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DOCUMENT STATUS LOG

Issue Change Description Date Approval
1.0 New document 08/11/01
 New xo_orbit_to_time, xo_time_to_orbit and
1.1 xo_free_osf records functions. 23/05/02
e Xo_cart_extra removal
- Cosmetic changes
1.2 Draft i 19/07/02
« Updated error handling
2.0 Maintenance release. 29/11/02
21 Maintenance release. 13/05/03
- New options for xo_propag_init_file and
22 xo_interpol_init_file functions. 30/09/03
« Maintenance release.
«  Option to use a simplified algorithm to initialise
using xo_propag_init_def
« Absolute orbit and time since ANX calculated
within xo_propag_extra and xo_interpol_extra
222 functions. 26/04/04
« Nodal period calculated by
xo_orbit_info_from_<source> functions
« Use of enumerations to size extra results arrays
« New initialisation strategy for orbit calculations,
3.0 propagation and interpolation. 21/07/04
« New interfaces
3.1 Maintenance release 13/10/04
3.2 Maintenance release 15/11/04
« Maintenance release
« New features:
33 — Changes for dealing WIth the new library 11/07/05
explorer_data_handling
— Identifier accessors.
— Support for ENVISAT ASCII files removed
« Maintenance release
34 + New features: 18/11/05
— Orbit file generation functions moved to this
library
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3.5

Maintenance release

New features:
time-orbit conversion executable
Support for SWARM and EARTHCARE

26/05/06

3.6

Maintenance release
New features:
xo_gen_oef
xo_check _osf and xo_check_oef

24/11/06

3.7

Maintenance release
New features:
Function expcfi_check_libs

Library version for MAC OS X on Intel (32
and 64-bits)

13/07/06

3.7.2

Maintenance release

New features:
TLE data for orbit operations and propagation
New executable: gen_oef

31/07/08

4.0

Maintenance release
New features:
Numerical propagator
New interfaces for propagation/interpolation

19/01/09

4.1

Maintenance release
New features:

- Time correlation compatibility check between
time_id and orbit file data

07/05/10

4.2

Maintenance release
New features:

- Support for curved MLST in Orbit Scenario
files

31/01/2011

43

Maintenance release
New features:

- New initialization function for the OrbitID:
xo_orbit_id_init

06/02/12

4.4

Maintenance release
New features:

- Support for GEO orbits (including new
functions xo_orbit_init_geo,
xo_orbit_(get/set) geo_orbit_info).

- X0_position_on_orbit_to_time
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4.5

Maintenance release
New features:
- New function xo_orbit_data_filter

- Acceleration vector is computed for TLE and
numeric propagators

4.6

Maintenance release

New features:

- SDP4 TLE propagator

- Executable to generate TLE files

- Fitting method to compute TLE in
xo_osv_to_tle function.

4.7

Maintenance release.
New features:

- Spacecraft Midnight computed by
xo_orbit_info.

- New function xo_orbit_id_change,
xo_orbit_info_configure

o Support for SENTINEL-5P, Metop-SG, and
Jason-CS satellites.

28/03/14

4.8

Maintenance release.

29/10/2014

49

Maintenance release.
New features:
- Support for Orbit Ephemeris Message files

23/04/2015
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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
oSV
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

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

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

[F H SUM] Earth Observation Mission CFI Software. EO_FILE HANDLING Software User
Manual. EO-MA-DMS-GS-0008.

[D H SUM] Earth Observation Mission CFI Software. EO DATA HANDLING Software
User Manual. EO-MA-DMS-GS-007.

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

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

The latest applicable version of [MCD], [GEN_SUM], [F_H _SUM], [D_H_SUM], [LIB_SUM] is v4.8 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:

«  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.

»  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

+ Itincludes an interpolator and orbit propagators.

»  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).

- It contains:

— alibrary of functions which can be called from a main executable program
— aset 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:

« Xxo_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.

« 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 external 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-10-04ASpaceEnvironment]1.pdf ).

« Xxo_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”
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:
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— 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)

« 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).

