e e s s s s e e et e e et s s r et e e et e s e s s s s e e e eeas 121
7.23.5  WAaInINGS QN0 ©ITOTS. ... uuveeeiiirieieeiiireteasiee e e sttt e e st e e e s b e e e e s s be e e e e e s et e e e sbe e e e s annbn e e e s annreees 122
7.24 x0_orbit_get propag MOde...............oooiiiiiiiiii 123
T 24,1 OVEIVIEW....uiiiiiiiiiiiii ettt st e et e e e ot e e e e et e e e e e e s e e e s 123
7.24.2  Calling INTETTACE .....eiiiiiiiie et 123
7.24.3  INPUL PATAMETEIS. ...uuuririiiiiiiiiiiiiiiiiiiin e a s s e s a e a e e e n e a e n e ann e e e e e e e e e e e e e e e e e e eas 123
7.24.4  OULPUL PATAIMELETS ...ttt a1 r s a1 e e a e e e a e e e e e aa e e a e aar e e e e e e e e e e e e e aaas 123

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



e Code: EO-MA-DMS-GS-0004

] . S \\&\WQ Date: 31/10/2023

el mos N esa Issue: 4.26

Page: 13
7.24.5  WAarnINGS ANA ©ITOTS. ... uuvreeiiuriieieiitiite ettt ee e st ee st e e e et e e e e s s bt et e s et e e s sre e e e s nn e e e s nnnneees 123
7.25 x0_orbit_get interpol _MOde ...............ccovriiiiiiiiiii s 124
T.25.1  OVEIVIEW....uiiiiiiiiiiii ettt e bt e e e s r e e s e bbbt e e s bbb e e s s b e e 124
7.25.2  Calling INTETTACE ....eeii i 124
7.25.3  INPUL PATAIMELETS . ..eeii i ieeerrreeeeeeees s s et e e e e e s s s e e e e e e s s e s e e et e e e s s s s rn e e e e e e e e e e s s annnn e eeeeees 124
T.25.4  OULPUL PATAIMNECICTS tuvvvuuiieeeiieetitiiae s e e e tet bbbt e s e e et eeebab i r e e e e et eeetban s e e e aeeeesbbbb s e e eeeeeesbbasaaeaeeeennes 124
7.25.5  WATNINES QN0 CITOTS. ...uuvttiiiiiieee ittt ettt e e e ettt e e e e e s st bbbttt e e e e s s s bbb et e eeeeseaa s anabbbereeeeas 124
7.26 x0_orbit_get propag config................ 125
T.26.1 O VOIVIEW. .uututuuitiuiiiiiiiiititttitbete s 4444444444 e o4 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aas 125
7.26.2  Calling MNEETTACE ......ii it e e e e e e e e e s eas 125
7.26.3  INPUL PATAMIELEIS. ...uuutttitiiiiiiiiiiiitiittttb e s s s e e e e s e e e s e e e n e e e e e a e e e e e e e e e e e e e e e e e e e eaaaas 125
7.26.4  OULPUL PATAIMELETS ...ttt e e e a e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaas 125
7.26.5  WarNINES ANA CITOTS. ....uururiiiiieeiiiiirriei et ee e e st r e e e e e s s s ee e e e e e s s s r e e e e eeesaa s asnnnreeeeeees 126
7.27 xo0_orbit_get interpol_config ... 127
B B € )< o 4 () P PP PP PPTPRR PP 127
7.27.2  CalliNg INTETTACE ....eeiiiiiiiii et e e 127
T7.27.3  INPUL PATAMETEIS. ...uuuritiiiiiiiiiiiiiiiiiiei e er s a e n e n e n e a e r e r e e e e e e e e e e e a e e e e e eeas 127
T.27.4  OULPUL PATAIMELETS ...ttt a1 e r s a1 e e e s e e e e e a e e e aaa e aaaaa e e e e e e e e e e e eaaaas 127
7.27.5  WAarNINGS ANA ©ITOTS. ... uvveeeiiureiieeiiiieteaaireee e sttt e st e e st b e e e e s s bt e e e s s et e e e sre e e e e nnn e e e e s annneees 128
7.28 x0_orbit_get geo orbit_info ...............cccoiiiii i 129
T I O 1< 74 15T 129
7.28.2  Calling INLETTACE ....cii ittt et e e e e e e bbbt e e e e e e e e s bbb reae s 129
7.28.3  INPUL PATAIMELETS c.eeti i ieeerrieeeeeeeee s et e e e e e e s s s s e e e e e e e e e e s e s s r e e et e e e s s s an s nn e r e e e e e e e e e e s s annnnnreeeeeeas 129
7284  OULPUL PATAIMNELETS ... iettteeeeeeeeess sttt ee ettt aee e s s s ser e e e et e e e e s s s s e e e b e e et e e e e e s s s snn b s e e e e e ee e e s e s annnnnreeeeeeas 129
7.28.5  WATNINES QN0 CITOTS. . ..uutttiiiiiieee ittt e e e e ettt e e e e e s s b bbb e et e e e e s s s s bbb b et e aeeeeeaansnabbbeeeeeeas 130
7.29 xo0_orbit_set_geo _orbit info................cccooiiii 131
A B O )< o 4 1) PP PP PP 131
7.29.2  Calling INtETTACE .....cciiiiiiiiiiiiii 131
7.29.3  INPUL PATAMIELEIS. ...uuuttiitiiiiiiiiiiiiiiitettt e e e e e e e e s e s e e e e e e e a e e e a e e e e e e e e e e e e e e e eaaaas 131
7.29.4  OULPUL PATAIMNELETS ... errreieeeeeee s e ee e e e e e s s s et e e e e e s s s et e e e e e s s s n e e e e e e s e s e s asnnn e e eeees 131
7.29.5  WAaININES QN0 CITOTS......utureiiiiieeeiiiiitiie ittt e e e st e e e e e s s r e e e e e e e e s s s s nr e e e eeeeeeeaanannnnrreeeeeas 132
7.30 x0_orbit id _clome ... 133

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



e Code: EO-MA-DMS-GS-0004

Ty . & \\&\\N& Date: 31/10/2023

delmos &V‘—: esa Issue: 4.26

Page: 14
R U B € )< o 4 1) 2T PP PR PP PP 133
7.30.2  CalliNg INEETTACE .. ..uuvtuiiiiiiiiiiiiiiititt e a e e e e e e e e e e e a e a e e e e e e e e e e e e e e e e aaaas 133
7.30.3  INPUL PATAMETEIS. ...uuutiiiiiiiiiiiiiiiiiiiieite e ar e s r e n e a e nnr e e e e e e e e e e e 133
7.30.4  OULPUL PATAIMIELETS ....ievrrreiiiiiee e sttt et e e e sttt e e s s s et e e e e e s s st e e et e s e s s s s e e e eeas 133
7.30.5  WAarnNINGS ANA ©ITOTS. ... uvereeiiureeiieiitreteastree e e st e e st e e e e et e e e e s asbe et e e aassr et e e e sbe e e e s annbne e e e s annneeas 133
731 XO_FUNL_INEE. ..o 134
T 311 OVEIVIEW...uiiiiiiiiiiiiii ettt s s e s e bbbt e e e e e e st b e 134
7.31.2  Calling INTETTACE ....eeiiiiiiiii et 134
T.31.3  INPUL PATAIMELETS . c.eeii i ieierrteeieeee e e s st e e e e e e e s s s e e e e e e e e s a s e e et e e e s s s e nn e e e e e e e e e e s s nnnnnn e eeeeeas 134
7314 OULPUL PATAIMECEETS ...ttt s s s s s e s e e e s s s s e s e s e e e e e s e e e e e e e e e a e e e naaaaaeaeaeaaaeaaaaaas 134
7.31.5  WATNINES QN0 @ITOTS. ... uutttiiiiiieee ittt ettt e e e ettt e e e e e s s e bbb bbbt e e e e e e s s e bbb b et eeeeeeeaasanabbbeeeeeeas 135
7.32  XO_FUN_GET HAS....ooeiiiiiii i 136
R 2 B 0 1< 4 T PP TPPPPP 136
7.32.2  Calling MNLETTACE ....cii ittt ettt e e e st e e e e e e e s eeeeas 136
7.32.3  INPUL PATAIMIELEIS. ...ttt s e s e e e e e e e e e e s e e e a e e e e e e e e e a e e e e e e e e e e e e e aaaaaaas 136
7.32.4  OULPUL PATAINELETS ... verreeeeeeeeess s e e e e ee e e s s s e e e e e e e s s s s Er e e e e e e e s s s s e e e e e e e e s e s s s annnnn e e eeeas 136
7.32.5  WAaININES QN0 CITOTS. ....utvreiiiiieeeii ittt et eee e e s s st e et e e e e s s s r e et e e e e s s s nr b e e e e e eeesasannrnrreeeeeas 136
733 X0 _TUN_ClOSE ... 137
R R T B € )< o 4 1) 2T PP PP PTP PP 137
7.33.2  Calling MEETTACE . ...t i e e e e 137
7.33.3  INPUL PATAMETEIS. ...uuirtiiiiiiiiiiiiiiiiiiieii a1 s e a e n e a e n e n e n e r e e e e e e e e e e e 137
7.33.4  OULPUL PATAIMIELETS ....ueerrreiiiiiee e sttt e e e s e et e e e e s s s e et e e e e e s s st e e et e s e s s s s e e e eeas 137
7.33.5  WAarnINGS AQNA ©ITOTS. ... .uvvreeiiuierieeiiireteasitee e e sttt e e st e e e e s st e e e e s s b e e e e s snr et e e e sne e e e e annbne e e e sannreees 137
T34 X0 _0SV_COMPULR ..ottt e e ettt a e e 138
T.34.1T  OVEIVIEW....uiiiiiiiiiiiii ettt et e e e s b et e s bbb e e e e e e e e s s b e e e an s 138
7.34.2 Computation methods (Propagation/interpolation).............ccceeiiiiiiiiiiiiiiiieiie e 138
7.34.2.1  Propagation MethOdS.........coiuriiiiiiiiii e 139
7.34.2.2  Interpolation MethodS .........cccuiiiiiiiiiiiiiii 142
7.34.3  Calling INLETTACE ....cei ittt ettt e e e st e e e e e e e e s e e eeas 144
T.34.4  INPUL PATAIMELETS . .ciiiieeerrreeeeieees st e e e e e s s s s e et e e e e e a e s s et e e e e e e s a e e e e e e e e e e s s annnn e eeeeees 144
7.34.5  OULPUL PATAIMCEETS ...vvvvvtiiiiiiiiiiiitiiieititit s s s s s s s e s e s e e e e s s s s e e e s s s e s e e e e e e e e e e e aa s e aaaanaeeeaeaaaaaaaaans 145
7.34.6  Warnings and ©ITOTS........ueeeiiiuiiiiiiiiiiies it e sttt e st e s s e e s s e r e e s s bbb e e e s e 145

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



Code: EO-MA-DMS-GS-0004

1 T: | f \\“\L\ ate:
d el m%g &:‘ e S a Ils)sue: 3 1/10/249;2

Page: 15
7.35  XO_OSV_COMPUEE_EXTIA .....oeeiiiiiiiiiieiiiiiii e e e e ettt e e e s e e e e e e s s a e e e e e e e a e a e eeeees 147
T B 0 1< o4 T PP PPPPP 147
7.35.2  Calling INtETface ......ccoiiiiiiiiiiiiii 147
7.35.3  INPUL PATAMIELEIS. ...ttt e a e e e e e e e e e e e s e e e e e e e e e a e e e e e e e e e e e e e e aaaaaaaaaas 147
7.35.4  OUPUL PATAINELETS ... everreeeeeeeee s s e eeeee e e s s s e e e e e e e s s e e e e e e e e s s e s n e e e e e e e s e s s e annnnn e e eeees 149
7.35.5  RESUIS VECTOTS .eriiieiiiiiiiiii it ettt e e e r e e e e e s s n e e e et e e e e s s annrn e eeeeas 149
7.35.6  WATNINES QN0 CITOTS. ...uutttiiiiiieee ittt ettt e e e e et e e e e e s s b bbb et e e e e e s s s bbb et e eeeeeeaananabbbeeeeeeas 153
7.36  XO0_0rDIt_t0_tIME........oooiiiiiiiiiii 155
R 1T B 0 1< o4 T PP TPPPP 155
7.36.2  Calling sequence 0f X0 _OTDIt_t0 tIME . .iiiiiiiiiiiiiiiiiiieie e 155
7.36.3  INPUL PATAMIELEIS. . .uuuttiiiiiiiiiiiiiiiiiiietie s a e e e a e e s e e e a e e e e e e e e e n e e e e e e e e e e e e e e e eaaaas 155
7.36.4  OULPUL PATAINECLETS ... eereeieeieeee s s ee e e e e e s s s e e e e e e e s s s e e e e e e e s s s nn e e e e e e e s e s anannnnn e eeeeees 156
7.36.5  WAININZS QNA TTOTS....uuuuutitiiiiiiiiiiiiiiitiiit e e a s e e e e e e s e e e s e e e e e e e e e e e e e e e e e s e aaaaaaaaaaeaaaas 156
7.36.6  Executable PrOGram ...........ciiiiiiiiiiiiiiiic et 157
7.37 X0 _time to_OrDit...........ooooiiiiii 159
B A T 0 1< o4 T PP TPPPPP 159
7.37.2  CalliNg SEQUETIICE ..ottt e e ettt e e e st e e e e e s e et e e e e s s e b e e e e e e e e e e e s annnrn e reeeeas 159
7.37.3  INPUL PATAMELEIS. ...ttt a e a e e r e r e ana e ra e e e e e e e e e e e e e e e e eeas 159
T.37.4  OULPUL PATAINELETS ... eerreiieeeeee s st ree e e e e e e s s s et e e e e e s s s e et e e e e s s s n e e e e e e s e s s s annnn e e eeees 160
7.37.5  WAININZS QNA ©TTOTS. ...uuututuuiiiniiiiiiiiiiiiiiit e s ae s s e e s e e e e e e e s e e e e e e e e e e e e e e e e e e e aaeaaaaaaaaaaaas 160
7.37.6  Executable Program ..........c.ccciiiiiiiiiiiii 161
7.38  XO_0rDIt_INFO.......ooviiiiiii 163
R 1 0 B O )< o 4 1) 2P TP PP PPPPP PP 163
7.38.2  CalliNg SEQUEIICE ..o iietiieiee it e ettt e e et e e e e sk e et e e e e s s a et e e e e e e e e e e an e e ee s 163
7.38.3  INPUL PATAMIELEIS. ...uuuvtuiiiiiiiiiiiiiitiititit e s e s e e e e s e e e e e e e e a e e e a e e e e e e e e e e e e e e e e aaeas 163
7.38.4  OULPUL PATAIMELETS ....vrrreiiiiiee e sttt et e e e e st et e e e s ettt e e e s s st e e et e s s s s s n e e e e eas 164
7.38.5  WAaININGS QN0 ©ITOTS. ... uueeeeiiteeiieiiiriee e sttt e e sttt e e st et e e et e e e e s st e et e e s s s e e e e e sbe e e e s annbn e e e e s annneeas 165
7.39 x0_orbit_info_configure ...................ooiiii s 166
T.39.1T  OVEIVIEW...uuiiiiiiiiiiii ettt ettt e e et e e o bbbt e e e et e e et e e s 166
7.39.2  CalliNg SEQUENCE ....eeeiutiiieeiiiiet ettt ettt ettt e ekt e e et e e e e e e e e e e e e e e s 166
7.39.3  INPUL PATAMETEIS. . .uuuuiriiiiiiiiiiiiiiiiiii e r e r e an e r s e n e n e nnn e a e n e r e e e e e e e e e e e 166
7.39.4  OULPUL PATAIMELETS ...ttt a1 s a1 e e s e e e e e e e e e anaaan e e e e e e e e e e e e e eaeas 166

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



e Code: EO-MA-DMS-GS-0004

Ty . & \\&\\N& Date: 31/10/2023

delmos &V‘—: esa Issue: 4.26

Page: 16
7.39.5  WAarnNINGS ANA ©ITOTS. ... urvieeiiirriieeiiirite ettt ee e ettt e s et e e et e e e e s st e e e e e e e e e s e e e e e s nbn e e e e s nnnneees 167
7.40  x0_orbit_rel from_abs .............ccciiiii 168
A I € 1< o () PO PP PPTP PR 168
7.40.2  CalliNgG SEQUETIICE ..ottt e ee e ettt e e e e e ettt e e e e e s e s b bbbt e e e e e e s s et bbb bt e e e e e e e e e s s annbbbbeeeeeens 168
T.40.3  INDUL PATAIMELETS . eeii s ieerrreeeeeieeesssarr e e e e e e s s s s e e e e e e s s e s e e et e e e s s s an s nn e e e e e e e e e e s s annnn e eeeeeas 168
TA0. 4 OULPUL PATAIMETICTS tevvuuuiieeetieetttiiie s e e e tee bttt s e e e eeeeeebebe i r e s e eeteeetbn s e eeaeeeesbbba s aaeeeaeesbbanaaaeaeeennnes 169
7.40.5  WATNINES QN0 CITOTS. ...uuvttiiiiiieeeiiiittte et e et e e e e et e e e e e s s b bbbttt e e e e s s e s bbb et e eeeeeeaasanabbbereeeeas 169
7.41 xo0_orbit_abs from rel ... 170
A T N 0 1< 74 15 TP TTPTTTT T 170
TA1.2  CalliNg SEQUETIICE ..ot iiittieiie e e ettt e e s e e e e e e s e et e e e e s s e b e e e e e e e e e e e s annnrn e eeeeeas 170
TAT.3  INPUL PATAMIELEIS. ..euututtiiiiiiiiitiiiitiiiette s s e e e r e e e e e e e s e e e e e e e e e s e a e e a e e e e e e e e e e e e e e eaaaas 170
TA1.4  OULPUL PATAINECLETS ... eeerreeeeeeeee s ree e e ee e e s s s e e e e e e e s s s s e e e e e e e s s e nrr e e e e e ee s e s s e s nnnnrereeeees 171
TAL1.5  WarnINESs ANA @ITOTS. ....uuureiiiiieeiiiiiriiee it et e e e st r e e e e e s s e e e e e e s s s s r e e e e e e e s an s annnnreeeeeees 171
7.42 xo0_orbit_abs from_phase ... 172
TA2. 1 OVEIVIEW....eiiiiiiiiiiit ettt ettt e et e 4t e e e a b et e e ekt e e e e e e e et e e e et e et e e s 172
7.42.2  CalliNg SEQUEICE .. eeeiiutiiie ettt ettt ek e et et e et e e e e e e e e s et e e e e e e e s eea e es 172
A T U 0N o1 o 0 01 <) TR 172
TA2.4  OULPUL PATAIMELETS ...ttt r e a a1 e s e e e e e e e e e e e aa e e aaaaa e e e e e e e e e e e e aaeas 173
7.42.5  WAarNINGS ANA ©ITOTS. ... uvereeiirriiieiiiriteaate e e e sttt e st e e e et b e e e e s st e e e e s et e e s sre e e e e anbn e e e s annneees 173
Td3 X0 _0SV_t0 _tle. ... 174
A T I O 1< 74 15T 174
7.43.2  CalliNg SEQUEIICE ..ottt e e e ettt e ettt et e e e e e e s bbbt e e e e e e e e e bbb b et e e e e e e e e s s annbbbbereeeens 174
TA3.3  INPUL PATAIMETETS. ...uuuttiitiiiiiiiiiiiitiitteat e e e e a1 e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaeaaaas 174
TA3.4  OULPUL PATAIMNELETS ... oeetteieeeeee e s s sttt eeeee e e e e e s s s see e e et e e e e s s s s e e b e e e e e e e e e s s s s nr b s e e e e e eeeesenannnnnrereeeeas 175
7.43.5  WATNINES QN0 CITOTS. ....uuttiiiiiiiee ettt e e e e ettt e e e e e s b bbbttt e e e e s s s bbb b et e eeeeeeaananabbbereeeeas 175
7.44 X0 _gen _0Sf Create.............ooooiiiiiiiii 177
A 3 T O 1< 4 T PP TPPPP 177
7442  Calling MNLETTACE ...t ittt e e e s e e e e e e e s reeeeas 177
TA4.3  INPUL PATAIMICLEIS. ...uuuvtiiiiiiiiiiiiiiittittbae e e e e a e e e e e e e s e e e e e e e e e e e r e n e e e e e e e e e e e e e e e eaaaas 178
TA4.4  OULPUL PATAINELETS ... eeerreieeeeeee s ee e e e e e s s s e e e e e e e s s s et e e e e e s s s n e e e e et e s e s e e annnn e eeeeees 180
7.44.5  WAININZS QN0 CTTOTS...uuuuuutuiutiiiritinitiiitniat e as s a s s s s s s s s s s s s e s e s e s e s e e e s e e e e s s e e e e aaaaaaaaaaaaaaaaaaans 180
7.44.6  Executable PrOGTam ...........ciiiiiiiiiiiiiiiiie ettt 182

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



_ e Code: EO-MA-DMS-GS-0004

g = & \\@“}t Date: 31/10/2023

delmos \&\‘;‘:— esa Issue: 4.26

Page: 17
7.45 x0_gen _0sf create 2. 184
S B 0 1< 4 T PP PPPPP 184
7.45.2  Calling INtETfacCe ......cciiiiiiiiiiiiiii 184
TA5.3  INPUL PATAIMIELEIS. ...ttt e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaeaaaaaas 185
TAS5.4  OULPUL PATAIMELETS ...ttt e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaans 186
7.45.5  WaTNINES QN0 CITOTS. ....uuureiiiiieeeiiiitiie ittt e e e sttt e e e e s s s e e e e e e e e s s s e bt e e e eeeeaasannrnrreeeeeas 186
7.46 x0_gen_osf create 3 ... 186
TAO. 1 OVEIVIEW....eiiiiiiiiiiiii ettt ettt e e et e e e st e e e ekt e e e e e e e e b e e e e e e e e e e e e e s 186
7.46.2  Calling MNEETTACE .. ... i e e e e e e e 186
7.46.3  INPUL PATAMETEIS. . .uuuririiiiiiiiiiiiiiiiiiteie e r e n e s e a e r e r e a e r e n e e e e e e e e e e e e e e e e e eas 187
T46.4  OULPUL PATAIMELETS ...ttt a1 e e e e e s e e e s e e e e e e e e e s e s e e e a e e e e e e e e aaaeaaaaaas 188
7.46.5  WAaININGS QN0 ©ITOTS. ... uvvreeiitieieeiiireee e st e e e s et e e st e e e e st b e e e e s st e e e e e e ns et e e e sbe e e e s annbn e e e s nnnneees 188
7.47 xo0_gen_osf_append_orbit_change ..................ccoiiiii 189
R B € 1< o 4 () PP T PP PPTPPTPT 189
7.47.2  Calling INLETTACE ....cii ittt et e e e e st e e e e e e e e s bbb e reaeeas 189
TAT. 3 INDUL PATAIMELETS . ..eeii i eerrreeeeeeeees s s ee e e e e s s s s e e e e e e e s s e s s e e e e e e e s s e s nn e e e e e e e e e s s annnnn e eeeeeas 190
TATA  OUIPUL PATAINELETS ... teettteeieeeee e s s sttt e eeeeee e s s s rrreeereae e e s s s s e e e b e e e e e e e e e s s s s nrrre e e e e eesesanannnnnreeeeeeas 191
T.47.5  WATNINES QN0 CITOTS. ....uutttiiitiieeeii ittt e e e et e e e e e s s b bbb et e e e e e s s s bbb b et e eeeeeeaananebbbereeeeas 192
7.47.6  Executable Program ........ccooiiiiiiiiiiiicii et 193
7.48 xo0_gen_osf_append_orbit_change 2 ... 196
A T I O 1< 74 15 TP 196
7.48.2  Calling INTETTACE .....eiiiiiiiii it 196
T.A8.3  INPUL PATAIMELETS . ..eeis s uierreeeeeeeeesseiier et e e e e s s s e e e e e e e s s s s s e et e e e e s s s rn e e e e e e e e e s s annnnn e e e eeeas 197
TAB.4A  OULPUL PATAIMNELETS ... tettreeeeeeeees s ettt e eeeee e e s s s ser e e e e e e e e s s s s e e e b e e e et aee e s s s s nbn s e e e reeeeesenannnnnreeeeeeas 198
7.48.5  Warnings And ©ITOTS.......uuuieiiuriiiiiiiiiiieeiirie et e e et s et s e e e st e e 198
7.49 xo0_gen_osf_append_orbit_change 3 .................ooiiiii 199
3 B O )< o 4 1) PP PP PP 199
7.49.2  Calling INtETTACE .....ccciiiiiiiiiiiiii 199
7.49.3  INPUL PATAMICLEIS. ...uuuttiiiiiiiiiiiiiiittitebte e s s e e e e e e e e e e s e e e n e e e e e e e e e n e e e e e e e e e e e e e e e eaaeas 200
7494  OULPUL PATAIMNELETS ... erreeieeeieee s s er e e e e e s s s et e e e e e s s s e et e e e e s s s e e e e et e s e s s s asnnn e e e e eees 201
7.49.5  WAaTNINES QN0 CITOTS. ....utureiiiiieeeiiiitire ittt e e et e e e e e e s s s e e et e e e e s s s nr b e e e e e e e s sasannnnrreeeeeas 201
7.50 xo0_gen_osf change repeat cycle................ 202

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



_ e ‘ Code: EO-MA-DMS-GS-0004

'y . W Date: 31/10/2023
el mos &:— esa Issue: 426

Page: 18
1 U B € )< o 4 1) 2P TP PTP PP PPP 202
7.50.2  Calling MEETTACE .. ... it e e e e e e 202
7.50.3  INPUL PATAMETEIS. . .uuuririiiiiiiiiiiiiiiiiiiiie e r e a s a e r e n e n e rnr e e e e e e e e e e e e e 203
7.50.4  OULPUL PATAIMIELETS ....evvrreiiiiiee e ittt e e e s st e e e e s s s et e e e e e s s s r et e e et e s e s s s s e e ee s 205
7.50.5  WAarnNINGS QNA ©ITOTS. ... uuveeeiiurerieeiiiteteaatree e e st e e s e e e e st e e e e s s be et e e s ssr et e e e sbe e e e s annbn e e e e s annreees 205
7.50.6  Executable PrOGram ...........ciiiiiiiiiiiiiiiic e 206
7.51 xo0_gen_osf change repeat cycle 2. 209
0 B B O )< o 4 1) 2P PP PP PP PPTPPP PP 209
7.51.2  Calling MEETTACE .. ... i e e e s e e e e e s as 209
R O T (0N 10 o 41 <) TR 210
T.51.4  OUPUL PATAIMIELETS ...vivrieiiiiie ettt s et e e e s s st e r et e s s s s r e e e s 211
7.51.5  WAaInINGS QNA ©ITOTS. ... .uvvreeiiuririeeiiireee ettt ee e st e e st e e e e st e e e e s as e e e e e s s b e e e e e sbe e e e s annbne e e e s nnnneees 212
7.52 xo0_gen_osf_change_repeat _cycle 3 ..........ccccoooiiiiiiiiiii 213
T.52.1  OVEIVIEW....uiiiiiiiiiiiii ettt e bt e e e s e e e e e bbb et e e s b e e e s s b e e 213
7.52.2  Calling INLETTACE ....cii ittt et e e e e s bbbt e e e e e e e e s bbb reaeeas 213
7.52.3  INPUL PATAIMELETS . ..eeis i ieerrreeeeeeeeesssinrr et e e e e e s s s r e e e e e e e e e s s a s s e e e e e e s s s s nn e e e e e e e e e e s s annnrn e eeeeeas 214
7.52.4  OULPUL PATAIMECEETS ...vvvvvtiiiiiiiiiiiitiiiiititit s s s s s s e s e e s e s s e s e e s e e e s s s e e e s e e e e e e e e e e a e e naaaaaeaeaaaaaaaaaaans 215
7.52.5  WATNINES QN0 CITOTS. ...uuvttiiiiiieee ittt et e e e e ettt e e e e e s s s bbbttt e e e e s s s bbb et eeeeeeaasanabbbereeeeas 215
7.53 x0_gen_osf_add_drift_cycle .............ooooiiiiiiiii 216
R I B 0 1< o4 Tc PP PPPPP 216
7.53.2  Calling INtETfaCe .....ccciiiiiiiiiiiiii 216
7.53.3  INPUL PATAIMIELEIS. ...ttt e e e s e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaaaaaas 217
7.53.4  OULPUL PATAIMNELETS ... oeeereeeeeeeeee s rree e eeeee e e s s s e et ee e e s s s s e e e e e e e s s e nnn e e e e e e e s e s s s annnnnneeeeeeas 218
7.53.5  WAaININES QN0 CITOTS. ...uuurriiiiiieeeiiiitire ettt e e e s st e e e e e e s s s r e e e et e e e e s s s e b b e eeeeeseaanannrnrreeeeeas 219
7.53.6  Executable Program .........ccociiiiiiiiiiiiiii 220
T54 X0 N T0f ... 223
T 3 T 0 1< 4 T PP TPPPP 223
7.54.2  Calling INtETface .......coocuiiiiiiiiiii 223
T.54.3  INPUL PATAMIELEIS. ...uuuuttiiiiiiiiiiiiiiititette e s e e s e e e s e e e s e e e r e e e e e e e e e a e e e e e e e e e e e e e e e eaaeas 224
T.54.4  OULPUL PATAIMNELETS ... uerrreietiieeess st ee e e e e e s s s e e e e e e e s s s e e e e e e e s s s n e e e et e s e s e s nnnnn e eeeeeas 226
7.54.5  WAaTNINES QN0 CITOTS. ....utureiiiiieeeiiiiiriie et ee e et r e e e e e s s s r e e e e e e e e s s s nr e b e ereeeeeaanannrnrreeeeeas 227
7.54.6  Executable PrOGTam ...........ciiiiiiiiiiiiiiiic et 228

