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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
SSP
SRAR
SUM
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

Sub-Satellite Point

Satellite Relative Actual Reference
Software User Manual

True of Date reference frame
Universal Time Coordinated
Universal Time UT1

World Geodetic System 1984

2.2 Nomenclature

CFI

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 3.2. 15/011/2004

3.2 Reference documents

[MCD] Earth Explorer Mission CFI Software. Mission Conventions Document. CS-MA -
DMS-GS-0001. Issue 1.4 21/07/2004.

[F H SUM] Earth Explorer Mission CFI Software. EXPLORER FILE HANDLING Soft-
ware User Manual. CS-MA-DMS-GS-0008. Issue 3.2. 15/11/2004

[LIB_SUM] Earth Explorer Mission CFI Software. EXPLORER_LIB Software User Manual.
CS-MA-DMS-GS-0003. Issue 3.2. 15/11/2004.

[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 all the 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
* Spot model

It includes an interpolator, orbit propagator and several routines used to feed the propagator with either sim-
ulated, predicted or restituted initial state vectors, i.e. the following CFI functions:

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.

* xo_orbit_cart_init. This software initializes the orbit using as input a cartesian orbit state vector.

* xo_orbit _init_file: For the Mean Keplerian model, this software reads Cartesian State Vectors. For
the Spot model, this routine generates the Spot elements. 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
- State vectors from Spot orbit files.

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 a list of orbit state vectors that will be used
in further calculations.

4.1.2 Orbit Propagation

* xo_propag_init: This software initializes the propagation using a cartesian orbit state vector
selected from the input Orbit ID.

* xo_propag: This software is a propagator which allows accurate prediction of osculating Cartesian
state vectors for user requested time segments.
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4.1.3 Orbit Interpolation

* Xxo_interpol_init: This software initializes the interpolation process using the cartesian state vectors
selected from the input Orbit ID. The initialization provides xo_interpol with a set of orbit state
vectors within a margin defined by the user.

» Xxo_interpol: This software generates Extended Cartesian State Vectors based on the interpolation of
orbit restituted state vector. The user defines the time for which an interpolated state vector has to be
generated.

4.1.4 Ancillary Results Computation

* xo_propag_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.

* xo_interpol_extra: This software returns ancillary results, i.e. cartesian orbit state vectors, cartesian
orbit state vector acceleration, mean and osculating Keplerian orbit state vectors, satellite osculating
true latitude, latitude rate and latitude rate-rate and Sun zenith angle.

4.1.5 Time/Orbit Transformation
* Xxo_time_to_orbit. This software calculates the absolute orbit, number of seconds and number of
microseconds since ascending node that corresponds to a given time in processing format.

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

4.1.6 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.

4.1.7 Clean-up Memory
* Xxo_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.

* xo_propag _close: This software frees the memory allocated by the xo_propag_init routine. It
closes the xo_propag_id, so that it cannot be used for further computations.

* xo_interpol_close: This software frees the memory allocated by the xo_interpol _init routine. It
closes the xo_interpol id, so that it cannot be used for further computations.
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4.2 Orbit Propagation Calling Sequence

A complete propagation sequence consists of:

* A call to any of the initialization routines for orbit, xo_orbit _init def, xo_orbit init file or
Xxo_orbit_cart init, to generate the internal data necessary for whatever calculation involving orbits.

* A call to the xo_propag init function for generate the internal data necessary for the propagation
routines.

* An optional call to xe_propag_extra to calculate any desired ancillary result related to the initializ-
ing state vector.

» After initialization, the xo_propag routine should be called to perform the orbit propagation, taking
into account the validity times computed during initialization.

* To obtain some ancillary results, the user might call the xo_propag _extra function.
» At the end of a sequence is mandatory to call xo_propag 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 Orbit Interpolation Calling Sequence

A complete interpolation sequence consists of:

* A call to any of the initialization routines for orbit, xo_orbit _init def, xo_orbit init file or
Xxo_orbit_cart init, to generate the internal data necessary for whatever calculation involving orbits.

* A call to the xo_interpol_init routine, to generate the orbit state vector for the interpolation.

* Xxo_interpol function utilises the data generated during the initialisation to perform the interpolation.
» To obtain extra ancillary results, the user might call the xo_interpol extra function.

» At the end of a sequence is mandatory to call xo_interpol close to free the memory allocated.

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

4.4 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 or
Xxo_orbit_cart_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 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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5 LIBRARY INSTALLATION

For a detailed description of the installation of any CFI library, please refer to [GEN_SUM].

Note that example data files are provided with this CFI:
* Orbit files to be used with xo_orbit _init_file

These files are orbit file examples.
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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 LIB (See[LIB_SUM)).

It is also needed to have properly installed in the system the following external GPL libary:
* LIBXML2 (see [GEN_SUM]).

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

* explorer orbit.h (fora C application)
* explorer orbit.inc (fora ForTran application under SOLARIS/Linux)
* explorer orbit win.inc (for a ForTran application under Windows 95/98/NT/2000)

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 file handling -1xml2
« WINDOWS:
/I "cfi include dir" /libpath:"cfi 1ib dir"
libexplorer orbit.lib
libexplorer lib.lib
libexplorer file handling.lib
libxml2.11ib
* MacOS:
-Icfi include dir -Lcfi 1ib dir -lexplorer orbit -lexplorer 1lib
-lexplorer file handling
-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 XO  or xo .

This is summarized in table 1.
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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_init_file XO_ORBIT_INIT_FILE_ID 2
xo_orbit_close XO_ORBIT_CLOSE_ID 3
X0_propag_init XO_PROPAG_INIT_ID 4
X0_propag XO_PROPAG_ID 5
X0_propag_extra XO_PROPAG_EXTRA_ID 6
Xo_propag_close XO_PROPAG _CLOSE_ID 7
xo_interpol_init XO_INTERPOL_INIT_ID 8
xo_interpol XO_INTERPOL_ID 9
X0_interpol_extra XO_INTERPOL_EXTRA_ID 10
xo_interpol_close XO_INTERPOL_CLOSE_ID 11
xo_orbit_to_time XO_ORBIT_TO_TIME_ID 12
xo_time_to_orbit XO_TIME_TO_ORBIT_ID 13
xo_orbit_abs_from_rel XO_ORBIT_ABS_FROM_REL_ID 14
xo_orbit_rel _from_abs XO_ORBIT_REL_FROM_ABS ID 15
xo_orbit_abs from_phase | XO_ORBIT_ABS FROM_PHASE_ID 16
xo_orbit_info XO_ORBIT_INFO_ID 17
X0_run_init XO_RUN_INIT_ID 18

Error Handling Functions

X0_verbose

xo_silent

xo_get_code

Xo_get_msg

Xxo_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.
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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 1
|Propagation model ——
Auto initialization mode XO_PROPAG_MODEL_AUTO 10
Double initialization mode XO_PROPAG_MODEL_DOUBLE 100
MLST drift XO_NOSUNSYNC_DRIFT 0
[Non Sun-synchronous |Inclination XO_NOSUNSYNC_INCLINATION 1
orolt characterisation Z‘ﬂgﬁﬂ/":\/‘gﬁgp"ﬁed algorithm |y NOSUNSYNC_USE_SIM_MODEL 10
File XO_SEL_FILE 0
. . Time XO_SEL_TIME 1
Time inputs selection _ - -
Orbit XO_SEL_ORBIT 2
Default value XO_SEL_DEFAULT 3
Orbit_info vector Surlt;i;[g;nfo vector results not cal- XO_ORBIT_INFO_EXTRA_OFF 0
Jresults calculation —
switch gzzg_mfo vector results calcu- XO_ORBIT_INFO_EXTRA_ON 1
|interpolation model Default XO_INTERPOL_MODEL_DEFAULT 0
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
Orbit Init Model Predicted Orbit File mode XO_ORBIT_INIT_POF_MODE 4
DORIS mode XO_ORBIT_INIT_DORIS_MODE 5
POF refined with DORIS mode [ XO_ORBIT_INIT_POF_N_DORIS_MODE |6
OSF part of the OEF mode XO_ORBIT_INIT_OEF_OSF_MODE 7
POF part of the OEF mode XO_ORBIT_INIT_OEF_POF_MODE 8
Maximum value of enumeration|XO_ORBIT_INIT_MAX_VALUE 9

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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7 CFl FUNCTIONS DESCRIPTION

The following sections describe each CFI function.
The calling interfaces are described both for C users and ForTran users.
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])
ForTran users should adapt the tables using ForTran syntax equivalent terms:

» Parameter types (e.g. long <=> INTEGER*4, double <=>REAL*8)

* Array sizes of N elements (e.g. param[N] <=> param (N))

* Array element M (e.g. [M] <=> (M+1))
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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.