« Xxo_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

xo_orbit_get osv

OSV stored in the Orbit ID

The Orbit ID has bee initialised with state
vectors.

xo_orbit_get_anx

ANX data stored in the Orbit ID

The Orbit ID has bee 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 bee initialised with orbit
geometry data.

xo_orbit_get_val_time

Validity time interval where the Orbit
ID can be used except for
Xx0_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
xo_orbit_cart_init_precise

xo_orbit_get time_id

Time ID used for the Orbit ID
initialisation

The Orbit ID is initialised.

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

Model ID used for the Orbit ID
initialisation

The Orbit ID is initialised.

xo_orbit_get osv_com
pute_validity

Validity time interval where the Orbit
ID can be used to call
X0_osv_compute and
X0_osv_compute_extra

The Orbit ID is initialised.

X0_orbit_get propag_
mode

Propagation model used when
calling xo_osv_compute

Orbit Id is configured for propagation (see
section 4.1.2)

xo_orbit_get_interpol_
mode

Interpolation model used when
calling xo_osv_compute

Orbit Id is configured for interpolation (see
section 4.1.2)

xo_orbit_get_propag_
config

Configuration data for the
propagator

Orbit Id is configured for propagation (see
section 4.1.2)

xo_orbit_get_interpol_
config

Configuration data for the
interpolator

Orbit Id 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:

« xo0_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 these 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

xo_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

xo_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

« Xxo_check_osf: checks the continuity between the last orbit of an orbital change and the next orbit in

an orbit scenario file.

+ Xxo_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 mission
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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.

« Atthe 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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Orbit Routines Data Flow

Time correlation Data

time(s)
or
orbit(s)

orbit definition —>]

Timeld

S e e |

xo_orbit_init def

Time / Orbit

|

]
1
1
1
|
!
i
1
]
1
1
1
:
time(s) i«
or
- xo_orbit_id_init
orbit(s i
_( ) xo_orbit_init file
Files = xo orbit init file precise

xo_time to_orbit
xo_orbit_to_time

—_—

------ >

!

Orbit / Time

calling application data flow

id based data flow

xo_orbit_info

)

Additional Orbital
Parameters

Figure 1: Orbit Calling Sequence

Orbitld

Orbit Data

Abs /Rel
Orbit

it

xo_orbit abs_from rel
xo_orbit rel from abs

!

Rel /Abs
Orbit

4.4 File Generation Calling Sequence

«  One call to a time initialization routine

The calling sequence for the file generators consists of:

Cartesian OSV —>}

L —

xo_orbit_cart_init
xo_orbit_cart init precise

xo_orbit_close

time

l

~ 3y Xo_osv_compute >
~
N cartesian
N T osv
N '
. \
. v
N
N
5
3 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 oef and xo gen_ dnf a reference orbit file has to be provided as well.
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The following figure shows an schema of the calling sequence:
user xo_gen_osf _create orbit
orbitdefinition Scenario file
user
orbitdefinition
append_orbit_change i
» PP _ _ g Scenario file
user
orbitdefinition
Time Id ‘
xo0_gen_osf Orbit
> change_repeat_cycle Scenario file
user
orbitdefinition
xo_gen_osf_ Orbit
> add_drift_cycle Scenario file

Orbit B
Scenario file Predicted
_> Orbit file
Predicted
Orbit file
o , Restituted
Orbit file
Restituted
Orbit file
3 DORIS
DORIS Navigator file
Navigator file
Orbit
Scenario file —> Restituted
xo_gen_oef — P )
Prodicied —> Orbit file
Orbit file

Figure 2: File Generation Calling Sequence

nctiol
mode
run-time
parameter
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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:

«  Other EOCFI libraries:

EO_FILE HANDLING (See [F_H_SUM]).
EO DATA HANDLING (See [D_H SUM]).
EO LIB (See [LIB_SUM]).

+  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 wusage 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:
-Icfi_include dir -Lcfi lib_dir -lexplorer_orbit

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

-Ipthread

Windows platforms:

/1"cfi_include_dir" /ibpath:"cfi_lib_dir" libexplorer_orbit.lib

libexplorer lib.lib libexplorer data handling.lib libexplorer file handling.lib libgeotiff.lib libtiff.lib

libproj.lib libxml2.1ib pthread.lib Ws2_ 32.lib

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_or xo .