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



e Code: EO-MA-DMS-GS-0004

g = & \\&\\N& Date: 31/10/2023

delmos &V‘—: esa Issue: 4.26

Page: 19
7.55  XO_@eN_TOf PIrOtOLYPC........eeiiiiiiiiiiii it 231
T T B 0 1< o4 T PO TPPPP 231
7.55.2  Calling INtETface ......ccoviiiiiiiiiiii 231
7.55.3  INPUL PATAIMIELEIS. ...uuutttitiiiiiiiiiiiitiittttt e e e e e e s e e e e e e e e e e e e e e e e e e e e e a e e e e e e e e e e e aaaaeaaaas 232
7.55.4  OULPUL PATAIMNELETS ... oeverreieeeeeeessssrrreeseeeee e e s s s e e e e e e e s s s rn e e e e e e e s s e s n e e e e e e e e e s a s e nnn e eeeeeas 234
7.55.5  WAaININES QN0 CITOTS. ....utureiiiiieeeiiiitiiie ittt e e e sttt e e e e s s s r e e et e e e e s s s br bt e e e eesesananennrreeeeeas 234
T56 X0 _@eN POT ... 236
T.56.1  OVEIVIEW....uiiiiiiiiiiiii ettt ettt e st e et e e ettt e e et e e e et e e et e e e 236
7.56.2  Calling MLETTACE ...t e e e e e 236
7.56.3  INPUL PATAMETEIS. . .uuuuiriiiiiiiiiiiiiiiiiieii e aan e n e n e r e a e r e r e e e e e e e e e e e e e e e e e as 237
7.56.4  OULPUL PATAIMELETS ...ttt s s e e s e e e e e s e e e e e e e e e s e e e aaa e e e e e e e e e aaaaaaaeas 239
7.56.5  WAaInNINGS QN0 ©ITOTS. ... uvvreeiiutieiieiiitee e e sttt e e sttt e e st e e e e st b e e e e s s b et e e s s e e e e e sbe e e e s snnbn e e e e annnreeas 239
7.56.6  Executable PrOGram ....... ...t 240
T5T X0 _@eM_ 0T . 243
T.5T.1  OVEIVIEW...ueiiiieiiiiiit ettt ettt 4 4t e e et e e okt e e et e e et e e e a et e e s 243
7.57.2  CalliNg INTETTACE .....eiiiiiiiii e e e e 243
7.57.3  INPUL PATAMETEIS. ...uuuririiiiiiiiiiiiiiiiiiiiie e e s a e n e n e r e n e n e e e r e e e e e e e e e e e e e e e e e eeas 243
T.57.4  OULPUL PATAIMELETS ...ttt a1 r s a1 e e s e e e e e e e e an e e e na e a e e e e e e e e e e e eeeaas 244
7.57.5  WAarniNGS QNd ©ITOTS. ... uuveeeiiiriieeeiiirite et ee e sttt e st e e e e e e e st e e e s e e e e s tre e e e e nnn e e e s annreeas 244
7.57.6  Executable PrOGram ...........ciiiiiiiiiiiiiiii ettt 245
758 X0 _gen dnf ... 247
T.58.1  OVEIVIEW. ...ttt ettt ettt e e 4t e e et e e e et e e et e e e bt e e e 247
7.58.2  CalliNg INTETTACE .....eiiiiiiie ettt 247
7.58.3  INPUL PATAIMELETS . ..eeii i uiettteeieeeee e sttt et e e e e e s s s b e et e e e e s s e s s s b e e et e e e e e s s s s r e b e e e e e e e e e e s s nnnnnnrereeeeas 248
7.58.4  OULPUL PATAIMELETS ...ttt s e e e e e s e e e e e e e e e e e e e s e e e aaaaa e e e e e e e e e e aeaaaas 251
7.58.5  WAIMINES QN0 CITOTS. .. ..uutttiiiiiieee ittt et e ee e e e bb et e e e e e e e st bbb et eeee e e s s s bbb b et eeeaeeeaasannabbbeeeeeens 251
7.58.6  EXecutable PrOZram ........ocoiiiiiiiiiiiiic et 252
T59 X0 _@eN_tle 255
T.59.1  OVEIVIEW...uuiiiiiiiiiiiii ettt s e e et e e skt e e et e e e e e e e e e 255
7.59.2  Calling INTETTACE .....eiiiiiiiie et 255
7.59.3  INPUL PATAMETEIS. . .uuuriiiiiiiiiiiiiiiiiiiiie e e e a e n e n e n e e a e e e e e e e 255
7.59.4  OULPUL PATAIMELETS ...ttt a1 r s e s e e s e a e e e e e aar e aaa e a e e e e e e e e e e e e aaeas 256

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



e Code: EO-MA-DMS-GS-0004

Ty . & \\&\\N& Date: 31/10/2023

delmos &V‘—: esa Issue: 4.26

Page: 20
7.59.5  WAarniNGS ANd ©ITOTS. ... uuereeiiuieiieeiiiietea ettt e e sttt e e st e et e e e e s a et e e e et e e e in e e e e nn e e e e s annneees 257
7.59.6  Executable PrO@ram ...........ciiiiiiiiiiiiic e 258
T.60 X0 _CheCK 0Sf. ... 261
To00.1  OVEIVIEW....uiiiiiiiiiiii ettt ettt e 4ot e oo b et e e et e e e et e e e bt e e et et e e s 261
7.60.2  Calling INTETTACE .....eiiiiiiiie e e e 261
7.60.3  INPUL PATAMETEIS. ...uuuttiiiiiiiiiiiiiiiiiiiiit e a s s e n e n e a e n e nnn e r e e e e e e e e e e e e e e e e e as 261
7.60.4  OULPUL PATAIMELETS ...ttt a1 r e s e e e s e e e r e e e aa e e e aaaa e e e e e e e e e e e e eaeas 262
7.60.5  Warnings And ©ITOTS. ... ..uurieiiireeiieiiitiie ettt e sttt e ettt e ettt e e st e e e e s e e e e et e e s a b bn et e e s e s 263
761 X0 _CheCk 0€f ... ... e 265
AT T I 0 1< 74 15 TSP 265
7.61.2  Calling INLETTACE ....cei ittt ettt e e e et e e e e e e e e s anabb e eeeeas 265
T.61.3  INDUL PATAIMELETS . ..eeii i ieeerreeiieeeees s st e et e e e e s s s e e e e e e s s e s e e et e e e s s s s r e e e e e e e e s s annnrn e eeeeees 266
T.01.4  OULPUL PATAIMNELETS ... ieerreieeieeees st ee e e ee e e s s s e e et e e e e s s s e e r e n e e et e e e e s s s nr e e e reee e e s e s annnnnreeeeeeas 267
7.61.5  WATNINES QN0 CITOTS. ...uuvttiiiiiieeeii ittt e e e et e e e e e e s b bbb et e e e e e s s s bbb et e e e e e e e aasanebbbereeeeas 268
7.62 x0_position_on_orbit to time.................. 269
Y B O )< o 4 1) TP PTPPP PP 269
7.62.2  Calling INteITACE. ...t it 269
7.62.3  INPUL PATAQIMIETETS. . .uuutiiiiiiiiiiiiiiiiiiiii s 270
7.62.4  OUtPUL PAT@MELEIS . ....ieviieiii et 270
7.62.5  WaININES QN0 CITOTS. ...uuururiiiiieeeiiiirtiie et e ee e e s st r e e e e e s s s e e e e e e e s s s s r e e e e eeseaa s asnnnrreeeeees 271
7.63 x0_orbit_data_filter.....................cco i 272
To03.1  OVEIVIEW....eiiiiiiiiiii ettt ettt s ot e oo b et e e et bt e oo et e et e e e e e e et e e e s 272
T.03.1.1  OULHETS FILET ..evviiiiiieiiiiieiee e e e e e e e e e nnnr s 272
7.63.2  Calling INteITACE. .....ii it 272
7.63.3  INPUL PAT@QmMIETETS. . .uuuuiiiiiiiiiiiiiiiiiiiii s 272
7.63.4  OUtput Parameters........uuvrviiiiiiiiiiiiie e 273
7.63.5  WAaININGS QN0 ©ITOTS. ... uvveeeiiireeieeiiiteeeaatee e e st e e st e e e e et b e e e e s e be et e e e s nn et e e e sre e e e s st bne e e e s annreeas 273
7.64 x0_orbit_id_change ...................cccoiii 274
To04. 1 OVEIVIEW....uiiiiiiiiiiiii ettt ettt s bt e et e e ekt ee e e a e e e et e e s st e e e e st e s 274
7.64.2  Calling INTEITACE. ... cciiiiiiieiiiii et 274
T7.64.3  INPUL PATAmICTCTS. coevuvuuiiiieeiiieiiiie e ettt e e e ettt e s e e e e ee bbb s e e e e e e e ee bbb s e e e eeeesbbbanaeeeeeeennes 274
7.64.4  OULPUL PATAMELETS .. .uuuiiiiiiiiiiiiiiiiiiiiei s e e e e e e e e e e e e aas 275

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



e Code: EO-MA-DMS-GS-0004
= (LN

s " \\\\\NQ e S a Date: 31/10/2023

deimos \ =
Page: 21

7.64.5  WAarnINGS ANA ©ITOTS. ... uuveeeiiireiieeiiirite ettt e e st e e st e e e r e e e e sttt e e s s et e e e sre e e e s annbne e e e s annneees 275
Ti05 X0 _0SV_CRECK......ooeeeiiiiii e 2717
T.05.1  OVEIVIEW....uiiiiiiiiiiiii ettt e bt e e s sk b e e s e et e e e bbb e e st b e e e e s 277
7.65.2  Calling INTEIACE.....cciiiiiiiieiiiie e 277
7.65.3  INPUL PATAmMEIETS. ...t iieeiieiii e ettt ettt e e e e e e s s e e e e e 277
7.65.4  OULPUL PATAMETETS ....uuuiiiiiiiiiiiiiiiiiiiii e a e e e e e e e 278
7.65.5  WATNINES QN0 CITOTS. ...uutttiiiiiieeeiiiiitti ettt et e e e et e e e e e e s st bbb e et e e e e e s s s bbb b et e eeeeeeaananabbbereeeeas 278
7.66 x0_orbit id check.............ooo 280
T00.1  OVEIVIEW. . uuuututitiuiuititiiititttttbete ek 44444444 e e 4o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e aaaaas 280
7.660.2  Calling INteITACE. ......i i 280
7.66.3  INPUL PATAQIMIETETS. . .uuuuiiiiiiiiiiiiiiiiiiii it a e e e e 281
7.66.4  OULPUL PATAMELETS ...ttt e e e e e e s e e e s e e e e e e e e e e e e e e s e e e e e e e e e e aaaaaaaaas 281
7.66.5  WATININZS QNA TTOTS. ...uuuuutuuiiiiiiiiiiiiiiitiiit e e s aa s a e e e e e e e e e s e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaas 281
7.67 X0_orbit_get MOAe ............ovviiiiiiiii 283
To0T. 1 OVEIVIEW....eiiiiiiiiiiiti ettt ettt e e et e e et e e okt e e et e e e et e e et e e e e e e s 283
7.67.2  CalliNg INTETTACE .....eii ittt e e 283
7.67.3  INPUL PATAMETEIS. . .uuuririiiiiiiiiiiiiiiiiiiit e s s a e a e n e n e nnr e e e n e e e e e e e e e e e e e e e e e e eeas 283
T.67.4  OULPUL PATAIMELETS ...ttt s s e r e e e e e e e a e e e e na e naaaa e e e e e e e e e e e e eeaas 283
7.67.5  WAarNINGS ANA ©ITOTS. ... uvereeiiureiiieiiitet e et e e e ettt e st e e e e et e e e e e as et e e e s s b e e e e e re e e e s a s e e e e s annneees 283

8 RUNTIME PERFORMANCGES ... ettt 284
9 LIBRARY PRECAUTIONS ...ttt n e 287

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



\

7

=

Code: EO-MA-DMS-GS-0004

m - \\&\ <~ e S a Date: 31/10/2023
deimos \ = lsue: 426
Page: 22
LIST OF TABLES
Table 1 : CFI functions included within EO_ORBIT Lbrary..........ccccccoiiiiiiiiiiiiiiiiiiecee e 40
Table 2 : Some enumerations within EO_ORBIT IDTary..........cccceiiiiiiiiiiiiiiiieiiicee e 42
Table 3 : EO ORBIT SIUCIUIES ......uvviiiiiiiiiiieiiiiit ettt ettt e e e s e e e 45
Table 4 Input parameters of xo_orbit init def fUNCHON ..........cooviiiiiiiiii e 54
Table 5 : Output parameters of xo_orbit_init def fUnction ........cccevviieiiiiii 55
Table 6 : Error messages of xo_orbit_init def fUnCtion ...........eeviieiiiiiiiiii e 56
Table 7 : Input parameters of xo_orbit_init def 2 function ............cccoocviviiiiiiiii i 58
Table 8 : Output parameters of xo_orbit init def 2 function..........cccoocvvveeiiiiiie e 59
Table 9 Input parameters of xo_orbit_init_def 3 fUnction.........cccccvvreiiiiiiii e 60
Table 10 : Output parameters of xo_orbit_init def 3 function............ccoviiiiiiiiiiii 61
Table 11 : Error messages of xo_orbit_init_def 3 fUnction.........ccccceeeiiiiiiiiii e 62
Table 12 : Input parameters of xo_orbit_cart init fUNCHION ........ocvvviiiiiiiiieiii e 63
Table 13 : Output parameters of xo_orbit_cart init fUNCHON........uvviiiieiiiiiiiie e 64
Table 14 : Error messages of xo_orbit_cart init fUNCHOMN. .........eviiieiiiiiiiiiiiiiee e 65
Table 15 : Input parameters of xo_orbit_cart init precise fUNCtioN .........ccovvvvieiiiiiiiiiiii e 66
Table 16 : Output parameters of xo_orbit_cart init precise funCtion............cccveerriiriiiiiiiiieeiiiiee e 68
Table 17 : Error messages of xo_orbit cart_init_precise function...........ccccovvviiiiiiiiiiiiiii s 69
Table 18 : User requested time range in Xo_orbit init file.........cccooiiiiiiiiiiiiiiii e 71
Table 19 : Validity periods for xo orbit init file..........ceiiiiiiiiiiiiii e 71
Table 20 : OSV diagnostics behavior at orbit initialiZAtION ........oouvveieiiiiiieeiiiiie e 73
Table 21 : Input parameters of xo_orbit_init_file function..........cccccceeiiiiiiiii e 75
Table 22 : Output parameters of xo_orbit_init_file function .............cocouiiiiiiiiiiiiii e 77
Table 23 : Error messages of xo_orbit_init file fUnCtion .........ccuvviiiiiiiiiiiiiii e 78
Table 24 : User requested time range in xo_orbit_init file PreciSe.........cccvriirieiiiiiiiiiniiiiee e 81
Table 25 : Validity periods for xo_orbit_init file PreciSe........cccvviiiiieiiiiiiiiiiiiiee e 81
Table 26 : Input parameters of xo_orbit_init_file precise fUnCtion ............cccceeiiiiiiiiiiiiiiiieee 82
Table 27 : Output parameters of xo_orbit_init file precise fUNCHON...........ccccvvveiiiiiiiiiiiiiiie e 84
Table 28 : Error messages of xo_orbit_init_file precise fUnction ...........occvvvvviiieiiiiniiniiiieee e 85
Table 29 : User requested time range in X0_0rbit 1d INit........cccevvviiiiieiiiiiiiiii e 87
Table 30 : Validity periods for X0 0rbit id IMIE.......ceiiiiiiiiiiiiiiiiiiee e 87
Table 31 : Input parameters of xo_orbit id init fUNCHON.........coiiiiiiiiiiiiii e 88
Table 32 : Output parameters of xo_orbit_id INit fUNCHON ....oeevriiiiiiiiiiiie e 90
Table 33 : Error messages of xo_orbit id_init function ...........ccocciiiiiiiiii 90
Table 34 : Input parameters of X0 _01bit init Ze0 fUNCLION ......vvviiiiiiiiiiiiiiiiie e 94
Table 35 : Output parameters of xo_orbit_init gE0 fUNCHON ........uvviiiiiiiiiiiiiii e 95
Table 36 : Error messages of Xo_orbit init ge0 fUNCLION.........cciiiiriiiiiiiiiiiiiiiie e 96
Table 37: Input parameters of xo_orbit_close function............ccocceviiiiiiii 97
Table 38 : Output parameters of X0 _0rbit CloSe fUNCHON.......uvviiiieiiiiiiiiiiiiie e 97
Table 39: Error messages 0f X0 0rbit close fUnCHiON .........cuvvviiiiiiiiiiiiiiie e 98
Table 40: Input parameters of X0 0rbit_get 0SV fUNCHION ......eeeiiiiiiiiiiiiiie e 99
Table 41: Output parameters of xo_orbit _get 0SV fUNCtioN .........ccccvviiiiiiiiiiiiii 99
Table 42: Input parameters of Xo_0orbit set 0SV FUNCHON .....vvviiiiiiiiiiiiiiiii e 101
Table 43: Output parameters of X0 0orbit set 0SV fUNCHION ........occviiiiiiiiiiiiiii 101
Table 44: Input parameters of xo_orbit_get anx fuUnCtion..........cccccveeiiiiiiiii e 103
Table 45 : Output parameters of xo_orbit_get anx function ...........cccovciiiiiiiiiii . 103
Table 46: Input parameters of Xo_orbit_set anx fUNCHION ...........ciiiiiiiiiiiiiiii e 105

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



— tt‘; ‘ | Code: EO-MA-DMS-GS-0004

= @

\\\\\\\

e S a Date: 31/10/2023
Issue: 4.26

Page: 23
Table 47: Output parameters of X0 0orbit set anX fUNCHON.........ccvvviiiiiiiiieiie e 106
Table 48: Input parameters of xo_orbit_get 0sf 1eC fUNCHON ......evvvviiiiiiiiiiii e 107
Table 49: Output parameters of xo_orbit_get osf rec function..........cccceeviiiiiiiiiiiiii 107
Table 50: Input parameters of Xxo_orbit_set 0Sf 1ec fUNCtion ........ccccvviiiiiiiiiiiii 109
Table 51: Output parameters of xo_orbit_set 0sf rec fUNCtion..........cooovvviiiiiiiiiiii e 109
Table 52: Input parameters of xo_orbit_get val time fUNCtON ........ccevviiiiiiiiiiiieei e 111
Table 53: Output parameters of xo_orbit_get val time function ..........cccceeeiiiiiiiiiiii e, 111
Table 54 : Input parameters of xo_orbit_set val time function ...........occcuvviiiiiiiiiiiiiiiie e 113
Table 55: Output parameters of xo_orbit_set val time fUNCtion...........cccceevviiiiiiiiiiiiiic e 113
Table 56: Input parameters of xo_orbit_get precise propag config function ...........cccccovvveeiiiiinrieninnnnn. 115
Table 57: Output parameters of xo_orbit_get precise propag config function............cceevevviiiiiiniiiiinnnns 115
Table 58: Input parameters of xo_orbit _set precse propag config function...........ccccvvvvveviieiiiniiiiiiiinnnnenn. 117
Table 59: Output parameters of xo_orbit_set precse propag config function ............ccccocvvveiriinnieeininnn. 117
Table 60: Input parameters of xo_orbit_get time id fUNCtION........cceeeiiiiiiiiiiiiiiii e 119
Table 61: Output parameters of xo_orbit_get time id fUNCHON .....cceeeviiiiiiiiiiiiice e 119
Table 62: Input parameters of xo_orbit get model id funCtion..........ooovviiiiiiiiiiiiiie e, 120
Table 63: Output parameters of xo_orbit_get model id function ..........cccccovvviiiiiiiiiiiiiii 120
Table 64: Input parameters of xo_orbit get osv_compute validity function ............cccccevvveeiiiiiiiiinnnnnnnn. 121
Table 65: Output parameters of xo_orbit_get osv_compute validity function............cccccevvveeriiiiiniininnnenn. 121
Table 66: Input parameters of xo_orbit get propag mode function ...........ccceeeeeeeiiiiiiiiiiiiien e 123
Table 67: Output parameters of xo_orbit _get propag mode fUNCion.........c.occvvvviiiiiiiiiiniiiiec e 123
Table 68: Input parameters of xo_orbit _get interpol mode function...........ccccceeviiiiiiiiiiii e, 124
Table 69: Output parameters of xo_orbit_get interpol mode fUnction ..........ccccccevviiiiiiiiiiiiiiiniieen, 124
Table 70: Input parameters of xo_orbit get propag config function...........ccccceeriiiiiiiiiiiiiinnnieen, 125
Table 71: Output parameters of xo_orbit_get propag config function ..........ccccceevviiiiiiiiiniecniiie e, 125
Table 72: Input parameters of xo_orbit _get interpol config function..........ccccceeeiiiiiiii e, 127
Table 73: Output parameters of xo_orbit_get interpol config function ............ccccviiiiiiiiiiiiii 127
Table 74: Input parameters of xo_orbit get geo orbit info function...........cccccceeviiiiiiiiiie, 129
Table 75: Output parameters of xo_orbit get geo orbit info function...........ccccevviiiiiiiiiii e, 129
Table 76: Input parameters of xo_orbit_set geo orbit_info function...........ccccceeviiiiiiiiiieen 131
Table 77: Output parameters of xo_orbit_set geo orbit info fUNction ..........ccccccvvviiiiiiiiiiiniee, 131
Table 78: Input parameters of xo_orbit id clone function..........ccccceviiiiiiiiiiiiiiii e 133
Table 79: Output parameters of xo_orbit id clone fUnction ...........ccccovivvviiiiiiiieic e 133
Table 80: Input parameters of X0 run_init fUNCHION........cciiiiiiiiiiiiiiie e 134
Table 81: Output parameters of X0 1un_init fUNCHOM ....coiviiiiiiiiiiiie e 134
Table 82: Error messages 0f X0 1un_init fUNCLION ......eiiiiiiiiiiiiiiiiiieie e 135
Table 83: Input parameters of X0 _run_get ids fUNCHON ........evviiiiiiiiiiiiiice e 136
Table 84: Output parameters of xo_run_get ids fUNCHON ....oc.evvviiiiiieeiiie e 136
Table 85: Input parameters of Xo_1un_close fUNCHOM ......ooviviiiiiiiiei e 137
Table 86: Output parameters of X0 1un_close fUNCHON..........uuviiiiiiiiii e 137
Table 87: OSV computation MEthOAS . .......vvviiiiiriiieeiiii et 138
Table 88: Validity Time Intervals for Propagation ............ooooiiiiiiiiiiiiiiniien e 141
Table 89: Input parameters of X0_0SV_COMPULE TUNCHON........uvviiiiieieiiiiiiiiiit it 144
Table 90: Output parameters of X0 0SV_coOmPUte fUNCLION .....eveiiiriiiiiiiiiii e 145
Table 91: Error messages 0f X0 _0SV_COMPULE TUNCHON .......evvviiiiiiiieiiiiie e 145
Table 92: Input parameters 0f X0 _0SV_COMPULE EXIIa....cceiiiiurrriiiriieeeiiiiiritieeee e e e e s rreee e e s eeeeeas 148
Table 93: Enumeration values of extra _choice input flag............ccceeiiiiiiiiiiii e 148
Table 94: Output parameters 0f X0 0SV_COMPULE EXITA ..oervviuvvrriiiieeeeeiiiiiiiiiiieeeee e s e ibibreeeeeeeessaeerenreeeeeens 149
Table 95: Ancillary results vector. Model-dependent parameters ...........c.eeeevrvvrieiiiiieeeenniiiee e 150

