elm »sS

QL

Earth Explorer
Mission CFl Software

EXPLORER_ORBIT
SOFTWARE USER MANUAL

Code: EE-MA-DMS-GS-0004
Issue: 4.0
Date: 19/09/09
Name Function Signature
Prepared by: Mariano Sanchez Nogales Project Engineer
Sara Cuenda Cuenda Project Engineer
José Antonio Gonzalez Abeytua Project Manager
Juan José Borrego Bote Project Engineer
Checked by: José Antonio Gonzalez Abeytua Project Manager
Approved by: José Antonio Gonzalez Abeytua Project Manager

DEIMOS Space S.L.
Ronda de Poniente, 19,
Edificio Fiteni VI, Portal 2, 22 Planta, Tres Cantos
28760 Madrid, SPAIN
Tel.: +34 91 806 34 50
Fax: +34 91 806 34 51
E-mail: deimos@deimos-space.com

© DEIMOS Space S.L.

All Rights Reserved. No part of this document may be reproduced, stored in a retrieval system, or transmitted, in
any form or by any means, electronic, mechanical, photocopying, recording or otherwise, without the prior written
permission of DEIMOS Space S.L. or ESA.



d Code: EE-MA-DMS-GS-0004
\ Date: 19/01/09
e] m S @esa-ZIIE:EIII HE=®m=n Issue: 4.0
S P A C E
Page: 2
Document Information
Contract Data Classification
Contract Number: | 15583/01/NL/GS Internal
Public
Contract Issuer: | ESA / ESTEC Industry X
Confidential
External Distribution
Name Organisation Copies

Electronic handling

Word Processor:

Framemaker 6.0

Archive Code:

P/SUM/DMS/01/026-011

Electronic file name:

ee-ma-dms-gs-0004-21

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual




deimHs esa

S P A C E

EONECSEHIINIIEDEIED

Code:
Date:
Issue:
Page:

EE-MA-DMS-GS-0004
19/01/09

4.0

3

Document Status Log

Issue

Change Description

Date

Approval

1.0

New document

08/11/01

1.1

New xo_orbit_to_time, xo_time_to_orbit and
xo_free_osf_records functions.
Xxo_cart_extra removal

23/05/02

1.2 Draft

Cosmetic changes
Updated error handling

19/07/02

2.0

Maintenance release. See change bars.

29/11/02

2.1

Maintenance release. See change bars.

13/05/03

22

New options for xo_propag_init_file and
xo_interpol_init_file functions.
Maintenance release. See change bars.

30/09/03

222

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
functions.

Nodal period calculated by
xo_orbit_info_from_<source> functions

Use of enumerations to size extra results
arrays

26/04/04

3.0

New initialisation strategy for orbit calcu-
lations, propagation and interpolation.

New interfaces

21/07/04

3.1

Maintenance release

13/10/04

3.2

Maintenance release

15/11/04

3.3

Maintenance release
New features:

- Changes for dealing with the new library
explorer datan handling

- Identifier accessors.

- Support for ENVISAT ASCII files
removed

11/07/05

3.4

Maintenance release
New features:

- Orbit file generation functions moved to
this library

18/11/05
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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:
- x0_gen_oef
- xo_check osfand 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 propa-
gation
- New executable: gen oef

31/07/08

4.0

» Maintenance release
* New features:
- Numerical propagator

- New interfaces for propagation/interpo-
lation

19/01/09
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1 SCOPE

The EXPLORER_ORBIT Software User Manual provides a detailed description of usage of the CFI func-
tions included within the EXPLORER_ORBIT CFI software library.
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2 ACRONYMS AND NOMENCLATURE

2.1 Acronyms

ANX
AOCS
CFI

EF
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
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

CF1

CFI function
Library

A group of CFI functions, and related software and documentation. that will be dis-

tributed by ESA to the users as an independent unit
A single function within a CFI that can be called by the user

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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3 APPLICABLE AND REFERENCE DOCUMENTS

3.1 Applicable documents

[GEN_SUM] Earth Explorer Mission CFI Software. General Software User Manual. CS-MA-
DMS-GS-0002. Issue 4.0 19/01/09

3.2 Reference documents

[MCD] Earth Explorer Mission CFI Software. Mission Conventions Document. EE-MA -
DMS-GS-0001. Issue 1.4 02/08/07.

[F H SUM] Earth Explorer Mission CFI Software. EXPLORER FILE HANDLING Soft-
ware User Manual. EE-MA-DMS-GS-0008. Issue 4.0 19/01/09

[DAT SUM] Earth Explorer Mission CFI Software. EXPLORER DATA HANDLING Soft-
ware User Manual. EE-MA-DMS-GS-0007. Issue 4.0 19/01/09

[LIB_SUM] Earth Explorer Mission CFI Software. EXPLORER _LIB Software User Manual.
EE-MA-DMS-GS-0003. Issue 4.0 19/01/09

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

- Spot model

It includes an interpolator and orbit propagators.

CFI functions required to compute the orbit scenario file, used for Earth Explorer 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

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

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

4.1.1 Orbit Initialisation

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

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 satel-
lite Repeat Cycle Length, the mean local solar time and either the drift in mean local solar time or
the inclination. For the Spot model, the routine generates the Spot elements.

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 an
state vector with a numeric propagator (see 4.1.2)

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” func-
tion 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
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State vectors from Spot orbit files.

TLE files (not for precise propagator)

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 initialisa-
tion

The Orbit ID is initialised.

xo_orbit_get_osv

OSYV stored in the Orbit ID

The Orbit ID has bee initialised with state vecH
tors.

xo_orbit_get_anx

ANX data stored in the Orbit ID

The Orbit ID has bee initialised with state vec-
tors that are not located at the ANX (Resti-
tuted 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
xo0_osv_compute and
Xo_osv_compute_extra

The Orbit ID is initialised.

xo_orbit_get_precise_
|propag_config

Configuration for the precise propa-
gator

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 initiali-
sation

The Orbit ID is initialised.

xo_orbit_get_model_id

Model ID used for the Orbit ID initial-
isation

The Orbit ID is initialised.

xo_orbit_get_osv_com
|pute_validity

Validity time interval where the Orbit
ID can be used to call
xo_osv_compute and
Xo_osv_compute_extra

The Orbit ID is initialised.

xo_orbit_get_propag_
|mode

Propagation model used when call-
ing xo_osv_compute

Orbit Id is configured for propagation (see
section 4.1.2)

xo_orbit_get_interpol_
|mode

Interpolation model used when call-
ing xo_osv_compute

Orbit Id is configured for interpolation
(see section 4.1.2)

xo_orbit_get_propag_
|config

Configuration data for the propaga-
tor

Orbit Id is configured for propagation (see
section 4.1.2)

xo_orbit_get_interpol_
|config

Configuration data for the interpola-
tor

Orbit Id is configured for interpolation (see

section 4.1.2)

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

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

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual



Code: EE-MA-DMS-GS-0004

deim s @esa.. ... & s

S P A C E

EONECSEHIINIIEDEIED

Page: 25

4.1.2 State Vector Computation (Propagation/interpolation)

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

4.1

4.1

xo_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

- TLE files

Interpolation is used in these other cases:

- DORIS Navigator Data

- FOS Restituted Orbit Files

- DORIS Preliminary Orbit

- DORIS Precise Orbit

.3 Ancillary 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 Time/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.

.5 Orbit 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 rela-
tive orbit number and its cycle number.

Xxo_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.

.6 File Generation

xo_gen_osf create: generates the orbit scenario file with user provided inputs
xo_gen_osf _append_orbit_change: adds an orbit change to a previously generated OSF
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xo_gen_osf change _repeat_cycle: 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 ref-
erence input files.