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;
xl time id time id = {NULL};
xo0 orbit id orbit id = {NULL};
long drift mode, irep, icyc;
long orbit0, orbit;
double time0O, time, val time(O, val timel;
double ascmlst drift, inclination, rlong, ascmlst;
long status, ierr[XO NUM ERR PROPAG INIT DEF];
status = xo _orbit init def (&sat id, &time id,
&time ref, &timeO, &orbitO,

&drift mode,
&ascmlst drift, &inclination,
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&irep, &icyc, &rlong, &ascmlst,
&val timeO, &val timel,

&orbit id, ierr);

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.h>

INTEGER*4 SAT ID, PROPAG MODEL, TIME REF, TIME INIT MODE
INTEGER*4 DRIFT MODE, IREP, ICYC

INTEGER*4 ORBITO, ORBIT

REAL*8 TIMEO, TIME, VAL TIMEO, VAL TIMEL

REAL*8 ASCMLST DRIFT, INCLINATION, RLONG, ASCMLST
INTEGER*4 STATUS, IERR(XO NUM ERR PROPAG INIT DEF)

STATUS = XO ORBIT INIT DEF (SAT ID, TIME ID, PROPAG MODEL,
TIME REF, TIMEO, ORBITO,
TIME INIT MODE, TIME, ORBIT,
DRIFT MODE, ASCMLST DRIFT,
INCLINATION, IREP, ICYC, RLONG,
ASCMLST,
VAL TIMEO, VAL TIMEL,

ORBIT ID, IERR)

2 R 22 R 2y &Y 2
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7.1.3 Input parameters
The xo_orbit_init_def CFI function has the following input parameters:
Table 3: Input parameters of xo_orbit_init_def function
Array Description Unit
C name |C type Allowed Range
YP¢ Element (Reference) (Format) W g
sat_id long * |- Satellite ID - Complete
. . xl_time Structure that contains the time
time_id il : - -
| - _id correllations
Itime_ref long* |- Time reference ID - Complete
ItimeO double* |- Reference time Decimal Qays [-18262.0,36524.0]
(Processing format)
orbit0 long* |- Absolute.orb|t number of the refer-| >=0
ence orbit
Flag to select between drift in XO_NOSUNSYNC
: oo DRIFT,
mean local solar time and inclina- —
the reference orot XO_NOSUNSYNC
Note: When initializing a Sun-syn- INCLINATION,
chronous orbit, the selected drift XO_NOSUNSYNC
mode must be DRIET +
drift_mode long* |- fr(mg?al\slc?niszthr\i;tNCa_rgnlfleTeTr?Sst - )_(O_NOSUNSYNC
—onp USE_SIM_MODE
be set to zero. . - =
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
ke lona * |- The actual repeat cycle is calcu- davs >0
P 9 lated as per definition included in y
[MCD].
ficyc long * |- Cycle length of the reference orbit| orbits >0
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Table 3: Input parameters of xo_orbit_init_def function

Array Description Unit

Element (Reference) (Format) Allowed Range

C name |C type

Geocentric longitude of the [Earth

|rlong double* |- fixed] ascending node deg [0,360)
(Earth fixed CS)
ascmist double”* |- Mean local solar time at Decimal days [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_propag_init_def CFI function are:

Table 4: Output parameters of xo_propag_init_def function

Array Description Unit
nam All Ran
. ¢ C type Element (Reference) (Format) owed ge
xo_propag_init_def |long - Main status flag - -1, 0, +1
. N Validity start time of the |Decimal days [-18262.0,36524.0]
val_time0 double* |- S )
initialization (Processing format)
Val_time 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 el - e e e - -
id orbit initialization.
lierr’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 5: 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_ 0

SAT_ERR

XO_CFI_ORBIT_INIT_DEF_

F MEMORY ERR

ERR |Wrong input flag No calculation performed FLAG_ERR 1
ERR Could not perform a time No calculation performed XO _CFI_ORBIT _INIT DE
transformation P F TIME CHANGE_ERR
. XO_CFI_PROPAG_INIT_DE
ERR |Input out of range No calculation performed F_INPUTS_ERR 2
An error ocurred in the gen- . XO_CFI_PROPAG_INIT_DE
ERR state routine No calculation performed |- "=F\sTATE ERR 4
ERR |Memory Error No calculation performed XO_CFL_ORBIT_INIT_DE 5

7.1.6 Runtime performances

The following runtime performance has been measured.

Table 6: Runtime performances of xo_orbit_init_def function

Ultra Sparc I1-400[ms]

TBD
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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>

{
xl time id time id = {NULL};
xo _orbit id orbit id = {NULL};
long sat id, time ref, abs orbit;
double time, pos[3], vel[3], val time0, val timel;
long status, ierr[XO NUM ERR PROPAG CART INIT];
status = xo _orbit cart init(&sat id, &time id,

&time ref, &time,

pos, vel, &abs orbit,

&val time0O, &val timel,

&orbit id, ierr);

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.inc>

INTEGER*4 SAT ID, PROPAG MODEL, TIME REF
REAL*8 TIME, POS(3), VEL(3), VAL TIMEO, VAL TIME1l
INTEGER*4 STATUS, IERR(XO NUM ERR PROPAG CART INIT)

STATUS = XO ORBIT CART INIT(SAT ID, PROPAG MODEL, TIME REF,
& TIME, POS, VEL, VAL TIMEOQ,
& VAL _TIME1, IERR)
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7.2.3 Input parameters
The xo_orbit_cart_init CFI function has the following input parameters:
Table 7: 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
; . xl_time_i Structure that contains the time
time_id ; - . - -
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 double3] |, X, Y, 2) mis ;
(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 8: Output parameters of xo_orbit_cart_init function

Array Description Unit
nam t All Ran
° ¢ C type Element (Reference) (Format) owed ge
X0_propag_cart_init{long - Main status flag - -1, 0, +1
. . Validity start time of the |Decimal days [-18262.0,36524.0]
val_time0 double - Co o )
initialization (Processing format)
Val_time? double* .V?|.Idl.ty sltop time of the |Decimal qays [-18262.0,36524.0]
initialization (Processing format)
- xo_orbit_id Structure that contains
orbit_id . - e e e - -
- the orbit initialization.
fierr[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 9: 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 10: Runtime performances of xo_orbit_cart_init function

Ultra Sparc I1-400[ms]

TBD
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7.3 xo_orbit_init_file

7.3.1 Overview

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

xl_time_ref init_file EXPLORER LIB functions (see [LIB_SUM)]).

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.
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

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

Table 11: User requested time range in xo_orbit_init_file

time_mode input parameter requested start time requested stop time
(see 7.8.3) putp (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 12: Validity periods for xo_orbit_init_file

Input file type

val time(

val timel

Orbit file providing Orbit changes

ANX Time of the first orbital
change

Infinity

Orbit files providing a list of orbital
state vectors

time of the first state vector

Time of the last state vector

A complete calling sequence of the orbit calculation procedure is presented in section 4.2.
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7.3.2 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};
xo0 orbit id orbit id = {NULL};
long sat id, propag model, n files, time mode;
long time ref, orbit0O, orbitl;
char **input files;
double time0O, timel, val timeO, val timel;
long status, ierr[XO NUM ERR PROPAG INIT FILE];

status = xo orbit init file (&sat id, &time id,
&orbit file mode, &n files,
input files,

&time mode, &time ref,
&timeO, &timel, &orbit0O, &orbitl,
&val timeO, &val timel,

&orbit id, ierr);

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.inc>

INTEGER*4 SAT ID, PROPAG MODEL, N FILES
CHARACTER*LENGTH NAME ORBIT FILE (N FILES)

INTEGER*4 TIME INIT MODE, TIME REF, ORBITO, ORBITIL
REAL*8 TIMEO, TIMEl, VAL TIMEO, VAL TIMEl
INTEGER*4 STATUS, IERR(XO NUM ERR PROPAG INIT FILE)

STATUS = XO ORBIT INIT FILE (SAT ID, PROPAG MODEL,N FILES,

& ORBIT FILE, TIME INIT MODE,
& TIME REF, TIMEO, TIMEl, ORBITO,
& ORBIT1, VAL TIMEO, VAL TIMEl, IERR)

Note that N FILES must be set to the number of input files of that type, with a maximum value of 16,
whereas LENGTH NAME must be set to the maximum string length of the filenames of that type . All strings
in ForTran must end in “\0” (for compatibility with C programs).
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7.3.3 Input parameters
The xo_orbit_init_file CFI function has the following input parameters:
Table 13: Input parameters of xo_orbit_init_file function
Array Description Unit
C name |C type Allowed Range
YP¢ Element (Reference) (Format) g
|sat_id long * |- Satellite ID - Complete
| . . xl_time Structure that contains the time
time_id il . - -
_id correlations
Flag that indicates the type of the
input orbit file. )O(O—ORB'T—'N'T—AUT
There exists the posibility of %O ORBIT INIT OSE
detecting automatically the type of MODE
the files using the value XO_ORBIT_INIT_POF
XO_ORBIT_INIT_AUTO. This _MODE
e value cannot be used for ENVI- XO_ORBIT_INIT_ROF
orbit_file_mod long* SAT _MODE
le ong- | - , - XO_ORBIT_INIT_DORI
The Orbit Event files are used as S MODE
Orbit Scenario files if the AUTO XO_ORBIT_INIT_POF
mode is selected. In case they _N_DORIS_MODE
want to be used as Predicted orbit XgégR,\?gD—l'EN'T—OEF
files, the option XO_ORBIT_INIT_OEF
XO_ORBIT_INIT_OEF_POF_MO POF MODE
DE should be chosen. -
n_files long - Number of input files - >=1
l
finput_files char** Vector of orbit files - -
Select either:
kime init modellona* |- Flag for selecting the time range of | - XO_SEL_FILE
- = 9 the initialisation. - XO_SEL_ORBIT
- XO_SEL_TIME
ftime_ref long* |- Time reference ID - Complete
. . Start time. See section 7.8.1. Decimal days [-18262.0,36524.0]
ftimeO double* |- Used only if: (Processing format)
- time_init_mode=XO_SEL_TIME g
kime1 double*- Stop time. Used only if: Decimal days [-18262.0,36524.0]
- time_init_mode=XO_SEL_TIME |(Processing format)
Absolute orbit number of the start
orbit0 long* |- orbit. Used only if: - -
- time_init_mode=X0O_SEL_ORBIT]
Absolute orbit number of the stop
orbit1 long* orbit. 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].
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* 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].
7.3.4 Output parameters
The output parameters of the xo_orbit_init_file CFI function are:
Table 14: Output parameters of xo_orbit_init_file function
C name C tvpe Array Description Unit Allowed
YP€ | Element (Reference) (Format) Range
Xo_propag_init_file | long - Main status flag - -1,0, +1
val_timeO double* | - Va||€ilt.¥ sFart_tlme of | Decimal Qays see 7.8.1
the initialization (Processing format)
val_time1 double* | - Va“(.jlt.y. sFop 't|me of | Decimal fjays see 7.8.1
the initialization (Processing format)
%6 orbi Structure that con-
orbit_id el - tains the orbit initiali- | - -
t id .
- zation data
ierrfXO_NUM_ER
R_ORBIT_INIT_FI | long all Status vector - -

LE]
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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_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 15: 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 15: 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

7.3.6 Runtime performances

The following runtime performances have been measured:

Table 16: Runtime performances of xo_orbit_init_file function

Ultra Sparc 11-400[msec]

TBD
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7.4 xo_orbit_close

7.4.1 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.