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



— tt‘; ‘ | Code: EO-MA-DMS-GS-0004

= @

\\\\\\\

e S a Date: 31/10/2023
Issue: 4.26

Page: 24
Table 96: Ancillary results vector. Model-independent parameters ...........ccovrvvriieiiiiieeneniiiee e 150
Table 97: Error messages of xo_0sv_compute_extra fUNCHON ..........ccovviiiiriiiiieieniiiieceee e 154
Table 98: Input parameters for X0 0rbit t0 tIME.......cceeviviiiiiiiiiii i 155
Table 99: Output parameters for X0 Orbit t0 T ...evvieeiiiiiiiiiiiiiiie e 156
Table 100: Error messages of Xxo orbit to time fUnCtion.............ccvviiiiiiiiiiiiiiiii e 156
Table 101: Input parameters for xo_time to orbit fUNCtion ...........ceeviiiiiiiiiiiiiiiii e 159
Table 102: Output parameters for Xo_time _t0 OTbIt.........ccvviiiiiiiiiiiiiiii 160
Table 103: Error messages of Xo_time to_ orbit fUNCHON.........uvviiiiiiiiiiiiii e 160
Table 104: Input parameters for X0 01hit INTO ......ccoiiiiiiiiiiiiii e 163
Table 105: Output parameters for X0 0rbit INTO........cuviiiiiiiiiiiiii e 164
Table 106: Error messages of xo_orbit info function ...........cccoccviiiiiiiiii 165
Table 107: Input parameters for xo orbit_info CONfIGUIE..........oeviiiiiiiiiiiiiii e, 166
Table 108: Output parameters for Xxo_orbit info CONTIGUIE ..........ceveiiiiiiiiiiiiii e 166
Table 109: Error messages of xo_orbit_info_configure function............ccccvvvrvvviiiiiiniiiiie e 167
Table 110: Input parameters for xo_orbit_rel from abs..........cccccciiiiiiiii 168
Table 111: Output parameters for Xo_0orbit_rel from_ abs........c...cviiiiiiiiiiiiiiiii e 169
Table 112: Error messages of xo_orbit_rel from abs function ..........c.ccceveiiiiiiiiiiiiii e 169
Table 113: Input parameters for xo_orbit_abs from r1el..........cccccciiiiiiiiiii e 170
Table 114: Output parameters for xo_orbit abs from_rel..........cccccviiiiiiiiiii 171
Table 115: Error messages of xo_orbit abs from rel function ..........ccoooevviiiiiiiiiiiiniiiie e 171
Table 116: Input parameters for xo_orbit abs from phase..........ccccceiiiiiiiiiii 172
Table 117: Output parameters for xo_orbit_abs from_phase.........cccccoviiiiiiiiiiii 173
Table 118: Error messages of xo_orbit_abs_from_phase function ...........cccccceeeeiiiiiiiiiiiie e, 173
Table 119: Input parameters for X0 0SV 10 tle......uuiiiiiiiiiiiiiii e 174
Table 120: Output parameters for X0 0SV_t0 t1e ......ocuiiiiiiiiiiiiiiiic e 175
Table 121: Error messages of X0 0SV_t0_tle fUNCtION...........ccvviiiiiiiiiii e 176
Table 122: Input parameters of xo_gen osf create function...........c.occcviiiiiiiiiiii 178
Table 123: Output parameters of xo _gen_osf create function ..........ccoeeuvviiiiiiieiiiiie e 180
Table 124: Error messages of xo_gen osf create funCtion ..........ccvvviiiiiiiiiiiiiiiic e 180
Table 125: Input parameters of xo_gen_osf create 2 fUnCON .....evvveeiiiiiiiiiiiiieeeei e 185
Table 126: Output parameters of xo_gen_osf create 2 function...........ccccuvviiiiieiiniiiiiiiiieee e 186
Table 125: Input parameters of xo_gen_osf create 3 function ...........ooocvviiiiiiiieiiniiiiiiie e 187
Table 126: Output parameters of xo_gen_osf create 3 funCON..........cccvveiiiiiiiiiiiiiii e 188
Table 127: Input parameters of xo_gen osf append otbit change function .............ccccovvvvviiiiiiiiieiinnnnn. 190
Table 128: Output parameters of xo_gen_osf append orbit change function.............ccccceeveiiiiiiiiiininnnenn. 192
Table 129: Error messages of xo_gen osf append orbit change function .............oocvvvviiiieiiniiiiiiiinnnenn. 192
Table 130: Input parameters of xo_gen osf append otbit change 2 function .............cccooeveiviinieriiinnnn. 197
Table 131: Output parameters of xo_gen_osf append orbit_change 2 function...........cccccoveeiiiiiiiiinnnnnnn. 198
Table 130: Input parameters of xo_gen_osf append orbit change 3 function ............cccccceeeiiiiiiniininnnenn. 200
Table 131: Output parameters of xo_gen_osf append orbit change 3 function...........ccccccevvriiiniinnnnnen. 201
Table 132: Input parameters of xo_gen osf change repeat cycle function............ccocceevviiiiiiiiiiinieinnnnnn. 203
Table 133: Output parameters of xo gen osf change repeat cycle function ..........cccvvvvvvvvviviiiiiiiiiinininnn. 205
Table 134: Error messages of xo_gen_osf change repeat cycle function ...........ccccevviiiiiiiiiiiiiiinns 205
Table 135: Input parameters of xo_gen _osf change repeat cycle 2 function...........cccceviieeiiiiiiiiinnnnnenn. 210
Table 136: Output parameters of xo_gen osf change repeat cycle 2 function............ccococveviiivnieinnnnnnn. 211
Table 135: Input parameters of xo_gen_osf change repeat cycle 3 function...........cccccevvveeiiiiiiiiinnnnnnnn. 214
Table 136: Output parameters of xo_gen_osf change repeat cycle 3 function..........ccccccceeeeiiiiiiniiinnnnnen. 215
Table 137: Input parameters of xo_gen_osf add drift cycle function ...........ccccceiiiiiiiiiiiiee, 217
Table 138: Output parameters of xo_gen_osf add_drift cycle function............cccovvvviiiiiiiniii e, 218

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



o \k\u\ Code: EO-MA-DMS-GS-0004

= - \ e S a Date: 31/10/2023

deimos \ lsue: 426

Page: 25
Table 139: Error messages of xo _gen osf add drift cycle function ..........cccvvviiiiiiciiii 219
Table 140: Input parameters 0f X0 _gen 10f fUNCHON .......coiiviiiiiiiiiie e 224
Table 141: Output parameters of x0_gen rof fUnCtion........ccccvviiiiiiiiiiii 226
Table 142: Error messages of X0 gen 10f fUNCHION. .......coiiiiiiiiiiiiiie e 227
Table 143: Input parameters of xo_gen r1of prototype function............cceveeriiiiiiiiiiiiiieiiiee e 232
Table 144: Output parameters of xo_gen rof prototype function ...........cccvvvvvveiiiiiiiiiie e 234
Table 145: Error messages of xo_gen rof prototype function...........ccccevviiiiiiiiiiiii i, 235
Table 146: Input parameters 0f X0 _gen pof fUNCHON.........cccuiiiiiiiiiii e 237
Table 147: Output parameters of X0 gen_ pof fUNCHON .......vvvviiiiiiiiiiiii e 239
Table 148: Error messages of X0 gen pof fUNCION........ccoiiiiiiiiiiiiiiiiiiie e 239
Table 149: Input parameters of xo_gen oef function..........cccceeiiiiiiiiiiii 243
Table 150: Output parameters of X0 _gen 0ef fUNCHON ........c.vvvviiiiiiiiiii e 244
Table 151: Error messages of X0 gen 0ef fUNCHON .......ccoiiiiiiiiiiiiiiciiiee e 244
Table 152: Input parameters 0f X0 _gen _dnf fUnCtioN............cccviiiiiiiiiiii e 248
Table 153: Output parameters of xo_gen dnf fUnCtion .........cccvvvviiiiiiiiiii e 251
Table 154: Error messages of X0 gen dnf fUncCtion.........ooiiviiiiiiiieiiiiii e 251
Table 155: Input parameters 0f Xo_gen tle fUNCtiON...........ccuviiiiiiiiiiiiiiiiic e 255
Table 156: Output parameters of x0_gen_tle fuNCHON ........oviiiiiiiiiiii e 257
Table 157: Error messages of Xxo_gen tle function..........coceviiiiiiiiiiiiii 257
Table 158: Input parameters 0f Xo _check 0Sf fUnCHioN..........c.uvviiiiiiiiiiii e 262
Table 159: Output parameters of xo _check 0Sf fUNCHON .......oeviiiiiiiiiiiii e 262
Table 160: Error messages of xo_ckeck 0sf fUnction..........ooccvvviiiiiieiiiiii e 263
Table 161: Input parameters of Xxo_check 0ef fUnCtion .........c..evvviieiiiiiiiiiii e 266
Table 162: Output parameters of xo _check oef function...........ccccceeiiiiiiiiii e, 267
Table 163: Error messages of xo _ckeck 0ef fUnCtion ..........cccceeiiiiiiiiiiiiiiiiii e 268
Table 164: Input parameters of xo_position_on_otbit_to_time function ............ccccoevcvmmviiiieeenniniieeenenn. 270
Table 165: Output parameters of xo_position_on_orbit to time function............c.cccvveviiiiiiiiiiiininn, 270
Table 166: Error messages of xo_position_on_orbit to time function...........cccceevviviiviiiiiiiiieeniniiiieeeeen. 271
Table 167: Input parameters of xo_orbit_data filter function ............ccocoveeiiiiiiiiiniii 272
Table 168: Output parameters of xo_orbit_data_filter function............ooccvvvivviiiii 273
Table 169: Error messages of xo_orbit_data filter function.........cccccevviiiiiiiiiiiiii e 273
Table 170: Input parameters of xo_orbit id change function ...........cccoccviiiiiiiiiiinii e, 274
Table 171: Output parameters of xo_orbit id change function..........c..ccceveeiiiiiiiiiii e 275
Table 172: Error messages of xo_orbit id change function.............cccooivviiiiiiiiii i 275
Table 173: Input parameters 0f xo_0sv_check fUnction ... 277
Table 174: Output parameters of X0 _0sv_check fUNCtion ...........eeeveiiiiiiiiiii e, 278
Table 175: Error messages of X0 08V check fUnCiON ........c.evviiiiiiiiiiiiiiiic e 278
Table 176: Input parameters of xo_orbit_id_check fUnction .........ccccccoviiiiiiiiiiiii e 281
Table 177: Output parameters of xo_orbit_id check function...........ccoovuiiiiiiiiiiiiiiin 281
Table 178: Error messages of xo_orbit id check function...........cccccoovviiiiii e, 281
Table 179:Input parameters of xo_orbit get mode fUNCHON ..........eeviiiiiiiiiiiiiii e 283
Table 180: Output parameters of xo_orbit_get mode fUNCHion ..........coovviiiiiiiiiieiiiiie e 283

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



P Code: EO-MA-DMS-GS-0004
\\\\\\L

. S \ e S a Date: 31/10/2023
deimos \ =
Page: 26
LIST OF FIGURES
Figure 1: Orbit Calling SEQUETICE. ........uuuiiiiiieeiiiitiiei et e s e e e e e e e s eeeeas 36
Figure 2: File Generation Calling SEqUENCE ...........coiiiiiiiiiiiiiiiiiiii s 37
Figure 3: Overlapping files in orbit iNTHAHZALION . .........ciiiiiiiiiiiiiiie s 74
Figure 5: Weight Function for Double Propagation Model ...........ceveeiiiiiiiiiiiiiiiiiecceee e 141
Figure 5: Performances of the interpolation algorithm............cooiiiiiiiiiiiiiii e 143

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



A N
T —— N\ W

deimos \ =€Sa

Z =
—

"

7~

//{

Code:
Date:
Issue:
Page:

EO-MA-DMS-GS-0004
31/10/2023

4.26

27

1 SCOPE

The EO ORBIT Software User Manual provides a detailed description of usage of the CFI functions

included within the EO_ORBIT CFI software library.
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2 ACRONYMS, NOMENCLATURE AND TERMINOLOGY

2.1 Acronyms

ANX
AOCS
CFI

EF
EOCFI
ESA
ESTEC
FOS
GS
OBT
OEF
OSF
N\
POF
ROF
SSP
SRAR
SUM
TLE
TOD
UTC
UTI
WGS[84]

Ascending Node Crossing
Attitude and Orbit Control Subsystem
Customer Furnished Item

Earth Fixed reference frame

Earth Observation CFI

European Space Agency
European Space Technology and Research Centre
Flight Operations Segment
Ground Station

On-board Binary Time

Orbit Event File

Orbit Scenario File

Orbit State Vector

Predicted Orbit File

Restituted Orbit File

Sub-Satellite Point

Satellite Relative Actual Reference
Software User Manual

Two Line Elements

True of Date reference frame
Universal Time Coordinated
Universal Time UT1

World Geodetic System 1984

2.2 Nomenclature

CFI A group of CFI functions, and related software and documentation that will be distributed by
ESA to the users as an independent unit

CFlI function A single function within a CFI that can be called by the user

Library A software library containing all the CFI functions included within a CFI plus the
supporting functions used by those CFI functions (transparently to the user)
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2.3 Note on Terminology
In order to keep compatibility with legacy CFI libraries, the Earth Observation Mission CFI Software
makes use of terms that are linked with missions already or soon in the operational phase like the Earth
Explorers.
This may be reflected in the rest of the document when examples of Mission CFI Software usage are
proposed or description of Mission Files is given.
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3 APPLICABLE AND REFERENCE DOCUMENTS

3.1 Applicable Documents

No applicable documents.

3.2 Reference Documents

[MCD]

[MSC]

[GEN_SUM]

[F_H SUM]

[D H SUM]

[LIB_SUM]

[FORMATS]

[EO_OPS]

Earth Observation Mission CFI Software. Conventions Document. EO-MA-
DMS-GS-0001.

Earth Observation Mission CFI Software. Mission Specific Customizations
Document. EO-MA- DMS-GS-0018.

Earth Observation Mission CFI Software. General Software User Manual. EO-
MA- DMS-GS-0002.

Earth Observation Mission CFI Software. EO_FILE HANDLING Software User
Manual. EO-MA-DMS-GS-0008.

Earth Observation Mission CFI Software. EO_DATA HANDLING Software
User Manual. EO-MA-DMS-GS-007.

Earth Observation Mission CFI Software. EO_LIB Software User Manual. EO-
MA-DMS-GS-003.

Earth Explorer File Format Guidelines. CS-TN-ESA-GS-0148.

Earth Observation OPS Commanding.
Link to Technical note

The latest applicable version of [MCD], [MSC], [GEN_SUM], [F_ H SUM], [D_H SUM], [LIB_SUM] is
v4.26 and can be found at:

http://eop-cfi.esa.int/REPO/PUBLIC/DOCUMENTATION/CFI/EOCFI/BRANCH_4X/
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4 INTRODUCTION

4.1 Functions Overview

This software library contains:

e CFI functions allowing accurate computation of orbit state vectors, either at ascending node or (by
propagation) at any point in the orbit of any Earth Observation satellite.

o The orbit propagation may be performed based on different propagation models. The initial set of
models supported are:

—  Mean Keplerian model

- TLE model

— Numerical model

e Itincludes an interpolator and orbit propagators.

o CFI functions required to compute the orbit scenario file, used for Earth Observation mission
planning purposes, and several orbit files useful for testing purposes (Predicted Orbit File,
Restituted Orbit File, DORIS Navigator Files).

o It contains:
— alibrary of functions which can be called from a main executable program

a set of executable programs (1 for each function) with the exact same functionality as the functions

The following sections summarize the set of functions in this library:

4.1.10rbit Initialisation

Before doing any orbit calculation, the orbit should be initialized using one of the following functions:

e xo_orbit_init def’ this software generates a cartesian state vector around the true ascending node
crossings as a function of the date (processing time), the longitude of the ascending node, the
satellite Repeat Cycle Length, the mean local solar time and either the drift in mean local solar time
or the inclination.

e Xxo_orbit_cart _init, xo_orbit_cart_init precise: This software initializes the orbit using as input a
cartesian orbit state vector. The “precise” function allows the introduction of data to propagate a
state vector with a numeric propagator (see 4.1.2). Numerical propagator uses extemal files for the
configuration of gravity model and F10.7 coefficient and Geomagnetic Activity index values. You
can find some files that can be used in files/models directory of the Earth Observation CFI package,

and following you can find some references for them:
— Gravity model egm96:
— http://cddisa.gsfc.nasa.gov/926/egm96/egm96.html
- F10.7 coefficient and Geomagnetic Activity index: ECSS-E-10-04A Space Environment
- (http://www.spacelab.dti.supsi.ch/Tecnica/ECSS-E-10-04ASpaceEnvironment1.pdf).

e xo_orbit_init _file, xo_orbit_init file precise: This software initializes the orbit using a set of files
containing the orbital information (state vectors, orbital geometry or TLE data). The “precise”
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function allows the introduction of data to propagate an state vector with a numeric propagator (see
4.1.2). The following input file types are accepted:

- Flight Dynamics predicted ascending node state vectors.
- DORIS Navigator Data

- FOS Restituted Orbit Files
— DORIS Preliminary Orbit
- DORIS Precise Orbit

- Ascending node state vectors from the Orbit Scenario File

- TLE files (not for precise propagator)

— SP3 files (not for precise propagator)

e xo_orbit_id_init: This software initializes the orbit using a data structure that contain a set of data
read from files containing the orbital information (from Orbit files, DORIS navigator, Orbit
Scenario files or SP3 files).

e xo_orbit_init geo: This software initializes the orbit for a geostationary orbit using as input fixed
longitude coordinates of the satellite.

In all cases a variable of the type xo_orbit id (Orbit ID.) is returned. This variable is a CFI Identifier of the
type described in [GEN_SUM]. This variable keeps internally the orbit information that will be used for
further calculations. That orbit information can be retrieved by calling the following CFI functions:

CFI Function?

Orbit ID data

Condition to get the data

xo_orbit_init_status

Orbit ID initialisation status

Always

xo_orbit_get_sat_id Satellite ID The Orbit ID is initialised.
xo_orbit_get_mode Mode used for the Orbit ID The Orbit ID is initialised.
initialisation

x0_orbit_get_osv

OSV stored in the Orbit ID

The Orbit ID has been initialised with state
vectors.

xo_orbit_get_anx

ANX data stored in the Orbit ID

The Orbit ID has been initialised with state
vectors that are not located at the ANX
(Restituted orbit files, DORIS Navigator
files...)

xo_orbit_get _osf _rec

Orbital Geometry data stored in the
Orbit ID

The Orbit ID has been initialised with orbit
geometry data.

xo_orbit_get_val_time

Validity time interval where the Orbit
ID can be used except for
x0_osv_compute and
Xo_osv_compute_extra

The Orbit ID is initialised.

xo_orbit_get_precise
propag_config

Configuration for the precise
propagator

The Orbit ID has been initialised with
xo_orbit_init_file precise or

1 These functions are defined in the current SUM (section 7) or in [GEN_SUM].
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xo0_orbit_cart_init_precise

xo_orbit_get_time_id

Time ID used for the Orbit ID
initialisation

The Orbit ID is initialised.

xo_orbit_get_model_id

Model ID used for the Orbit ID
initialisation

The Orbit ID is initialised.

xo_orbit_get_osv_comp
ute_validity

Validity time interval where the Orbit
ID can be used to call
Xo_osv_compute and
X0_osv_compute_extra

The Orbit ID is initialised.

xo_orbit_get propag__
mode

Propagation model used when
calling xo_osv_compute

Orbit 1d is configured for propagation (see
section 4.1.2)

xo_orbit_get_interpol_
mode

Interpolation model used when
calling xo_osv_compute

Orbit 1d is configured for interpolation (see
section 4.1.2)

xo_orbit_get_propag__
config

Configuration data for the
propagator

Orbit 1d is configured for propagation (see
section 4.1.2)

xo_orbit_get_interpol_
config

Configuration data for the
interpolator

Orbit 1d is configured for interpolation (see
section 4.1.2)

Finally, note that it is possible to create a copy of Orbit ID with xo_orbit_id_clone .

4.1.2State Vector Computation (Propagation/interpolation)

The software provides a set of functions to compute orbit state vectors at a given time:

e Xxo0 _osv_compute: This software computes the state vector at the requested time. The method used to
compute that vector is transparent for the user and depends on the data type used for the orbit ini-
tialisation. Propagation is performed when the orbit id is initialised with:

— One Orbit State Vector (xo_orbit_cart init)

—  Orbit Geometry (xo_orbit_init_def)

— Orbit Scenario File

— Predicted orbit file (plus an optional DORIS Navigator file)

— Orbit Event Files (Note: Orbit Event File is deprecated, only supported for CRYOSAT mission).

— TLE files

Interpolation is used in the

se other cases:

— DORIS Navigator Data

— FOS Restituted Orbit Files
— DORIS Preliminary Orbit
— DORIS Precise Orbit

— SP3 files
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4.1.3Ancillary Results Computation

xo_osv_compute_extra: This software returns ancillary results, i.e. mean and osculating Keplerian orbit
state vectors, satellite osculating true latitude, latitude rate and latitude rate-rate, Sun zenith angle and
many more.

4.1.4Time/Orbit Transformation

Xxo_time _to_orbit. This software calculates the absolute orbit, number of seconds and number of
microseconds since ascending node that corresponds to a given time in processing format.

xo_orbit_to_time: This software calculates the time, in processing format, that corresponds to a given
absolute orbit, number of seconds and number of microseconds since ascending node.

4.1.50rbit Information Parameters

xo_orbit rel from_abs: This software calculates the relative orbit, the phase number giving as input an
absolute orbit number.

xo_orbit_abs from_rel: This software calculates the absolute orbit number giving as input a relative
orbit number and its cycle number.

xo_orbit_abs _from_phase: This software calculates the absolute orbit number, the relative orbit, the
phase number giving as input a phase number.

xo_orbit_info: This software calculates orbit related parameters providing as input the absolute orbit
number.

4.1.6File Generation
xo_gen_osf create/xo_gen_osf create_2: generates the orbit scenario file with user provided inputs

x0 gen_osf append orbit change/xo gen osf append orbit change 2: adds an orbit change to a
previously generated OSF

xo_gen_osf change _repeat cycle/xo_gen osf change repeat cycle 2: adds an orbit change for a
given target orbit to an existing OSF.

xo_gen_osf add_drift cycle: adds an orbit change for a requested orbit with a particular ascending node
longitude and an orbit for the manoeuvre.

xo_gen_pof: generates a Predicted Orbit File from several different reference input files.

xo_gen_rof and xo_gen_rof prototype: generates a Restituted Orbit File from several different
reference input files.

xo_gen_oef generates an orbit event file from an orbit scenario file and a predicted orbit file. Note:
Orbit Event File is deprecated, only supported for CRYOSAT mission

xo_gen_dnf: generates a DORIS Navigator File from several different reference input files.

xo_gen_tle: generates a TLE file from a Predicted or Restituted Orbit file.

4.1.7Clean-up Memory

xo_orbit_close: This software frees the memory allocated by the orbit initialization routines. It closes
the xo_orbit id, so that it cannot be used for further computations.
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4.1.8Check Orbit files

xo0_check _osf: checks the continuity between the last orbit of an orbital change and the next orbit in an
orbit scenario file.

xo_check _oef. checks the consistency between the list of the orbital changes and the list of orbit state
vectors in an orbit event file. Note: Orbit Event File is deprecated, only supported for CRYOSAT

4.2 State Vector Computation Calling Sequence (Propagation/
Interpolation)

A complete propagation sequence consists of:

A call to any of the initialization routines for orbit, xo orbit init def, xo orbit init def 2,
xo_orbit_init file[ precise] or xo orbit cart init[ precise], xo_orbit id init, xo orbit init geo to
generate the internal data necessary for whatever calculation involving orbits.

An optional call to xo_osv_compute extra to calculate any desired ancillary result related to the
initializing state vector.

A call to the xo_osv_compute function to compute the orbit state vector at a requested time (Optionally,
the user can check if the requested time is within the validity interval by calling the function
xo_orbit_get osv_compute_validity).

To obtain some ancillary results associated to the computed OSV, the user might call the
xo_osv_compute_extra function.

At the end of a sequence is mandatory to call xo orbit close to free the memory allocated.

The possible propagation sequences of calls allowing to produce an orbit state vector are shown in Figure 1.

4.3 Time/Orbit Transformation and Orbit Information Parameters
Calling Sequence

A complete time/orbit transformation and orbit information parameters sequence consists of:

A call to any of the initialization routines for orbit, xo_orbit init def, xo_orbit_init file[ precise] or
xo_orbit_cart init| precise], xo_orbit _id init, to generate the internal data necessary for whatever
calculation involving orbits. Note that time to orbit transformations cannot be computed if the orbit was
initialised with xo_orbit _cart_init.

A call to a time/orbit transformation or an orbit information parameters routine.

When no more time/orbit transformations and orbit information parameters routines are going to be
used, call to xo_orbit close to free the memory allocated.

The possible time/orbit transformation and orbit information parameters sequences of calls allowing to
produce an orbit state vector are shown in Figure 1.

A detailed description of each function is provided in section 7. Please refer also to:

[MCD]for a detailed description of the time references and formats, reference frames, parameters and
models used in this document.

[GEN_SUM] for a complete overview of the CFI, and in particular the detailed description of the Id
concept and the error handling functions.
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Figure 1: Orbit Calling Sequence

4.4 File Generation Calling Sequence

The calling sequence for the file generators consists of:

One call to a time initialization routine

xo_orbit_close

time

|

X0_0sv_compute iy
cartesian
T 0sV
'
¥
X0_osv_compute_extra  |—>
ancillary
results

One call to the generation routine providing the input parameters. For xo _gen pof, xo gen rof,

xo_gen oefand xo_gen dnf a reference orbit file has to be provided as well.

The following figure shows a schema of the calling sequence:
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5 LIBRARY INSTALLATION

For a detailed description of the installation of any CFI library, please refer to [GEN_SUM].
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6 LIBRARY USAGE
The EO_ORBIT software library has the following dependencies:
e Other EOCFI libraries:
. EO_FILE HANDLING (See [F_ H SUM)).
. EO_DATA HANDLING (See [D_H SUM)).
. EO_LIB (See [LIB_SUM)).
e Third party libraries:
. POSIX thread library: libpthread.so (Note: this library is normally pre-installed in

Linux and MacOS platforms. For Windows platforms, pthread.lib is included in the
distribution package, with license LGPL);

. GEOTIFF, TIFF, PROJ, LIBXML2 libraries (these libraries are included in the
distribution package. Their usage terms and conditions are available in the file
"TERMS_AND_ CONDITIONS.TXT" which is part of the distribution package).

The following is required to compile and link a Software application that uses the EO_ORBIT software
library functions (it is assumed that the required EOCFI and third-part libraries are located in directory
cfi_lib_dir and the required header files are located in cfi include, see [GEN SUM] for installation
procedures):

1) include the following header files in the source code:
- explorer_orbit.h (for a C application)

2) use the following compile and link options:
Linux and MacOS platforms:
-lefi_include dir -Lcfi_lib_dir -lexplorer_orbit

-lexplorer lib - lexplorer data dandling -lexplorer file handling -lgeotiff -Itiff -Iproj -Ixml2 -Im -lc -
Ipthread

Windows platforms:
/1 "cfi_include dir" Nibpath:"cfi lib_dir" libexplorer orbit.lib

libexplorer lib.lib libexplorer data handling.lib libexplorer file handling.lib libgeotiff.lib libtiff.lib
libproj.lib libxml2.lib pthread.lib Ws2_32.1ib

All functions described in this document have a name starting with the prefix xo_.

To avoid problems in linking a user application with the EO ORBIT software library due to the existence of

names multiple defined, the user application should avoid naming any global software item beginning with
either the prefix XO orxo .

This is summarized in Table 1.
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Table 1 : CFI functions included within EO_ORBIT library

Function Name Enumeration value long

Main CFI Functions

xo_orbit_init_def XO_ORBIT_INIT_DEF_ID 0
xo_orbit_cart_init XO_ORBIT_CART_INIT_ID 1
xo_orbit_cart_init_precise XO_ORBIT_CART_INIT_PRECISE_ID 2
xo_orbit_id_init XO_ORBIT_ID_INIT_ID 3
xo_orbit_init_file XO_ORBIT_INIT_FILE_ID 4
xo_orbit_init_file_precise XO_ORBIT_INIT_FILE_PRECISE_ID 5
xo_orbit_close XO_ORBIT_CLOSE_ID 6
X0_0sv_compute XO_OSV_COMPUTE_ID 7
X0_osv_compute_extra XO_0OSV_COMPUTE_EXTRA_ID 8
xo_orbit_to_time XO_ORBIT_TO_TIME_ID 9
xo_time_to_orbit XO _TIME_TO ORBIT_ID 10
xo_orbit_abs_from_rel XO_ORBIT_ABS_FROM_REL_ID 11
xo_orbit_rel_from_abs XO_ORBIT_REL_FROM_ABS_ID 12
xo_orbit_abs_from_phase XO_ORBIT_ABS_FROM_PHASE_ID 13
xo_orbit_info XO_ORBIT_INFO_ID 14
xo_osv_to_tle XO_OSV_TO_TLE_ID 15
Xo_run_init XO_RUN_INIT_ID 16
xo_gen_oef XO_GEN_OEF_ID 17
xo_gen_osf _create XO_GEN_OSF_CREATE_ID 18
Zﬁage”—os‘c—appe”d—orb”—Ch XO_GEN_OSF_APPEND_ORBIT_CHANGE_ID 19
’ésgﬁfn—“f—"ha“ge—re Peal_ |0 GEN OSF_CHANGE REPEAT CYCLE_ID 20
xo_gen_osf_add_drift_cycle |XO_GEN_OSF_ADD DRIFT_CYCLE_ID 21
xo_gen_pof XO_GEN_POF_ID 22
xo_gen_rof XO_GEN_ROF_ID 23
xo_gen_rof prototype XO_GEN_ROF_PROTOTYPE_ID 24
x0_gen_dnf XO_GEN_DNF_ID 25
xo_gen tle XO_GEN_TLE_ID 26
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xo_check_osf XO_CHECK_OSF_ID 27
x0_check_oef XO_CHECK_OEF_ID 28
X0_position_on_orbit_to_time | XO_POSITION_ON_ORBIT_TO_TIME_ID 29
xo_orbit_data_filter XO_ORBIT_DATA_FILTER_ID 30
xo_orbit_id_init_data_close | XO_ORBIT_ID_INIT_DATA_CLOSE_ID 31
xo_orbit_id_change XO_ORBIT_ID_CHANGE_ID 32
xo_orbit_info_configure XO_ORBIT_INFO_CONFIGURE_ID 33
xo_osv_check XO_0SV_CHECK_ID 34
xo_orbit_id_check XO_ORBIT_ID_CHECK_ID 35

Error Handling Functions

X0_verbose

not applicable

x0_silent

Xx0_get_code

X0_get_msg

xo_print_msg

Notes about the table:

To transform the status vector returned by a CFI function to either a list of error codes or list of error
messages, the enumeration value (or the corresponding integer value) described in the table must be

used.