Xxo_gen_oef generates an orbit event file from an orbit scenario file and a predicted orbit file.
xo_gen_dnf: generates a DORIS Navigator File from several different reference input files.
xo_gen_tle: generates a TLE file from a Predicted Orbit file.

.7 Clean-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.

.1.8 Check 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.

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.
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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 file[ precise]
or xo_orbit_cart init[ precise], 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 ini-
tializing state vector.

* A call to the xo_osv_compute function to compute the orbit state vector at a requested time (Option-
ally, the user can check if the requested time is within the the validity interval by calling the func-
tion xo_orbit _get osv_compute_validity).

* To obtain some ancillary results associated to the computed OSV, the user might call the
X0_osv_compute_extra function.

* At the end of a sequence is mandatory to call xe_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], to generate the internal data necessary for whatever calculation
involving orbits. Note that time to orbit transformations cannot be computed if the orbit was initia-
lised 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 pro-
duce 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 /d
concept and the error handling functions.
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Figure 1: Orbit Calling Sequence
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4.4 File Generation Calling Sequence

The calling sequence for the file generators consists of:
* One call to a time initialization routine

* 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.

The following figure shows an schema of the calling sequence:

Figure 2: File Generation 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

Note that to use the EXPLORER_ORBIT software library, the following other CFI software libraries are
required:

+ EXPLORER FILE HANDLING (See[F H SUM)).
* EXPLORER DATA HANDLING
+ EXPLORER LIB (See [LIB_SUM]).
It is also needed to have properly installed in the system the following external GPL libary:
+ LIBXML2 (see [GEN SUM]).
and the POSIX thread library:
* libpthread.so (pthread.lib for WINDOWS)

To use the EXPLORER_ORBIT software library in a user application, that application must include in its
source code:

* explorer orbit.h (fora C application)

To link correctly this application, the user must include in his linking command flags like (assuming
cfi_lib_dirand cfi_include dir are the directories where respectively all CFI libraries and include files have
been installed, see [GEN_SUM] for installation procedures):

* SOLARIS/LINUX:
-Icfi include dir -Lcfi 1ib dir -lexplorer orbit -lexplorer 1lib
-lexplorer data handling -lexplorer file handling
-1xml2 -lpthread
« WINDOWS:
/I "cfi include dir" /libpath:"cfi 1ib dir"
libexplorer orbit.lib
libexplorer lib.lib
libexplorer data handling.lib
libexplorer file handling.lib
libxml2.1ib pthread.lib
* MacOS:
-Icfi include dir -Lcfi 1ib dir -lexplorer orbit -lexplorer 1lib
-lexplorer data handling
—-lexplorer file handling
-lpthread
-framework libxml

—-framework libiconv

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

To avoid problems in linking a user application with the EXPLORER 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 X0 or xo .
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This 1s summarized in table 1.

Table 1: CFl functions included within EXPLORER_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_init_file XO_ORBIT_INIT_FILE_ID 3
xo_orbit_init_file_precise XO_ORBIT_INIT_FILE_PRECISE_ID 4
xo_orbit_close XO_ORBIT_CLOSE_ID 5
X0_0sv_compute XO_0OSV_COMPUTE_ID 6
X0_0sv_compute_extra XO_0OSV_COMPUTE_EXTRA_ID 7
xo_orbit_to_time XO_ORBIT_TO_TIME_ID 8
xo_time_to_orbit XO_TIME_TO_ORBIT_ID 9
xo_orbit_abs_from_rel XO_ORBIT_ABS FROM_REL _ID 10
xo_orbit_rel_from_abs XO_ORBIT_REL_FROM_ABS_ID 11
xo_orbit_abs_from_phase XO_ORBIT_ABS_FROM_PHASE_ID 12
xo_orbit_info XO_ORBIT_INFO_ID 13
xo_osv_to_tle XO_OSV_TO_TLE_ID 14
X0_run_init XO_RUN_INIT_ID 15
xo_gen_oef XO_GEN_OEF_ID 16
xo_gen_osf_create XO_GEN_OSF_CREATE_ID 17
xo_gen_osf _append_orbit | XO_GEN_OSF_APPEND_ORBIT_CHANGE_ID | 18
change
xo_gen_osf_change_repeat | XO_GEN_OSF_CHANGE_REPEAT_CYCLE_ID | 19
_cycle
xo_gen_osf_add_drift_cycle | XO_GEN_OSF_ADD_DRIFT_CYCLE_ID 20
xo_gen_pof XO_GEN_POF_ID 21
xo_gen_rof XO_GEN_ROF_ID 22
xo_gen_rof prototype XO_GEN_ROF_PROTOTYPE_ID 23
xo_gen_dnf XO_GEN_DNF_ID 24
xo_gen_tle XO_GEN_TLE_ID 25
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Table 1: CFl functions included within EXPLORER_ORBIT library
Function Name Enumeration value long
xo_check_osf XO_CHECK OSF_ID 26
xo_check oef XO_CHECK_OEF_ID 27

Error Handling Functions

X0_verbose

xo_silent

xo_get_code

X0_get_msg

X0_print_msg

not applicable

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.

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 pa-
rameters for some of the input parameters of the EXPLORER ORBIT routines, as shown in the table be-
low. The enumerations presented in [GEN _SUM] are also applicable.

Table 2: Some enumerations within EXPLORER_ORBIT library

Input Description Enumeration value Long
Mean Kepler elements model |[XO_PROPAG_MODEL_MEAN_KEPL 0
SPOT elements model XO_PROPAG_MODEL_SPOT
TLE model XO_PROPAG_MODEL_TLE 2
[Fropagation model E:sgf;ag‘r’)de' (analytical XO_PROPAG_MODEL_PRECISE 3
Auto initialization mode XO_PROPAG_MODEL_AUTO 10
Double initialization mode XO_PROPAG_MODEL_DOUBLE 100
MLST drift XO_NOSUNSYNC_DRIFT 0
INon Sun-synchronous |Inclination XO_NOSUNSYNC_INCLINATION 1
orolt characterisation Zed'ji‘imnv";lﬁgp"ﬁed algorithm |y » NOSUNSYNC_USE_SIM_MODEL 10
Select the whole file XO_SEL_FILE 0
o , Time XO_SEL_TIME 1
Time inputs selection .
Orbit XO_SEL_ORBIT 2
Default value XO_SEL_DEFAULT 3
|Interpo|ation model Default XO_INTERPOL_MODEL_DEFAULT 0
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Table 2: Some enumerations within EXPLORER_ORBIT library
Input DesCnton Enumeration value Long
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 5
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
Orbit Init Model TLE file XO_ORBIT_INIT_TLE_MODE 10
State Vector plus precise mode XO_ORBIT_INIT_STATE_VECTOR_PRECIS|, ,
E_MODE
Z;Zdﬁffeorb” File plus pre- | vy ORBIT INIT_POF_PRECISE_MODE |12
Ezzt'tn:’;‘;g Orbit File plus pre- | v ORBIT INIT_ ROF_PRECISE_MODE |13
DORIS plus precise mode XO_ORBIT_INIT_DORIS_PRECISE_MODE |14
Orbit Event File plus precise  |XO_ORBIT_INIT_OEF_POF_PRECISE_MO 15
mode DE
POF and DORIS files plus pre- [XO_ORBIT_INIT_POF_N_DORIS_PRECISE
cise mode MODE 16
Maximum value of enumeration| XO_ORBIT_INIT_MAX_VALUE 17
|Phase increment Esnz‘géri’;ctfg(‘frgrg;iiznge XO_NO_PHASE_INCREMENT 0
E:X;”;E{“Cehr:n‘;zase number atly v bLHASE INCREMENT 1
Orbit change search |Search forward XO_SEARCH_FORWARD 1
direction Search backward XO_SEARCH_BACKWARD -1
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
lFile Type POF frm 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
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Table 2: Some enumerations within EXPLORER_ORBIT library