7.4.2 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);

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.inc>

INTEGER*4 SAT 1D,
INTEGER*4 STATUS

STATUS = XO ORBIT CLOSE (SAT ID)
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7.4.3 Input parameters

The xo_orbit_close CFI function has the following input parameters:

Table 17: 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 . - R - -
- orbit initialization

7.4.4 Output parameters

The output parameters of the xo_orbit_close CFI function are:

Table 18: Output parameters of xo_orbit_close function

C name Gne Array Description Unit Allowed
P Element (Reference) (Format) Range
ierrfXO_NUM_E
RR_ORBIT_CLOj|long all Status vector - -
El
Xo_orbit_close |long - Main status flag - -1,0, +1

7.4.5 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 19: Error messages of xo_orbit_close function

Error Error message Cause and impact Error Code Error
type No

Could not close the Orbit The Orbit Id. was not closed. XO_CFI_ORBIT_CLOSE _

ERR 1. WRONG ID_ERR

7.4.6 Runtime performances

The following runtime performances have been measured:
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Table 20: Runtime performances of xo_orbit_close function

Ultra Sparc I1-400[msec]
TBD
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7.5 xo_run_init

7.5.1 Overview

The xo_run_init CFI function adds to the run Id the orbit id, and, optionally, the propag Id or the interpol

1d.
It is not possible to assign the same run Id to both a propag Id and an interpo!l Id.

7.5.2 Calling interface

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

#include <explorer orbit.h>
{
long run id;
xo _orbit id orbit id = {NULL};
X0 propag id propag id = {NULL};
x0 interpol id interpol id = {NULL};
long ierr[XO NUM ERR RUN INIT], status;
status = xo run _init (&run id, &orbit id,
&propag id, &interpol id,

ierr);

For ForTran programs the declaration and calling procedure is as follows (note that the C preprocessor must

be used because of the presence of the #include statement):

TBD
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7.5.3 Input parameters
The xo_run_init CFI function has the following input parameters:
Table 21: Input parameters of xo_run_init function
Array Description Unit
SLETLC C type Element| (Reference) (Format) ALOITIELEL
run_id long * - Run ID >=0
orbit_id xo_orbit_id* - Structure that con-
tains the orbit data
propag_id |xo_propag_id* |- Structure that con-
tains the propaga-
tor data
interpol_id |xo_interpol_id* |- Structure that con-
tains the interpola-
tor data
7.5.4 Output parameters
The output parameters of the xo_run_init CFI function are:
Table 22: Output parameters of xo_run_init function
Array Description Unit
All R
S C type Element (Reference) (Format) owed Range
X0_run_init long - Status flag -
run_id long * Run ID >=0
ierr long - Error vector -

7.5.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_run_init CFI function after trans-
lating the returned extended status flag 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.

The table is completed by the error code and value. These error codes can be obtained translating the ex-
tended status flag returned by the xo_run_init function by calling the function of the EXPLORER ORBIT
software library xo_get_code (see [GEN_SUM])
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Table 23: Error messages of xo_run_init function
Error Error message Cause and impact Error code Error
type No
ERR |Inputs Id no initialized or No calculation performed | XO CFI RUN_INIT STA| 0
incompatible. TUS_ERR
ERR [Memory allocation error. No calculation performed | XO_CFI RUN _INIT ME 1
MORY_ ERR
ERR |Input Ids incompatible with | No calculation performed |XO CFI_RUN_INIT INC 2

the run_id.

ONSISTENCY ERR

7.5.6 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).

Table 24: Runtime performances of xo_run_init function

Ultra Sparc 11-400 [ms]

TBD
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7.6 xo_run_get_ids

7.6.1 Overview

The xo_run_get_ids CFI function returns the ids being used..

7.6.2 Calling interface

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

#include <explorer orbit.h>
{
long run id;
xo _orbit id orbit id = {NULL};
X0 propag id propag id = {NULL};
x0 interpol id interpol id = {NULL};
long status;
status = xo run get ids (&run id,
&orbit id,
&propag id,
&interpol id);

For ForTran programs the declaration and calling procedure is as follows (note that the C preprocessor must
be used because of the presence of the #include statement):

TBD
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7.6.3 Input parameters

The xo_run_get_ids CFI function has the following input parameters:

Table 25: Input parameters of xo_run_get_ids function

Array Description Unit
SLETLC C type Element| (Reference) (Format) ALOITIELEL
run_id long * - Run ID - >=0

7.6.4 Output parameters

The output parameters of the xo_run_get_ids CFI function are:

Table 26: Output parameters of xo_run_get_ids function

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) g
xo_run_get_ids long - Status flag - -
orbit_id xo_orbit |- Structure that con- |- -
_id* tains the orbit data
propag_id X0_prop |- Structure that con- |- -
ag_id* tains the propagator
data
interpol_id Xo_inter |- Structure that con- |- -
pol_id* tains the interpola-
tor data

7.6.5 Warnings and errors
TBW

7.6.6 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).

Table 27: Runtime performances of xo_run_get_ids function

Ultra Sparc I1-400 [ms]
TBD
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7.7 xo_run_close

7.7.1 Overview

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

7.7.2 Calling interface

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

#include <explorer orbit.h>
{

long run id;

status = xo run close (&run id);

For ForTran programs the declaration and calling procedure is as follows (note that the C preprocessor must
be used because of the presence of the #include statement):

#include <explorer orbit.inc>

INTEGER*4 RUN ID
STATUS = xo RUN CLOSE (RUN_1ID)
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7.7.3 Input parameters

The xo_run_close CFI function has the following input parameters:

Table 28: Input parameters of xo_run_close function

Array Description Unit
SLETLC C type Element| (Reference) (Format) ALOITIELEL
run_id long * - Run ID - >=0

7.7.4 Output parameters

The output parameters of the xo_run_close CFI function are:

Table 29: Output parameters of xo_run_close function

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

7.7.5 Warnings and errors
TBW

7.7.6 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).

Table 30: Runtime performances of xo_run_close function

Ultra Sparc I1-400 [ms]
TBD
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7.8 xo_propag_init

7.8.1 Overview

The xo_propag_init function is to be used on the ground segment near real time processing chains. This
software is used in conjunction with the appropriate propagation initialization routine to initialize the orbit
propagator with the necessary internal data.

The propagation initialization routine called depends on the propagation model used (indicated by an input
parameter).

Before calling this function it is required to initialise the orbit with one of the following modes:
+ XO_ORBIT_INIT ORBIT CHANGE MODE
* XO ORBIT INIT STATE VECTOR MODE
* XO ORBIT_INIT OSF MODE
+ XO ORBIT _INIT POF MODE
+ XO_ORBIT_INIT POF N DORIS MODE
* XO ORBIT _INIT OEF POF MODE
* XO ORBIT _INIT OEF OSF MODE

When using one or more Predicted Orbit files, it is possible to initialize the propagation with these addi-
tional modes (not mutually exclusive):

* Auto mode: This mode allows to propagate the space craft along the complete initialization range.
In the normal Mean Keplerian model, the validity range is limited to +2 orbits. In the Auto model,
the software automatically re-initialize, transparently to the user, for the closer ANX to the propaga-
tion time.

* Double mode: the two ANX covering the propagation time are used. When calling xo_propag, the
propagation is performed from each of the ANX and then a weighted average is done. The weight
function is :

cos? (E : ét)
2 T

where At =t - t,x and T is the nodal period of the orbit.

0.5

0 . . . .
Figure 2: Weight Function for Double Propagation Model

This propagation method removes any discontinuity that may arise when changing the state vector
around the true ascending node crossing used to propagate.
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The propagation is initialized using a orbital state vector at an ANX. This ANX is chosen in the following

way:

* The user have two options:

introduce an specific time or orbit (= t;)

ask for a default value. In that case the seleteted time (t,) is the half value of the time of first state
vector (¢_start) within the input orbit_id plus the time of the last state vector(z_stop)

* The ANX used in the initialization depends on the propagation model parameter:

Mean Kepler mode: ANX of the orbit closer to the t, time (within the ¢ start / t_stop range)

Mean Kepler + Double mode: the closer two ANX covering the t,.

If't, is less than the ¢_start, only the first ANX (ANX at ¢_start)will be chosen and double propa-
gation will no be performed. In the same way, if t, is greater than ¢_stop, only the last ANX
(ANX at ¢_stop) will be chosen and double propagation will not be performed.

Mean Kepler + Auto mode: the first ANX read from the file(s).

Mean Kepler + Auto + Double mode: the two firsts ANX read from the file.

If t, is less than ¢_start, only the first ANX (ANX at ¢_starf) will be chosen and double propaga-
tion will no be performed. In the same way, if t, is greater than ¢ _stop (ANX at ¢_stop), only the
last ANX will be chosen and double propagation will no be performed.

The validity start and stop times of the initialization (val_time0 and val_timel output parameters) repre-
sents the allowed time window for propagation. The following table shows the validity time interval for the
different propagation models. The horizontal line represents the part of the file(s) read (¢_start to t_stop),
while the tick marks are the ANX times. Square brackets represent the validity period for propagation.
When using the auto model, the propagation is re-initialized when the time jumps out of the region in brack-
ets. The red arrow(s) represent the chosen ANX depending on the t, value.