The error handling functions have no enumerated value.

Orbit Event File is deprecated, only supported for CRYOSAT mission

6.1 Usage hints

Every CFI function has a different length of the Error Vector, used in the calling I/F examples of this SUM
and defined at the beginning of the library header file. In order to provide the user with a single value that
could be used as Error Vector length for every function, a generic value has been defined
(XO_ERR VECTOR MAX LENGTH) as the maximum of all the Error Vector lengths. This value can
therefore be safely used for every call of functions of this library.

6.2 General enumerations

The aim of the current section is to present the enumeration values that can be used rather than integer
parameters for some of the input parameters of the EO_ORBIT routines, as shown in the table below. The
enumerations presented in [GEN SUM] are also applicable
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Table 2 : Some enumerations within EO_ORBIT library
Input Description Enumeration value Long
Propagation model Propagation not initialized XO_PROPAG_MODEL_NOT_INITIALIZED |-1
Mean Kepler elements model |XO_PROPAG_MODEL_MEAN_KEPL 0
SPOT elements model (this XO_PROPAG_MODEL_SPOT 1
model is not implemented)
TLE model XO_PROPAG_MODEL_TLE 2
Precise model (analytical XO_PROPAG_MODEL_PRECISE 3
propagator)
Auto initialization mode XO_PROPAG_MODEL_AUTO 10
Double initialization mode XO_PROPAG_MODEL_DOUBLE 100
Non Sun-synchronous | MLST drift XO_NOSUNSYNC_DRIFT 0
orbit characterisation I i ation XO_NOSUNSYNC_INCLINATION 1
MLST non-linear drift XO_NOSUNSYNC_DRIFT_NONLINEAR 2
Selection of simplified XO_NOSUNSYNC_USE_SIM_MODEL 10
algorithm (additive value)
Time inputs selection | Select the whole file XO_SEL_FILE 0
Time XO_SEL_TIME 1
Orbit XO_SEL_ORBIT 2
Default value XO_SEL_DEFAULT 3
Interpolation model Default XO_INTERPOL_MODEL_DEFAULT 0
Orbit Init Model Unknown mode XO_ORBIT_INIT_UNKNOWN_MODE -1
Automatic detection of file XO_ORBIT_INIT_AUTO 0
Orbit Change mode XO_ORBIT_INIT_ORBIT_CHANGE_MODE |1
State Vector mode XO_ORBIT_INIT_STATE_VECTOR MODE |2
Orbit Scenario File mode XO_ORBIT_INIT_OSF_MODE 3
Predicted Orbit File mode XO_ORBIT_INIT_POF_MODE 4
Restituted Orbit File mode XO_ORBIT_INIT_ROF_MODE 5
DORIS mode XO_ORBIT_INIT_DORIS_MODE 6
POF refined with DORIS mode | XO_ORBIT_INIT_POF_N_DORIS_MODE 7
OSF part of the OEF mode XO_ORBIT_INIT_OEF_OSF_MODE 8
POF part of the OEF mode XO_ORBIT_INIT_OEF_POF_MODE 9
TLE file XO_ORBIT_INIT_TLE_MODE 11
XO_ORBIT_INIT_TLE_SGP4_MODE 36
XO_ORBIT_INIT_TLE_SDP4_MODE 37
SP3 file mode XO_ORBIT_INIT_SP3_MODE 28
OEM file mode XO_ORBIT_INIT_OEM_MODE 32
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State Vector plus precise mode| XO_ORBIT_INIT_STATE_VECTOR PRECI |33

SE_MODE
Predicted Orbit File plus XO_ORBIT_INIT_POF_PRECISE_MODE |34
precise mode
Restituted Orbit File plus XO_ORBIT_INIT_ROF_PRECISE_MODE |35

precise mode

DORIS plus precise mode XO_ORBIT_INIT_DORIS_PRECISE_MODE |36
Orbit Event File plus precise | XO_ORBIT_INIT_OEF_POF_PRECISE_MO |37
mode DE
POF and DORIS files plus XO_ORBIT_INIT_POF_N_DORIS_PRECISE |38
precise mode _MODE
Geostationary satellite with XO_ORBIT_INIT_GEO_LON_ALT_MODE 39
fixed longitude and altitude
TLE initialization with SGP4 XO_ORBIT_INIT_TLE_SGP4_MODE 40
propagator
TLE initialization with SDP4 XO_ORBIT_INIT_TLE_SDP4_MODE 41
propagator
Initialization with a generic list | XO_ORBIT_INIT_USER_OSV_LIST_MODE |42
of state vectors
Initialize with POF but update |XO_ORBIT_INIT_POF_ORBNUM_ADJ_MO |43
the state vector orbit numbers | DE
with the information of OSF
Initialize with ROF but update |[XO_ORBIT_INIT_ROF_ORBNUM_ADJ_MO |44
the state vector orbit numbers | DE
with the information of OSF
Initialize with DORIS but XO_ORBIT_INIT_DORIS_ORBNUM_ADJ_M |45
update the state vector orbit ODE
numbers with the information
of OSF
Initialize with OEM but update | XO_ORBIT_INIT_OEM_ORBNUM_ADJ_MO |46
the state vector orbit numbers | DE
with the information of OSF
Maximum value of XO_ORBIT_INIT_MAX_VALUE 47
enumeration
Phase increment Do not increment phase XO_NO_PHASE_INCREMENT 0
number at next orbit change
Do increment phase number at| XO_PHASE_INCREMENT 1
next orbit change
Orbit change search |Search forward XO_SEARCH_FORWARD 1
direction Search backward XO_SEARCH_BACKWARD 1
File Type Orbit Scenario File XO_REF_FILETYPE_OSF 1
OSF from an Orbit Event File |XO_REF_FILETYPE_OEF_OSF 2
FOS Predicted Orbit File XO_REF_FILETYPE_POF 3
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POF from an Orbit Event File |[XO_REF_FILETYPE_OEF_POF 4
DORIS Navigator File XO_REF_FILETYPE_DORIS_NAV 5
FOS Restituted Orbit File XO_REF_FILETYPE_ROF 6
DORIS Preliminary Orbit File |[XO_REF_FILETYPE_DORIS_PREM 7
DORIS Precise Orbit File XO_REF_FILETYPE_DORIS_PREC 8
Precision for ROF and | Default value, non-precise XO_OSV_PRECISE_NO 1
fi)rgeR;S state vectors [ ise location every integer | XO_OSV_PRECISE_MINUTE 2
minute
Precise location every ten XO_OSV_PRECISE_TEN_SECONDS 3
seconds
Number of parameters | Number of parameters to XO_NUM_CHECK_PARAMS 6
for Orbit file checking | check in the functions for
checking orbit files
TLE generation mode | The OSVs in the requested XO_FIT_TLE 0
range are fitted to one TLE.
For POF files, the set of OSVs
to fit are generated with
propagation.
For ROF files, the set of OSVs
are taken from the file.
The OSVs in the requested XO_FIT_TLE_LIST 1
range are fitted to one TLE.
The OSVs are taken from the
file.
One TLE is generated for XO_ONE_TLE_PER OSV 2
every OSV
Precise propagator Use predefined default values | XO_DEFAULT_VALUES 0
user flag for some parameters
Use values introduced by use |XO_USER _VALUES 1
Precise propagator Do not select contribution XD _NOT_SELECT 0
propagation o
contribution selection Select contribution XD _SELECT 1
Precise propagator Use SGA input parameter XO_SGA_USE_PARAMETERS 0
g;‘t’gagat'on SGAINPUt 224 SGA values from files | XO_SGA_READ_VALUES_FROM _FILE 1
Reference time of TAI reference XO_TIME_REF_OF_TAI 0
records UTC reference XO_TIME_REF_OF_UTC 1
UT1 reference XO_TIME_REF_OF_UT1 2
Orbit id change Update orbit numbers using XO_ORBIT_ID_CHANGE_OSF 0
enumeration OSF
Update orbit number using XO_ORBIT_ID_CHANGE_TIME_ORBIT 1
input time+orbit
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GEO input geodetic | Only input longitude is taken | XO_GC_LONGITUDE_ONLY 0
coordinates type into account for initialization
Data filter type Outliers filter XO_FILTER_OUTLIERS 0
Data filter action Remove the sample XO_REMOVE
Orbit info items Spacecraft midnight (SMX) XO_ORBIT_INFO_ITEM_SMX 0
Orbit info flag for Deactivate computation XO_DEACTIVATE_ITEM 0
activation/deactivation [ » .y te computation XO_ACTIVATE_ITEM 1
of computation of
xo_orbit_info items
Orbit type: Absolute or| Absolute Orbit XO_ORBIT_ABS 0
relative ) .
(XO_Orbit_type_enum Relative Orbit XO_ORBIT_REL 1
)
Time type Only UTC time info is provided| XO_UTC_TYPE 0
;XO_T'me_tYPe_enum Only orbit info is provided XO_ORBIT_TYPE 1
UTC time and orbit info is XO_BOTH_TYPE 2
provided

Note: Orbit Event File is deprecated, only supported for CRYOSAT mission

The use of the previous enumeration values could be restricted by the particular usage within the different
CFI functions. The actual range to be used is indicated within a dedicated reference named allowed range.
When there are not restrictions to be mentioned, the allowed range column is populated with the label
complete.

6.3 Data Structures

The aim of the current section is to present the data structures that are used in the EO_ORBIT library. The
structures are currently used for the CFI Identifiers accessor functions. The following table show the
structures with their names and the data that contain:

Table 3 : EO_ORBIT structures

Structure name Data
Variable Name C type Description
XO_0SVv_rec tai_time double TAI time for the state vector

utc_time double UTC time for the state vector

ut1_time double UT1 time for the state vector

abs_orbit long Absolute orbit

ref_frame long Reference frame

time_ref_of long Reference time to be considered as
base. This value is related to
Time Reference tag in orbit file.

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



deimos

Code: EO-MA-DMS-GS-00

Date: 31/10/20
Issue: 4,
Page:

04
23
26
46

This parameter takes the values given
by enumeration Reference time values
(see Table 2 from [D_H_SUM])

pos double[3] Position of the OSV (x, vy, z)
components
vel double[3] Velocity of the OSV (X, y, z) components|
quality double Quality index for DORIS Preliminary and
DORIS Precise Orbit files, this value
corresponds to the enumeration Quality
Index (see Table 2 from [D_H_SUM])
xo_anx_extra_info abs_orbit long Absolute orbit number
tanx double ANX time (UT1)
tnod double Nodal period of the orbit
X0_mission_info abs_orbit long Absolute orbit number
rel_orbit long Relative orbit number
cycle_num long Cycle number
phase_num long Phase number
xo_ref_orbit_info drift_mode long Non Sun-synchronous orbit
characterisation (see Table 2 for
possible values)
inclination double Orbit inclination
rep_cycle long Repeat cycle (days)
cycle_len long Cycle length (orbits)
ANX_long double ANX longitude

anx longitude dr
ift

x0_anx_ longitude
_drift

ANX longitude drift

mlst

double

MLST for the ANX

mist_drift

double

MLST drift

mist_nonlinear_drift

x0_mlst_nonlinear_dri
ft

MLST non linear drift

x0_anx_longitud [offset double ANX offset

e drift linear term double ANX drift rate (deg/day)

Xx0_anx_info anx_tai double TAI time for the ANX
anx_utc double UTC time for the ANX
anx_ut1 double UT1 time for the ANX
time_ref_of long Reference time of the ANX
anx_pos double[3] Position vector
anx_vel double[3] Velocity vector
kepl double[6] Keplerian elements
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tnod double Nodal period

xo_osf _records

mission_info

X0_mission_info

Orbit numbers

ref_orbit_info

xo_ref_orbit_info

Orbit Geometry data

anx_info xo_anx_info ANX Data
xo_validity_time time_ref long Time reference
start double Validity star time
stop double Validity stop time
XO_uni_propag time_ref long Time reference in use
val_time xo_validity_time validity propagation time range in UT1
time
abs_orbit long Predicted Absolute orbit
time_since_anx double Time since ANX
time double Predicted time (UT1)
pos double[3] Osculating position vector at pred. time
(EF)
vel double[3] Osculating velocity vector at pred. time
(EF)
acc double[3] Osculating acceleration vector at pred.
time (EF)
X double[6]; Osculating keplerian elements at pred.
time (TOD)
xo_propag_id_data |double_propag_flag long XL_TRUE if the using double
propagation
accu_mode long Flag to indicate if using high or low
accuracy mode:
1 = low accuracy
2= high accuracy
propag_osv XO_uni_propag Reference data for propagation
xo_interpol_id_data |time_ref long Time reference
time double Time for the interpol reference state
vector
abs_orbit long Absolute orbit number
time_since_anx double Time since ANX
pos double[3] Position vector
vel double[3] Velocity vector
acc double[3] Acceleration vector
kep double[6] Keplerian elements
val_time xo_validity_time Interpolation validity time range
Xo_propag_precise_ | user_flag long Indicates if default

(XO_DEFAULT VALUES) or user-
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config

defined (XO_USER_VALUES) values
are used for some parameters.

models_path char[XD_MAX_STR] |Path where files necessary for models
are looked for.

gravity_flag long Gravity perturbation used
(XO_SELECT) or not
(XO_NOT_SELECT).

thirdbody_flag long Third bodies (Sun and Moon)
perturbation used (XO_SELECT) or not
(XO_NOT_SELECT).

atmos_flag long Atmosphere perturbation used
(XO_SELECT) or not
(XO_NOT_SELECT).

srp_flag long Solar radiation pressure perturbation
used (XO_SELECT) or not
(XO_NOT_SELECT).

step double Simulation step (seconds).

grav_file char[XD_MAX_STR] | File with data of gravitational model.

grav_degree long Degree used gravity model.

grav_order long Order used in gravity model.

sga_flag long ap, f107 and f107a parameters used
(XD_SGA_USE_PARAMETERS) or
data read from files sga_ap_file and
sga_f107_file
(XD_SGA_READ_VALUES FROM FILE

sga_ap _file char[XD_MAX_STR] | File with Geomagnetic Activity index
values.

sga_f107_file char[XD_MAX_STR] | File with F10.7 Solar Activity index val
ues.

ap double Geomagnetic Activity Index (daily
value).

f107 double F10.7 Index Solar Activity Index (daily
value).

f107a double F10.7 Index Solar Activity Index (value
averaged over 3 months).

sC_mass double S/C mass [kg].

sc_drag_area double S/C effective drag area [m2].

sc_drag_coeff double S/C drag coefficient.

SC_srp_area double S/C effective Solar Radiation Pressure
area [m2].

sc_srp_coeff double S/C Solar Radiation Pressure coefficient

xo_mlst_nonlinear_ |linear_approx_validity |long Number of orbits in which MLST linear
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drift

approximation is valid

quadratic_term

double

MLST quadratic term

nof _harmonics

long

Number of harmonics

mist_harmonics

xd_mlst_harmonics*

Array of Harmonics allocated with
number of elements nof _harmonics

a

xo_orbit_id_init_dat |file_set xd_eocfi_file_set Set of data structures with the data read
a_union from files
xo_orbit_id_init_dat |data_type long Enumeration: only XO_FILE_DATA

orbit_id_init_data

xo_orbit_id_init_data_
union

Set of orbit data read from files

change_data

xo_orbit_id_change__
data

Values to be used to update the orbit
numbers in the state vectors, if needed

ata

X0_geo_geod_coor |gc_longitude double Geostationary geocentric longitude
d [deg]
gd_latitude double Geostationary geodetic latitude [deg]
gd_altitude double Geostationary geodetic altitude [m]
x0_geo_orbit_info geod_coord x0_geo_geod_coord |Geostationary geodetic corrdinates
x0_geo_orbit_init_d |init_type long GEO orbit info type (see

XO_Geo_coord_enum)

geo_orbit_info

X0_geo_orbit_info

Geostationary orbit information

on

xo_orbit_filter_cfg_ | outliers_cfg xo_orbit_filter_outliers | Outliers filter configuration

union _cfg

xo_orbit_filter_settin | type long Filter type (Data filter type enumeration)
g8 filter_cfg xo_orbit_filter_cfg_uni| Filter configuration

xo_orbit_filter_repor
t_union

outliers_report

xo_orbit_filter_outliers
_report

Ouitliers filter report

xo_orbit_filter_repor
t

type

long

Filter type (Data filter type enumeration)

filter_report

xo_orbit_filter_report_
union

Filter report

xo_orbit_filter_outlie
rs_cfg

xo_orbit_filter_outlie
rs_report

threshold_pos double Threshold in position [m]

threshold_vel double Threshold in velocity [m/s]

action long Action to be taken (Data filter action
enumeration)

nof_OSV _in long Number of input state vectors

nof _OSV _filtered long Number of filtered state vectors
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min_time_gap double Minimum time gap between state
vectors [seconds]
max_time_gap double Maximum time gap between state
vectors [seconds]
min_RMS_pos double Minimum RMS for position.
max_RMS_pos double Maximum RMS for position.
min_RMS_vel double Minimum RMS for velocity.
max_RMS_vel double Maximum RMS for velocity.
xo_orbit_id_change [change_mode long See Orbit id change enum
~data eocfi_file xd_eocfi_file File to be used as reference for orbit
update
change_time_ref long Time reference
change_time double Time corresponding to change_orbit (in
change_time_ref reference time)
change_orbit long Orbit corresponding to change_time
xo_time type long Time value. According to
XV_Time_type_enum, the time can be
given as:
e AUTC time value
e An orbit number plus the time
elapsed since the ANX
e Both values above.
The struct values below are filled
according to the type given in this field.
utc_time double UTC time value
orbit_type long Orbit type number or orbit_num
(according to XO_Orbit_type_enum)
orbit_num long Orbit number (absolute or relative)
cycle long Cycle number (if orbit type is a relative
orbit)
sec long Seconds after ANX
msec long Microseconds after ANX
xo_time_interval tstart xo_time Time interval start
tstop xo_time Time interval stop
xo_orbit_id_check_o |num_osvs_outside_loo [long Number of state vectors outside of
sv_report se_tolerance loose tolerance
index_osvs_outside_lo [long* Array with indices of state vectors
ose_tolerance outside of loose tolerance
num_osvs_outside_tig [long Number of state vectors outside of tight
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ht_tolerance tolerance

index_osvs_outside_tig
ht_tolerance

long*

Array with indices of state vectors
ouside of tight tolerance

xo_orbit_id_check_r
eport

file_diag_report

xd_orbit_file_diagnosti
Ccs_report

Diagnostics data from
xd_orbit_file_diagnostics

osV_report

xo_orbit_id_check_os

vV_report

Diagnostics data from xo_osv_check
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7 CFI FUNCTIONS DESCRIPTION

The following sections describe each CFI function.

Input and output parameters of each CFI function are described in tables, where C programming language

syntax is used to specify:
e Parameter types (e.g. long, double)
e Array sizes of N elements (e.g. param[N])
e Array element M (e.g. [M])
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7.1 xo_orbit_init_def

7.1.1 Overview

The xo_orbit_init_def routine generates a Cartesian orbit state vector around the true ascending node
crossings. The result is stored and returned through the xo orbit id variable so that can fed other routines
involving orbit calculations. The data generated by the xo_orbit_init_def function is based on:

e Date (processing time),
o Longitude of the ascending node,
o Satellite Repeat Cycle and Cycle Length
e Mean local solar time at ascending node
e Drift of mean local solar time or the inclination
The user should take into account that xo_orbit_init_def only retrieve and stores internal data for one orbit.

The validity start and stop times of the initialization (val_time0 and val_timel output parameters) represents
the allowed time window for orbit calculations. If the xo_orbit_init def function is called, this time
window starts at the time of the first ANX and ends at 31/12/2099 23:59:59.

Before calling this function it is required to mitialise the time correlations, using either x1_time_ref_init or
xl_time_ref_init_file EO_LIB functions (see [LIB_SUM]).

In order to obtain results consistent with the ones obtained initializing the orbit id with an equivalent Orbit
Scenario file, the drift mode flag has to be set to drift mode = XO NOSUNSYNC DRIFT +
XO _NOSUNSYNC_USE SIM_ MODEL.

Warning: The algorithm used in this function is only valid for satellites with a finite valid range for the
inclination and the semi-major axis of the orbit. In CRYOSAT, for example, as there are no minimum and
maximum values defined of these two orbital elements, there are defined provisional ranges of the same size
as the ones defined in ENVISAT until new requirements are defined. The nominal values have been taken
from the [MCD]. There is not available any other nominal orbital element for any other satellite, so this
routine is only valid (at this moment) for both CRYOSAT and ENVISAT.

A complete calling sequence of the orbit calculations procedure is presented in section 4.2.

Note: function xo orbit_init def is deprecated. It is recommended to use xo_orbit init def 3 instead.

7.1.2Calling interface

The calling interface of the xo_orbit_init def CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>
{
long sat id, propag model, time ref, time init mode;
x1 model id model id = {NULL};
x1 time id time id = {(NULL};
xo orbit id orbit id = {NULL};
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long drift mode,

long orbit0,
double timeO,
double ascmlst drift, inclination, rlong, ascmlst;
ierr[XO NUM ERR ORBIT INIT DEF];

xo0 orbit init def (&sat id,
&time ref,

long status,
status =

7.1.3 Input parameters

irep,

icyc;

orbit;
time, val time0,

&model 1id,

val timel;

&time 1id,

&timel,

s&orbitl0,

&drift mode,

&ascmlst drift,

&inclination,

&irep,

&icyc,

&rlong,

&ascmlst,

&val time0,

&orbit id, ierr);

The xo_orbit_init_def CFI function has the following input parameters:

Table 4 Input parameters of xo_orbit_init_def function

&val timel,

mean local solar time and
inclination as input
characterization of the reference
orbit.

Note: When initializing a Sun-
synchronous orbit, the selected
drift mode must be
XO_NOSUNSYNC_DRIFT and
the ascmlst_drift parameter must
be set to zero.

C name C type| Array Description Unit Allowed Range
Element (Reference) (Format)
sat_id long * |- Satellite ID - Complete
model_id xI_mod | - Model ID - -
el_id*
time_id xI_time | - Structure that contains the time |- -
_id* correlations
time_ref long* |- Time reference ID - Complete
time0 double* | - Reference time Decimal days [-18262.0,36524.0]
(Processing
format)
orbit0 long* |- Absolute orbit number of the - >=0
reference orbit
drift_mode long* |- Flag to select between drift in - XO_NOSUNSYNC

_DRIFT,

XO_NOSUNSYNC
_INCLINATION,

XO_NOSUNSYNC
_DRIFT +
XO_NOSUNSYNC
_USE_SIM_MOD
EL
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Note 2: Add

XO _NOSUNSYNC _USE_SIM_M
ODEL to the drift mode to select
the simplified model in the

XO_NOSUNSYNC
_INCLINATION +
XO_NOSUNSYNC
_USE_SIM_MOD

EL
TBD

algorithm.
If drift_mode =
XO_NOSUNSYNC_DRIFT

Drift in mean local solar time of
the reference orbit:

- MLST[N+1]=MLST[N]+MLSTdrif
t

See drift_mode entry in this table.

If drift_mode =
XO_NOSUNSYNC_INCLINATION

Inclination of the reference orbit

ascmlst_drift | double*

seconds/day

inclination double*

deg [0,180]

irep long * |- Repeat cycle of the reference >0

orbit

The actual repeat cycle is
calculated as per definition
included in [MCD]

days

>0
[0,360)

icyc long * |- Cycle length of the reference orbit| orbits

double*

rliong Geocentric longitude of the [Earth

fixed] ascending node
(Earth fixed CS)

Mean local solar time at
ascending node

deg

ascmlst double* Decimal hours

[0, 24)

It is possible to use enumeration values rather than integer values for some of the input arguments:
e Satellite ID: sat_id. See [GEN_SUM].
e Time reference ID: time_ref. See [GEN_SUM].
e Time initialisation mode: time init mode. See [GEN_SUM].

e Drift mode: drift mode. Current document, section 6.2.

7.1.4 Output parameters

The output parameters of the xo_orbit_init def CFI function are:

Table 5 : Output parameters of xo_orbit_init_def function

C name C type| Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_init_def long - Main status flag - -1, 0, +1
val_time0 double*| - Validity start time of the | Decimal days [-18262.0,36524.0]
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initialization (Processing format)
val_time1 double*|- Validity stop time of the | Decimal days [-18262.0,36524.0]
initialization (Processing format)
orbit_id xo_orbi|- Structure that contains - -
t _id* the orbit initialization.
ierfXO_NUM_ER [long all Status vector -
R_ORBIT_INIT_D
EF ]

7.1.5 Warnings and errors

Next table lists the possible error messages that can be retumed by the xo_orbit_init_def CFI function after
translating the returned status vector into the equivalent list of error messages by calling the function of the
EO_ORBIT software library xo_get msg (see [GEN_SUM)]).

This table also indicates the type of message returned, i.e. either a warning (WARN) or an error (ERR), the
cause of such a message and the impact on the performed calculation, mainly on the results vector.

The table is completed by the error code and value. These error codes can be obtained translating the status
vector returned by the xo_orbit_init_def CFI function by calling the function of the EO_ORBIT software
library xo_get _code (see [GEN_SUM)]).

Table 6 : Error messages of xo_orbit_init_def function

Error Error message Cause and impact Error code Error
type No
ERR Wrong satellite flag No calculation performed XO_CFI_ORBIT_INIT_DEF_ 0
SAT ERR
ERR Geostationary satellite No calculation performed XO_CFI_ORBIT_INIT_DEF_ 1
currently not supported for GEO_SAT_ERR
this function
ERR Wrong input flag: %s No calculation performed XO_CFI_ORBIT_INIT_DEF_F 2
LAG_ERR
ERR Could not perform a time No calculation performed XO_CFI_ORBIT_INIT_DEF_T 3
transformation IME_CHANGE_ERR
ERR Input out of range: %s No calculation performed XO_CFI_ORBIT_INIT_DEF 4
_INPUTS_ERR
ERR An error occurred in the No calculation performed XO_CFI_ORBIT_INIT_DEF 5
genstate routine _GENSTATE_ERR
ERR Memory Error No calculation performed XO_CFI_ORBIT_INIT_DEF_ 6
MEMORY_ERR
ERR Propagation cannot be No calculation performed XO_CFI_ORBIT_INIT_DEF_ 7
initialised PROPAG_INIT_ERR
WARN | Function xo_orbit_init_def Calculation performed XO_CFI_ORBIT_INIT_DEF_ 8
and xo_orbit_init_def 2 are DEPRECATED_WARN
deprecated. Use
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| | xo_orbit_init_def_3 instead |
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7.2 xo_orbit_init_def_2

7.2.1 Overview

The xo_orbit_init_def 2 is equivalent to xo_orbit_init_def except for the fact that this one allows to
introduce as inputs non linear terms of Mean Local Solar Time.