Description .
Input P Enumeration value Long
Default value, non-precise XO_OSV_PRECISE_NO 1
Precission for ROF Pr.eC|se location every integer XO_OSV_PRECISE_MINUTE 5
and DORIS state vec- |minute
tors times : : _
E;z‘;'se location every ten sec- |y, gy PRECISE_TEN_SECONDS 3
Number of parameters |[Number of parameters to check
for Orbit file checking |in the functions for checking XO_NUM_CHECK_PARAMS 6
orbit files
TLE generation mode [The requested range of OSV XO FIT TLE 0
are fitted to one TLE - -
8ge\>/TLE is generated for every XO_ONE_TLE_PER_OSV 1

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 com-
plete.
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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 EXPLORER 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: EXPLORER_ORBIT structures

Data
Structure name
Variable Name C type Description
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
X0 0SV_rec
- - ref frame long Reference frame 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
abs_orbit long Absolute orbit number
Xx0_anx_extra_info [tanx double ANX time (UT1)
tnod double Nodal period of the orbit
abs_orbit long Absolute orbit number
o rel orbit long Relative orbit number
X0 _mission info -
- - cycle num long Cycle number
phase num long Phase number
drift mode long Non Sun-synchronous orbit characteri-
sation (see table 2 for possible values)
inclination double Orbit inclination
rep_cycle long Repeat cycle (days)
xo_ref_orbit_info cycle_len long Cycle length (orbits)
ANX long double ANX longitude
mlst double MLST for the ANX
mlst_drift double MLST drift
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Table 3: EXPLORER_ORBIT structures

Structure name

Data

Variable Name C type Description
anx_tai double TAI time for the ANX
anx_utc double UTC time for the ANX
anx_utl double UT1 time for the ANX

x0_anx_info 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
time ref long Time reference
xo_validity _time start double Validity star time
stop double Validity stop time
time_ref long Time reference in use
val time xo_validity time validity propagation time range in
UTI time
abs_orbit long Predicted Absolute orbit
time since anx double Time since ANX
time double Predicted time (UT1)
X0_uni_propag 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)
double propag flag |long XL _TRUE if the using double propa-
gation
accu_mode long Flag to indicate if using high or low
xo_propag id data accuracy mode:
1 = low accuracy
2= high accuracy
propag_osv X0_uni_propag Reference data for propagation
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Table 3: EXPLORER_ORBIT structures

Structure name

Data

Variable Name C type Description
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
xo_interpol_id_data 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
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Table 3: EXPLORER_ORBIT structures

Structure name

Data

Variable Name C type Description
X0_propag_precise_ |user_flag long Indicates if default (0) or user-defined
config (1) values are used for some parame-

ters.

models_path char[256] Path where files necessary for models
are looked for.

gravity_flag long Gravity perturbation used (1) or not (0).

thirdbody_flag long Third bodies (Sun and Moon) perturba-
tion used (1) or not (0).

atmos_flag long Atmosphere perturbation used (1) or not
(0).

srp_flag long Solar radiation pressure perturbation
used (1) or not (0).

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, f107 and f107a parameters used (0)
or data read from files sga_ap_file and
sga_f107_file (1).

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 Activy Index (daily
value).

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

sC_mass double S/C mass [kg].

sc_drag_area double S/C effective drag area [m?].

sc_drag_coeff double S/C drag coefficient.

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

sc_srp_coeff double S/C Solar Radiation Pressure coeffi-

cient.
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7 CFl 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:

» Parameter types (e.g. long, double)
* Array sizes of N elements (e.g. param[N])
* 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:

* Date (processing time),
* Longitude of the ascending node,
+ Satellite Repeat Cycle and Cycle Length
* Mean local solar time at ascending node
* 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) repre-
sents the allowed time window for orbit calculations. If the xo_orbit_init_def 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 xI_time_ref _init or
xl_time_ref init file EXPLORER LIB functions (see [LIB_SUM]).

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.
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7.1.2 Calling interface

The calling interface of the xo_orbit_init_def CFI function is the following (input parameters are under-
lined):

#include <explorer orbit.h>
{
long sat id, propag model, time ref, time init mode;
x1 model id model id = {NULL};
xl time id time id = {NULL};
xo orbit id orbit id = {NULL};
long drift mode, irep, icyc;
long orbit0, orbit;
double time0, time, val timel, val timel;
double ascmlst drift, inclination, rlong, ascmlst;
long status, ierr[XO NUM ERR ORBIT INIT DEF];
status = xo orbit init def (&sat id, &model id, &time id,
&time ref, &timeO, &orbitO,
&drift mode,
&ascmlst drift, &inclination,

&irep, &icyc, &rlong, &ascmlst,

&val timeO, &val timel,
&orbit id, ierr);
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7.1.3 Input parameters
The xo_orbit_init_def CFI function has the following input parameters:
Table 4: Input parameters of xo_orbit_init_def function
Array Description Unit
C name |C type Allowed Range
YP¢ Element (Reference) (Format) g
sat_id long * |- Satellite ID - Complete
[nodei_ia  [X-mod Model ID - -
el_id
. ; xl_time Structure that contains the time
time_id e - ) - -
| - id correllations
Itime_ref long* |- Time reference ID - Complete
ItimeO double* |- Reference time Decimal (_:iays [-18262.0,36524.0]
(Processing format)
orbit0 long* |- Absolutelorblt number of the refer-| >=0
ence orbit
Flag to select between drift in XO_NOSUNSYNC
: Con _DRIFT,
mean local solar time and inclina-
the roferenco ot XO_NOSUNSYNG
Note: When initializing a Sun-syn- |INCLINATION,
chronous orbit, the selected drift XO_NOSUNSYNC
mode must be DRIET +
drift_mode  Jlong® | O NOSUNSYING DRIT and . XO_NOSUNSYNG
—antp ' USE_SIM_MODE
be set to zero. L
Note 2: Add
XO NOSUNSYNC_USE_SIM_M XO_NOSUNSYNC
ODEL to the drift mode to select _INCLINATION +
the simplified model in the algo- XO_NOSUNSYNC
. _USE_SIM_MODE
rithm.
L
If drift_mode =
XO_NOSUNSYNC_DRIFT
lascmist_drift |double* |- Drift in mean Ioca_l .solar time of seconds/day TBD
the reference orbit:
- MLST[N+1]=MLST[N]+MLSTdrift
See drift_mode entry in this table.
If drift_mode =
Jinclination double* |- XO_NOSUNSYNC_INCLINATION |deg [0,180]
Inclination of the reference orbit
Repeat cycle of the reference orbit
' . The actual repeat cycle is calcu-
[rep long ) lated as per definition included in days >0
[MCD].
ficyc long * |- Cycle length of the reference orbit | orbits >0
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Table 4: Input parameters of xo_orbit_init_def function
Array Description Unit
All R
S s Element (Reference) (Format) owed Range
Geocentric longitude of the [Earth
|rlong double™ |- fixed] ascending node deg [0,360)
(Earth fixed CS)
ascmist double* |- Mean local solar time at Decimal hours [0, 24)
ascending node
It is possible to use enumeration values rather than integer values for some of the input arguments:
» Satellite ID: sat_id. See [GEN_SUM]..
* Time reference ID: time ref. See [GEN_SUM].
* Time initialisation mode: time_init_mode. See [GEN_SUM].
* 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
Array Description Unit
OLELIC C type Element (Reference) (Format) OIS
xo_orbit_init_def |long - Main status flag - -1, 0, +1
. N Validity start time of the |Decimal days [-18262.0,36524.0]
val_time0 double* |- Co )
- initialization (Processing format)
val timed double* |- .Val|.ldlnty s_top time of the |Decimal Qays [-18262.0,36524.0]
- initialization (Processing format)
oo X0_orbit Structure that contains the
orbit_id N - s - -
_id orbit initialization.
fierr’XO_NUM_ERR
| ORBIT_INIT_DEF [long all Status vector - -
I