Table 31: Validity Time Intervals for Propagation

Propag model | t, value Validity time interval
t start [ANX - 2 orbits, ANX + 2 orbits]
<ty < ;11:[:*:]:::;[1
t_StOp IANX

[ANX - 2 orbits, ANX + 2 orbits]

Mode

[Mean Kepler to<t start Co T —
[ANX - 2 orbits, ANX + 2 orbits]
to>t_stop L et [ : f Py
t start [t_start - 2 orbits, t_stop + 2 orbits]; (ANX - 1/2 orbit, ANX + 1/2 orbit)
<fp< I R R T —t—t——1 1 |
t_StOp IANX

Mean Kepler + Auto

[t_start - 2 orbits, t_stop + 2 orbits]; (ANX - 2 orbits, ANX + 1/2 orbit)

ty <t start o[ T —t—t—t—t——— | |
[t_start - 2 orbits, t_stop + 2 orbits]; (ANX - 1/2 orbit, ANX + 2 orbits)
to>t_stop I R T e e e S . ]
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Table 31: Validity Time Intervals for Propagation

Propag model | t, value Validity time interval
t start [ANX, ANX + 1 orbit]
<tp< R S H S ——
t_StOp t\NX tmxn
N Keol [ANX - 2 orbits, ANX]
ean Kepler + .
Double Mode to <t_start | [ | i |
[ANX, ANX + 2 orbits]
to>t_stop b ettt Tr r)
t start [t_start - 2 orbits, t_stop + 2 orbits]; (ANX, ANX + 1orbit)
<tp< R e e T
t_StOp t\NX fANX+1
Mean Kepler + Auto [t_start - 2 orbits, t_stop + 2 orbits]; (ANX - 2 orbits, ANX)
+ to < t_start D0 e ]
Double Mode tNX
[t_start - 2 orbits, t_stop + 2 orbits]; (ANX, ANX + 2 orbits)
to>t_stop ol et { r) o

Note that, at the end, with a file it is possible to propag to times that are + 2 orbits out of the validity time
interval of the file.

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

7.8.2 Calling interface

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

#include <explorer orbit.h>
{
X0 _orbit id *orbit id = {NULL};
X0 _propag id *propag id = {NULL};
long propag model, time mode;
long time ref, orbit;
double time, val time0O, val timel;
long status, ierr[XO NUM ERR PROPAG INIT FILE];

status = xo propag init (&orbit id, &propag model,
&time mode, &time ref,
&time, &orbit,
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&val timeO, &val timel,

&propag id, ierr);

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.inc>

°gl

INTEGER*4 SAT ID, PROPAG MODEL, N FILES
CHARACTER*LENGTH NAME ORBIT FILE (N FILES)

INTEGER*4 TIME INIT MODE, TIME REF, ORBITO, ORBITIL
REAL*8 TIMEO, TIMEl, VAL TIMEO, VAL TIMEl
INTEGER*4 STATUS, IERR(XO NUM ERR PROPAG INIT FILE)

STATUS = XO PROPAG INIT (SAT ID, PROPAG MODEL,N FILES,
ORBIT FILE, TIME INIT MODE,

TIME REF, TIMEO, TIMEl, ORBITO,
ORBIT1, VAL TIMEO, VAL TIMEl, IERR)

Note that N FILES must be set to the number of input files of that type, with a maximum value of 16,
whereas LENGTH NAME must be set to the maximum string length of the filenames of that type . All strings

in ForTran must end in “\0” (for compatibility with C programs).
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7.8.3 Input parameters
The xo_propag_init CFI function has the following input parameters:
Table 32: Input parameters of xo_propag_init function
Array Description Unit
C name |(C type Allowed Range
yp Element (Reference) (Format) W g
. xo_orbi Structure that containg the orbit ini-
orbit_id frP e - -
t id tialization
lpropag_model |long* |- Propagation model ID - Complete
Flag for selecting the time for §e|ect either:
ltime_mode long* |- which the function selects the ANX |- XO_SEL_ORBIT
used to initialize the propagator. ' XO_SEL_TIME
gator. - XO_SEL_DEFAULT
ftime_ref long* |- Time reference ID - Complete
Start time. See section 7.8.1. .
fime double - Used only it Decimal days || 20360240
- time_init_mode=X0O_SEL_TIME 9
Absolute orbit number of the start
orbit0 long* |- orbit. 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:

Time reference ID: time re

7.8.4 Output paramete

f. See [GEN_SUM].

rs

The output parameters of the xo_propag_init CFI function are:

Propagation model ID: propag model. Current document, section 6.2.
Time mode: time_init mode. See [GEN_SUM].

Table 33: Output parameters of xo_propag_init function

C name C type Array Description Unit Allowed
P€ | Element (Reference) (Format) Range
Xo_propag_init_file long - Main status flag - -1,0, +1
val_time0 double* | - Vahgh’gy_ s’.[art.t|me of Decimal Qays see 7.8.1
the initialization (Processing format)
val_time1 double* | - Va“(.j't.y. s?op .t'me of Decimal Flays see 7.8.1
the initialization (Processing format)
ropad id Xo_pro | _ Structure that containg | )
propag_ pag_id* the propagation data
lerrIXO_NUM_ERR_P lon all Status vector - -
ROPAG_INIT_FILE] 9
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7.8.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_propag_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_propag_init CFI function by calling the function of the EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 34: Error messages of xo_propag_init function

Error Error message Cause and impact Error Code Error
type No
ERR |Wrong input flag No calculation performed f:(]? KCC}F]IE{II{{ OPAG_INIT_ 0

Auto and/or double model XO CFI PROPAG INIT
ERR for.p ropagation are icom- No calculation performed [MODEL INCONSISTEN 1
patible with the input Orbit CY ERR
Id. model -
ERR |Orbit Id was not initialized | No calculation performed ggﬁ%l“: I§F[§?“%%G]§11{I\1I{IT_ 2
Error closing input Propag , XO_CFI_PROPAG INIT _
ERR Id. for re-initializing No calculation performed CLOSE_ERR 3
ERR |Memory allocation error No calculation performed ﬁ%ﬁgll{—v};RggRA G_INIT_ 4
ERR |Could not initialise No calculation performed é((A)EFCFF%NI;I;Oé)ﬁARG INIT_ 5
Error computing reference , XO_CFI_PROPAG INIT
ERR state vector No calculation performed GET OSV_ERR 6
Error making a time trans- XO_CFI_PROPAG_INIT_
ERR formation & No calculation performed |TIME TRANSFORMATI 7
' ON _ERR
Calculation performed.
Propagation allowed out of | Warning raised when using
. XO_CFI PROPAG INIT
WARN the_ﬁle boundaries. Propa- AUTO gnd/or DOUBLE INACCURACY PROP W 8
gation could not reach the | propagation model and try- ARN - -
desired accuracy. ing to initialize out of the file
validity interval.

7.8.6 Runtime performances

The following runtime performances have been measured:
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Table 35: Runtime performances of xo_propag_init function

Ultra Sparc I1-400[msec]
TBD
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7.9 xo_propag_spot_init

TBW
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7.10 xo_propag

7.10.1 Overview

This routine simulates orbit propagations over complete orbits, performing an accurate prediction of oscu-
lating Cartesian state vectors for user requested times, which must fall within the validity time interval cal-
culated by the initialization routines.

For the orbit propagation, the user may choose between different propagation models, although for the time
being, the initial set of models supported are:

* Mean Kepler elements model (which is the current model). It implies the use of a formulation for
the time rates of change for the different mean Kepler elements as functions of a given initial set of
mean Kepler elements. Using the above time rates of change, the mean orbital elements can be
propagated forward or backward in time by extrapolating the individual time slopes of the superim-
posed secular and long-periodic perturbations functions. As the long periodic variations have typi-
cally periods on the order of months, a near-linear time slope for prediction intervals of many orbits
1s warranted.

* Spot elements model (still TBD). This model is based upon the usage of an extended orbit state vec-
tor (originally used for SPOT satellites and currently for MetOp). The calculation of the orbit state
vector is made by fitting them using a predicted or restituted orbit file.

The propagation model is set as an input parameter for the initialization routines, and the xo_propag rou-
tine utilizes that model transparently for the user.

For a general description of the initialization routines and how to use them in conjuction to the xo_propag
function, see section 4.2.

7.10.2 Calling interface

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

#include <explorer orbit.h>
{
X0 _propag id propag id = {NULL};
long mode, time ref;
double time, pos out[3], vel out[3], acc out[3];
long status, ierr[XO NUM ERR PROPAG];

status = xo propag (&propag id, &mode, &time ref, &time,

pos out, vel out, acc out, ierr);

/* Or, using the run id */

long run id;

status = xo propag run (&run id, &mode, &time ref, &time,

pos_out, vel out, acc out, ierr);
}

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):
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#include <explorer orbit.inc>
INTEGER*4 SAT ID, MODE, TIME REF

REAL*8 TIME, POS OUT(3), VEL OUT(3), ACC OUT(3)
INTEGER*4 STATUS, IERR(XO NUM ERR PROPAG)
STATUS = XO PROPAG (SAT ID, MODE, TIME REF,

TIME,

& POS_OUT, VEL OUT, ACC_OUT,

IERR)
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7.10.3 Input parameters
The xo_propag CFI function has the following input parameters:
Table 36: Input parameters of xo_propag function
Array Description Unit
t All R
Cname | C type Element (Reference) (Format) owed Range
lpropag_id |xo_propag_ |- Structure that con- - -
id* tains the propagator
data
+ XO_PROPAG_MODEL |
Imode long * ) Propagation mode. | MEAN_KEPL
9 (TBD in Spot model). « XO_PROPAG_MODEL
SPOT
Itime_ref long* - Time reference ID - Complete
ime double* - Reference time Decimal Qays [-18262.0,36524.0]
(Processing format)

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

7.10.4 Output parameters

The output parameters of the xo_propag CFI function are:

Table 37: Output parameters of xo_propag function

Array Description Unit
Cname | C type Element (Reference) (Format) LA SN
x0_propag |long - Main status flag - -1, 0, #+1
Osculating position
|Jpos_out[3] |double all vector at predicted time m -
(Earth fixed CS)
Osculating velocity
vel_out[3] |double all vector at predicted time m/s -
(Earth fixed CS)
Osculating acceleration
lacc_out[3] |double all vector at predicted time m/s2 -
(Earth fixed CS)
ierrfXO_NU
M_ERR_PRjlong all Status vector - -
OPAG]
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7.10.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_propag CFI function after trans-
lating 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_propag CFI function by calling the function of the EXPLORER_ ORBIT soft-
ware library xo_get code (see [GEN_SUM)).