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

Function Name Enumeration value long
Main CF| 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_0OSV_COMPUTE_ID 7
X0_0sv_compute_extra XO_0OSV_COMPUTE_EXTRA_ID 8
xo0_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
x0_osv_to_tle XO_OSV_TO_TLE_ID 15
X0_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
;‘;gge”—“f—appe”d—orbit—Ch XO_GEN_OSF_APPEND_ORBIT_CHANGE_ID 19
’ésagee”—°Sf—°hange—repeat— XO_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
xo_gen_dnf XO_GEN_DNF_ID 25
xo_gen_tle XO_GEN_TLE_ID 26
xo_check_osf XO_CHECK_OSF_ID 27
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xo_check oef

XO_CHECK_OEF_ID

28

Error Handling Functions

X0_verbose

not applicable

xo_silent

xo_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.
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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

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
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--tion 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
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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
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
mode

XO_ORBIT_INIT_OEF_POF_PRECISE_MO
DE

37

POF and DORIS files plus pre
cise mode

XO_ORBIT_INIT_POF_N_DORIS_PRECISE
_MODE

38

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
the state vector orbit numbers
with the information of OSF

XO_ORBIT_INIT_POF_ORBNUM_ADJ_MO
DE

43

Initialize with ROF but update
the state vector orbit numbers
with the information of OSF

XO_ORBIT_INIT_ROF_ORBNUM_ADJ_MO
DE

44

Initialize with DORIS but
update the state vector orbit
numbers with the information
of OSF

XO_ORBIT_INIT_DORIS_ORBNUM_ADJ_M
ODE

45

Initialize with OEM but update
the state vector orbit numbers
with the information of OSF

XO_ORBIT_INIT_OEM_ORBNUM_ADJ_MO
DE

46

number at next orbit change

Maximum value of XO_ORBIT_INIT_MAX VALUE 47
enumeration
Phase increment Do not increment phase XO_NO_PHASE_INCREMENT 0

Do increment phase number at
next orbit change

XO_PHASE_INCREMENT
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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
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
DORIS state vectors  precise location every integer | XO_OSV_PRECISE_MINUTE 2
Imes 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
propagation Select contribution XD_SELECT 1
contribution selection
Precise propagator Use SGA input parameter XO_SGA USE_PARAMETERS 0
propagation SGA [ <1 Lalues from files | XO_SGA_READ_VALUES_FROM_FILE |1
input data
Reference time of TAI reference XO_TIME_REF_OF_TAI 0
records UTC reference XO_TIME_REF_OF _UTC 1
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UT1 reference XO_TIME_REF_OF_UT1
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
GEO input geodetic | Only input longitude is taken | XO_GC_LONGITUDE_ONLY 0
coordinates type into account for initialization
Data filter type Ouitliers filter XO_FILTER_OUTLIERS 0
Data filter action Remove the sample XO_REMOVE
Orbit info items Spacecraft midnight (SMX) XO_ORBIT_INFO_ITEM_SMX
Orbit info flag for Deactivate computation XO_DEACTIVATE_ITEM
activation/deactivation | » . ~te computation XO_ACTIVATE_ITEM 1
of computation of
xo_orbit_info items

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.
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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
X0_0SV_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 number
ref frame long Reference frame of the OSV
time_ref of long Reference time of the OSV
pos double[3] position of the OSV (X, y, z) components
vel double[3] velocity of the OSV (x, y, z) components
quality double Quality index
X0_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
mist double MLST for the ANX
mist_drift double MLST drift

mist_nonlinear_drift

xo_mlst_nonlinear_dri
ft

MLST non linear drift

X0_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
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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
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_Uuni_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
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acc double[3] Acceleration vector

kep double[6] Keplerian elements

val_time xo_validity time Interpolation validity time range

X0_propag_precise_ |user_flag long Indicates if default
config (XO_DEFAULT_VALUES) or user-

defined (XO_USER_VALUES) values
are used for some parameters.

models_path char[256] 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[256] 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, 107 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[256] File with Geomagnetic Activity index
values.

sga_f107_file char[256] 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).

S