7.1.5 Warnings and errors

Next table lists the possible error messages that can be returned 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

EXPLORER 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 EXPLORER ORBIT

software library xo_get _code (see [GEN_SUM)]).
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Table 6: Error messages of xo_orbit_init_def function
Error . Error
Error message Cause and impact Error code
type No
ERR |Wrong satellite flag No calculation performed XO_CFI_ORBIT_INIT_DEF_S 0
AT_ERR
. . XO_CFI_ORBIT_INIT_DEF_F
« 0, J— a— j— — —
ERR |Wrong input flag: %s No calculation performed LAG_ERR 1
Could not perform a time : XO_CFI_ORBIT_INIT_DEF_T
ERR transformation No calculation performed =" ~LIANGE ERR 2
. XO_CFI_PROPAG_INIT_DEF
-« 0, — — — —
ERR |Input out of range: %s No calculation performed " INPUTS_ERR 3
An error ocurred in the gen- : XO_CFI_PROPAG_INIT_DEF
ERR state routine No calculation performed ' GENSTATE_ERR 4
ERR |Memory Error No calculation performed XO_CFI_ORBIT_INIT_DEF_ 5

MEMORY_ERR

7.1.6 Runtime performances

The following runtime performance has been measured.

Table 7: Runtime performances of xo_orbit_init_def function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
1.232 0.316 0.369 0.127
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7.2 xo_orbit_cart_init

7.2.1 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) repre-
sents 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 xI_time_ref _init or
xl_time_ref init_file EXPLORER LIB functions (see [LIB_SUM]).

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

7.2.2 Calling interface

The calling interface of the xo_orbit_cart_init CFI function is the following (input parameters are under-
lined):

#include <explorer orbit.h>
{
x1l model id model id = {NULL};
xl time id time id = {NULL};
xo0 orbit id orbit id = {NULL};
long sat id, time ref, abs orbit;
double time, pos[3], vel[3], val timeO, val timel;
long status, ierr[XO NUM ERR ORBIT CART INIT];

status = xo orbit cart init(&sat id, &model id, &time id,
&time ref, &time,

pos, vel, &abs orbit,

&val time0O, &val timel,
&orbit id, ierr);
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7.2.3 Input parameters
The xo_orbit_cart_init CFI function has the following input parameters:
Table 8: Input parameters of xo_orbit_cart_init function
Array . ;
Description Unit
El All R
C name C type leline (Reference) (Format) owed Range
sat_id long * - Satellite ID - Complete
Imodel_id X'iaTOde' - Model ID - -
; . xl_time_i Structure that contains the time
time_id by - : - -
d correllations
Itime_ref long* - Time reference ID - Complete
Itime double* Reference time Decimal Qays [-18262.0,36524.0]
(Processing format)
Initial osculating position vec-
|pos double[3] |all tor (X, Y, Z2) m -
(EF reference frame)
Initial osculating velocity vector
vel doublef3] |, X, Y, Z) m/s -
(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:
» Satellite ID: sat_id. See [GEN_SUM].
* Time reference ID: time ref. See [GEN_SUM].

7.2.4 Output parameters

The output parameters of the xo_orbit_cart_init CFI function are:

Table 9: Output parameters of xo_orbit_cart_init function

Array Description Unit
C name C type Allowed Range
YP® | Element (Reference) (Format) W &
xo_orbit_cart_init |long - Main status flag - -1,0, +1
. . Validity start time of the |Decimal days [-18262.0,36524.0]
val_time0 double Co L :
initialization (Processing format)
val time1 double* |- y§l_|d|_ty s.top time of the |Decimal (_jays [-18262.0,36524.0]
- initialization (Processing format)
- xo_orbit_id Structure that contains
orbit_id . - e e - -
- the orbit initialization.
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Table 9: Output parameters of xo_orbit_cart_init function

Array Description Unit
STETTE C type Element (Reference) (Format) Allowed Range
ferr[XO_NUM ERR
| ORBIT CART |long all Status vector - -
INIT]
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7.2.5 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 EXPLORER 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 CFI function by calling the function of the EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 10: Error messages of xo_orbit_cart_init function

Error . Error
e Error message Cause and impact Error code No
. , XO_CFI_ORBIT_CART 1
ERR |Wrong Satellite Id. No calculation performed NIT SAT ERR 0
. . XO_CFI_ORBIT_CART_INI
ERR [Wrong input flag No calculation performed T FLAG_ERR 1
Input Time Id. is not initial- XO_CFI_ORBIT_CART_I
ERR zed ' No calculation performed (NIT TIME STATUS ER 2
: R
Orbit Id is already initial- , XO_CFI_ORBIT_CART 1
ERR ized. No calculation performed NIT_STATUS ERR 3
XO_CFI_ORBIT _CART I
ERR [Time conversion error. No calculation performed |NIT TIME TRANSFOR 4
MING _ERR
. o , XO_CFI_ORBIT _CART I
ERR |Time out of limits. No calculation performed NIT TIME_RANGE_ERR 5
. . XO_CFI_ORBIT CART I
ERR |Memory allocation error. No calculation performed NIT MEMORY ERR 6

7.2.6 Runtime performances

The following runtime performance has been measured.

Table 11: Runtime performances of xo_orbit_cart_init function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.166 0.029 0.039 0.0048
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7.3 xo_orbit_cart_init_precise

7.3.1 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) repre-
sents 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 initialise the time correlations, using either xI_time_ref _init or
xl_time_ref init_file EXPLORER LIB functions (see [LIB_SUM]).

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

7.3.2 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>
{
x1l model id model id = {NULL};
x1l time id time id = {NULL};
xo0 orbit id orbit id = {NULL};
long sat id, time ref, abs orbit;
double time, pos[3], vel[3], val timeO, val timel;
X0 _propag precise config precise conf;
long status, ierr[XO NUM ERR ORBIT CART INIT];
status = xo _orbit cart init precise(&sat id, &model id, &time id,
&time ref, &time,

pos, vel, &abs orbit,

&precise conf,

&val timeO, &val timel,
&orbit id, ierr);
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7.3.3 Input parameters

The xo_orbit_cart_init_precise CFI function has the following input parameters:

Table 12: Input parameters of xo_orbit_cart_init_precise function

Array Description Unit
El All R
C name C type Iel;ne (Reference) (Format) owed Range
sat_id long * - Satellite ID - Complete
Imodel_id ’(;'*—m°de'—' - Model ID - -
. . . _— Structure that contains the time
ime_id xl_time_id*|- . - -
- - - correllations
ftime_ref long* - Time reference ID - Complete
Decimal days
time double* |- Reference time (Processing [-18262.0,36524.0]

format)

Initial osculating position vec-
Ipos double[3] |all tor (X, Y, Z) m -
(EF reference frame)

double[3] Initial osculating velocity vector

vel all XY, 2) m/s -
(EF reference frame)

Jabs_orbit long* - Orbit of the state vector - >0
struct members with
restrictions:
- All flags: 0 or 1.
- step: > 0.
- grav_degree,

. xo_propag Configuration parameters for grav_ordgr: depends
lprecise_conf | precise_c|- recise propaqator - on grav_file used.
onfig* P propagator. - ap, {107, 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 = 1). If default values are seleted (user_flag = 0),
then the following values are used:

» gravity flag=1;
 thirdbody flag=1;
* atmos flag=1;