Table 38: Error messages of xo_propag function

Error Error message Cause and impact Error Code Error
type No
ERR |Wrong input flag No calculation performed X]SR_IE FI_ PROPAG_FLAG 0
ERR The internal data were not N lculation performed XO CFI PROPAG NOT 1
initialized o calcuiation periormed INTERNAL DATA ERR
An error ocurred in the

ERR |Mean Keplerian OSV rou- | No calculation performed X]?R_IS FI_PROPAG_MKO 2
tine —

7.10.6 Runtime performances

The following runtime performances have been measured:

Table 39: Runtime performances of xo_propag function

Ultra Sparc I1-400[msec]

TBD
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7.11 xo_propag_extra

7.11.1 Overview
This software returns ancillary results derived from an orbit state vector obtained from the orbit propaga-
tion routines (stored within the orbit Id). This state vector depends on wich is the last function called:

* when calling to xo_propag_extra after initialising xo_propag_init with the orbit Id from
xo_orbit_cart_init, the Cartesian orbit state vector used to calculate the ancillary results is the one
given as input in the initialization routine.

* when calling after initialising xo_propag_init with the orbit Id from xo_orbit_init_def, the Carte-
sian orbit state vector is the one generated internally at the requested ANX in the initialization rou-
tine.

* when calling after initialising xo_propag_init with the orbit Id from xo_orbit_init_file, the Carte-
sian orbit state vector is the one generated internally by the routine around the ANX (in Mean
Keplerian model; in Spot model is not defined yet).

* when calling after xo_propag, the Cartesian orbit state vector is the one predicted at the requested
time in the propagation routine.

A description of the ancillary results may be found in the section 7.11.5.

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

7.11.2 Calling interface

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

#include <explorer orbit.h>

{
X0 _propag id propag id = {NULL};
long extra choice;

double model out[XO PROPAG EXTRA NUM DEP ELEMENTS],
extra out[XO PROPAG_EXTRA NUM INDEP ELEMENTS] ;

long status, ierr[XO NUM ERR PROPAG EXTRA];

status = xo propag extra (&propag id, &extra choice,
model out, extra out, ierr);

/* Or, using the run id */

long run id;

status = xo propag extra run (&run id, &extra choice,
model out, extra out, ierr);

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.inc>
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INTEGER*4 SAT ID, EXTRA CHOICE

REAL*8 MODEL OUT (XO PROPAG EXTRA NUM DEP ELEMENTS),

EXTRA OUT (XO PROPAG EXTRA NUM

INDEP ELEMENTS)

INTEGER*4 STATUS, IERR(XO NUM ERR PROPAG EXTRA)

STATUS = XO PROPAG EXTRA (SAT ID, EXTRA CHOICE, MODEL OUT,

& EXTRA OUT, IERR)

7.11.3 Input parameters

The xo_propag_extra CFI function has the following input parameters:

Table 40: Input parameters of xo_propag_extra

Array Description Unit
Sl Ctype Element (Reference) (Format) Allowed Range
Jpropag_id Xo_propag_i |- Structure that contains the |- -
d* propagator data
Iextra_choice long * - Flag to aIonv an ancillary [0, 4095]
results choice

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

» Flag to select ancillary results: extra_choice. See tables below:

Table 41: Enumeration values of extra_choice input flag

Model independant Description Long
XO_PROPAG_EXTRA_NO_RESULTS No extra results 0
XO_PROPAG_EXTRA_GEOLOCATION Geolocation results 1
XO_PROPAG_EXTRA_GEOLOCATION_D Geolocation rate results 2
XO_PROPAG_EXTRA_GEOLOCATION_2D Geolocation rate-rate results 4
XO_PROPAG_EXTRA_GEOLOCATION_EXTRA Geolocation extra results 8
XO PROPAG_EXTRA EARTH_FIXED D Earth fixed velocity results 16
XO_PROPAG_EXTRA_EARTH_FIXED_2D Earth fixed acceleration results 32
XO_PROPAG_EXTRA_SUN Sun results 64
XO PROPAG_EXTRA_MOON Moon results 128
XO_PROPAG_EXTRA_OSCULATING_KEPLER Osculating keplerian elements 256
XO_PROPAG_EXTRA_INERTIAL_AUX Inertial auxiliary results 512

Model dependant (Mean Keplerian model) Description Long
XO_PROPAG_EXTRA_DEP_ANX_TIMING ANX timing results 1024
XO_PROPAG_EXTRA_DEP_MEAN_KEPLER Mean keplerian elements 2048

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual




Code: CS-MA-DMS-GS-0004

d e] m S @,esa . ) Date: 15/11/04

EoE=ENNIESEED Issue: 3.2
s PAaCE Page: 64

To calculate all results there is an extra enumeration value, defined as the addition of all the enumeration
result values:

Enumeration value Description Long
XO_PROPAG_EXTRA_ALL_RESULTS All results 4095

The elements calculated in each case are shown in section 7.6.5. It is possible to select the calculation of
different sets of output parameters, or to make any combination of them by adding the results enumeration
desired. In order to calculate some elements it might be necessary to calculate elements which have not
been explicitly requested. The function identifies internally all the dependencies and those elements are
also returned in the result vectors.

7.11.4 Output parameters

The output parameters of the xo_propag_extra CFI function are:

Table 42: Output parameters of xo_propag_extra

Array Description Unit
All d R
O LT C type Element (Reference) (Format) owed Range

X0_propag_extra |long - Main status flag - -1, 0, +1
model_out[XO_P
ROPAG_EXTRA

NUM_DEP_EL double |all Vector of model-dependent parameters |- -
EMENTS]
extra_out[XO_P
ROPAG_EXTRA double lall Vector of model-independent parameters.| )

NUM_INDEP_ It depends upon extra-choice
ELEMENTS]
ierr[XO_NUM_E
RR_PROPAG_E |long all Status vector - -

TRA]
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7.11.5 Results vectors

The model-dependent parameters vector for the Mean Keplerian propagation model is (note that there is
an enumeration associated to the elements of the results vectors) in table 43:

Table 43: Ancillary results vector. Model-dependent parameters

Result parameter Set Description Unit Allowed

(Reference) (Format) Range

[0] Nodal period s >=0

XO PROPAG_EXTRA DEP_NODAL_PERIOD ANX

[1] Timin i

XO_PROPAG_EXTRA_DEP_UTC_CURRENT AN 9 Time of current ANx|decimal days ]

\ (Processing format)

(2] Absolute Orbit 0

XO_PROPAG_EXTRA_DEP_ORBIT_NUMBER Positi [Number

3] onin >=0

orbit? |T; '

XO_PROPAG_EXTRA_DEP_SEC_SINCE_ANX Time since ANX s ;e'\:i%‘:f'

[4:9]

XO_PROPAG_EXTRA DEP_MEAN_KEPL_A Mean Kepler ele-

XO_PROPAG_EXTRA_DEP_MEAN _KEPL_E Mean ments of the propa-

XO_PROPAG_EXTRA DEP_MEAN_KEPL_| Keoler (98ted OSV - -

XO_PROPAG_EXTRA DEP_MEAN_KEPL_RA P! True of Date)

XO_PROPAG_EXTRA_DEP_MEAN_KEPL_W

XO_PROPAG_EXTRA DEP_MEAN_KEPL_M

a. These parameters are calculated only when initialising with xo_propag_init file and xo propag_init def

The model-dependent parameters vector for the Spot propagation model is TBD.

The model-independent parameters vector is (note that there is an enumeration associated to the elements

of the results vectors) in table 44:

Table 44: Ancillary results vector. Model-independent parameters

Result parameter Set Description Unit |Allowed
(res element) (Reference) (Format)| Range