Note: this function is deprecated. The ANX longitude drift parameters in the input structure
xo_ref orbit_info are ignored in the orbit initialization. The orbit will be initialized as if the ANX longitude
drif parameters are set to 0. If the user requires the initialization of the orbit using these parameters, the
function xo_orbit_init_def 3 should be used instead, or alternatively, an OSF with the drifting parameters

has to be created and then use the CFI function xo_orbit_init_file.

7.2.2Calling interface

The calling interface of the xo_orbit_init_def 2 CFI function is the following (input parameters are

underlined):

#include <explorer orbit.h>

{

long sat id,

time ref;

x1 model id model id = {NULL};
x1 time id time id = {(NULL};
xo orbit id orbit id = {NULL};
long orbitO0;
double time0;,
xo ref orbit info ref orbit info;

long status,

status = xo orbit init def 2(&sat id,

7.2.3 Input parameters

The xo_orbit_init_def 2 CFI function has the following input parameters:

ierr[XO NUM ERR ORBIT INIT DEF];
&model id,

&time 1id,

&time ref,

&timel,

s&orbit0,

&ref orbit info,

&val time0,
&orbit 1id,

&val timel,

ierr) ;

Table 7 : Input parameters of xo_orbit_init_def_2 function

C name C type| Array Description Unit Allowed Range
Element (Reference) (Format)
sat_id long * |- Satellite ID Complete
model_id xI_mod | - Model ID -
el_id*
time_id xI_time | - Structure that contains the time -
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_id* correlations
time_ref long* |- Time reference ID - Complete
time0 double* | - Reference time Decimal days [-18262.0,36524.0]
(Processing
format)
orbit0 long* |- Absolute orbit number of the - >=0
reference orbit
ref_orbit_info |xo_ref |- Struct with inputs for the function. | - -
orbit_in The parameters are equivalent to
fo* the ones in xo_orbit_init_def (see

Table 4) but also MLST non linear
terms can be introduced.

Note: the xo_anx_longitude drift
parameters are ignored (see also
the in section 7.2.1)

It is possible to use enumeration values rather than integer values for some of the input arguments:

e Satellite ID: sat_id. See [GEN_SUM].
e Time reference ID: time ref. See [GEN_SUM].

7.2.4 Output parameters

The output parameters of the xo_orbit_init_def 2 CFI function are:

Table 8 : Output parameters of xo_orbit_init_def_2 function

C name C type| Array Description Unit Allowed Range
Element (Reference) (Format)

xo_orbit_init_def 2 |long - Main status flag - -1, 0, +1

val_time0 double*|- Validity start time of the | Decimal days [-18262.0,36524.0]
initialization (Processing format)

val_time1 double*|- Validity stop time of the | Decimal days [-18262.0,36524.0]
initialization (Processing format)

orbit_id X0_orbi |- Structure that contains - -

t_id* the orbit initialization.

ierfXO_NUM_ER [long all Status vector - -

R _ORBIT_INIT_D

EF ]

7.2.5 Warnings and errors

Warning and errors are the same as in function xo_orbit_init_def (see section 7.1.5).
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7.3 xo_orbit_init_def_3

7.3.1 Overview

The xo_orbit_init_def 3 is equivalent to xo_orbit_init_def 2 except for the fact that this one allows to
introduce as the ANX longitude drifting parameters.

7.3.2Calling interface

The calling interface of the xo_orbit_init_def 3 CFI function is the following (input parameters are

underlined):

#include <explorer orbit.h>

{

long sat 1id,

time ref;

x1 model id model id = {NULL};
x1 time id time id = {(NULL};
xo orbit id orbit id = {NULL};
long orbitO;,
double time0;,
xo ref orbit info ref orbit info;

long status,

7.3.3 Input parameters

ierr[XO NUM ERR ORBIT INIT DEF];
status = xo orbit init def 3(&sat id, &model id,

&time id,

&time ref,

&timeO,

&orbitO,

&ref orbit info,

&val timel,

&val timel,
&orbit id, ierr);

The xo_orbit_init_def 3 CFI function has the following input parameters:

Table 9 Input parameters of xo_orbit_init_def_3 function

C name C type| Array Description Unit Allowed Range
Element (Reference) (Format)
sat_id long * |- Satellite ID - Complete
model_id xI_mod | - Model ID - -
el_id*
time_id x|_time | - Structure that contains the time |- -
_id* correlations
time_ref long* |- Time reference ID - Complete
time0 double* | - Reference time Decimal days [-18262.0,36524.0]
(Processing
format)
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orbit0 long* |- Absolute orbit number of the - >=0
reference orbit
ref_orbit_info |xo _ref |- Struct with inputs for the function. | - -
orbit_in The parameters are equivalent to
fo* the ones in xo_orbit_init_def (see

Table 4) but also MLST non-linear
terms and xo_anx_longitude drift
parameters can be introduced.

It is possible to use enumeration values rather than integer values for some of the input arguments:
o Satellite ID: sat _id. See [GEN_SUM].
e Time reference ID: time ref. See [GEN_SUM].

7.3.4 Output parameters

The output parameters of the xo_orbit_init_def 3 CFI function are:

Table 10 : Output parameters of xo_orbit_init_def_3 function
C name C type| Array Description Unit Allowed Range
Element (Reference) (Format)

xo_orbit_init_def 3 |long - Main status flag - -1, 0, +1

val_time0 double*| - Validity start time of the | Decimal days [-18262.0,36524.0]
initialization (Processing format)

val_time1 double*|- Validity stop time of the | Decimal days [-18262.0,36524.0]
initialization (Processing format)

orbit_id X0_orbi |- Structure that contains - -

t_id* the orbit initialization.

ierrfXO_NUM_ER |long all Status vector - -

R_ORBIT_INIT_D

EF ]

7.3.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_orbit_init_def 3 CFI function
after translating the returned status vector into the equivalent list of error messages by calling the function of

the EO_ORBIT software library xo_get_msg (see [GEN_ SUM]).

This table also indicates the type of message returned, i.e. either a warning (WARN) or an error (ERR), the
cause of such a message and the impact on the performed calculation, mainly on the results vector.
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The table is completed by the error code and value. These error codes can be obtained translating the status
vector returned by the xo_orbit_init def 3 CFI function by calling the function of the EO _ORBIT software
library xo_get _code (see [GEN_SUM)]).

Table 11 : Error messages of xo_orbit_init_def_3 function

Error Error message Cause and impact Error code Error
type No
ERR Wrong satellite flag No calculation performed XO_CFI_ORBIT_INIT_DEF_ 0
SAT_ERR
ERR Geostationary satellite No calculation performed XO_CFI_ORBIT_INIT_DEF_ 1
currently not supported for GEO_SAT_ERR
this function
ERR Wrong input flag: %s No calculation performed XO_CFI_ORBIT_INIT_DEF_F 2
LAG_ERR
ERR Could not perform a time No calculation performed XO_CFI_ORBIT_INIT_DEF_T 3
transformation IME_CHANGE_ERR
ERR Input out of range: %s No calculation performed XO_CFI_ORBIT_INIT_DEF 4
_INPUTS_ERR
ERR An error occurred in the No calculation performed XO_CFI_ORBIT_INIT_DEF 5
genstate routine _GENSTATE_ERR
ERR Memory Error No calculation performed XO_CFI_ORBIT_INIT_DEF_ 6
MEMORY_ERR
ERR Propagation cannot be No calculation performed XO_CFI_ORBIT_INIT_DEF_ 7
initialised PROPAG_INIT_ERR
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7.4 xo_orbit_cart_init

7.4.1 Overview
This software initializes the orbit data using as input a Cartesian orbit state vector.
The validity start and stop times of the initialization (val _time0 and val timel output parameters) represents

the allowed time window for orbit calculations. If the xo_orbit_cart_init function is called, this time
window starts at 01/01/1950 00:00:00 and ends at 31/12/2099 23:59:59.

Before calling this function it is required to initialise the time correlations, using either x1_time_ref _init or
xl_time_ref init_file EO_LIB functions (see [LIB_SUM]).

A complete calling sequence of the orbit calculations procedure is presented in section 4.2.

7.4.2 Calling interface

The calling interface of the xo_orbit_cart init CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>
{
x1 model id model id = {NULL};
x1 time id time id = {(NULL};
xo orbit id orbit id = {(NULL};
time ref, abs orbit;
pos[3], vel[3], val time0, val timel;
ierr[XO NUM ERR ORBIT CART INIT];

long sat id,
double time,
long status,

status =

7.4.3 Input parameters

The xo_orbit_cart_init CFI function has the following input parameters:

xo0 orbit cart init(&sat id,

&model 1id,

&time 1id,

&time ref,

&time,

pos,

vel,

&abs orbit,

&val timeO0,
&orbit 1id,

&val timel,
ierr) ;

Table 12 : Input parameters of xo_orbit_cart_init function

C name C type | Array Description Unit Allowed Range
Element| (Reference) (Format)
sat_id long * - Satellite ID - Complete
model_id x|_model | - Model ID - -
_id*
time_id xl_time_i |- Structure that contains the time| - -
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ol correlations
time_ref long* - Time reference ID - Complete
time double* |- Reference time Decimal days [-18262.0,36524.0]
(Processing format)
pos double[3] | all Initial osculating position vector|m -
X,Y, 2)
(EF reference frame)
vel double[3] | all Initial osculating velocity vector] m/s -
X, Y, 2)
(EF reference frame)
abs_orbit long* - Orbit of the state vector - >0

It is possible to use enumeration values rather than integer values for some of the input arguments:

e Satellite ID: sat_id. See [GEN_SUM].
e Time reference ID: time_ref. See [GEN_SUM].

7.4.4 Output parameters

The output parameters of the xo_orbit_cart_init CFI function are:

Table 13 : Output parameters of xo_orbit_cart_init function

C name C type | Array Description Unit Allowed Range
Element (Reference) (Format)

xo_orbit_cart_init  |long - Main status flag - -1, 0, +1

val_time0 double* - Validity start time of the [ Decimal days [-18262.0,36524.0]
initialization (Processing format)

val_time1 double* - Validity stop time of the [ Decimal days [-18262.0,36524.0]
initialization (Processing format)

orbit_id xo_orbit_id| - Structure that contains | - -

* the orbit initialization.

ierr[XO_NUM_ERR (long all Status vector - -

_ORBIT_CART_INI

T]

7.4.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_orbit_cart_init CFI function
after translating the returned status vector into the equivalent list of error messages by calling the function of

the EO_ORBIT software library xo_get msg (see [GEN_SUM)]).
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This table also indicates the type of message returned, i.e. either a warning (WARN) or an error (ERR), the

cause of such a message and the impact on the performed calculation, mainly on the results vector.

The table is completed by the error code and value. These error codes can be obtained translating the status
vector returned by the xo_orbit_cart_init CFI function by calling the function of the EO_ORBIT software

library xo_get_code (see [GEN_SUM)).

Table 14 : Error messages of xo_orbit_cart_init function

Error Error message Cause and impact Error code Error
type No
ERR Wrong Satellite I1d. No calculation performed XO_CFI_ORBIT CART I |0
NIT SAT ERR
ERR Geostationary satellite No calculation performed XO_CFI_ORBIT_CART_INI |1
currently not supported for T_GEO_SAT_ERR
this function
ERR Wrong input flag No calculation performed XO_CFI_ORBIT_CART_INI |2
T_FLAG_ERR
ERR Input Time Id. is not No calculation performed XO_CFI_ORBIT CART I (3
initialized. NIT TIME STATUS ER
R
ERR Orbit I1d is already initialized. |No calculation performed XO_CFI_ORBIT CART I |4
NIT STATUS ERR
ERR Time conversion error. No calculation performed XO_CFI_ORBIT CART I |5
NIT TIME TRANSFOR
MING_ ERR
ERR Time out of limits. No calculation performed XO_CFI_ORBIT CART I |6
NIT TIME RANGE ERR
ERR Memory allocation error. No calculation performed XO_CFI_ORBIT CART 1 |7
NIT MEMORY_ ERR
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7.5 xo_orbit_cart_init_precise

7.5.1 Overview

This software initializes the orbit data using as input a Cartesian orbit state vector for precise propagation
(the state vectors will be computed with a numeric propagator).

The validity start and stop times of the initialization (val_time0 and val_timel output parameters) represents
the allowed time window for orbit calculations. If the xo_orbit_cart_init_precise function is called, this
time window starts at the time of the state vector and ends at 31/12/2099 23:59:59.

Before calling this function it is required to mitialise the time correlations, using either x1_time_ref_init or
x1_time_ref_init_file EO LIB functions (see [LIB_SUM)]).

A complete calling sequence of the orbit calculations procedure is presented in section 4.2.

7.5.2 Calling interface

The calling interface of the xo_orbit_cart_init_precise CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>

{
x1 model id model id = {NULL};
x1 time id time id = {(NULL};
xo orbit id orbit id = {NULL};
long sat id, time ref, abs orbit;
double time, pos[3], vel[3], val time0, val timel;
xo0 propag precise config precise conf;
long status, ierr[XO NUM ERR ORBIT CART INIT];
status = xo orbit cart init precise(&sat id, &model id,
B B B N &time 1id,
&time ref, &time,
pos, vel, &abs orbit,
&precise conf,
&val time0, &val timel,
&orbit id, ierr);
}

7.5.3 Input parameters

The xo_orbit_cart_init_precise CFI function has the following input parameters:

Table 15 : Input parameters of xo_orbit_cart_init_precise function

C name C type | Array Description Unit Allowed Range
Element] (Reference) (Format)
sat_id long * - Satellite ID - Complete
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model_id x|_model_i| - Model ID - -
d*
time_id x|_time_id | - Structure that contains the time|- -
* correlations
time_ref long* - Time reference ID - Complete
time double* - Reference time Decimal days |[-18262.0,36524.0]
(Processing
format)
pos double[3] |all Initial osculating position vector|m -
(X, Y, Z) (EF reference frame)
vel double[3] |all Initial osculating velocity vector|m/s -
(X, Y, Z) (EF reference frame)
abs_orbit long* - Orbit of the state vector - >0
precise_conf |xo_propag |- Configuration parameters for |- struct members with
_precise_c precise propagator. restrictions:
onfig* - All flags: 0 or 1.
- step: > 0.

- grav_degree,
grav_order > 0.

- ap, f107, f107a: >= 0.
-sc_mass: > 0.

- sc_drag_area: > 0.

- sc_drag_coeff: > 0.

- sc_srp_area: > 0.

- sc_srp_coeff: > 0.

In precise_conf parameter, at least user flag, models path and satellite values (sc_mass, sc_drag area,
sc_drag_coeff, sc_srp _area, sc_srp_coeff) must be provided. The other values must be provided just in case
the user does not want to use default values (user flag = XO USER VALUES). If default values are seleted
(user_flag =XO_ DEFAULT VALUES), then the following values are used:

o gravity flag=XO_SELECT;

e thirdbody flag =XO SELECT;

o atmos_flag =XO SELECT;
o srp flag=XO_ SELECT;

o step =10. [s];

e grav_file =egm96.grv;

e grav_degree =10;

e grav_order = 10;

e sga flag = XO _SGA READ VALUES FROM FILE (Use files, not constant values for AP and

F107A);
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e sga ap file=ap esa ecss jan2000 mean.sga;

e sga f107 file =107 esa ecss jan2000 mean.sga;

o ap=0;
e f107=0.;
e fl107a=0;

Some files that can be used or taken as example by the user are provided in the files/models directory of the
EOCEFI libraries. There are files for gravity model (egm96.grv), F10.7 index (f107_*.sga) and Geomagnetic
activity index (ap_*.sga).

It is possible to use enumeration values rather than integer values for some of the input arguments:
e Satellite ID: sat_id. See [GEN_SUM].
e Time reference ID: time ref. See [GEN_SUM].

7.5.4 Output parameters

The output parameters of the xo_orbit_cart_init_precise CFI function are:

Table 16 : Output parameters of xo_orbit_cart_init_precise function

C name C type | Array Description Unit Allowed Range
Element (Reference) (Format)

xo_orbit_cart_init_ |long - Main status flag - -1, 0, +1

p recise

val_time0 double* - Validity start time of the | Decimal days [-18262.0,36524.0]
initialization (Processing format)

val_time1 double* - Validity stop time of the | Decimal days [-18262.0,36524.0]
initialization (Processing format)

orbit_id xo_orbit_i |- Structure that contains |- -

d* the orbit initialization.

ierfXO_NUM_ERR | long all Status vector - -

_ORBIT_CART_IN

IT_PRECISE]

7.5.5 Warnings and errors

Next table lists the possible error messages that can be retumed by the xo_orbit_cart init_precise CFI

function after translating the returned status vector into the equivalent list of error messages by calling the
function of the EO_ORBIT software library xo_get _msg (see [GEN_SUM]).

This table also indicates the type of message returned, i.e. either a warning (WARN) or an error (ERR), the
cause of such a message and the impact on the performed calculation, mainly on the results vector.

The table is completed by the error code and value. These error codes can be obtained translating the status
vector returned by the xo_orbit_cart_init_precise CFI function by calling the function of the EO_ORBIT
software library xo_get code (see [GEN_SUM]).
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Table 17 : Error messages of xo_orbit_cart_init_precise function
Error Error message Cause and impact Error code Error
type No
ERR Error in call to function No calculation performed XO_CFI_ORBIT_CART_INIT_ (0
xo_orbit_cart_init. FLAG_ERR
ERR Error initialising propagation. | No calculation performed XO_CFI_ORBIT_CART_INIT_ |1
PRECISE_PROPAG_INIT_ER
R
ERR Time conversion error. No calculation performed XO_CFI_ORBIT_CART_INIT_ (2
PRECISE_TIME_CONVERSI
ON_ERR
ERR Error in precise propagator | No calculation performed XO_CFI_ORBIT_CART_INIT_ |3
input parameters PRECISE_PRECISE_PARAM
S ERR
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7.6 xo_orbit_init_file

7.6.1 Overview

The xo_orbit_init_file function is used for initializing the orbit calculations using one of these orbit files:

e One Orbit Scenario File providing orbital changes.

o TLE files. xo_orbit_init file extracts and uses only those TLE entries with the default NORAD
satellite designator correspondent to the input satellite Id. The correspondence table between
satellite ids and default NORAD satellite designators is given in table 224 from the section 9.17,
[D_H SUM]. In case the input file is not compliant with this correspondence, the default designator
can be changed by using function xI_set tle sat data, section 7.48 [LIB_SUM].

o Files containing a list of state vectors (see also note below):

One or more FOS Predicted ascending node cartesian state vectors file. In case multiple files are
used, the files should be time ordered and the gap between them (i.e. time difference between
the last vector of nth file and the first vector of the nth+1 file) should be less than two orbital
periods.

One FOS Predicted Orbit File plus a DORIS Navigator unconsolidated level-0 products file.

One or more Orbit Event files. Note: Orbit Event File is deprecated, only supported for
CRYOSAT mission

One or more FOS Restituted orbit files.

One or more DORIS Navigator files. Three formats of DORIS Navigator files are supported and
automatically detected: Cryosat, Sentinel 3 and Jason CS (see [D_H SUM] for further details).
Notice that when using DORIS Navigator files the orbit is initialized based only on the
navigation data in the NAV_T (ITRF) packets, and the absolute orbit number provided in
NAV_G (Geodetic) packets if available in the same input file. NAV_G (Geodetic) packets are
expected only for Sentinel 3 and Jason CS DORIS Navigation files and, as referred in
[D_H SUM], in case NAV_G (Geodetic) packets are not available the orbit number will be set
to 1 at the first OSV and increased at each ANX. To adjust the orbit number, use the function
xd_orbit_id change as described in section 7.64.

One or more DORIS Predicted files.
One or more DORIS Preliminary files.

One or more generic OSVS lists. In this case any file with a list of state vectors can be used, but
the propagator is not initialized.

One or more SP3 files.

One or more OEM files. Of the fields read with the funcion xd read oem (see section 9.21 of
[D H SUM]), the ones that are relevant for the orbit initialisation are: REF FRAME,
TIME SYSTEM, Epoch, X,Y,Z, X DOT,Y_ DOT, Z DOT.

e One Orbit Scenario file plus files containing a list of state vectors (i.e. FOS Predicted, FOS
Restituted or DORIS files): in this case, the orbit id is initialized with state vectors, but the orbit
number of every state vector is corrected to be consistent with the one expected from OSF. In this
case, the OSF shall be the first item of the input files input array; the orbit file mode must be set
explicitly to respectively XO_ORBIT_INIT _POF_ORBNUM_ADJ MODE,
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XO ORBIT INIT ROF_ ORBNUM_ADJ MODE,
XO ORBIT INIT DORIS ORBNUM ADJ MODE,
XO ORBIT INIT OEM ORBNUM ADJ MODE.

NOTE: OSVs are considered restituted if the time interval between one OSV and the next does not exceed
1800sec. In this case following OSV computation will be done via interpolation. In any other case,
propagation will be used.

The format of the above files is described in [FORMATS].

In order to read files, xo orbit_init file function internally uses Data Handling functions. Please refer to
[D_H SUM], in particular sections 4.2 and 4.3, for further details.

Before calling this function it is required to initialise the time correlations, using either x1_time ref init,
xl_time_ref init_file or x1_time id_init EO LIB functions (see [LIB_SUM]).

The user can select the time interval to be used from the input file(s) using three different ways:

Table 18 : User requested time range in xo_orbit_init_file

time mode (see| input parameter requested start time requested stop time
7.33.4) (t_req_start) (t_req_stop)

XL_SEL _TIME |timeO/time1 time0 time1

XL _SEL_ORBIT | orbit0 / orbit1 tANX(orbit0) tANX(orbit1)

XL _SEL _FILE - first state vector in the file(s) last state vector in the file(s)

The validity start and stop times of the initialization (val_time0 and val_timel output parameters) repre-
sents the allowed time window for otbit calculation. The following table shows the validity time interval for
the different input files:

Table 19 : Validity periods for xo_orbit_init_file

Input file type val_time( val_timel

Orbit file providing Orbit changes | ANX Time of the first orbital Infinity
change

Orbit files providing a list of orbital |time of the first state vector Time of the last state vector
state vectors (Predicted Orbit Files,
Restituted Orbit Files, DORIS files,
SP3 files)

TLE files time of the first TLE Time of the last TLE + 1day

A complete calling sequence of the orbit calculation procedure is presented in section 4.2.

7.6.1.1 Recommendations on Orbit Files Usage

7.6.1.1.1 Reference Frames

The main usage of the Orbit Library is to support geo-location. As a consequence an Earth-Fixed frame is
the natural reference frame to use, end-to-end. On the other hand, accurate conversion between inertial and
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earth-fixed frames happens only when polar motion data is available, more precisely when the time_id has
been previously initialized with a IERS Bulletin.

Therefore, when polar motion data is not available, the user is recommended to initialize the orbit id by
providing Orbit files with Earth-Fixed frame data (orbit state vectors), and to compute geo-location
information in Earth-Fixed. This provides accurate computations. For any other usage the user shall be
aware of the consequences and accept small inaccuracies, In particular:

. initializing the orbit id with inertial orbit data, and computing inertial parameters, is also supported
and is accurate;

. initializing the orbit id with earth-fixed orbit data, and computing inertial parameters (or vice-versa),
leads to slightly inaccurate computations and should be avoided unless ignoring polar motion is acceptable.

7.6.1.1.2 Time correlations

EOCFI expects that the time correlations defined in the time_id are identical to those defined with the orbit
data loaded from an orbit file. If there is a mismatch between the time correlations defined in the time id
and the orbit loaded from file, the time correlation of the orbit records is recomputed using the time id as
reference. When this happens a warning is issued by the library.

To avoid the waming case, the user is recommended to initialize the time id and the orbit _id with the same
orbit file. However, notice that some use cases benefit from using different files -- i.e. when using a IERS
bulletin to initialize a time_id, thus providing the most accurate time correlations, and then loading an Orbit
State vector file. In this case, the warning is issued and should be ignored.

The value defined in the "Time Reference" field in the variable header of the orbit file is used as base time
for such re-computation. If this value is not provided, the input parameter time ref is used.

For example, if the orbit file is a POF and time_ref is UTC, the UTC times are left unchanged but the TAI
and UT1 times are recomputed applying to the UTC times the time_id correlations.

For Orbit Scenario Files (OSF), the time reference is always UT1 and, in case the time correlation defined
in the time_id differs from the one defined in the OSF, a warning is issued and, in computations using the
orbit_id, the time correlation defined in the time id will prevail. For example, in the

computation of a state vector at a given UTC time, the input UTC time is converted to UT1 using the time
correlation in the time_id and not the one in the OSF. Therefore, the user must be aware that, using a
time _id with a time correlation different from the one defined in the OSF, he is altering the

orbit model defined in the OSF and he has to expect results different from those computed by systems that
are using the OSF with the correct time correlation (this is often the case of planning systems). In order to
avoid this inconsistency, it is always strongly advised to initialize the time_id using the same OSF file.

7.6.1.1.3 Delta UTC-UT1 in Orbit Scenario Files

The Reference Orbit defined within the Orbit Scenario File is based on the assumption that the Delta UTC -
UT1 is zero and does not change across orbital changes.
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Introducing changes in Delta UTC-DUTI1 across consecutive orbital changes (for example, by using
different time correlations in two consecutive otbital changes) may introduce discontinuities
in orbit computations at the transition from one orbital change to the other.

7.6.1.1.4

The function computes internally diagnostics of OSV records for OEM/SP3/Doris/orbit files to check the
parts of the file that are usable for orbit initialization. The following table describes the types of errors that
are checked and the behaviour of the function when a particular error is found:

Computing orbit diagnostics

Table 20 : OSV diagnostics behavior at orbit initialization

Type of error Behavior

Repeated OSV
ABS [OSV_TIME(N) — OSV_TIME(N-1)] <1
microsecond

Warning at 15t inconsistency
Action: Discard OSV

Going back OSV
OSV_TIME(N-1) — OSV_TIME(N) >= 1

Warning at 13t inconsistency
Action: discard OSV

microsecond

GAP Warning at 1st gap found

ROF (LEO satellites) and DORIS: OSV_TIME(N) — | Action: stop loading OSVs at 1st gap found.
OSV_TIME(N-1) > 330 seconds

ROF (MEO satellites): OSV_TIME(N) —
OSV_TIME(N-1) > 1000 seconds

OEM and SP3: OSV_TIME(N) — OSV_TIME(N-1) >
30 minutes

Orbit number not consistent:
orbit number should not decrease.

one warning at first inconsistency.
Action: adjust orbit number.

NOTE: For POF files the diagnostics are not computed.

7.6.1.1.5

When the orbit is initialized with more than one file (in the input parameter input files), the user has to
provide the files sorted from lower to higher precedence. This way the possible overlap between files is
solved as follows:

Criteria for loading several files

input_files[0] is the file with lower precedence
input files[n_files-1] is the file with higher precedence

the state vectors from files with lower precedence that are after the first state vector of a file with higher
precedence are discarded.