* srp flag=1;

» step =10. [s];
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+ grav_file = egm96.grv;

» grav_degree = 10;

» grav_order = 10;

+ sga flag =1 (Use files, not constant values for AP and F107A);
* sga ap file=ap esa ecss jan2000 mean.sga;

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

* ap=0;

+ f107=0;

« f107a=0,

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

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

7.3.4 Output parameters

The output parameters of the xo_orbit_cart_init_precise CFI function are:

Table 13: Output parameters of xo_orbit_cart_init_precise function

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) g
XO_.OI‘bIt_CaFt_InIt_p long - Main status flag - -1, 0, #+1
Jrecise
. . Validity start time of the |Decimal days [-18262.0,36524.0]
val_time0 double - Co o )
initialization (Processing format)
Val_time1 double* |- _Vgl_ld|_ty s.top time of the |Decimal Fiays [-18262.0,36524.0]
initialization (Processing format)
oo xo_orbit_id Structure that contains
orbit_id . - st s - -
— the orbit initialization.
fier[XO_NUM_ERR
| ORBIT CART |long all Status vector - -
INIT PRECISE]
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7.3.5 Warnings and errors

Next table lists the possible error messages that can be returned 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 EXPLORER 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
EXPLORER ORBIT software library xo_get code (see [GEN_SUM]).

Table 14: Error messages of xo_orbit_cart_init_precise function

Error . Error
Error message Cause and impact Error code
type No
Wrong Solar Geomagnetic : XO_CFI_ORBIT_CART_INIT_
ERR I activity flag provided. No calculation performed |5oF - SE " sGA FLAG ERR 0
Error in call to function . XO_CFI_ORBIT_CART_INIT_
ERR xo_orbit_cart_init. No calculation performed FLAG _ERR 1
o : : XO_ORBIT_CART_INIT_PRE
ERR |Error initialising propagation.| No calculation performed CISE_PROPAG_INIT_ERR 2
XO_ORBIT_CART_INIT_PRE
ERR |Time conversion error. No calculation performed |CISE_TIME_CONVERSION_E 3
RR

7.3.6 Runtime performances

The following runtime performance has been measured.

Table 15: Runtime performances of xo_orbit_cart_init_precise function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
TBD TBD TBD TBD
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7.4 xo_orbit_init_file

7.4.1 Overview

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

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 Orbit Scenario File providing orbital changes.

One or more Orbit Event files.

One or more FOS Restituted orbit files.

One or more DORIS Navigator files.

One or more DORIS Predicted files.

One or more DORIS Preliminary files.

State vectors from Spot orbit files.

TLE files. In this case it could be neccesary use the function x1_set tle_sat_data before calling
xo_orbit_init_file.

The format of these files is described in [FORMATS].

Before calling this function it is required to initialise the time correlations, using either xI_time_ref _init or
xl_time_ref init file EXPLORER 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 16: User requested time range in xo_orbit_init_file

time_mode | . requested start time requested stop time
(see 7.28.4) Input parameter (t_req_start) (t_req_stop)
XL_SEL_TIME |timeQ / time1 time0 time1
XL_SEL_ORBIT |orbit0 / orbit1 tANX(orbito) 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 orbit calculation. The following table shows the validity time interval
for the different input files:

Table 17: Validity periods for xo_orbit_init_file

Input file type val_time0 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

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.
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7.4.2 Calling interface

The calling interface of the xo_orbit_init_file CFI function is the following (input parameters are under-
lined):

#include <explorer orbit.h>
{
xl 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, orbit0O, orbitl;

char **input files;
double time0, timel, val timeO, val timel;
long status, ierr[XO NUM ERR ORBIT INIT FILE];

status = xo _orbit init file (&sat id, é&model id, &time id,
&orbit file mode, &n files,

input files,

&time mode, &time ref,

&timeO, &timel, &orbit0O, &orbitl,
&val time0O, &val timel,

&orbit id, ierr);
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7.4.3 Input parameters
The xo_orbit_init_file CFI function has the following input parameters:
Table 18: Input parameters of xo_orbit_init_file function
Array Description Unit
Cname |[C type Allowed Range
YP¢ Element (Reference) (Format) g
sat_id long* |- Satellite ID - Complete
. X0_mo
model_id del id* || Model ID - -
. . xo_time Structure that contains the time correla-
ftime_id L - . - -
- _id tions
Flag that indicates the type of the input igzggg:k:m:%gg;?
orbit file. MODE
» There exists the posibility of detect- XO_ORBIT_INIT_POF_
ing automatically the type of the files MODE
using the value XO_ORBIT_INIT_ROF_
XO_ORBIT_INIT_AUTO. MODE
o . + The Orbit Event files are used as XO_ORBIT_INIT_DORIS
orbit_file_mode long* |- Orbit Scenario files if the AUTO - _MODE
mode is selected. In case they want XO_ORBIT_INIT_POF_N
to be used as Predicted orbit files, _DORIS_MODE
XO_ORBIT_INIT_OEF_POF_MODE SF_MODE
should be chosen. - - XO_ORBIT_INIT_OEF_P
* The AUTO mode cannot be used to OF_MODE
detect TLE files. XO_ORBIT_INIT_TLE_M
ODE
n_files long - Number of input files - >=1
input_files char** Vector of orbit files - -
Select either:
- XO_SEL_FILE
Flag for selecting the time range of the - XO_SEL_ORBIT
initialisation. - XO_SEL_TIME
time_init_mode |long* |- For TLE files, the whole file is always |-
selected (this flag and the parameters For DORIS Naviga-
timeO/time1, orbitO/orbit1 are dummies) tor files,
XO_SEL_ORBIT is
not allowed
Complete
When using DORIS
Navigator files and
time_ref long* | Time reference ID - time_mode is
XO_SEL_TIME,
only XL_TIME_UTC
is allowed.
. . Decimal
_ . Start time. _S.ee section 7.28.1. days [-18262.0,36524.0]
time0 double* |- Used only if: (Processin
- time_init_mode=XO_SEL_TIME 9
format)
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Table 18: Input parameters of xo_orbit_init_file function
Array Description Unit
All R
e |(C e Element (Reference) (Format) DG LE
Decimal
. | Stop time. Used only if: days [-18262.0,36524.0]
[ime? double - time_init_mode=XO_SEL_TIME (Processing
format)
Absolute orbit number of the start orbit.
orbit0 long* | Used only if: - -
- time_init_mode=X0O_SEL_ORBIT
Absolute orbit number of the stop orbit.
orbit1 long* Used only if: - -
- time_init_ mode=X0O_SEL ORBIT

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

+ Satellite ID: sat_id. See [GEN_SUM].

* Orbit init mode: orbit init mode. Current document, section 6.2.
* Time mode: time init mode. See [GEN_SUM].
* Time reference ID: time_ref. See [GEN_SUM].