l[0] Geocentric longitude of satellite de >=0
XO_PROPAG_EXTRA_GEOC_LONG and SSP (EF frame) 9 < 360
i1 Geolocation Geodetic latitude of satellite de >=-90
XO PROPAG_EXTRA GEOD_LAT and SSP (EF frame) 9 <= +90
[2] Geodetic altitude of the satellite i
XO_PROPAG_EXTRA_GEOD_ALT (EF frame)
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Table 44: Ancillary results vector. Model-independent parameters
Result parameter Set Description Unit |Allowed
(res element) (Reference) (Format)| Range
l[3] Geocentric longitude rate of deals )
XO PROPAG_EXTRA GEOC LONG_D satellite and SSP (EF frame) 9
4] Geolocation|Geodetic latitude rate of satel- deals )
XO PROPAG_EXTRA _GEOD LAT D rate  |lite and SSP (EF frame) 9
l[5] Geodetic altitude rate of the m/s i
XO_PROPAG_EXTRA_GEOD_ALT_D satellite (EF frame)
li6] Geocentric longitude rate-rate deq/s2 )
XO PROPAG_EXTRA GEOC LONG_2D of satellite and SSP (EF frame) 9
71 Geolocation|Geodetic latitude rate-rate of deq/s2 )
XO_PROPAG_EXTRA_GEOD_LAT_2D rate rate |satellite and SSP (EF frame) 9
li8] Geodetic altitude rate-rate of m/s2 i
XO_PROPAG_EXTRA_GEOD_ALT_2D the satellite (EF frame)
[9] -
XO_PROPAG_EXTRA RAD_CUR_PARALL Radius of curvature parallel to | >= 0
EL MERIDIAN meridian at the SSP (EF frame)
[[10] Geolocation|Radius of curvature orthogonal
XO_PROPAG_EXTRA _RAD_CUR_ORTHO extra [to meridian at the SSP (EF m >=0
| MERIDIAN frame)
1] Radius of curvature along
XO_ PROPAG_EXTRA _RAD CUR_ALONG groundtrack at the SSP (EF m >=0
| GROUNDTRACK frame)
Northward component of the
l[12] velocity relative to the Earth of m/s )
XO_PROPAG_EXTRA NORTH_VEL the SSP
(Topocentric frame)
Eastward component of the
[13] velocity relative to the Earth of m/s )
XO_PROPAG_EXTRA_EAST_VEL Earth-fixed [the SSP
velocity |(Topocentric frame)
141 Magnitude of the velocity rela-
XO_PROPAG._EXTRA_MAG_VEL tive to the I_Earth of the SSP m/s >=0
(Topocentric frame)
|15] Azimuth of the velocity relative >= 0
XO_PROPAG_EXTRA AZ VEL o the Earth of the SSP deg < 360
(Topocentric frame)
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Table 44: Ancillary results vector. Model-independent parameters
Result parameter Set Description Unit |Allowed
(res element) (Reference) (Format)| Range
Northward component of the
l[16] acceleration relative to the m/s2 )
XO_PROPAG_EXTRA_NORTH_ACC Earth of the SSP (Topocentric
frame)
Eastward component of the
171 acceleration relative to the m/s2 )
XO_PROPAG_EXTRA_EAST_ACC Earth of the SSP (Topocentric
Earth-fixed frame)
acceleration
18] Groundtrack tangential compo-
nent of the acceleration relative 2
XO_PROPAG_EXTRA_GROUNDTRACK_T o the Earth of the SSP (Topo- m/s -
ANG_ACC X
centric frame)
l19] Azimuth of the acceleration rel- >=0
XO PROPAG_EXTRA AZ ACC ative to thg Earth of the SSP  |deg <360
(Topocentric frame)
[20] Satellite eclipse flag
XO_PROPAG_EXTRA_SAT_ECLIPSE_FLA 0=No 0,1
G -
1=Yes
[21] . >=0
XO _PROPAG_EXTRA SZA Sun Zenith Angle deg < 360
li22] Mean local solar time at the decimal |>=0
XO_PROPAG_EXTRA_MSLT SSP hour <24
23] . decimal |>=0
XO_PROPAG_EXTRA TLST Sun True local solar time at the SSP hour <24
241 l’irct:: Sun’s (centre) right ascen- o >= 0
XO_PROPAG_EXTRA_TRUE_SUN_RA 9 <360
(TOD frame)
li25] True Sun’s (centre) declination de >=-90
XO_PROPAG_EXTRA_TRUE_SUN_DEC (TOD frame) 9 <=+90
[26]
XO PROPAG_EXTRA TRUE_SUN_SEMI_ True Sun’s semi-diameter deg >=0
DIAM
271 Moon’s (centre) right ascension de >=0
XO_PROPAG_EXTRA_MOON_RA (TOD frame) 9 < 360
|i28] Moon’s (centre) declination de >=-90
XO_PROPAG_EXTRA_MOON_DEC " (TOD frame) 9 <=+90
oon
291 , o _
XO_PROPAG_EXTRA_MOON_SEMI_DIAM Moon’s semi-diameter deg >=0
[30] . >=0
XO PROPAG_EXTRA MOON_AREA LIT Area of Moon lit by Sun <=1
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Table 44: Ancillary results vector. Model-independent parameters
Result parameter Set Description Unit |Allowed
(res element) (Reference) (Format)| Range
|[31:36]
XO_PROPAG_EXTRA_OSC_KEPL_A . .
O PROPAG EXTRA OSC KEPL E Osculating Keplerian elements
- - - - - Osculating |of the OSV
XO_PROPAG_EXTRA_OSC_KEPL_| Kepler  |(TOD frame)
XO_PROPAG_EXTRA_OSC_KEPL_RA P
XO_PROPAG_EXTRA_OSC_KEPL_W
XO_PROPAG_EXTRA_OSC_KEPL_M
[(37] Orbit radius o =0
XO_PROPAG_EXTRA_ ORBIT_RAD (TOD frame)
l[(38] Radial orbit velocity component m/s )
XO_PROPAG_EXTRA_RADIAL_ORB_VEL (TOD frame)
li39] Transversal orbit velocity com-
XO_PROPAG_EXTRA_TRANS_ORB_VEL ponent m/s -
(TOD frame)
|[40] Orbit velocity magnitude _
m/s >=0
| a . VEL_ rame
XO_PROPAG_EXTRA ORB_VEL_MAG TOD f
j[41] Right ascension of the satellite de >=0
XO_PROPAG_EXTRA_RA_SAT (TOD frame) 9 < 360
li42] Declination of the satellite de >=-90
_ _ _ _ rame <=+
XO PROPAG_EXTRA DEC_SAT TOD f 9 90
[431 s 0
XO_PROPAG_EXTRA _EARTH_ROTATION Earth rotation angle [H] deg <360
| ANGLE Inertial Aux
441 Right ascension rate of the sat-
ellite deg/s -
XO_PROPAG_EXTRA RA_SAT D (TOD frame)
|i45] Right ascension rate-rate of the
XO_PROPAG_EXTRA _RA_SAT 2D satellite deg/s® |-
- - - == (TOD frame)
|[46] Satellite osculating true latitude de >=
XO_PROPAG_EXTRA_OSC_TRUE_LAT (TOD frame) 9 < 360
la71 Satellite osculating true lati- )
XO_PROPAG_EXTRA_OSC_TRUE_LAT D tude rate deg/s
(TOD frame)
atellite osculating true lati-
[48] Satelli lati lati
XO_PROPAG_EXTRA_OSC_TRUE_LAT 2 tude rate-rate deq/s2 i
D (TOD frame) 9
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7.11.6 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_propag_extra 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_propag_extra CFI function by calling the function of the EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 45: Error messages of xo_propag_extra function

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

The internal data were not XO_CFIL_PROPAG_EXTR
ERR No calculation performed |A NOT INTERNAL DA 0

initialized TK_ERI?
Could not create extra : XO_CFI_PROPAG_EXTR
ERR results No calculation performed A RESULTS ERR 1

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual



Code: CS-MA-DMS-GS-0004

d e] m S @,esa . ) Date: 15/11/04

EoE=ENNIESEED Issue: 3.2
s PAaCE Page: 70

7.11.7 Runtime performances

The following runtime performances have been measured:

Table 46: Runtime performances of xo_propag_extra function

mode Ultra sparc 11-400 [ms]
XO_PROPAG_EXTRA NO_RESULTS 0.008
XO_PROPAG_EXTRA_GEOLOCATION 0.009
XO_PROPAG_EXTRA_GEOLOCATION_EXTRA 0.047
XO_PROPAG_EXTRA_EARTH_FIXED D 0.031
XO_PROPAG_EXTRA_SUN 0.241
XO_PROPAG_EXTRA_MOON 0.319
XO_PROPAG_EXTRA_OSCULATING_KEPLER 0.008
XO_PROPAG_EXTRA_INERTIAL_AUX 0.104
XO_PROPAG_EXTRA DEP_ANX_TIMING 0.013
XO_PROPAG_EXTRA DEP_MEAN_KEPLER 0.009
XO_PROPAG_EXTRA_DEP_ANX_TIMING + 0.012
XO_PROPAG_EXTRA_DEP_MEAN_KEPLER
XO_PROPAG_EXTRA _DEP_ANX_TIMING + 0.114
XO_PROPAG_EXTRA DEP_MEAN_KEPLER +
XO_PROPAG_EXTRA_INERTIAL_AUX
XO_PROPAG_EXTRA ALL_RESULTS 0.446
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7.12 xo_propag_close

7.12.1 Overview

The xo_propag_close function is used to free the memory allocated by the other propagation routines, ant
it must be called after using them.

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

7.12.2 Calling interface

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

#include <explorer orbit.h>
{
X0 propag id propag id = {NULL};
long status;
long ierr[XO NUM ERR PROPAG CLOSE];
status = xo propag close (&propag id, ierr)

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.inc>

INTEGER*4 SAT 1D,
INTEGER*4 STATUS, IERR(XO NUM ERR PROPAG CLOSE)

STATUS = XO PROPAG CLOSE (SAT ID, IERR)
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7.12.3 Input parameters
The xo_propag_close CFI function has the following input parameters:
Table 47: Input parameters of xo_propag_close function
Cname | C tvoe Array Description Unit Allowed
yp Element (Reference) (Format) Range
propag_id |[xo_propag_ |- Structure that contains the |- -
id* propagator data
7.12.4 Output parameters
The output parameters of the xo_propag_close CFI function are:
Table 48: Output parameters of xo_propag_close function
C name C tvoe Array Description Unit Allowed
yp Element (Reference) (Format) Range
X0_propag_close long - Main status flag - -1, 0, +1
lerrXO_NUM_ERR_ lon all Status vector - -
PROPAG_CLOSE] |°"

7.12.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_propag_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_propag_close CFI function by calling the function of the EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 49: Error messages of xo_propag_close function

E . E
rror Error message Cause and impact Error Code rror
type No
XO_CFI_PROPAG_CLOSE
ERR Wr_on_g Propqg_ Id_. It was not The Propag Id. was not WRONG_ID_ERR, ERR, 0
initialized or it is in use closed. NO PAR

7.12.6 Runtime performances

The following runtime performances have been measured:
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Table 50: Runtime performances of xo_propag_close function

Ultra Sparc I1-400[msec]
TBD
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7.13 xo_interpol_init

7.13.1 Overview

The xo_interpol_init initializes the interpolation process, i. €., it produces internal data to be used by the
xo_interpol function to perform the interpolation. The internal data consists of Cartesian orbit state vectors
extracted from the orbit_id, and validity times giving the allowed time window for interpolation.

Before calling this function it is required to initialise the orbit with one of the following modes:
+ XO ORBIT INIT ROF MODE
+ XO_ORBIT _INIT DORIS MODE

The validity start and stop times of the initialization (val_time0 and val timel output parameters) repre-
sents the allowed time window for interpolation.