Example: The following figure represents thee orbit files. Every vertical line represents the positon in time
of a state vector within the file. The initilazation with these files is equivalent to initialize with a single
“equivalent file” in the following way:
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Figure 3: Overlapping files in orbit initialization
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In order to ensure the compatibility of the data in the input files, the discarded state vectors are checked
against the remaining ones so that the orbit propagated with discarded and the remaining ones should give
similar results. More precisely:
e Let V; the satellite position of a discarded OSV at time T,,.
e Using the resulting orbit (after the overlap resolution), the satellite positon is computed at T, giving
the vector 7.
e The difference in module fo the two vectors should not differ more than the allowed threshold.
e In case that the difference is greater than the allowed threshold, a warning is raised: “ There is a
discontinuity between overlapped files. Found in discarded OSV %s”

The allowed thresholds depend on data type used for the initialization, and are the following:

e Predicted Orbit Files: 10 meters
e Restituted Orbit Files 1 meters
e SP3 Files: 5 meters

e OEM Files: 5 meters

7.6.2Calling interface

The calling interface of the xo_orbit_init file CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>
{
x1 time id time id = {(NULL};
x1 model id model id = {NULL};
xo orbit id orbit id {NULL} ;
long sat id, orbit file mode, n files, time mode;

long time ref, orbit(0, orbitl;

char **input files;

double time(O, timel, val time(O, val timel;
long status, ierr[XO NUM ERR ORBIT INIT FILE];
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status = xo orbit init file (&sat id, &model id, &time id,

&orbit file mode, &n files,

input files,
&time mode,

&time ref,

&timeO0, &timel, &orbit(0O, &orbitl,
&val time0O, &val timel,
&orbit id, ierr);
}
7.6.3 Input parameters
The xo_orbit_init_file CFI function has the following input parameters:
Table 21 : Input parameters of xo_orbit_init_file function
C name C type| Array Description Unit Allowed Range
Element (Reference) (Format)
sat_id long * |- Satellite ID - Complete
(Geostationary
satellites can only
be used with TLE
files)
For SP3 files, see
an explanation
under the table.
model_id X0_mo | - Model 1D - -
del_id*
time_id xo_tim | - Structure that contains the time - -
e _id* correlations
orbit_file_mode | long* |- Flag that indicates the type of the input| - XO_ORBIT_INIT_A

orbit file.

There exists the possibility of detecting
automatically the type of the files
using the value
XO_ORBIT_INIT_AUTO.

The Orbit Event files are used as Orbit
Scenario files if the AUTO mode is
selected. In case they want to be
used as Predicted orbit files, the
option
XO_ORBIT_INIT_OEF_POF_MOD
E should be chosen.

If the AUTO mode is selected and the
file type is a list of OSV (POF or
ROF), the Software configures the
orbit_id for propagation if the time
interval between an OSV and the
next is 1800 seconds (half an

hour), for interpolation otherwise.

uTo

XO_ORBIT_INIT_O
SF_ MODE
XO_ORBIT_INIT_P
OF _ MODE
XO_ORBIT_INIT_R
OF_ MODE
XO_ORBIT_INIT_D
ORIS _MODE
XO_ORBIT_INIT_P
OF N
_DORIS_MODE
XO_ORBIT_INIT_O
EF_O SF_MODE
XO_ORBIT_INIT_O
EF_P OF_MODE

XO_ORBIT_INIT_T
LE_MODE

XO ORBIT INIT T
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The user can verify this
configuration by calling
x0_orbit_get_propag_mode.

In case the type of initialization is
XO_ORBIT_INIT_USER _OSV_LIS
T_MODE, the
propagator/interpolator is not
initialized, so any operation
involving these computations will
return error.

In case the type of initialization ig
XO_ ORBIT INIT (POF/ROF/D
ORIS/OEM) ORBNUM_ADJ M
ODE, the OSF shall be the first
item of the input files input array
the orbit file mode must be sef
explicitly, AUTO mode is not
supported for these types.

/A description of the propagation
models is given in section 7.33.2

LE_SGP4_MODE

XO_ORBIT_INIT_T
LE_SDP4_MODE

XO_ORBIT_INIT_U
SER_OSV_LIST M
ODE

XO_ORBIT_INIT_S
P3_MODE

XO_ORBIT_INIT_P
OF_ORBNUM_ADJ
MODE
XO_ORBIT_INIT_R
OF_ORBNUM_ADJ
_MODE
XO_ORBIT_INIT_D
ORIS_ORBNUM_A
DJ_MODE

XO_ORBIT_INIT_O
EM_MODE

XO_ORBIT_INIT_O
EM_ORBNUM_ADJ
_MODE

n_files long - Number of input files - >=1
input_files char* |- Vector of orbit files. - -
In case multiple files are used, they
should be time ordered. If there is
overlap between files, the newest data
have precedence (see Error!
Reference source not found.Error!
Reference source not found.Error!
Reference source not found.Error!
Reference source not found.Error!
Reference source not found.)
time_init_mode | long* |- Flag for selecting the time range of the | - Select either:
initialisation. . XO SEL FILE
For TLE files, the whole file is always . XO SEL ORBIT
selected (this flag and the parameters vA aEl -
timeO/time1, orbitO/orbit1 are XO_SEL_TIME
dummies)
For DORIS
Navigator files and
SP3 files,
XO_SEL_ORBIT is
not allowed
time_ref long* |- Time reference 1D - Complete

When using DORIS
Navigator files and
time_mode is
XO_SEL_TIME,
only XL TIME _UTC
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time0 double | - Start time. See section 7.33.1. Decimal [-18262.0,36524.0]
i Used only if: days
- time_init_mode=X0O_SEL_TIME; g:r‘;‘:)ss'”g
otherwise NULL can be passed
time1 double | - Stop time. Used only if: Decimal [-18262.0,36524.0]
) - time_init_mode=XO_SEL_TIME; days _
otherwise NULL can be passed (Processing
format)
orbit0 long* |- Absolute orbit number of the start orbit.| - -
Used only if:
- time_init_mode=XO_SEL_ORBIT;
otherwise NULL can be passed
orbit1 long* Absolute orbit number of the stop orbit.| - -
Used only if:
- time_init_mode=XO_SEL_ORBIT;
otherwise NULL can be passed

Note: Orbit Event File is deprecated, only supported for CRYOSAT mission
It is possible to use enumeration values rather than integer values for some of the input arguments:
o Satellite ID: sat_id. See [GEN_SUM].
e Orbit init mode: orbit_init mode. Current document, section 6.2.
e Time mode: time_init mode. See [GEN_SUM].
o Time reference ID: time_ref. See [GEN_SUM].

Note: For SP3 files, the SP3 Id has to be defined for the input sat id (as defined in section “Extended
Standard Product 3 Orbit File (SP3-c)” in [D_H_SUM]). The state vectors to be read are those with the SP3
Id defined for the input satellite Id. Note that the SP3 Id can be defined also by the user with the function
xl_set sp3 sat data (See [LIB_SUM]).

7.6.4 Output parameters

The output parameters of the xo_orbit_init_file CFI function are:

Table 22 : Output parameters of xo_orbit_init_file function

C name C type | Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_init_file long - Main status flag - -1, 0, +1
val_time0 double* |- Validity start time of |Decimal days See 7.33.1
the initialization (Processing format)
val_time1 double* |- Validity stop time of |Decimal days See 7.33.1
the initialization (Processing format)
orbit_id xo_orbi |- Structure that - -
t id* contains the orbit
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initialization data

LE]

ierXO_NUM_ER
R_ORBIT_INIT_FI

long all

Status vector

7.6.5Warnings and errors

Next table lists the possible error messages that can be retumed by the xo_orbit_init_file CFI function after
translating the returned status vector into the equivalent list of error messages by calling the function of the
EO_ ORBIT software library xo_get msg (see [GEN_SUM]).

This table also indicates the type of message returned, i.e. either a warning (WARN) or an error (ERR), the
cause of such a message and the impact on the performed calculation, mainly on the results vector.

The table is completed by the error code and value. These error codes can be obtained translating the status
vector returned by the xo_orbit_init_file CFI function by calling the function of the EO_ORBIT software
library xo_get_code (see [GEN_SUM)).

Table 23 : Error messages of xo_orbit_init_file function

Error Error message Cause and impact Error Code Error
type No
ERR Wrong satellite flag. No calculation performed | XO_CFI_ORBIT_INIT_FI 0
LE_SAT ERR
ERR Geostationary satellite No calculation performed | XO_CFI_ORBIT_INIT_FILE_G |1
currently not supported for this EO_SAT_ERR
function.
ERR Wrong input flag. No calculation performed | XO_CFI_ORBIT_INIT_FI 2
LE FLAG ERR
ERR The Time Id was not initialized. | No calculation performed | XO_CFI_ORBIT_INIT_FI 3
LE_TIME_STATUS_ERR
ERR The Orbit Id is already No calculation performed | XO_CFI_ORBIT_INIT_FI 4
initialized. LE ORBIT_STATUS ERR
ERR Memory allocation error. No calculation performed | XO_CFI_ORBIT_INIT_FI 5
LE_ MEMORY_ERR
ERR Could not detect input files. No calculation performed | XO_CFI_ORBIT_INIT_FI 6
LE_INPUT_FILES ERR
ERR Error reading OSF. No calculation performed | XO_CFI_ORBIT_INIT_FI 7
LE_WRONG_OSF_FILE
FORMAT_ERR
ERR Wrong time on input. No calculation performed | XO_CFI_ORBIT_INIT_FI 8
LE_TIME_INPUT_INCO
RR_ERR
ERR Error while processing DORIS |No calculation performed |XO_CFI_ORBIT_INIT_FI 9
file. LE DORIS_INIT_ERR
ERR Time Conversion Error. No calculation performed | XO_CFI_ORBIT_INIT_FI 10
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LE_TIME_CONVERSION
_ERR

be used for the geostationary
orbit

When using calling
X0_osv_compute, the
OSV will be propagated
with the SGP4 algorithm.

EO_AND_TLE_WARN

ERR Error reading input files. No calculation performed | XO_CFI_ORBIT_INIT_FI 11
LE_READ_FILES_ERR
ERR Cannot use No calculation performed | XO_CFI_ORBIT_INIT_FILE_TL |12
XO_ORBIT_INIT_TLE_MODE E_AUTO_ERR
for orbital periods >200 and
<250 min
ERR No data read within the input [No calculation performed | XO_CFI_ORBIT_INIT_FI 13
range. LE_NO_ENOUGH_DATA
_ERR
ERR Error while computing ANX No calculation performed | XO_CFI_ORBIT_INIT_FI 14
data for the state vectors LE_INTERPOL_INIT_AN
X_ERR
ERR Error computing the orbit No calculation performed | XO_CFI_ORBIT_INIT_FI 15
number for every state vector LE_CALC_ORBIT_ERR
ERR Propagation cannot be No calculation performed | XO_CFI_ORBIT_INIT_FILE_P |16
initialised ROPAG_INIT_ERR
ERR Interpolation cannot be No calculation performed | XO_ORBIT_INIT_FILE_INTER |17
initialised POL_INIT_ERR
WARN | Warnings while computing ANX|Calculation performed. XO_CFI_ORBIT_INIT_FI 18
data LE_INTERPOL_INIT_AN
X_WARN
WARN [ Warnings during DORIS Calculation performed. XO_CFI_ORBIT_INIT_FI 19
initialization LE_DORIS_INIT_WARN
WARN [ Warnings while reading the Calculation performed. XO_CFI_ORBIT_INIT_FI 20
input file list LE_READ_FILES_WARN
WARN [ Input time correlations not Calculation performed. XO_CFI_ORBIT_INIT_FILE_W |21
compatible with input file(s) RONG_TIME_CORRELATION
time correlations S_WARN
WARN [ Overriding file time correlations | Calculation performed. XO_CFI_ORBIT_INIT_FILE_FI |22
LE_TIME_CORR_OVERRIDE _
WARN
ERR Error performing time No calculation performed | XO_CFI_ORBIT_INIT_FILE_TI |23
conversion with reference ME_CONVERSION_WITH_RE
F ERR
WARN [ There is a discontinuity Calculation performed XO_CFI_ORBIT_INIT_FILE_DI |24
between overlapped files. A message informs the | SCARDED_OSV_WARN
Found in discarded OSV %s. |yser that there is a
discontinuity between the
input files.
WARN [ The TLE SGP4 propagator will |Calculation performed. XO_CFI_ORBIT_INIT_FILE_G |25
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ERR Error reading OSF File to No calculation performed | XO_CFI_ORBIT_INIT_FILE_R |26
change Orbit_Id. EAD_OSF_ERR

ERR Error changing Orbit Id orbit No calculation performed | XO_CFI_ORBIT_INIT_FILE_O |27
numbers RBIT_ID_CHANGE_ERR

WARN [ Input DORIS files are not Calculation performed. XO_CFI_ORBIT_INIT_FILE_D |32
consistent with the Satellite ID. ORIS_TYPE_WARN

WARN [ No Orbit Number specified in |Calculation performed XO_CFI_ORBIT_INIT_FILE_D |33
DORIS file. Assuming orbit=1 EFAULT_ORBIT_WARN
for the 1st OSV

ERR Error analysing orbit No calculation performed | XO_CFI_ORBIT_INIT_FILE_A |34
diagnostics NALYZE_ORBIT_DIAGNOSTI

CS_ERR

WARN | Gaps detected. All the OSVs | Calculation performed XO_CFI_ORBIT_INIT_FILE_G |35
that follows the first gap are APS_WARN
discarded.

WARN [ Time going back or repeated Calculation performed XO_CFI_ORBIT_INIT_FILE D |36
OSVs detected. Those OSVs UPLICATED_GOING_BACK_O
(going bank or repeated) are SV_WARN
discarded.

WARN | Inconsistent orbit number Calculation performed XO_CFI_ORBIT_INIT_FILE_IN | 37
detected. The orbit number is CONSISTENT_ORBIT_NUM _
recomputed. WARN

WARN | Time gap between OSVs larger|Calculation performed XO_CFI_ORBIT_INIT_FILE_M (38
than 300s detected (may lead EO_GAP_WARN
to insufficient accuracy in case
of highly eccentric MEO)
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7.7 xo_orbit_init_file_precise

7.7.1 Overview

The xo_orbit_init_file_precise function is used for initializing the orbit calculations in the same way as
xo_orbit_inti_file, but in this case precise propagation will be used in state vector propagation. One of
these orbit files can be used:

e One or more FOS Predicted ascending node cartesian state vectors file. In case multiple files are
used, the files should be time ordered and the gap between them (i.e. time difference between the last
vector of nth file and the first vector of the nth+1 file) should be less than two orbital periods.

e One FOS Predicted Orbit File plus a DORIS Navigator unconsolidated level-0 products file.

¢ One or more FOS Restituted orbit files.

e One or more DORIS Navigator files. Three formats of DORIS Navigator files are supported and
automatically detected: Cryosat, Sentinel 3 and Jason CS (see [D_H SUM] for further details).
Notice that when using DORIS Navigator files the orbit is initialized based only on the navigation
data in the NAV_T (ITRF) packets, and the absolute orbit number provided in NAV_G (Geodetic)
packets if available in the same input file. NAV_G (Geodetic) packets are expected only for Sentinel
3 and Jason CS DORIS Navigation files and, as referred in [D_H SUM], in case NAV G (Geodetic)
packets are not available the orbit number will be set to 1 at the first OSV and increased at each
ANX. To adjust the orbit number, use the function xd_orbit id change as described in section 7.64.

e One or more DORIS Predicted files.
e One or more DORIS Preliminary files.
The format of the above files is described in [FORMATS].

In order to read files, xo orbit init file precise function internally uses Data Handling functions. Please
refer to [D_H_SUMY], in particular sections 4.2 and 4.3, for further details.

Before calling this function it is required to initialise the time correlations, using either x1_time ref init,
xl_time_ref init file or x1_time id init EO LIB functions (see [LIB_SUM)]).

The user can select the time interval to be used from the input file(s) using three different ways:

Table 24 : User requested time range in xo_orbit_init_file_precise

time mode input parameter requested start time requested stop time
(see 7.33.4) (t_req start) (t_req stop)
XL_SEL_TIME |timeO / time1 time0 time1
XL_SEL_ORBIT | orbit0 / orbit1 tANX(orbit0) tANX(orbit1)
XL_SEL_FILE - first state vector in the file(s) last state vector in the file(s)

The validity start and stop times of the initialization (val time0 and val timel output parameters)
represents the allowed time window for orbit calculation. The following table shows the validity time
interval for the different input files:

Table 25 : Validity periods for xo_orbit_init_file_precise

| Input file type | val time( | val timel
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|Any | time of the first state vector | Infinity

A complete calling sequence of the orbit calculation procedure is presented in section 4.2.

See Recommendations on Orbit Files Usage in 71

7.7.2 Calling interface

The calling interface of the xo_orbit_init_file precise CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>
{
x1 model id time id = {NULL};
x1 time id time id = {(NULL};
xo orbit id orbit id = {(NULL};
long sat _id, orbit file mode, n files, time mode;
long time ref, orbit(0, orbitl;
char **input files;
x0 propag precise config precise conf;
double time0, timel, val time(O, val timel;,
long status, ierr[XO NUM ERR ORBIT INIT FILE];

status = xo orbit init file precise (&sat id, é&model id,
&time 1id,

&orbit file mode, &n files,
input files,
&time mode, &time ref,
&timeO0, &timel, &orbit(O, &orbitl,
&precise conf,
&val time0O, é&val timel,
&orbit id, ierr);

7.7.3 Input parameters

The xo_orbit_init_file precise CFI function has the following input parameters:

Table 26 : Input parameters of xo_orbit_init_file_precise function

C name C type | Array Description Unit Allowed Range
Element (Reference) (Format)
sat_id long * |- Satellite ID - Complete
model_id xo_mod | - Model ID - -
el_id*
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time_id xo_time |- Structure that contains the time - -
_id* correlations
orbit_file_mode | long* - Flag that indicates the type of the input | - XO_ORBIT_INIT_A
orbit file. uTto
There exists the possibility of detecting XO_ORBIT_INIT_P
automatically the type of the files OF_P
using the value RECISE_MODE
XO_ORBIT_INIT_AUTO. XO_ORBIT_INIT_R
OF_P
RECISE_MODE
XO_ORBIT_INIT_D
ORIS
_PRECISE_MODE
XO_ORBIT_INIT_O
EF_P
OF_PRECISE_MO
DE
XO_ORBIT_INIT_P
OF N
_DORIS_PRECISE
_MO DE
n_files long - Number of input files - >=1
input_files char |- Vector of orbit files - -
time_init_mode | long* - Flag for selecting the time range of the | - Select either:
initialisation. - XO_SEL_FILE
For TLE files, the whole file is always - XO SEL ORBIT
selected (this flag and the parameters vA aE| -
timeO/time1, orbitO/orbit1 are XO_SEL_TIME
dummies)
For DORIS
Navigator files,
XO_SEL ORBIT is
not allowed
time_ref long* - Time reference ID - Complete
When using DORIS
Navigator files and
time_mode is
XO_SEL_TIME,
only XL_TIME_UTC
is allowed.
time0 double* |- Start time. See section 7.33.1. Decimal [-18262.0,36524.0]
Used only if: days
- time_init_mode=X0O_SEL_TIME; g:;‘;%ssmg
otherwise NULL can be passed
time1 double* |- Stop time. Used only if: Decimal [-18262.0,36524.0]
- time_init_mode=XO_SEL_TIME; days _
otherwise NULL can be passed (Processing
format)
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orbit0 long* - Absolute orbit number of the start orbit.| -
Used only if:
- time_init_mode=XO_SEL_ ORBIT;
otherwise NULL can be passed
orbit1 long* Absolute orbit number of the stop orbit. | -
Used only if:
- time_init_mode=XO_SEL_ORBIT;
otherwise NULL can be passed
precise_conf |xo_prop |- Configuration parameters for precise |-
ag_preci propagator.
se_confi
g*

For precise conf, the same rules than in xo_orbit cart _init precise apply.

It is possible to use enumeration values rather than integer values for some of the input arguments:

e Satellite ID: sat_id. See [GEN_SUM].

e Orbit init mode: orbit_init mode. Current document, section 6.2.
o Time mode: time_init mode. See [GEN_SUM].
e Time reference ID: time_ref. See [GEN_SUM].

7.7.4 Output parameters

The output parameters of the xo_orbit_init file precise CFI function are:

Table 27 : Output parameters of xo_orbit_init_file_precise function

R_ORBIT_INIT_FI
LE_PRECISE]

C name C type Array Description Unit lAllowed Range
Element (Reference) (Format)

xo_orbit_init_file_p long - Main status flag - -1, 0, +1

recise

val_time0 double* |- Validity start time of |Decimal days See 7.33.1
the initialization (Processing format)

val_time1 double* |- Validity stop time of |Decimal days see 7.33.1
the initialization (Processing format)

orbit_id xo_orbi |- Structure that - -

t_id* contains the orbit

initialization data

ierfXO_NUM_ER long all Status vector - -
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7.7.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_orbit_init file precise CFI
function after translating the returned status vector into the equivalent list of error messages by calling the
function of the EO ORBIT software library xo_get msg (see [GEN_ SUM]).
This table also indicates the type of message returned, i.e. either a warning (WARN) or an error (ERR), the
cause of such a message and the impact on the performed calculation, mainly on the results vector.

The table is completed by the error code and value. These error codes can be obtained translating the status
vector retumed by the xo_orbit_init_file precise CFI function by calling the function of the EO_ORBIT

software library xo_get code (see [GEN_SUM]).

Table 28 : Error messages of xo_orbit_init_file_precise function

Error Error message Cause and impact Error Code Error
type No
ERR File type not allowed for No calculation performed XO_CFI_ORBIT_INIT_FI 0
precise propagator LE_PRECISE_NOT_ALL
initialisation OWED_FILE_TYPE_ERR
ERR Error initialising orbit. No calculation performed XO_CFI_ORBIT_INIT_FI 1
LE_PRECISE_INIT_FILE
_ERR
ERR Error initialising propagator. | No calculation performed XO_CFI_ORBIT_INIT_FI 2
LE_PRECISE_PROPAG_|
NIT_ERR
ERR Could not detect input files. | No calculation performed XO_CFI_ORBIT_INIT_FI 3
LE_PRECISE_INPUT_FIL
ES_ERR
ERR Error in precise propagator |No calculation performed XO_CFI_ORBIT_INIT_FILE (4
input parameters _PRECISE_PRECISE_PAR
AMS_ERR
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7.8 xo_orbit_id_init

7.8.1 Overview

The xo_orbit_id_init function is used for initializing the orbit calculations using a set of data structures that
have been read for one of these orbit files:

e One or more orbit files (Predicted, Restituted Orbit Files or generic OSV list. In the last case,
propagator is not initialized).

e One Orbit Scenario File providing orbital changes.

e One or more DORIS Navigator files. Three formats of DORIS Navigator files are supported and
automatically detected: Cryosat, Sentinel 3 and Jason CS (see [D_H SUM] for further details).
Notice that when using DORIS Navigator files the orbit is initialized based only on the navigation
data in the NAV_T (ITRF) packets, and the absolute orbit number provided in NAV_G (Geodetic)
packets if available in the same input file. NAV_G (Geodetic) packets are expected only for Sentinel
3 and Jason CS DORIS Navigation files and, as referred in [D_H_SUM], in case NAV_G (Geodetic)
packets are not available the orbit number will be set to 1 at the first OSV and increased at each
ANX. To adjust the orbit number, use the function xd_orbit_id change as described in section 7.60.

e One or more SP3 files

e TLE files. xo_orbit_id init uses only those TLE entries with the default NORAD satellite designator
correspondent to the input satellite Id. The correspondence table between satellite ids and default
NORAD satellite designators is given in table 224 from the section 9.17, [D_H SUM)]. In case the
input file is not compliant with this correspondence, the default designator can be changed by using
function x1_set tle sat data, section 7.48 [LIB_SUM].

e One or more OEM files. Of the fields read with the funcion xd read oem (see section 9.21 of
[D H SUM]), the ones that are relevant for the orbit initialisation are: REF FRAME,
TIME SYSTEM, Epoch, X,Y,Z, X DOT,Y DOT, Z DOT.

Note: for Predicted, Restituted, DORIS files or OEM files, the change data struct of
xo_orbit_id_init data can be used. The field change data is used only if orbit init mode is set to
XO ORBIT INIT (POF/ROF/DORIS/OEM) ORBNUM_ADJ MODE and the corresponding
POF/ROF/DORIS file is used as input. If these orbit modes are introduced, the orbit number of the state
vectors will be updated with the information in change data structure, as per function
xo_orbit_id_change (see section 7.60).

This function provide an alternative to initialize the orbit id that is completely equivalent to
xo_orbit_init_file with the difference that this function does not need to read the input files, so that the
runtime of the function is improved (See section 7.6 for details about the orbit_id initialization)

This function is specially useful when the input time id is initialized with the same set of input files. In this
case it is better to do the following calling sequence, so that input files are read once:

Read input file (EO_DATA HANDLING functions)
Initialize time_id with x1_time_id_init.

Initialize the orbit_id with xo_orbit_id_init.

Clean the read data.

Before calling this function it is required to initialise the time correlations, using either x1_time_ref init,
x1_time_ref _init_file or xI_time_id_init EO LIB functions (see [LIB_SUM]).
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The user can select the time interval to be used from the input file(s) using three different ways:

Table 29 : User requested time range in xo_orbit_id_init

time _mode (see| input parameter requested start time requested stop time
7.33.4) (t_req_start) (t_req_stop)

XL _SEL TIME [timeO/time1 time0 time1

XL_SEL_ORBIT | orbit0 / orbit1 tANX(orbit0) tANX(orbit1)

XL_SEL_FILE - first state vector in the file(s) last state vector in the file(s)

The validity start and stop times of the initialization (val_time0 and val timel output parameters) repre-
sents the allowed time window for otbit calculation. The following table shows the validity time interval for
the different input files:

Table 30 : Validity periods for xo_orbit_id_init

Input data type val_time( val timel

Orbit data from Orbit Scenario |ANX Time of the first orbital change Infinity

List of orbital state vectors time of the first state vector Time of the last state vector

A complete calling sequence of the orbit calculation procedure is presented in section 4.2.
See Recommendations on Orbit Files Usage in section 7.6.1.1

The function computes diagnostics of OSV records for OEM/SP3/Doris/orbit files. The behaviour at orbit
initialization is defined in the Table 20, see section 7.6.1.1.

7.8.2 Calling interface

The calling interface of the xo_orbit_id_init CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>
{
x1 time id time 1id = {NULL};
x1 model id model id = {(NULL};
xo orbit id orbit id {NULL};
long sat id, orbit file mode, time mode;
long time ref, orbit0O, orbitl;
xo orbit id init data orbit data;
double time(O, timel, val time(O, val timel;
long status, ierr[XO NUM ERR ORBIT ID INIT];

status = xo orbit id init (&sat id, &model id, &time id,
s&orbit file mode,
s&orbit data,
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&time mode, &time ref,
&timeO0, &timel, &orbit(0O, &orbitl,
&val time0O, &val timel,
&orbit id, ierr);
}
7.8.3 Input parameters
The xo_orbit_id_init CFI function has the following input parameters:
Table 31 : Input parameters of xo_orbit_id_init function
C name C type Array Description Unit Allowed Range
Element| (Reference) (Format)
sat_id long * - Satellite ID - Complete.
For SP3 files, see a
description on how to set
sat_id value under the
present table.
model_id | xo_mo del_id*|- Model ID - -
time_id xo_time _id* |- Structure that contains the time |- -
correlations
orbit_file_ [long* - Flag that indicates the type of the | - XO_ORBIT_INIT_AUTO
mode input orbit file data.

In case the type of initialization is
XO_ORBIT_INIT_USER_OSV_LI
ST_MODE, the
propagator/interpolator is not
initialized, so any operation
involving these computations will
return error.