7.4.4 Output parameters

The output parameters of the xo_orbit_init_file CFI function are:

Table 19: Output parameters of xo_orbit_init_file function

C name C tvpe Array Description Unit Allowed
YP€ | Element (Reference) (Format) Range
xo_orbit_init_file long - Main status flag - -1,0, +1
val_time0 double* | - VaI|<.:i|tI¥ sFart'tlme of | Decimal fjays see 7.28.1
the initialization (Processing format)
val_time1 double* | - Validity stop time of | Decimal days see 7.28.1
the initialization (Processing format)
%6 orbi Structure that con-
orbit_id e - tains the orbit initiali- | - -
tid .
- zation data
ierfXO_NUM_ER
R_ORBIT_INIT_FI | long all Status vector - -
LE]
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7.4.5 Warnings and errors

Next table lists the possible error messages that can be returned 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
EXPLORER 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 EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 20: Error messages of xo_orbit_init_file function

Error Error message Cause and impact Error Code Error
type No
. , XO _CFI_ORBIT _INIT FI
ERR |Wrong satellite flag. No calculation performed LE SAT ERR - 0
. , XO _CFI _ORBIT INIT FI
ERR |Wrong input flag. No calculation performed LE FLAG ERR 1
ERR The Time Id was not initial- No calculati o d XO_CFI_ORBIT _INIT FI 5
ized. o calcuiation periormed 1y F "TIME_STATUS_ERR
g .. XO CFI ORBIT INIT FI
ERR Thq Orbit Id is already ini- No calculation performed |[LE_ORBIT STATUS ER 3
tialized. R - -
. , XO _CFI _ORBIT INIT FI
ERR |Memory allocation error. No calculation performed LE MEMORY ERR 4
. , XO CFI_ORBIT INIT FI
ERR |Could not detect input files.| No calculation performed LE INPUT FILES ERR 5
XO CFI ORBIT INIT FI
ERR |Error reading OSF. No calculation performed [LE_ WRONG_OSF FILE 6
FORMAT ERR
XO _CFI _ORBIT INIT FI
ERR [Wrong time on input. No calculation performed |LE TIME INPUT INCO 7
RR_ERR
Error while processing . XO_CFI_ORBIT _INIT FI
ERR DORIS file. No calculation performed LE DORIS_INIT ERR 8
XO CFI ORBIT INIT FI
ERR |Time Conversion Error. No calculation performed [LE TIME CONVERSION 9
ERR
. , XO _CFI _ORBIT INIT FI
ERR |Error reading input files. No calculation performed LE READ FILES ERR 10
s XO CFI_ORBIT INIT FI
ERR No data read within the No calculation performed [LE NO ENOUGH DATA| 11
Input range. ERR -
Error while computing XO _CFI_ORBIT _INIT FI
ERR |ANX data for the state vec-| No calculation performed |[LE INTERPOL INIT AN| 12
tors X _ERR
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Table 20: Error messages of xo_orbit_init_file function
Error . Error
Error message Cause and impact Error Code
type No
Error computing the orbit
, XO _CFI_ORBIT _INIT FI
ERR il;mber for every state vec-| No calculation performed LE__C AL_C_ORBI_T_ERT{ 13
Warnings while computing XO_CFL ORBIT_INIT_FI
WARN ANX data Calculation performed. |LE INTERPOL INIT AN 14
X WARN
Warnings during DORIS . XO _CFI_ORBIT _INIT FI
WARN |, sitialization Calculation performed. | £ hGR1g INIT WARN | 12
WARN Warnings while reading the Calculation performed. XO_CFI ORBIT _INIT FI 16

input file list

LE READ FILES WARN

7.4.6 Runtime performances

The following runtime performances have been measured:

Table 21: Runtime performances of xo_orbit_init_file function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
4.434 2.909 2.159 0.437

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual




Code: EE-MA-DMS-GS-0004

deim)s @esa.. ... o

S PACE Page: 61

7.5 xo_orbit_init_file_precise

7.5.1 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:

* 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 FOS Restituted orbit files.
* One or more DORIS Navigator files.
* One or more DORIS Predicted files.
* One or more DORIS Preliminary files.
+ State vectors from Spot orbit files.
The format of these files is described in [FORMATS].

Before calling this function it is required to initialise the time correlations, using either x1_time_ref init or
xl_time_ref init_file EXPLORER 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 22: User requested time range in xo_orbit_init_file_precise

time _mode | . requested start time requested stop time
= input parameter
(see 7.28.4) (t_req_start) (t_req_stop)
XL _SEL_TIME |timeQ / time1 time0 time1
XL_SEL_ORB'T orbit0 / orbit1 tANX(orbitO) 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 orbit calculation. The following table shows the validity time interval
for the different input files:

Table 23: Validity periods for xo_orbit_init_file_precise

Input file type val_time0 val_timel

Any time of the first state vector Infinity

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

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual



Code: EE-MA-DMS-GS-0004

deim s @esa.. ... & s

== EHIIEDEED
P E
s A C Page: 62

7.5.2 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>
{
x1l 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, orbit0O, orbitl;
char **input files;
X0 propag precise config precise conf;
double time0O, timel, val timeO, val timel;
long status, ierr[XO NUM ERR ORBIT INIT FILE];

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

&time id,
&orbit file mode, &n files,

input files,

&time mode, &time ref,
&timeO, &timel, &orbit0O, &orbitl,
&precise conf,

&val time0O, &val timel,
&orbit id, ierr);
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7.5.3 Input parameters

The xo_orbit_init_file_precise CFI function has the following input parameters:

Table 24: Input parameters of xo_orbit_init_file_precise function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) g
sat_id long* | Satellite ID - Complete
model_id xo_mod | Model ID - -
el_id
. . xo_time Structure that contains the time correla-
ftime_id el - . - -
- _id tions
XO_ORBIT_INIT_AUTO
XO_ORBIT_INIT_POF_P
RECISE_MODE
Flag that indicates the type of the input )R(’CE)E(IDSITEBII\-;_Olgg_ROF_P
orbit file. =
o N XO_ORBIT_INIT_DORIS
orbit_file_mode |long - - There exists the posibility of detecting |~ PRECISE MODE
automatically the type of the files using )_(o ORBIT_INIT OEF P
the value XO_ORBIT_INIT_AUTO. OF PRECISE MODE
XO_ORBIT_INIT_POF_N
_DORIS_PRECISE_MO
DE
n_files long - Number of input files - >=1
input_files char |- Vector of orbit files - -
Select either:
- XO_SEL_FILE
Flag for selecting the time range of the - XO_SEL_ORBIT
initialisation. - XO_SEL_TIME
[time_init_mode |long* - For TLE files, the whole file is always |-
selected (this flag and the parameters For DORIS Naviga-
timeO/time1, orbit0/orbit1 are dummies) tor files,
XO_SEL_ORBIT is
not allowed
Complete
When using DORIS
Navigator files and
[time_ref long* - Time reference ID - time_mode is
XO_SEL_TIME,
only XL_TIME_UTC
is allowed.
. . Decimal
_ . Start time. §ee section 7.28.1. days [-18262.0,36524.0]
timeO double* |- Used only if: (Processin
- time_init_mode=XO_SEL_TIME 9
- = - = format)
Decimal
. « | Stop time. Used only if: days [-18262.0,36524.0]
[ime1 double - time_init_mode=XO_SEL_TIME (Processing
format)
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Table 24: Input parameters of xo_orbit_init_file_precise function
Array Description Unit
All R
ST e Element (Reference) (Format) L
Absolute orbit number of the start orbit.
orbit0 long* - Used only if: - -
- time_init_mode=X0O_SEL_ORBIT
Absolute orbit number of the stop orbit.
orbit1 long* Used only if: - -
- time_init_mode=X0O_SEL_ORBIT
XO_prop
orecise_conf ag_preci|_ Configuration parameters for precise i
se_confi propagator.
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:

+ Satellite ID: sat_id. See [GEN_SUM].

* Orbit init mode: orbit init mode. Current document, section 6.2.
* Time mode: time init mode. See [GEN_SUM].
» Time reference ID: time_ref. See [GEN_SUM].