CAUTION: The interpolation is highly accurate (I mm. accuracy TBC) when it is performed between 4
input file(s) time intervals after start of file(s) and before end of file(s), but it degrades (up to a few cm.
TBC) until 1 or 2 time intervals (TBD) before start of file(s) and after end of file(s). figure 3 provides a
graphical explanation.

The xo_interpol function allows to extrapolate, that is, compute results for the 1 or 2 (TBC) intervals be-
fore start of the input file(s) and after enf of the input file. Anyway, as seen above in the caution statement,
extrapolation is not recommended. In this case, the extrapolation window is NOT included in the valid time
interval.

When the interpolation is in “degraded” mode, that is, when extrapolation is used, or when there is less than
four orbit state vectors available in the input file before or after the requested time, xo_interpol function
will issue different warnings messages indicating that a degraded interpolation or extrapolation is per-
formed. If the requested time is out the allowed extrapolation range, the function will return an error mes-
sage.

A complete calling sequence of the interpolation procedure is presented in section 4.3.
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Figure 3: Performances of the interpolation algorithm

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual



Code: CS-MA-DMS-GS-0004

deim>s @esa........... P

S PACE Page: 75

7.13.2 Calling interface

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

#include <explorer orbit.h>
{
X0 _orbit id *orbit id = {NULL};
x0 interpol id *interpol id = {NULL};
long interpol model;
long time mode, time ref;
double val time0, val timel;
long status, ierr[XO NUM ERR INTERPOL INIT FILE];

status = xo_interpol init (&orbit id, &interpol model,
&time mode, &time ref,

&val timeO, &val timel,

&interpol id, ierr);

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.inc>

INTEGER*4 SAT ID, INTERPOL MODEL, N FILES
CHARACTER*LENGTH NAME ORBIT FILE (N FILES)

INTEGER*4 TIME MODE, TIME REF, ORBITO, ORBITI1

REAL*8 TIMEO, TIMEl, VAL TIMEO, VAL TIMEL

INTEGER*4 STATUS, IERR(XO NUM ERR INTERPOL INIT FILE)

STATUS = XO INTERPOL INIT (SAT ID, INTERPOL MODEL, N FILES,
ORBIT FILE, TIME MODE, TIME REF,

&
& TIMEO, TIMEl, ORBITO, ORBITI,
& VAL TIMEO, VAL TIME1l, IERR)

Note that N FILES must be set to the number of input files of that type, with a maximum value of 16,
whereas LENGTH NAME must be set to the maximum string length of the filenames of that type. All strings
in ForTran must end in “\0” (for compatibility with C programs).
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7.13.3 Input parameters
The xo_interpol_init CFI function has the following input parameters:
Table 51: Input parameters of xo_interpol_init function
Array . ;
Description Unit
El All R
C name C type le;ine (Reference) (Format) owed Range
o xo_orbit_i Structure that containg the orbit
orbit_id . - TR - -
d initialization
|interpol_model long* - Interpolation model 1D - Complete
ime ref long* ) Time reference ID used in the ) Complete
- 9 output validity period P

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

* Interpolation model ID: interpol_model. Current document, section 6.2.
* Time reference ID: time_ref. See [GEN_SUM].

7.13.4 Output parameters

The output parameters of the xo_interpol_init CFI function are:

Table 52: Output parameters of xo_interpol_init function

Array Description Unit
C name C type Allowed Range
typ Element (Reference) (Format) &
x0_interpol_init_file |long - Main status flag - -1, 0, #+1
. . Validity start time of the |Decimal days [-18262.0,36524.0]
val_time0 double* |- S0 )
initialization (Processing format)
Val_time1 double* |- _Vgl_|d|_ty s_top time of the |Decimal Qays [-18262.0,36524.0]
initialization (Processing format)
interpol id xo_interp | Structure that containg | )
| POl ol_id* the interpolation data
jlerr[XO_NUM_ERR lon all Status vector - -
INTERPOL_INIT] | °"9
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7.13.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_interpol_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_interpol_init CFI function by calling the function of the EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 53: Error messages of xo_interpol_init function

Error Error message Cause and impact Error Code Error
type No
. , XO_CFI_INTERPOL _INI
ERR |Memory allocation error. No calculation performed T MEMORY ERR 0
. . T , XO_CFI_INTERPOL INI
ERR |Orbit Id. is not initialized No calculation performed T ORBIT STATUS ERR 1
. . , XO _CFI_INTERPOL INI
ERR [Wrong input orbit Id. No calculation performed T ORBIT ID ERR 2
Interpol Id is already ini- , XO_CFI_INTERPOL _INI
ERR tialized. No calculation performed T STATUS ERR 3
ANX state vector does not
. , XO_CFI_INTERPOL INI
ERR |satisfy loose Egrth Explorer| No calculation performed T LOOSE TOL ERR 4
tolerance requirements. - - -
Problem calculating the XO_CFI_INTERPOL INI
ERR |[Earth Explorer accelera- No calculation performed (T _ACCELERATION ER 5
tion. R
Error changing time format XO_CFI_INTERPOL_INI
ERR ging No calculation performed [T TIME CORRELATION 6
or reference = -
_ERR
ANX state vector does not
) : . XO_CFI_INTERPOL INI
WARN |satisfy tight Ee}rth Explorer Calculation performed T TIGHT TOL WARN 7
tolerance requirements. - - -

7.13.6 Runtime performances

The following runtime performances have been measured:

Table 54: Runtime performances of xo_interpol_init function

Ultra Sparc I1-400[msec]

TBD
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7.14 xo_interpol

7.14.1 Overview

The xo_interpol function is used to compute a Cartesian state vector at a requested time, using the internal
data generated by the xo_interpol_init_file routine.
To complete the description of the xo_interpol function see comments in section 7.13.1.

A complete calling sequence of the interpolation procedure is presented in section 4.3.

7.14.2 Calling interface

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

#include <explorer orbit.h>
{
x0 interpol id interpol id = {NULL};
long model, time ref;
double time, pos out[3], vel out[3], acc out[3];
long status, ierr[XO NUM ERR INTERPOL];

status =xo interpol (&interpol id, é&model, &time ref, &time,
pos out, vel out, acc out, ierr);

/* Or, using the run id */

long run id;

status =xo_interpol run(&run id, &model, &time ref, &time,
pos_out, vel out, acc out, ierr);

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.inc>

INTEGER*4 SAT ID, MODEL, TIME REF
REAL*8 TIME, POS OUT(3), VEL OUT(3), ACC OUT(3)
INTEGER*4 STATUS, IERR(XO NUM ERR INTERPOL)

STATUS = XO_ INTERPOL (SAT ID, MODEL, TIME REF, TIME,
& POS_OUT, VEL_OUT, ACC_OUT, IERR)
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7.14.3 Input parameters
The xo_interpol CFI function has the following input parameters:
Table 55: Input parameters of xo_interpol function
Array Description Unit

Cname | Ctype Element (Reference) (Format) LA SN

interpol_id |xo_interpol_|- Structure that contains the |- -
id* interpolator data

model long * - Interpolation model - Complete
|time_ref long* - Time reference ID - Complete
time double* ) Reference time Decimal days [-18262.0,36524.0]

(Processing format)

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

* Interpolation model: model. Current document, section 6.2.
* Time reference ID: time ref. See [GEN_SUM].

7.14.4 Output parameters

The output parameters of the xo_interpol CFI function are:

Table 56: Output parameters of xo_interpol function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) W g
X0 _propag |(long - Main status flag - -1,0, +1
Osculating position
pos_out[3] |double all vector at interpolated time |m -
(EF reference frame)
Osculating velocity
vel_out[3] |double all vector at interpolated time |m/s -
(EF reference frame)
Osculating acceleration
acc_out[3] |double all vector at interpolated time m/s? -
(EF reference frame)
ierrfXO_NU
IM_ERR_IN |long all Status vector - -
TERPOL]
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7.14.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_interpol CFI function after trans-
lating 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_interpol CFI function by calling the function of the EXPLORER ORBIT soft-
ware library xo_get code (see [GEN_SUM)).

Table 57: Error messages of xo_interpol function

Error Error message Cause and impact Error Code Error
type No
ERR |Wrong input flag No calculation performed ig—gg{lNTERPOL—FL 0

Error changing time format . XO_CFI_INTERPOL TIM
ERR ot reference No calculation performed g " =ORRELATION ERR | |
ERR |Input time is out of range. No calculation performed gI?IGCFFIIMI%gE];{II{)I? L_WR 2
ERR The data base has not been No calculation performed XO CFI INTERPOL NO 3
previously initialisated. P T_INITIALISED_ERR
The requested date is out of . XO_CFI_INTERPOL TIM
ERR the data base. No calculation performed E_OUT OF DB ERR 4
XO_CFI_INTERPOL FA
ERR |Fatal error in XO_Interpol | No calculation performed |[TAL ERROR INTERPOL 5
ERR
State vector does not satisfy
ERR |loose Earth Explorer toler- | No calculation performed g(s)gcf(l){Ngfg{{ POL_LO 6
ance requirements - -
ERR Problem calculating the No calculation performed XO_CFI_INTERPOL AC 7
Earth Explorer acceleration P CELERATION_ERR
State vector does not satisfy
WARN [tight Earth Explorer toler- Calculation performed ﬁ?—gg%l\%Q%JOL—TIG 8
ance requirements - -
Warnine error in XO CFI_INTERPOL FA
WARN g Calculation performed |TAL ERROR INTERPOL 9
XO_Interpol WARN -
Time out of range. Comput- Calculation performed using
WARN line State Vec to;g ‘i th p an extrapolation algorithm. [ XO_CFI INTERPOL EX 10
g . Wi The results could not reach [TRAPOL WARN
extrapolation algorithm . -
the desired accuracy.
waRN |Less than four Orbit State | Caloviation periormed Iy cpy INTERPOL FE |
Vectors to interpolate P ; W_OSV_WARN
the desired accuracy
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7.14.6 Runtime performances

The following runtime performances have been measured:

Table 58: Runtime performances of xo_interpol function

Ultra Sparc I1-400[msec]
TBD
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7.15 xo_interpol_extra

7.15.1 Overview

This software returns ancillary results derived from an orbit interpolation using the xo_interpol function.
The ancillary results are similar to the ones produced by the xo_propag_extra routine.