XO_ORBIT_INIT_OSF_
MODE
XO_ORBIT_INIT_POF_
MODE
XO_ORBIT_INIT_ROF_
MODE
XO_ORBIT_INIT_DORIS
_MODE
XO_ORBIT_INIT_OEF_O
SF_MODE
XO_ORBIT_INIT_OEF_P
OF _MODE

XO_ORBIT_INIT_USER_
OSV_LIST_MODE

XO_ORBIT_INIT_SP3_ M
ODE

XO_ORBIT_INIT_POF_O
RBNUM_ADJ_MODE

XO_ORBIT_INIT_ROF_
ORBNUM_ADJ_MODE

XO_ORBIT_INIT_DORIS
_ORBNUM_ADJ_MODE

XO_ORBIT_INIT_OEM_
MODE

XO ORBIT INIT_OEM
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ORBNUM_ADJ_MODE
orbit_data | xo_orbit_id_ini| - Vector of orbit files - -
t_data*
time_init_ | long* - Flag for selecting the time range |- Select either:
mode of the initialisation. - XO_SEL_FILE
- XO_SEL_ORBIT
- XO_SEL _TIME
For DORIS Navigator
files and SP3 files,
XO_SEL_ORSBIT is not
allowed
time_ref |long* - Time reference ID - Complete
When using DORIS
Navigator files and
time_mode is
XO_SEL_TIME, only
XL _TIME_UTC is
allowed.
time0 double* - Start time. See section 7.33.1. Decimal [-18262.0,36524.0]
Used only if: days
time_init_mode=X0_SEL_TIME; ]EP“’CTSS'”Q
otherwise NULL can be passed ormat)
time1 double* - Stop time. Used only if: Decimal [-18262.0,36524.0]
time_init_mode=XO_SEL_TIME; |days .
otherwise NULL can be passed | (Processing
format)
orbit0 long* - Absolute orbit number of the start | - -
orbit. Used only if:
time_init_mode=XO_SEL_ORBIT;
otherwise NULL can be passed
orbit1 long* Absolute orbit number of the stop | - -
orbit. Used only if:
time_init_mode=XO_SEL_ORBIT;
otherwise NULL can be passed

It is possible to use enumeration values rather than integer values for some of the input arguments:
e Satellite ID: sat_id. See [GEN_SUM].
e Orbit init mode: orbit_init mode. Current document, section 6.2.
e Time mode: time_init mode. See [GEN_SUM].
e Time reference ID: time_ref. See [GEN_SUM].

Note: For SP3 files, the SP3 Id has to be defined for the input sat id (as defined in section “Extended
Standard Product 3 Orbit File (SP3-c)” in [D_H_SUM)]). The state vectors to be selected are those with the
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SP3 Id defined for the input satellite Id. Note that the SP3 Id can be defined also by the user with the
function x1_set sp3 sat data (See [LIB_SUM]).

7.8.4 Output parameters

The output parameters of the xo_orbit_id_init CFI function are:

Table 32 : Output parameters of xo_orbit_id_init function

C name C type Array Description Unit lAllowed Range
Element (Reference) (Format)

xo_orbit_id_init long - Main status flag - -1, 0, +1

val_time0 double* |- Validity start time of |Decimal days See 7.33.1
the initialization (Processing format)

val_time1 double* |- Validity stop time of |Decimal days See 7.33.1
the initialization (Processing format)

orbit_id xo_orbi |- Structure that - -

t_id* contains the orbit

initialization data

ierfXO_NUM_ER long all Status vector - -

R_ORBIT_ID_INIT]

7.8.5Warnings and errors

Next table lists the possible error messages that can be returned by the xo_orbit_id_init CFI function after

translating the returned status vector into the equivalent list of error messages by calling the function of the
EO_ORBIT software library xo_get msg (see [GEN_SUM)]).

This table also indicates the type of message returned, i.e. either a warning (WARN) or an error (ERR), the
cause of such a message and the impact on the performed calculation, mainly on the results vector.

The table is completed by the error code and value. These error codes can be obtained translating the status
vector returned by the xo_orbit_id_init CFI function by calling the function of the EO_ORBIT software
library xo_get code (see [GEN_SUM)]).

Table 33 : Error messages of xo_orbit_id_init function

Error Error message Cause and impact Error Code Error
type No
ERR " \Wrong satellite flag No calculation performed vy cpy ORBIT ID INIT| °©
SAT ERR
ERR  |Geostationary satellitg NO calculation performed v CF]_ORBIT ID_INIT 1
currently not supported fot | GEO_SAT ERR
this function.
ERR  Wrong input orbit file mode| NO calculation performed  \v Cpp ORBIT ID INIT| 2
FLAG ERR
ERR  IThe Time Id was nofNo calculation pefformed ¥ CFI ORBIT ID INIT| 3
initialized TIME STATUS ERR
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ERR  The Orbit Id is already NO calculation performed v cpp ORBIT ID INIT| 4
initialized ORBIT STATUS ERR
ERR " Memory allocation error. | No calculation performed v CFI ORBIT ID INIT| 5
MEMORY ERR
ERR " No data in the inpufNo calculationperformed v cpr ORBIT ID INIT| ©
structures NO DATA ERR
ERR  |Orbit model is not correct | NO calculation performed v CFI ORBIT ID INIT| 7
| WRONG_ORBIT MODE
L ERR
ERR input data structure containg No calculation performed XO_CFI_ORBIT ID _INIT 8
data for different file types | INCONSISTENT FILES
ERR
ERR  IError  loading  inpuf NO calculation performed  Ivy cpy ORBIT ID INIT| °
xo orbit_id init data | LOAD_FILES ERR
structure
ERR " 'Wrong time on input. No calculation performed v cp] ORBIT ID INIT| 19
| TIME_INPUT INCORR
ERR
ERR  IError  performing  time NO calculation performed vy CFI_ORBIT ID INIT 1
conversion with reference. | TIME CONVERSION
WITH REF ERR
ERR " INo data read within the|NO calculation performed v cpp ORBIT ID INIT| 12
input range | NO_ENOUGH_DATA E
RR
ERR " IError  while computing NO calculation performed vy cpp ORBIT ID INIT| 13
IANX data for the statg | INTERPOL INIT ANX
vectors [ERR
ERR " IError computing the orbif NO calculation performed v cFp ORBIT ID_INIT| 14
number for every statd | CALC_ORBIT _ERR
vector
ERR " ITime Conversion Error. | No calculation performed v CFI ORBIT ID INIT| 19
| TIME_CONVERSION_E
RR
ERR " lInterpolation  cannot bgNo calculation perfformed vy CFI_ORBIT ID INIT 16
initialised INTERPOL INIT ERR
ERR " Ipropagation  camnot  bd No calculation performed  Ixvy cpp ORBIT ID INIT| 17
initialised PROPAG INIT ERR
WARN IThere is a discontinuity Calculation performed. v Cpl_ ORBIT ID_INIT| 8
between overlapped files|A message informs the user | DISCARDED OSV_WA
Found in discarded that there is a discontinuity [pN
OSV %s between the input files.
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WARN lonly one OSF file ig Calculation performed using v CFI ORBIT ID INIT| 19
admitted ~ for  thig 9at@ from the first OSF ONLY_FIRST OSF_WA
e 1e . inserted in the init_data - - - -
initialisation mode structure RN

WARN Iinput time correlations no Calculation performed. XO CFI ORBIT ID INIT| 20
compatible  with  inpuf | WRONG_TIME CORRE
file(s) time correlations. LATIONS WARN

WARN loverriding ~ file  time] Calculation performed XO CFI ORBIT ID INIT| 2!
correlations. | FILE TIME CORR OV

ERRIDE WARN

WARN " IWarnings while computing N calculation performed vy cp| ORBIT ID_INIT| 22

ANX data | INTERPOL_INIT ANX
WARN

ERR  |Error changing Orbit Id No calculation perfformed v CFI ORBIT ID INIT| 23

orbit numbers. | ORBIT ID CHANGE E
RR

WARN " INo Orbit Number specified Calculation performed XO CFI_ORBIT ID INIT| 24
in DORIS file. Assuming | DEFAULT _ORBIT_WAR
orbit=1 for the 1st OSV IN

WARN Iinput DORIS files are nof Calculation performed XO CFI ORBIT ID INIT| 25
consistent with the Satellite | DORIS TYPE WARN
ID.

ERR " IInvalid file type. Orbif No calculation performed v cpr ORBIT ID INIT| 26
mode can not be | INVALID FILE TYPE E
automatically detected. RR

ERR " lonly one TLE file is|No calculation perfformed v CFI ORBIT ID INIT| 32
admitted for thi | ONLY_FIRST TLE WA
initialisation mode RN

ERR Cannot use No calculation performed XO_CFI_ORBIT_ID_INIT 33
XO_ ORBIT_INIT TLE M | TLE_AUTO_ERR
ODE for orbital
periods >200 and <250 min

ERR  |Error  analysing  orbif NO calculation perfformed v CFI ORBIT ID INIT| 34
diagnostics | ANALYZE ORBIT DIA

GNOSTICS ERR

WARN IGaps detected. All the Calculation performed XO CFL ORBIT ID INIT| 39
OSVs that follows the first] | GAPS WARN
gap are discarded.

WARN Time going back of Calculation performed XO CFI ORBIT ID INIT| 36
repeated OSVs detected | DUPLICATED GOING _

Those OSVs (going bank of BACK OSV_WARN
repeated) are discarded.
WARN IInconsistent _orbit numbeyf C@lculation performed XO CFI ORBIT ID INIT| %
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detected. The orbit numbe | INCONSISTENT ORBIT
is recomputed. NUM WARN
WARN Calculation performed 38

Time gap between OSV§
larger than 300s detected
(may lead to insufficient
accuracy in case of highly

eccentric MEQO)

’XO CFI_ORBIT ID_INIT
| MEO_GAP_WARN
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7.9 xo_orbit_init_geo

7.9.1 Overview

This software initializes the orbit data of a geostationary orbit using as input the geodetic coordinates. The
only input geodetic coordinate taken into account in initialization is the geocentric longitude; the latitude is
set to 0. degrees and the altitude is set to 35786 km independently of the inputs.

The validity start and stop times of the initialization (val_time0 and val_timel output parameters) represents
the allowed time window for orbit calculations. If the xo_orbit_init_geo function is called, this time
window starts at 01/01/1950 00:00:00 and ends at 31/12/2099 23:59:59.

Before calling this function it is required to initialise the time correlations, using either x1_time_ref _init or
x1_time_ref_init_file EO LIB functions (see [LIB_SUM]).

A complete calling sequence of the orbit calculations procedure is presented in section 4.2.

7.9.2 Calling interface

The calling interface of the xo_orbit_init_geo CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>
{
x1 model id model id = {NULL};
x1 time id time id = {(NULL};
xo orbit id orbit id = {NULL};
long sat id;
xo0 geo orbit init data geo orbit init data;
double val time(O, val timel;
long status, ierr[XO NUM ERR ORBIT INIT GEO];

status = xo orbit init geo (&sat id, &model id, &time id,
&geo orbit init data,
&val timeO, é&val timel,

&orbit id, ierr);

7.9.3 Input parameters

The xo_orbit_init_geo CFI function has the following input parameters:

Table 34 : Input parameters of xo_orbit_init_geo function

C name C type | Array Description Unit Allowed Range
Element| (Reference) (Format)
sat_id long * - Satellite ID - Complete
model_id xI_model | - Model ID - -
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_id*
time_id xl_time_i |- Structure that contains the time| - -
d* correlations
geo_orbit_info |xo_geo_ |- Input geodetic coordinates Longitude, latitude |0 <lon < 360.
orbit_info — degress latitude and

*

Altitude — meters

altitude are dummy

parameters. They
are set internally to
default values (see
section 7.8.1)

It is possible to use enumeration values rather than integer values for some of the input arguments:

e Satellite ID: sat_id. See [GEN_SUM].

7.9.4 Output parameters

The output parameters of the xo_orbit_init_geo CFI function are:

Table 35 : Output parameters of xo_orbit_init_geo function

C name C type | Array Description Unit Allowed Range
Element (Reference) (Format)

xo_orbit_init_geo |long - Main status flag - -1, 0, +1

val_time0 double* - Validity start time of the [ Decimal days [-18262.0,36524.0]
initialization (Processing format)

val_time1 double* - Validity stop time of the | Decimal days [-18262.0,36524.0]
initialization (Processing format)

orbit_id xo_orbit_id| - Structure that contains | - -

* the orbit initialization.

ierTXO_NUM_ERR [long all Status vector - -

_ORBIT_INIT_GE

O]

7.9.5 Warnings and errors

Next table lists the possible error messages that can be retumed by the xo_orbit_init_geo CFI function after
translating the returned status vector into the equivalent list of error messages by calling the function of the
EO ORBIT software library xo_get msg (see [GEN_ SUM]).

This table also indicates the type of message returned, i.e. either a warning (WARN) or an error (ERR), the
cause of such a message and the impact on the performed calculation, mainly on the results vector.
The table is completed by the error code and value. These error codes can be obtained translating the status

vector returned by the xo_orbit_init_geo CFI function by calling the function of the EO_ORBIT software
library xo_get code (see [GEN_SUM)]).
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Table 36 : Error messages of xo_orbit_init_geo function
Error Error message Cause and impact Error code Error
type No
ERR Wrong Satellite Id. No calculation performed XO_CFI_ORBIT INIT G |0
EO_SAT ERR
ERR Wrong longitude: out of No calculation performed XO_CFI_ORBIT_INIT G |1
range [0, 360.) EO LON_ERR
ERR Wrong geo orbit init type No calculation performed XO_CFI ORBIT _INIT G (2
EO _TYPE ERR
ERR Input Time Id. is not No calculation performed XO CFI ORBIT INIT G (3
initialized. EO_TIME STATUS ERR
ERR Orbit Id is already initialized. |No calculation performed XO_CFI_ORBIT INIT G |4
EO_STATUS ERR
ERR Memory allocation error. No calculation performed XO_CFI_ORBIT INIT G |5
EO_MEMORY_ERR
ERR Error converting geodetic No calculation performed XO_CFI_ORBIT_INIT G |6
coordinates to cartesian EO GEOD _TO CART E
coordinates RR
ERR Error initializing propagator |No calculation performed XO_CFI_ORBIT_INIT G |7
EO_PROPAG _INIT ERR
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7.10 xo_orbit_close

7.10.1 Overview

The xo_orbit_close function is used to free the memory allocated by the other orbit initialization routines,
and it must be called after using them.

A complete calling sequence of the propagation procedure is presented in section 4.2.

7.10.2 Calling interface

The calling interface of the xo_orbit_close CFI function is the following (input parameters are underlined):

#include <explorer orbit.h>

{
xo orbit id orbit id = {(NULL};
long ierr[XO_NUM_ERR_ORBIT_CLOSE]
long status;

status = xo orbit close (&orbit id, ierr);

}

7.10.3 Input parameters

The xo_orbit_close CFI function has the following input parameters:

Table 37: Input parameters of xo_orbit_close function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id |- Structure that contains the |- -
* orbit initialization

7.10.4 Output parameters

The output parameters of the xo_orbit_close CFI function are:

Table 38 : Output parameters of xo_orbit_close function

C name C type Array Description Unit Allowed
Element (Reference) (Format) Range
ierfXO_NUM_ER |[long all Status vector - -
R_ORBIT_CLOSE]
x0_orbit_close long - Main status flag - -1, 0, +1
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7.10.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_orbit_close CFI function after
translating the returned status vector into the equivalent list of error messages by calling the function of the
EO ORBIT software library xo_get msg (see [GEN_ SUM]).

This table also indicates the type of message returned, i.e. either a warning (WARN) or an error (ERR), the
cause of such a message and the impact on the performed calculation, mainly on the results vector.

The table is completed by the error code and value. These error codes can be obtained translating the status
vector retumed by the xo_orbit_close CFI function by calling the function of the EO_ORBIT software
library xo_get code (see [GEN_SUM)]).

Table 39: Error messages of xo_orbit_close function

Error Error message Cause and impact Error Code Error
type No
ERR Could not close the Orbit 1d. | The Orbit Id. was not closed,| XO_CFI_ORBIT_CLOSE_ |0
WRONG_ID_ERR
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7.11 xo_orbit_get_osv

7.11.1 Overview

The xo_orbit_get_osv CFI function retums a data structure containing the list of state vectors used for the
initialisation of an orbit_id. This function only can be called if the orbit id was initialized with orbital state
vectors (i.e., with xo_orbit_cart init or with xo_orbit_init_file and a file containing a list of state vectors

such as predicted orbit file, a restituted orbit file...)

7.11.2 Calling interface

The calling interface of the xo_orbit_get osv CFI function is the following (input parameters are

underlined):

#include <explorer orbit.h>

&num_rec,

&data) ;

{
xo orbit id orbit id;
long num rec;
X0 08V rec* data;
long status;
status = xo orbit get osv(&orbit id,
}
7.11.3 Input parameters

The xo_orbit_get_osv CFI function has the following input parameters:

Table 40: Input parameters of xo_orbit_get_osv function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_id |xo_orbit_id* - Structure for orbit - -
initiaization
7.11.4 Output parameters

The output parameters of the xo_orbit_get osv CFI function are:

Table 41: Output parameters of xo_orbit_get_osv function

C name C type

Array
Element

Description
(Reference)

Unit
(Format)

Allowed Range

xo_orbit_get_osv long

Status flag

num_rec long

Number of records
in the data array

data X0_0SV_rec

all

Dinamic array with
the state vectors
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The data structure xo _osv_rec can be seen in Table 3.

Note: The output data array is a pointer, not a static array. The memory for this dynamic array is allocated

within the CFI function. So the user will only have to declare that pointer but not to allocate memory for it.

However, once the function has returned without error, the user will have the responsibility of freeing the

memory when it is not being used any more. For freeing the memory just call to (in a C program):
free(data) ;

7.11.5 Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the
execution was correct or not.

The possible causes of error are:
e The orbit_id was not initialised.

e The orbit_id was initialised with orbital changes, instead of state vectors.
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7.12 xo_orbit_set_osv

7.12.1 Overview

The xo_orbit_set_osv CFI function changes the list of state vectors used for the initialisation within an
orbit_id. This function only can be called if the orbit id was initialized with orbital state vectors (i.e., with
xo_orbit_cart_init or with xo_orbit_init_file and a file containing a list of state vectors such as predicted

orbit file, a restituted orbit file...)

7.12.2 Calling interface

The calling interface of the xo_orbit_set osv CFI function is the following (input parameters are

underlined):

#include <explorer orbit.h>

{
xo orbit id orbit id;
long num rec;
X0 08V rec* data;
long status;
status = xo0 orbit set osv(&orbit id, &num rec, data);
}
7.12.3 Input parameters
The xo_orbit_set_osv CFI function has the following input parameters:
Table 42: Input parameters of xo_orbit_set_osv function
C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit - -
initialization (input /
output parameter)
num_rec long - Number of records in |- -
the data array
data X0_0SV_rec all Dynamic array with the |- -
state vectors
7.12.4 Output parameters
The output parameters of the xo_orbit_set_osv CFI function are:
Table 43: Output parameters of xo_orbit_set_osv function
C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_set_osv long - Status flag - -
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orbit_id xo0_orbit_id* - Structure for orbit -
initialization (input /
output parameter)
7.12.5 Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the

execution was correct or not.
The possible causes of error are:

e The orbit_id was not initialised.

e The orbit_id was initialised with orbital changes, instead of state vectors.
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7.13 xo_orbit_get_anx

7.13.1

Overview

When initialising an orbit id with a list of state vectors that are not in the ANX (restituted orbit file, DORIS
Navigator files, SP3 files), the information about the ANX of the orbits of those state vectors are stored in

the orbit_id. The xo_orbit_get_anx CFI function allows to retrieve that information.

This function only can be called if the orbit_id was initialized with orbital state vectors coming from:

e Restituted orbit file
e DORIS Navigator file(s).

o SP3 files. Note: since SP3 files has no orbit information inside the file itself, the orbit numbers for
ANX start at 0.

7.13.2

underlined):

Calling interface

The calling interface of the xo_orbit_get anx CFI function is the following (input parameters are

#include <explorer orbit.h>

{

}
7.13.3

xo orbit id orbit id;

long num rec;

X0 anx extra info* extra info;

long status;

status =

Input parameters

xo0 orbit get anx(&orbit id,

&num_rec,

The xo_orbit_get_anx CFI function has the following input parameters:

&extra info);

Table 44: Input parameters of xo_orbit_get_anx function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit -
initialization
7.13.4 Output parameters

The output parameters of the xo_orbit_get anx CFI function are:

Table 45 : Output parameters of xo_orbit_get_anx function

| C name

C type

| Array |

Description

| Unit

| Allowed Range |
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Element (Reference) (Format)
xo_orbit_get_anx long - Status flag - -
num_rec long - Number of records | - -
in the data array
extra_info xo_anx_extra_info |all Dinamic array with |- -

the ANX information

The data structure xo _osv_rec can be seen in Table 3.

Note: The output extra info array is a pointer, not a static array. The memory for this dynamic array is
allocated within the CFI function. So the user will only have to declare that pointer but not to allocate
memory for it. However, once the function has returned without error, the user will have the responsibility
of freeing the memory when it is not being used any more. For freeing the memory just call to (in a C

program):

free(extra info) ;

7.13.5

Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the
execution was correct or not.

The possible causes of error are:

e The orbit_id was not initialised.

e The orbit_id was not initialised with the suitable file
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7.14 xo_orbit_set_anx

7.14.1 Overview

The xo_orbit_set_anx CFI function changes the ANX info that is stored in an orbit id when this orbit id

was initialised with a restituted orbit file, a DORIS Navigator file or a SP3 file.

Three formats of DORIS Navigator files are supported and automatically detected: Cryosat, Sentinel 3
and Jason CS (see [D_H SUM] for further details). Notice that when using DORIS Navigator files the
orbit is initialized based only on the navigation data in the NAV_T (ITRF) packets, and the absolute
orbit number provided in NAV_G (Geodetic) packets if available in the same input file. NAV_G
(Geodetic) packets are expected only for Sentinel 3 and Jason CS DORIS Navigation files and, as
referred in [D_H SUM], in case NAV_G (Geodetic) packets are not available the orbit number will be
set to 1 at the first OSV and increased at each ANX. To adjust the orbit number, use the function

xd_orbit_id_change as described in section 7.64.

Note: since SP3 files has no orbit information inside the file itself, the orbit numbers for ANX start at 0.

7.14.2 Calling interface

The calling interface of the xo_orbit_set anx CFI function is the following (input parameters are

underlined):

#include <explorer orbit.h>

{
xo orbit id orbit id;
long num rec;
x0 anx extra info* extra info;
long status;
status = xo orbit set anx (&orbit id, &num rec, extra info);
}
7.14.3 Input parameters

The xo_orbit_set_anx CFI function has the following input parameters:

Table 46: Input parameters of xo_orbit_set_anx function

Unit
(Format)

C name C type Array

Element

Description
(Reference)

Allowed Range

Structure for orbit -
initialization (input /
output parameter)

orbit_id xo_orbit_id* -

Number of records in |-
the data array

num_rec long -

extra_info | xo_anx_extra_info |all Dynamic array with the

state vectors
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7.14.4 Output parameters
The output parameters of the xo_orbit_set_anx CFI function are:
Table 47: Output parameters of xo_orbit_set_anx function
C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_set_anx long - Status flag -
orbit_id xo_orbit_id* - Structure for orbit -
initialization (input /
output parameter)

7.14.5

Warnings and errors

This function does not return any error/warning
execution was correct or not.

The possible causes of error are:

e The orbit_id was not initialised.

code. Only the status of the function indicates if the

o The orbit_id was initialised with orbital changes, instead of state vectors.
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7.15 xo_orbit_get_osf_rec

7.15.1 Overview

The xo_orbit_get_osf_rec CFI function returns a data structure containing the list of orbital changes used
for the initialisation of an orbit id. This function only can be called if the orbit id was initialized with
orbital changes(i.e., with xo_orbit_init_def or with xo_orbit_init_file and an orbit scenario file)

7.15.2 Calling interface

The calling interface of the xo_orbit_get osf rec CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>

{

xo0 orbit id orbit id;

long num rec;

xo osf records* data;

long status;

status = xo orbit get osf rec(&orbit id, &num rec, &data);
}

7.15.3 Input parameters

The xo_orbit_get osf_rec CFI function has the following input parameters:

Table 48: Input parameters of xo_orbit_get_osf_rec function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit - -
initialization

7.15.4 Output parameters

The output parameters of the xo_orbit_get_osf_rec CFI function are:

Table 49: Output parameters of xo_orbit_get_osf_rec function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_get_osf rec [long - Status flag - -
num_rec long - Number of records |- -

in the data array

data xo_osf _rec all Dinamic array with |- -
the orbital changes
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The data structure xo_osf rec can be seen in Table 3.

Note: The output data array is a pointer, not a static array. The memory for this dynamic array is allocated

within the CFI function. So the user will only have to declare that pointer but not to allocate memory for it.

However, once the function has returned without error, the user will have the responsibility of freeing the

memory when it is not being used any more. For freeing the memory just call to (in a C program):
free(data) ;

7.15.5 Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the
execution was correct or not.

The possible causes of error are:
e The orbit_id was not initialised.

e The orbit_id was not initialised with orbital changes.

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



= Code:

delmos \ cSa e

EO-MA-DMS-GS-0004
31/10/2023
4.26

109

7.16 xo_orbit_set_osf_rec

7.16.1 Overview

The xo_orbit_set _osf rec CFI function changes the list of orbital changes used for the initialisation within
an orbit_id. This function only can be called if the orbit_id was initialized with xo_orbit_init_def or with

xo_orbit_init_file and an orbit scenario file.

7.16.2 Calling interface

The calling interface of the xo_orbit_set osf rec CFI function is the following (input parameters are

underlined):

#include <explorer orbit.h>

{
xo0 orbit id orbit id;
long num rec;
X0 osv _rec* data;
long status;
status = xo orbit set osf rec(&orbit id, &num rec, data);
}
7.16.3 Input parameters
The xo_orbit_set_osf_rec CFI function has the following input parameters:
Table 50: Input parameters of xo_orbit_set_osf_rec function
C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit - -
initialization (input /
output parameter)
num_rec long - Number of records in |- -
the data array
data xo_osf rec all Dinamic array with the |- -
orbital changes
7.16.4 Output parameters
The output parameters of the xo_orbit_set_osf rec CFI function are:
Table 51: Output parameters of xo_orbit_set_osf_rec function
C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
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xo_orbit_set_osf _rec |long - Status flag - -

orbit_id xo_orbit_id* - Structure for orbit
initialization (input /
output parameter)

7.16.5 Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the
execution was correct or not.

The possible causes of error are:
o The orbit_id was not initialised.

e The orbit_id was not initialised with orbital changes.
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7.17 xo_orbit_get_val_time

7.17.1

Overview

The xo_orbit_get_val _time CFI function returns the validity period of an orbit_id.

7.17.2

Calling interface

The calling interface of the xo_orbit_get val time CFI function is the following (input parameters are

underlined):

#include <explorer orbit.h>

{

}

7.17.3

xo orbit id orbit id;

xo validity time
long status;,
status =

Input parameters

val time;

xo orbit get val time (&orbit id,

The xo_orbit_get_val _time CFI function has the following input parameters:

&val time) ;

Table 52: Input parameters of xo_orbit_get_val_time function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit initiali- | - -
zation
7.17 .4 Output parameters

The output parameters of the xo_orbit_get_val time CFI function are:

Table 53: Output parameters of xo_orbit_get_val_time function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_get val_time |long - Status flag - -
val_time xo_validity_ti | - Validity Time structure | - -
me

The data structure xo_validity_time can be seen in Table 3.