7.5.4 Output parameters

The output parameters of the xo_orbit_init_file precise CFI function are:

Table 25: Output parameters of xo_orbit_init_file_precise function

LE_PRECISE]

C name C tvpe Array Description Unit Allowed
YP€ | Element (Reference) (Format) Range
xo__orblt_lmt_ﬂle_p long - Main status flag - -1, 0, #+1
recise
val_time0 double* | - VaI|<.:i|tI¥ sFart'tlme of | Decimal fjays see 7.28.1
the initialization (Processing format)
val_time1 double* | - Validity stop time of | Decimal days see 7.28.1
the initialization (Processing format)
%6 orbi Structure that con-
orbit_id el - tains the orbit initiali- | - -
tid .
- zation data
ierrfXO_NUM_ER
R_ORBIT_INIT_FI | long all Status vector - -
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7.5.5 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 EXPLORER 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 precise CFI function by calling the function of the
EXPLORER ORBIT software library xo_get code (see [GEN_SUM)]).

Table 26: Error messages of xo_orbit_init_file_precise function

Error Error message Cause and impact Error Code Error
type No
File type not allowed for XO ORBIT INIT FILE P
ERR |precise propagator initiali- | No calculation performed [RECISE NOT ALLOWE 0

sation D FILE TYPE ERR
e 1 . , XO ORBIT _INIT FILE P
ERR |Error initialising orbit. No calculation performed RECISE_INIT FILE ERR 1
Error initialising propaga- XO_ORBIT_INIT_FILE_P
ERR No calculation performed |[RECISE PROPAG INIT 2
tor. - - -
ERR
Wrong value for Solar Geo- XO_ORBIT_INIT_FILE_P
ERR . .. No calculation performed [RECISE SGA FLAG ER 3
magnetic Activity flag. R - - -
XO ORBIT _INIT FILE P
ERR |Could not detect input files.| No calculation performed |[RECISE INPUT FILES E| 4
RR

7.5.6 Runtime performances

The following runtime performances have been measured:

Table 27: Runtime performances of xo_orbit_init_file function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
TBD TBD TBD TBD
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7.6 xo_orbit_close

7.6.1 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.

7.6.2 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);
}
7.6.3 Input parameters

The xo_orbit_close CFI function has the following input parameters:

Table 28: Input parameters of xo_orbit_close function

Cname | C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
oo xo_orbit_id Structure that contains the
orbit_id . - N - -
- orbit initialization

7.6.4 Output parameters

The output parameters of the xo_orbit_close CFI function are:

Table 29: Output parameters of xo_orbit_close function

C name C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
[erXO_NUM_ERR lon all Status vector - -
| ORBIT_CLOSE] [°M9
X0_orbit_close long - Main status flag - -1,0, +1
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7.6.5 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
EXPLORER 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_close CFI function by calling the function of the EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 30: Error messages of xo_orbit_close function

li;l;;r Error message Cause and impact Error Code Error

Could not close the Orbit , XO CFI ORBIT CLOSE
ERR Id. The Orbit Id. was not closed. WR_ONG__ID_ERT{ —

7.6.6 Runtime performances

Runtime is smaller than CPU clock and it is not possible to perfom loops for measuring it.
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7.7 xo_orbit_get_osv

7.7.1 Overview

The xo_orbit_get _osv CFI function returns 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...)

7.7.2 Calling interface

The calling interface of the xo_orbit_get osv CFI function is the following (input parameters are under-
lined):

#include <explorer orbit.h>
{
X0 _orbit id orbit id;
long num_rec;
X0 _0sv_rec* data;
long status;

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

7.7.3 Input parameters

The xo_orbit_get_osv CFI function has the following input parameters:

Table 31: Input parameters of xo_orbit_get_osv function

Array Description Unit

Element (Reference) (Format) Allowed Range

C name C type

Structure for orbit initial-
ization

xo_orbit_id |xo_orbit_id*

7.7.4 Output parameters

The output parameters of the xo_orbit_get_osv CFI function are:

Table 32: Output parameters of xo_orbit_get_osv function

Array Description Unit
All R
SLETG I Element| (Reference) (Format) owed Range
xo_orbit_get_osv long - Status flag - -
num_rec long - Number of records |- -
in the data array
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Table 32: Output parameters of xo_orbit_get_osv function

Array Description Unit

Sl C type Element (Reference) (Format) AL UL

data XO_O0SV_rec all Dinamic array with |- -

the state vectors

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):

7.7.5 Warnings and errors

free (data);

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

The possible causes of error are:

The orbit_id was not initialised.

7.7.6 Runtime performances

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

Runtime is smaller than CPU clock and it is not possible to perfom loops for measuring it.
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7.8 xo_orbit_set_osv

7.8.1 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...)

7.8.2 Calling interface

The calling interface of the xo_orbit_set_osv CFI function is the following (input parameters are under-

lined):

#include <explorer orbit.h>

{

X0 _orbit id orbit id;

long num_rec;

X0 _0sv_rec* data;

long status;

status = xo _orbit set osv(&orbit id,

7.8.3 Input parameters

&num rec,

data) ;

The xo_orbit_set_osv CFI function has the following input parameters:

Table 33: Input parameters of xo_orbit_set_osv function

C name

C type

Array
Element

Description
(Reference)

Unit
(Format)

Allowed Range

orbit_id

xo_orbit_id*

Structure for orbit initial-
ization (input / output
parameter)

num_rec

long

Number of records in
the data array

data

XO_0SV_rec

all

Dinamic array with the
state vectors

7.8.4 Output parameters

The output parameters of the xo_orbit_set_osv CFI function are:
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Table 34: Output parameters of xo_orbit_set_osv function

Array Description Unit
Sl C type Element (Reference) (Format) AL UL
xo_orbit_set_osv long - Status flag - -

Structure for orbit
initialization (input /
output parameter)

orbit_id xo_orbit_id*

7.8.5 Warnings and errors

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

The possible causes of error are:
* The orbit id was not initialised.
* The orbit id was initialised with orbital changes, instead of state vectors.

7.8.6 Runtime performances

Runtime is smaller than CPU clock and it is not possible to perfom loops for measuring it.
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7.9 xo_orbit_get_anx

7.9.1 Overview

When initialising an orbit_id with a list of state vectors that are not in the ANX (restituted orbit file, DORIS
Navigator files), 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 comming from:
» Restituted orbit file
* DORIS Navigator file

7.9.2 Calling interface

The calling interface of the xo_orbit_get _anx CFI function is the following (input parameters are under-
lined):

#include <explorer orbit.h>

{
X0 _orbit id orbit id;
long num rec;
xo_anx_extra info* extra info;
long status;
status = xo orbit get anx(&orbit id, &num rec, &extra info);

7.9.3 Input parameters

The xo_orbit_get_anx CFI function has the following input parameters:

Table 35: Input parameters of xo_orbit_get_anx function

Array Description Unit

Element (Reference) (Format) Allowed Range

C name C type

Structure for orbit initial-
ization

orbit_id xo_orbit_id*

7.9.4 Output parameters

The output parameters of the xo_orbit_get anx CFI function are:
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Table 36: Output parameters of xo_orbit_get_anx function

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

xo_orbit_get_anx long - Status flag - -
num_rec long - Number of records |- -

in the data array
extra_info X0_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 al-
located within the CFI function. So the user will only have to declare that pointer but not to allocate mem-
ory 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 pro-
gram):

free (extra info);

7.9.5 Warnings and errors

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

The possible causes of error are:
* The orbit_id was not initialised.
* The orbit id was not initialised with the suitable file

7.9.6 Runtime performances

Runtime is smaller than CPU clock and it is not possible to perfom loops for measuring it.
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7.10 xo_orbit_set_anx

7.10.1 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 or a DORIS Navigator file.

7.10.2 Calling interface

The calling interface of the xo_orbit_set anx CFI function is the following (input parameters are under-
lined):

#include <explorer orbit.h>
{
X0 _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);

7.10.3 Input parameters

The xo_orbit_set_anx CFI function has the following input parameters:

Table 37: Input parameters of xo_orbit_set_anx function

Array Description Unit

Element (Reference) (Format) Allowed Range

C name C type

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

num_rec long - Number of records in
the data array

extra_info |[xo_anx_extra_info|all Dinamic array with the
state vectors

7.10.4 Output parameters

The output parameters of the xo_orbit_set_anx CFI function are:
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Table 38: Output parameters of xo_orbit_set_anx function

Array Description Unit
All R
O C type Element (Reference) (Format) L
xo_orbit_set_anx long - Status flag - -
orbit_id xo_orbit_id* - Structure for orbit - -
initialization (input /
output parameter)

7.10.5 Warnings and errors

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

The possible causes of error are:
* The orbit id was not initialised.
* The orbit id was initialised with orbital changes, instead of state vectors.

7.10.6 Runtime performances

Runtime is smaller than CPU clock and it is not possible to perfom loops for measuring it.
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7.11 xo_orbit_get_osf_rec

7.11.1 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 or-
bital changes(i.e., with xo_orbit_init_def or with xo_orbit_init_file and an orbit scenario file)

7.11.2 Calling interface

The calling interface of the xo_orbit_get osf _rec CFI function is the following (input parameters are un-
derlined):

#include <explorer orbit.h>
{
X0 _orbit id orbit id;
long num_ rec;
xo0 osf records* data;
long status;

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

7.11.3 Input parameters

The xo_orbit_get_osf _rec CFI function has the following input parameters:

Table 39: Input parameters of xo_orbit_get_osf_rec function

Array Description Unit

Element (Reference) (Format) Allowed Range

C name C type

Structure for orbit initial-
ization

orbit_id xo_orbit_id*

7.11.4 Output parameters

The output parameters of the xo_orbit_get osf rec CFI function are:

Table 40: Output parameters of xo_orbit_get_osf_rec function

Array Description Unit
All R
SIE C type Element (Reference) (Format) DAL
xo_orbit_get osf rec |long - Status flag - -
num_rec long - Number of records |- -
in the data array
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Table 40: Output parameters of xo_orbit_get_osf_rec function
Array Description Unit
All R
SIE C type Element (Reference) (Format) DAL
data xo_osf rec all Dinamic array with |- -
the orbital changes

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);

7.11.5 Warnings and errors

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

The possible causes of error are:

The orbit_id was not initialised.

7.11.6 Runtime performances

The orbit_id was not initialised with orbital changes.

The following runtime performances have been extimated.

Table 41: Runtime performances of xo_orbit_get_osf_rec function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.0018 0.0008 0.0016 0.0002
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7.12 xo_orbit_set_osf_rec

7.12.1 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.

7.12.2 Calling interface
The calling interface of the xo_orbit_set osf rec CFI function is the following (input parameters are un-
derlined):
#include <explorer orbit.h>
{
X0 _orbit id orbit id;
long num_rec;
X0 _0sv_rec* data;
long status;

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

7.12.3 Input parameters

The xo_orbit_set_osf_rec CFI function has the following input parameters:

Table 42: Input parameters of xo_orbit_set_osf_rec function

Array Description Unit

Element (Reference) (Format) Allowed Range

C name C type

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

num_rec long - Number of records in
the data array

data xo_osf rec all Dinamic array with the
orbital changes

7.12.4 Output parameters

The output parameters of the xo_orbit_set_osf rec CFI function are:
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Table 43: Output parameters of xo_orbit_set_osf_rec function
Array Description Unit
All R
Sl C type Element (Reference) (Format) DL
xo_orbit_set_osf rec |long - Status flag - -
orbit_id xo_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 exe-
cution was correct or not.

The possible causes of error are:
* The orbit_id was not initialised.
* The orbit_id was not initialised with orbital changes.

7.12.6 Runtime performances

The following runtime performances have been extimated.

Table 44: Runtime performances of xo_orbit_set_osf_rec function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.0048 0.0018 0.0016 0.0002
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7.13 xo_orbit_get_val_time

7.13.1 Overview

The xo_orbit_get _val_time CFI function returns the validity period of an orbit id.

7.13.2 Calling interface

The calling interface of the xo_orbit_get_val_time CFI function is the following (input parameters are un-
derlined):

#include <explorer orbit.h>
{

X0 _orbit id orbit id;

xo validity time val time;

long status;

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

7.13.3 Input parameters

The xo_orbit_get val time CFI function has the following input parameters:

Table 45: Input parameters of xo_orbit_get_val_time function

Array Description Unit

Element (Reference) (Format) Allowed Range

C name C type

Structure for orbit initiali-
zation

orbit_id xo_orbit_id*

7.13.4 Output parameters

The output parameters of the xo_orbit_get val _time CFI function are:

Table 46: Output parameters of xo_orbit_get_val_time function

Array Description Unit
ETETTE C type Element (Reference) (Format) AR
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.

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual



Code: EE-MA-DMS-GS-0004

deim s @esa......... & o

S P A C E Page: 81

7.13.5 Warnings and errors

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

The possible causes of error are:
* The orbit id was not initialised.

7.13.6 Runtime performances

The following runtime performances have been extimated: runtime is smaller than CPU clock and it is not
possible to perfom loops for measuring it.
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7.14 xo_orbit_set_val_time

7.14.1 Overview

The xo_orbit_set_val time CFI function changes the validity period of an orbit_id.

7.14.2 Calling interface

The calling interface of the xo_orbit_set_val_time CFI function is the following (input parameters are un-
derlined):

#include <explorer orbit.h>
{
X0 _orbit id orbit id;
xo validity time val time;
long status;
status = xo orbit set val time(&orbit id, &val time);

7.14.3 Input parameters

The xo_orbit_set_val time CFI function has the following input parameters:

Table 47: Input parameters of xo_orbit_set_val_time function

Array Description Unit
Sl C type Element (Reference) (Format) Allowed Range
orbit_id xo_orbit_id* - Structure for orbit initial-|- -
ization (input / output
parameter)
val_time xo_validity_time |- Validity Time structure |- -

7.14.4 Output parameters

The output parameters of the xo_orbit_set_val time CFI function are:

Table 48: Output parameters of xo_orbit_set_val_time function

Array Description Unit
All R
Sl C type Element (Reference) (Format) DL
xo_orbit_set_val_time |long - Status flag - -
orbit_id xo_orbit_id* - Structure for orbit - -
initialization (input /
output parameter)
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7.14.5 Warnings and errors

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

The possible causes of error are:
* The orbit id was not initialised.

7.14.6 Runtime performances

The following runtime performances have been extimated.

Table 49: Runtime performances of xo_orbit_set_val_time function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.0002 0.0002 0 0
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7.15 xo_orbit_get_precise_propag_config

7.15.1 Overview

The xo_orbit_get precise_propag_config CFI function returns the configuration structure of precise
propagation.

7.15.2 Calling interface

The calling interface of the xo_orbit_get precise_propag_config CFI function is the following (input pa-
rameters are underlined):

#include <explorer orbit.h>
{
X0 _orbit id orbit id;
X0 _propag precise config precise conf;
long status;
status = xo orbit get precise propag config(&orbit id,
&precise conf);

7.15.3 Input parameters

The xo_orbit_get_precise_propag_config CFI function has the following input parameters:

Table 50: Input parameters of xo_orbit_get_precise_propag_config function

Array Description Unit

Element (Reference) (Format) Allowed Range

C name C type

Structure for orbit initial-
ization (input / output
parameter)

orbit_id xo_orbit_id*

7.15.4 Output parameters

The output parameters of the xo_orbit_get precise_propag_config CFI function are:

Table 51: Output parameters of xo_orbit_get_precise_propag_config function

Array Description Unit
Sl C type Element (Reference) (Format) Allowed Range
xo_orbit_get _precise |long - Status flag - -
_propag_config
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