7.17.5

Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the
execution was correct or not.
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The possible causes of error are:

e The orbit_id was not initialised.
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7.18 xo_orbit_set_val_time

7.18.1 Overview
The xo_orbit_set_val_time CFI function changes the validity period of an orbit_id.

7.18.2 Calling interface

The calling interface of the xo_orbit_set val time CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>

{

xo orbit id orbit id;

xo validity time val time;

long status;,

status = xo orbit set val time (&orbit id, &val time);
}

7.18.3 Input parameters

The xo_orbit_set_val_time CFI function has the following input parameters:

Table 54 : Input parameters of xo_orbit_set_val_time function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit - -

initialization (input /
output parameter)

Validity Time structure

val_time xo_validity_time

7.18.4 Output parameters

The output parameters of the xo_orbit_set_val_time CFI function are:

Table 55: Output parameters of xo_orbit_set_val_time function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)

xo_orbit_set_val_time | long - Status flag - -

orbit_id xo_orbit_id* - Structure for orbit
initialization (input /
output parameter)
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7.18.5 Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the

execution was correct or not.
The possible causes of error are:

e The orbit_id was not initialised.
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7.19 xo_orbit_get_precise_propag_config

7.19.1 Overview

The xo_orbit_get_precise_propag_config CFI function returns the configuration structure of precise
propagation.

7.19.2 Calling interface

The calling interface of the xo_ orbit _get precise propag config CFI function is the following (input
parameters are underlined):

#include <explorer orbit.h>

{
xo0 orbit id orbit id;
X0 propag precise config precise conf;
long status;
status = xo0 orbit get precise propag config(&orbit id,

&precise conf);
}
7.19.3 Input parameters

The xo_orbit_get_precise_propag_config CFI function has the following input parameters:

Table 56: Input parameters of xo_orbit_get_precise_propag_config function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit - -

initialization (input /
output parameter)

7.19.4 Output parameters

The output parameters of the xo_orbit_get precise_propag_config CFI function are:

Table 57: Output parameters of xo_orbit_get_precise_propag_config function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_get_precise |long - Status flag - -

_propag_config

precise_conf XO_propag_preci Precise propagator
se_config configuration
structure
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7.19.5 Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the

execution was correct or not.
The possible causes of error are:

e The orbit_id was not initialised.
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7.20 xo_orbit_set_precise_propag_config

7.20.1 Overview

The xo_orbit_set_precise_propag_config CFI function sets the configuration structure of precise
propagation.

7.20.2 Calling interface

The calling interface of the xo_orbit_set precise propag config CFI function is the following (input
parameters are underlined):

#include <explorer orbit.h>

{
xo0 orbit id orbit id;
X0 propag precise config precise conf;
long status;
status = X0 orbit set precise propag config(&orbit id,
&precise conf);
}

7.20.3 Input parameters

The xo_orbit_set_precise_propag_config CFI function has the following input parameters:

Table 58: Input parameters of xo_orbit_set_precse_propag_config function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit initial{ - -
ization (input / output
parameter)
precise_conf|xo_propag_prec |- Precise propagator - -
ise_config configuration structure

7.20.4 Output parameters

The output parameters of the xo_orbit_get_precise_propag_config CFI function are:

Table 59: Output parameters of xo_orbit_set_precse_propag_config function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_set_precise_|long - Status flag - -

propag_config

orbit_id xo_orbit_id* - Structure for orbit
initialization (input /
output parameter)
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7.20.5 Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the

execution was correct or not.
The possible causes of error are:

e The orbit_id was not initialised.
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7.21 xo_orbit_get_time_id

7.21.1 Overview

The xo_orbit_get time id CFI function returns the time id structure used for the orbit_id initialisation.

7.21.2 Calling interface

The calling interface of the xo_orbit_get time id CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>

{
xo orbit id orbit id;
x] time id time id;
time id = xo orbit get time id(&orbit id) ;
}
7.21.3 Input parameters

The xo_orbit_get time_id CFI function has the following input parameters:

Table 60: Input parameters of xo_orbit_get_time_id function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit initialization |- -
7.21.4 Output parameters

The output parameters of the xo_orbit_get time_id CFI function are:

Table 61: Output parameters of xo_orbit_get_time_id function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_get_time_id |xI_time_id |- time id used for the orbit_id |- -
initialisation

7.21.5

Warnings and errors

This function does not retum any error/warning code. In case of error, an empty time id is returned
(initialised with NULL)

The possible causes of error are:

e The orbit_id was not initialised
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7.22 xo_orbit_get_model_id

7.22.1 Overview
The xo_orbit_get model id CFI function returns the model id structure used for the orbit id initialisation.

7.22.2 Calling interface

The calling interface of the xo_orbit_get model_id CFI function is the following (input parameters are

underlined):
#include <explorer orbit.h>
{
xo orbit id orbit id = {NULL};
x1 model id model id = {NULL};
model id = xo orbit get model id(&orbit id);
}
7.22.3 Input parameters

The xo_orbit_get _model _id CFI function has the following input parameters:

Table 62: Input parameters of xo_orbit_get_model_id function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id x0_orbit_id* - Structure for orbit initialization |- -
7.22.4 Output parameters

The output parameters of the xo_orbit_get model id CFI function are:

Table 63: Output parameters of xo_orbit_get_model_id function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_get_model_ |xI_model_id |- model id used for the orbit_id | - -
id initialisation

7.22.5 Warnings and errors

This function does not returm any error/warning code. In case of error, an empty time id is returned
(initialised with NULL)

The possible causes of error are:

o The orbit_id was not initialised.
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7.23 xo_orbit_get_osv_compute_validity

7.23.1 Overview

The xo_orbit_get osv_compute_validity CFI function returns the validity time interval where it is possible
to compute an state vector using the CFI function xo_osv_compute. Out of this interval, the functions
would return an error.

The validity interval for using xo_osv_compute depends on the type of data used for the orbit initialisation.
In general, that interval will be different from the validity of the input orbit id. More information about the
validity interval for xo_osv_compute can be found in section 7.33.2.

7.23.2 Calling interface

The calling interface of the xo_orbit _get osv_compute validity CFI function is the following (input
parameters are underlined):

#include <explorer orbit.h>

{
xo0 orbit id orbit id;
xo validity time val time;
time id = xo orbit get osv compute validity(&orbit id,
&val time) ;
}

7.23.3 Input parameters

The xo_orbit_get_osv_compute_validity CFI function has the following input parameters:

Table 64: Input parameters of xo_orbit_get_osv_compute_validity function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit initialization |- -

7.23.4 Output parameters

The output parameters of the xo_orbit_get osv_compute validity CFI function are:

Table 65: Output parameters of xo_orbit_get_osv_compute_validity function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)

xo_orbit_get_osv_co |xo_validity_ validity time interval for the |- -
mpute_validity time function xo_osv_compute

The data structure xo_validity time can be seen in Table 3.
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7.23.5 Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the

execution was correct or not.
The possible causes of error are:

e The orbit_id was not initialised.
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7.24 xo_orbit_get_propag_mode

7.24.1 Overview

The xo_orbit_get _propag_mode CFI function returns the propagation mode that will be used to propagate
the state vector when using the input orbit id.

7.24.2 Calling interface

The calling interface of the xo_orbit_get propag mode CFI function is the following (input parameters
are underlined):

#include <explorer orbit.h>

{
xo0 orbit id orbit id;
long mode;,
mode = xo orbit get propag mode (&orbit id);
}
7.24.3 Input parameters

The xo_orbit_get propag mode CFI function has the following input parameters:=

Table 66: Input parameters of xo_orbit_get_propag_mode function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit initialization |-
7.24.4 Output parameters

The output parameters of the xo_orbit_get propag_mode CFI function are:

Table 67: Output parameters of xo_orbit_get_propag_mode function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_get_propag |long - propagation mode. - -

_mode -1 if the orbit_id is not

initialised for propagation.

7.24.5 Warnings and errors

This function does not return any error/warning code. If the orbit_id is not initialised or it is not initialised
with propagation data, then the returned mode is -1.
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7.25 xo_orbit_get_interpol_mode

7.25.1

Overview

The xo_orbit_get_interpol_mode CFI function returns the interpolation mode that will be used to
interpolate the state vector when using the input orbit_id.

7.25.2

#include <explorer orbit.h>

{

}

7.25.3

Calling interface

The calling interface of the xo_orbit_get_interpol_mode CFI function is the following (input parameters
are underlined):

xo0 orbit id orbit id;
long mode;,

mode =

Input parameters

The xo_orbit_get interpol_mode CFI function has the following input parameters:

xo orbit get interpol mode (&orbit id);

Table 68: Input parameters of xo_orbit_get_interpol_mode function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit initialization |-
7.25.4 Output parameters

The output parameters of the xo_orbit_get interpol_mode CFI function are:

Table 69: Output parameters of xo_orbit_get_interpol_mode function

_mode

-1 if the orbit_id is not
initialised for interpolations.

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_get_interpol |long - propagation mode. - -

7.25.5

Warnings and errors

This function does not return any error/warning code. If the orbit_id is not initialised or it is not initialised
with interpolation data, then the returned mode is -1.
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7.26 xo_orbit_get_propag_config

7.26.1 Overview

The xo_orbit_get propag config CFI function retums the propagation data that will be used to propagate
the state vector when using the input orbit id.

7.26.2 Calling interface

The calling interface of the xo_orbit_get propag_config CFI function is the following (input parameters
are underlined):

#include <explorer orbit.h>

{
xo0 orbit id orbit id;
long status;,
xo propag 1id data propag data;
status = xo0 orbit get propag config (&orbit id,
&propag data) ;
}

7.26.3 Input parameters
The xo_orbit_get_propag_config CFI function has the following input parameters:

Table 70: Input parameters of xo_orbit_get_propag_config function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit initialization |- -

7.26.4 Output parameters

The output parameters of the xo_orbit_get propag_config CFI function are:

Table 71: Output parameters of xo_orbit_get_propag_config function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_get_propag [long - status - -
_config
propag_data XO0_propag_ |- Configuration data used to - -
id_data launch the propagation

The data structure xo _propag_id data can be seen in Table 3.
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7.26.5 Warnings and errors

This function does not return any error/warning code. If the orbit_id is not initialised or it is not initialised

with propagation data, then the returned status is -1.
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7.27 xo_orbit_get_interpol_config

7.27.1 Overview

The xo_orbit_get_interpol_config CFI function returns the propagation data that will be used to
interpoloate the state vector when using the input orbit_id.

7.27.2 Calling interface

The calling interface of the xo_orbit_get_interpol_config CFI function is the following (input parameters
are underlined):

#include <explorer orbit.h>

{
xo0 orbit id orbit id;
long status;,
xo interpol id data interpol data;
status = xo0 orbit get interpol config(&orbit id,
&interpol data);
}

7.27.3 Input parameters

The xo_orbit_get_interpol_config CFI function has the following input parameters:

Table 72: Input parameters of xo_orbit_get_interpol_config function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit initialization |- -

7.27.4 Output parameters

The output parameters of the xo_orbit_get interpol config CFI function are:

Table 73: Output parameters of xo_orbit_get_interpol_config function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_get_propag [long - status - -
_config
interpol_data xo_interpol_ |- Configuration data used to - -
id_data launch the interpolation

The data structure xo_interpol id data can be seen in Table 3.
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7.27.5 Warnings and errors

This function does not return any error/warning code. If the orbit_id is not initialised or it is not initialised

with propagation data, then the returned status is -1.
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7.28 xo_orbit_get_geo_orbit_info

7.28.1 Overview

The xo_orbit_get geo_orbit_info CFI function returns the geostationary geodetic coordinates from
orbit_id initialized with a geostationary satellite.

7.28.2 Calling interface

The calling interface of the xo_orbit_get geo_orbit_info CFI function is the following (input parameters
are underlined):

#include <explorer orbit.h>

{
xo0 orbit id orbit id;
long status;,
xo0 geo orbit info geo orbit info;
status = xo0 orbit get geo orbit info(&orbit id,
&geo_orbit info);
}

7.28.3 Input parameters

The xo_orbit_get_geo_orbit_info CFI function has the following input parameters:

Table 74: Input parameters of xo_orbit_get_geo_orbit_info function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id xo_orbit_id* - Structure for orbit initialization |- -

7.28.4 Output parameters

The output parameters of the xo_orbit_get geo orbit_info CFI function are:

Table 75: Output parameters of xo_orbit_get_geo_orbit_info function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_get_geo_or [long - status - -
bit_info

Xx0_geo_orbit_info X0_geo_orbi Geodetic coordinates of - -
t_info geostationary satellite

The data structure xo_geo_orbit_info can be seen in Table 3.
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7.28.5 Warnings and errors

This function does not retum any error/warning code. If the orbit id is not initialized or it is not initialized

with geostationary satellite, then the returned status is -1.

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual



- ] 3%*’
deimos

\\\\\\L

&=

cSa

Code:
Date:
Issue:
Page:

EO-MA-DMS-GS-0004
31/10/2023
4.26

7.29 xo_orbit_set_geo_orbit_info

7.29.1

Overview

The xo_orbit_set geo orbit_info CFI function sets the geostationary geodetic coordinates for an orbit_id

initialized with a geostationary satellite.

7.29.2

The calling interface of the xo_orbit_set_geo_orbit_info CFI function is the following (input parameters

Calling interface

are underlined):

#include <explorer orbit.h>

{

}
7.29.3

xo0 orbit id orbit id;

long status;,

xo0 geo orbit info geo orbit info;

status =

xo0 orbit set geo orbit info(&orbit id,
&geo orbit info);

Input parameters

The xo_orbit_set_geo_orbit_info CFI function has the following input parameters:

Table 76: Input parameters of xo_orbit_set_geo_orbit_info function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)

orbit_id xo_orbit_id* - Structure for orbit initialization |- -

geo_orbit_in |xo_geo_orbit_i |- Input geodetic coordinates Longitude, 0 <lon < 360.

fo nfo* latitude — -90. < lat < 90.
degress 0.< altitude
Altitude —
meters

7.29.4 Output parameters

The output parameters of the xo_orbit_set geo orbit_info CFI function are:

Table 77: Output parameters of xo_orbit_set_geo_orbit_info function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_set_geo_or |long - status - -
bit_info

Earth Observation Mission CFI Software. EO_ORBIT Software User Manual




. & ‘bat
deimos | -€Sa e

EO-MA-DMS-GS-0004
31/10/2023

4.26

132

The data structure xo_geo_orbit_info can be seen in Table 3.

7.29.5 Warnings and errors

This function does not return any error/warning code. The returned status is -1 in the following cases:

o The orbit id is not initialized.
o The orbit id is not initialized with a geostationary satellite.

o The input parameters are not inside the allowed ranges.
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7.30 xo_orbit_id_clone
7.30.1 Overview
The xo_orbit_id_clone CFI function copies the input orbit id structure to the output one.
7.30.2 Calling interface

The calling interface of the xo_orbit_id_clone CFI function is the following (input parameters are
underlined):

#include <explorer orbit.h>

{
xo orbit id orbit id in, xo orbit id out;
long status;
status = xo orbit id clone(&orbit id in, é&orbit id out) ;
}
7.30.3 Input parameters

The xo_orbit_id_clone CFI function has the following input parameters:

Table 78: Input parameters of xo_orbit_id_clone function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
orbit_id_in [xo_orbit_id* - Structure for orbit initialization |- -
7.30.4 Output parameters

The output parameters of the xo_orbit_id_clone CFI function are:

Table 79: Output parameters of xo_orbit_id_clone function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
xo_orbit_id_clone long - status - -
orbit_id_out xo_orbit_id |- Output orbit_id - -
7.30.5 Warnings and errors

This function does not return any error/warning code. Only the status of the function indicates if the
execution was correct or not.

The possible causes of error are:

o The orbit_id was not initialised.
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7.31 xo_run_init

7.31.1

7.31.2

Overview
The xo_run_init CFI function adds to the run Id the orbit id.

Calling interface

The calling interface of the xo_run_init CFI function is the following:

#include <explorer orbit.h>

{

long run id;

xo orbit id orbit id =

status

]
7.31.3

Table 80: Input parameters of xo_run_init function

Input parameters

The xo_run_init CFI function has the following input parameters:

{NULL} ;
long ierr[XO NUM ERR RUN INIT],
= xo run init (&run 1id,

status;
s&orbit id,

ierr);

C name

C type

Array
Element

Description
(Reference)

Unit
(Format)

Allowed Range

run_id

long *

Run ID

>=0

orbit_id

xo_orbit_id*

Structure that
contains the orbit
data

7.31.4

Output parameters

The output parameters of the xo_run_init CFI function are:

Table 81: Output parameters of xo_run_init function

C name

C type

Array
Element

Description
(Reference)

Unit
(Format)

Allowed Range

Xo_run_init

long

Status flag

run_id

long *

Run ID

>=0

ierr

long

Error vector
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7.31.5 Warnings and errors

Next table lists the possible error messages that can be retumed by the xo_run_init CFI function after
translating the returned extended status flag into the equivalent list of error messages by calling the function
of the EO _ORBIT software library xo_get msg (see [GEN_ SUM]).

This table also indicates the type of message returned, i.e. either a warning (WARN) or an error (ERR), the
cause of such a message and the impact on the performed calculation.

The table is completed by the error code and value. These error codes can be obtained translating the
extended status flag returned by the xo_run_init function by calling the function of the EO_ORBIT
software library xo_get code (see [GEN_SUM])

Table 82: Error messages of xo_run_init function

Error Error message Cause and impact Error code Error
type No
ERR Inputs Id no initialized or No calculation performed XO_CFI_RUN_INIT_STA 0
incompatible. TUS_ERR
ERR Memory allocation error. No calculation performed XO_CFI_RUN_INIT_ME 1
MORY_ERR
ERR Input Ids incompatible with No calculation performed XO_CFI_RUN_INIT_INC 2
the run_id. ONSISTENCY_ERR
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7.32 xo_run_get_ids

7.32.1 Overview
The xo_run_get_ids CFI function returns the ids being used..

7.32.2 Calling interface

The calling interface of the xo_run_get_ids CFI function is the following:

#include <explorer orbit.h>

{
long run id;
xo0 orbit id orbit id = {(NULL};
xo run get ids (&run 1id,
&orbit id);
}

7.32.3 Input parameters

The xo_run_get_ids CFI function has the following input parameters:

Table 83: Input parameters of xo_run_get_ids function

C name

Unit Allowed Range

Description
(Reference)

Array
Element

C type
(Format)

Run ID -

run_id long * -

>=0

7.32.4 Output parameters

The output parameters of the xo_run_get_ids CFI function are:

Table 84: Output parameters of xo_run_get_ids function

Description
(Reference)

Array
Element

C name C type

Unit
(Format)

Allowed
Range

X0_run_get_ids | void - -

orbit_id xo_orbit _id* |- Structure that contains the orbit data

7.32.5

This function does not return any error/warning code.

Warnings and errors
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7.33 xo_run_close

7.33.1

Overview

The xo_run_close CFI function cleans up any memory allocation performed by the initialization functions.

7.33.2

{

Calling interface

The calling interface of the xo_run_close CFI function is the following:
#include <explorer orbit.h>

long run 1id;

xo run close (&run id);

}
7.33.3

The xo_run_close CFI function has the following input parameters:

Input param

eters

Table 85: Input parameters of xo_run_close function

C name C type Array Description Unit Allowed Range
Element (Reference) (Format)
run_id long * - Run ID - >=0
7.33.4 Output parameters

The output parameters of the xo_run_close CFI function are:

Table 86: Output parameters of xo_run_close function

C name

C type

Array
Element

Description
(Reference)

Unit
(Format)

Allowed Range

X0_run_close

void

7.33.5

Warnings and errors

This function does not return any error/warning code.
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7.34 xo_osv_compute

7.34.1 Overview
The xo_osv_compute function computes accurate state vectors for user requested times.

This function needs as input an orbit_id that contains the orbit initialisation data. The behavior of the
function depends strongly in the way in which the orbit_id was initialised (see section 7.33.2).

During the computation, some results are stored in the input orbit id. Those results can be used afterwards
for other computations (in xo_osv_compute or xo_osv_compute_extra). This has to be taken into account
when working with multi-threads programs. In those cases a different orbit_id has to be used in every
thread to avoid problems. The orbit id can be initialised in every thread or copied (this is more efficient) to
different orbit _id variables with xo_orbit_id_clone.

An OSV can be computed within a validity time range that also depends on input orbit id variable. This

validity time range can be retrieved with the CFI function xo_orbit_get osv_compute_ validty (see section
7.22).

For a general description of the initialization routines and how to use them in conjunction to the
X0_osv_compute function, see section 4.1.2.

7.34.2 Computation methods (Propagation/interpolation)

The methods used to compute the state vector depend on the way in which the orbit was initialised. Note
that the computation method is selected automatically by the routine. The Table 84 summarises the
dependency of the computation method with the orbit initialisation. The first column indicates the orbit
mode which is a parameter that can be get with the CFI function xo_orbit_get_mode. The methods in the
second column are described in detail in the following subsections.

Table 87: OSV computation methods

Orbit initialisation mode OSV computation method
XO_ORBIT_INIT_ORBIT_CHANGE_MODE Mean Keplerian Propagation Model with
Initialised with xo_orbit_init_def “AUTO” and "DOUBLE” modes

(see section 7.33.2.1 and Table 85)

XO_ORBIT_INIT_OSF_MODE
XO_ORBIT_INIT_OEF_OSF_MODE

Initialised with xo_orbit_init_file with an OSF

(or an OEF but reading the list of orbital changes in the data
block of the file)

XO_ORBIT_INIT_POF_MODE
XO_ORBIT_INIT_OEF_POF_MODE

Initialised with xo_orbit_init_file with a POF

(or an OEF but reading the list of State Vectors in the data
block of the file)

XO_ORBIT_INIT_STATE_VECTOR_MODE Mean Keplerian Propagation Model
Initialised with xo_orbit_cart_init (see section 7.33.2.1 and Table 85)
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XO_ORBIT_INIT_POF_N_DORIS_MODE:

Initialised with xo_orbit_init_file with a POF and a DORIS file

XO_ORBIT_INIT_TLE_MODE
Initialised with xo_orbit_init_file with a TLE file

TLE propagation mode with “AUTO”
mode

(see section 7.33.2.1 and Table 85)

XO_ORBIT_INIT_TLE_SGP4_MODE
Initialised with xo_orbit_init_file with a TLE file

TLE propagation mode with “SGP4” mode
(see section 7.33.2.1 and Table 85)

XO_ORBIT_INIT_TLE_SDP4_MODE
Initialised with xo_orbit_init_file with a TLE file

TLE propagation mode with “SDP4” mode
(see section 7.33.2.1 and Table 85)

XO_ORBIT_INIT_POF_PRECISE_MODE
XO_ORBIT_INIT_OEF_POF_PRECISE_MODE
Initialised with xo_orbit_init_file_precise with a POF

(or an OEF but reading the list of State Vectors in the data
block of the file)

XO_ORBIT_INIT_ROF_PRECISE_MODE
Initialised with xo_orbit_init_file_precise with a ROF file

XO_ORBIT_INIT_DORIS_PRECISE_MODE

Initialised with xo_orbit_init_file_precise with a DORIS
Navigator file

Numerical propagator with “AUTO” mode
(see section 7.33.2.1 and Table 85)

XO_ORBIT_INIT_STATE_VECTOR_PRECISE_MODE
Initialised with xo_orbit_cart_init_precise

XO_ORBIT_INIT_POF_N_DORIS_PRECISE_MODE

Initialised with xo_orbit_init_file_precise with a POF and a
DORIS Navigator file

Numerical propagator
(see section 7.33.2.1 and Table 85)

XO_ORBIT_INIT_ROF_MODE
Initialised with xo_orbit_init_file with a ROF file

XO_ORBIT_INIT_DORIS_MODE
Initialised with xo_orbit_init_file with a DORIS Navigator file

XO_ORBIT_INIT_SP3_MODE
Initialised with xo_orbit_init_file with a SP3 file

XO_ORBIT_INIT_OEM_MODE
Initialised with xo_orbit_init_file with OEM file

Interpolation
(see section 7.33.2.2)

XO_ORBIT_INIT_GEO_LON_ALT_MODE
Initialized with xo_orbit_init_geo

No propagation is performed. The state
vector corresponding to orbit initialization
values is returned

Note: Orbit Event File is deprecated, only supported for CRYOSAT mission

7.34.2.1 Propagation methods

For the time being, the following propagation models are supported:
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e Mean Keplerian model. 1t implies the use of a formulation for the time rates of change for the
different mean Kepler elements as functions of a given initial set of mean Kepler elements. Using
the above time rates of change, the mean orbital elements can be propagated forward or backward in
time by extrapolating the individual time slopes of the superimposed secular and long-periodic
perturbations functions. As the long periodic variations have typically periods on the order of
months, a near-linear time slope for prediction intervals of many orbits is warranted.

e TLE model. This model propagates the state vector using the NORAD “two line elements” (TLE)
and the SGP4 or SDP4 propagation algorithm. This theory was designed for near Earth Satellites
(nodal period less than 225 minutes). The SGP4 theory uses an Earth gravitational field through
zonal terms J2, J3 and J4 and a power density function for the atmospheric model (assuming a non -
rotating spherical model).

The algorithm to be used in the propagation is selected based on the input Orbit Init Mode:
e XO ORBIT INIT TLE SGP4 MODE - Forces to use the SGP4 algorithm
e XO ORBIT INIT TLE SDP4 MODE- Forces to use the SDP4 algorithm

e XO ORBIT INIT TLE MODE — Chooses the algorithm depending or the orbital period: if
less than 200minutes, the SGP4 is selected, if greater than 250 minutes, the SDP4 algorithm
is chosen. If the orbital period is between 200 and 250 minutes the user cannot use this
mode, it is mandatory to use one of the specific SDP4/SGP4 forcing modes, otherwise the
CFI will return an error .XO_ ORBIT_INIT FILE TLE AUTO_ERR..

e Numerical propagator. This model consists on a numerical propagator that integrates the movement
equations using a Runge-Kutta algorithm of 8th order. This propagator is expected to produce more
precise results than the other models as it can be configured by the user (through the orbit
initialisation function) to take into account the following perturbations:

- Non-spherical gravity: the model Earth Gravity Model 1996 is used. The file with the coefficients of
the spherical harmonics must be provided by the user, besides the order and degree to be used in the
calculations.

- Atmospheric drag: MSIS-E-90 atmospheric density model is used. The user must provide the Solar
Geomagnetic Activity and F107 coefficient, either as input files or with constant values. The values
can be obtained from ESA-ECSS or NASA documentation. The user must provide the drag effective
area and drag coefficient of the satellite, besides the mass of the satellite.

- Solar radiation pressure: it is calculated using the solar radiation pressure effective area and solar
radiation pressure coefficient of the satellite provided by the user.

- Third body perturbations: the perturbations produced by the Sun and the Moon gravities are
calculated.

Apart from these models, in table there are two additional modes: “AUTO” and “DOUBLE”. They refer to
the way in which the seed (initial state vector used as reference to begin the propagation) is taken:

e AUTO mode: The seed is taken to be the closer ANX or OSV to the requested time. The propagation
seed could change from one propagation to the following.

« DOUBLE mode: the two ANX covering the propagation time are used as seeds. When calling
X0 _osv_compute, the propagation is performed from each of the ANX and then a weighted average

At
cosz(n )
2 T
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is done. The weight function is

0.5

o

Figure 4: Weight Function for Double Propagation Model

This propagation method removes any discontinuity that may arise when changing the state vector
around the true ascending node crossing used as seed for the propagation.

Finally, the validity time interval for the propagation also depends on the propagation method. This validity
interval can be computed with the CFI function xo_orbit_get osv_compute validity (section 7.22). The
table summarises all the propagation cases, explaining the seed that is taken in every case and how the
validity interval is taken. In the table, 