A complete calling sequence of the interpolation procedure is presented in section 4.3.

7.15.2 Calling interface

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

#include <explorer orbit.h>

{
x0 interpol id interpol id = {NULL};
long extra choice;

double model out[XO INTERPOL EXTRA NUM DEP ELEMENTS],
extra out [XO INTERPOL EXTRA NUM INDEP ELEMENTS];

long status, ierr[XO NUM ERR INTERPOL EXTRA];

status = xo interpol extra (&interpol id, &extra choice,
model out, extra out, ierr);

/* Or, using the run id */

long run id;

status = xo_interpol extra run (&run id, &extra choice,
model out, extra out, ierr);

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.inc>

INTEGER*4 SAT ID, EXTRA CHOICE

REAL*8 MODEL OUT (XO INTERPOL EXTRA NUM DEP ELEMENTS),
EXTRA_OUT (XO_INTERPOL EXTRA NUM INDEP ELEMENTS)

INTEGER*4 STATUS, IERR(XO NUM ERR INTERPOL EXTRA)

STATUS = XO INTERPOL EXTRA (SAT ID, EXTRA CHOICE,MODEL OUT,
EXTRA OUT, IERR)
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7.15.3 Input parameters
The xo_interpol_extra CFI function has the following input parameters:
Table 59: Input parameters of xo_interpol_extra function
Array Description Unit
OLELIC C type Element (Reference) (Format) LA SN
|interpol_id xo_interpol_|- Structure that contains the |- -
id* interpolator data
extra_choice |long * - Flag to alloyv an ancillary [0, 2047]
results choice

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

Flag to select ancillary results: extra _choice. See tables below:

Table 60: Enumeration values of extra_choice input flag

Model independant Description Long
XO_INTERPOL_EXTRA_NO_RESULTS No extra results 0
XO_INTERPOL_EXTRA_GEOLOCATION Geolocation results 1
XO_INTERPOL_EXTRA_GEOLOCATION_D Geolocation rate results 2
XO_INTERPOL_EXTRA_GEOLOCATION_2D Geolocation rate-rate results 4
XO_INTERPOL_EXTRA_GEOLOCATION_EXTRA Geolocation extra results 8
XO_INTERPOL_EXTRA_EARTH_FIXED_D Earth fixed velocity results 16
XO_INTERPOL_EXTRA_EARTH_FIXED_2D Earth fixed acceleration results 32
XO_INTERPOL_EXTRA_SUN Sun results 64
XO_INTERPOL_EXTRA _MOON Moon results 128
XO_INTERPOL_EXTRA_OSCULATING_KEPLER Osculating keplerian elements 256
XO_INTERPOL_EXTRA_INERTIAL_AUX Inertial auxiliary results 512

Model dependant (Mean Keplerian model) Description Long
XO_INTERPOL_EXTRA_DEP_ANX_TIMING ANX timing results 1024

To calculate all results there is an extra enumeration value, defined as the addition of all the enumeration

result values:

Enumeration value

Description

Long

XO_INTERPOL_EXTRA_ALL_RESULTS

All results

2047

The elements calculated in each case are shown in sections 7.6.5 and 7.10.5. It is possible to select the cal-
culation of different sets of output parameters, or to make any combination of them by adding the results
enumeration desired. In order to calculate some elements it might be necessary to calculate elements which
have not been explicitly requested. The function identifies internally all the dependencies and those ele-

ments are also returned in the result vectors.
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7.15.4 Output parameters
The output parameters of the xo_interpol_extra CFI function are:
Table 61: Output parameters of xo_interpol_extra function
Array Description Unit
nam t All Ran
° ¢ C type Element (Reference) (Format) owed ge
xo_interpol_extra (long - Main status flag -1, 0, +1
model_out[XO_|I
NTERPOL_EXT double all Vector of model-dependant | i
RA_NUM_DEP_ parameters
ELEMENTS]
extra_out[XO_IN
TERPOL_EXTRA double all Vector of model-independ- )
NUM_INDEP_E ant parameters
LEMENTS]
ier[XO_NUM_E
RR_INTERPOL_ |long all Status vector -
EXTRA]

7.15.5 Results vectors

The model-dependant parameters vector for the default interpolation model is (note that there is an enu-
meration associated to the elements of the results vectors) in the following table:

Table 62: Ancillary results vector. Model-dependent parameters

Result parameter Set Description Unit | Allowed
(res element) (Reference) (Format) | Range
[01 ANX Tim-
XO INTERPOL _EXTRA_DEP_NODAL _ in Nodal period S >=0
PERIOD 9
(1] decimal
XO_INTERPOL_EXTRA_DEP_UTC_CU UTC of current ANX ?F";‘éscess_
RRENT_ANX )
= ing format)
[2] Absolute Orbit
XO_INTERPOL_EXTRA_DEP_ORBIT_N Nurmber >0
UMBER Position
[3] in orbit >=0
XO INTERPOL_EXTRA_DEP_SEC_SIN Time since ANX s < Nodal
CE_ANX Period

The model-independant results vectors are the same as the xo_propag_extra model-independant results
vectors (see 7.11.5). The enumeration names are the same, changing PROPAG with INTERPOL (e.g.
XO_INTERPOL_EXTRA_ORBIT RAD).
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7.15.6 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_interpol_extra CFI function af-
ter 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_interpol_extra CFI function by calling the function of the EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 63: Error messages of xo_interpol_extra function

li;l;;r Error message Cause and impact Error Code E;Ir(:)r
ERR get:zrpol Id. was notinitial- | -\ caicuiation performed ?&?IFI%:ISNI&I?F%SO_ IET{]:;{X 0
ERR |Wrong input Interpol Id. No calculation performed ?&?ﬁiﬁgﬁgﬁOL_EX 1
ERR ggg;gogﬁfgiom atime No calculation performed ?&f%lﬁgfgfgs OL_EX 2
ERR rCeZE%?S not calculate extra No calculation performed ?F(I({) Kfﬁ%égggfs{fgé‘ﬁEX 3

7.15.7 Runtime performances

The following runtime performances have been measured:

Table 64: Runtime performances of xo_interpol_extra function

mode Ultra sparc I1-400 [ms]
XO_INTERPOL_EXTRA_NO_RESULTS 0.026
XO_INTERPOL_EXTRA_GEOLOCATION 0.030
XO_INTERPOL_EXTRA_GEOLOCATION_EXTRA 0.072
XO_INTERPOL_EXTRA_EARTH_FIXED_D 0.058
XO_INTERPOL_EXTRA_SUN 0.256
XO_INTERPOL_EXTRA_MOON 0.349
XO_INTERPOL_EXTRA_OSCULATING_KEPLER 0.026
XO_INTERPOL_EXTRA_INERTIAL_AUX 0.104
XO_INTERPOL_EXTRA_DEP_ANX_TIMING 0.040
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mode Ultra sparc I1-400 [ms]
XO_INTERPOL_EXTRA _DEP_ANX_TIMING + 0.154
XO_INTERPOL_EXTRA_INERTIAL_AUX
XO_INTERPOL_EXTRA_ALL_RESULTS 0.517
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7.16 xo_interpol_close

7.16.1 Overview

The xo_interpol_close function is used to free the memory allocated by the other orbit interpolation rou-
tines, and it must be called after using them.

A complete calling sequence of the interpolation procedure is presented in section 4.3.

7.16.2 Calling interface

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

#include <explorer orbit.h>

{
x0 interpol id interpol id = {NULL};
long status, ierr[XO NUM ERR INTERPOL CLOSE];

status = xo_interpol close (&interpol id, ierr)

For ForTran programs, the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #include statement):

#include <explorer orbit.inc>

INTEGER*4 SAT ID
INTEGER*4 STATUS, IERR(XO NUM ERR INTERPOL CLOSE)

STATUS = XO INTERPOL CLOSE (SAT ID, IERR)
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7.16.3 Input parameters

The xo_interpol_close CFI function has the following input parameters:

Table 65: Input parameters of xo_interpol_close function

Array Description Unit

Element (Reference) (Format) Allowed Range

Cname | C type

|interpol_id |xo_interpol_ Structure that contains the
id* interpolator data

7.16.4 Output parameters

The output parameters of the xo_interpol_close CFI function are:

Table 66: Output parameters of xo_interpol_close function

Array Description Unit
All R
S C type Element (Reference) (Format) owed Range
X0 _interpol_close long - Main status flag - -1,0, +1
ferr[XO_NUM_ERR _ lon all Status vector - -
INTERPOL_CLOSE] | °"9

7.16.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_interpol_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_interpol_close CFI function by calling the function of the EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 67: Error messages of xo_interpol_close function

Error Error message Cause and impact Error Code Error
type No

Wrong Interpol Id. It was not | The Interpol Id. was not [XO_CFI_INTERPOL_CLOS 0

ERR initialized or it is in use. closed. E_WRONG_ID_ERR

7.16.6 Runtime performances

The following runtime performances have been measured:
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Table 68: Runtime performances of xo_interpol_close function

Ultra Sparc I1-400[msec]
TBD
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7.17 xo_orbit_to_time

7.17.1 Overview

The xo_orbit_to_time function converts an orbit-relative time into processing time.

7.17.2 Calling sequence of xo_orbit_to_time:

For C programs, the call to xo_orbit_to_time is (input parameters are underlined):

#include <explorer orbit.h>
{
X0 orbit id orbit id = {NULL};
long time ref;
long orbit, second, microsec;
long status, ierr[XO NUM ERR ORBIT TO TIME];

double time;

status = xo _orbit to time (&orbit id,
&orbit, &second, &microsec, &time ref,

&time, ierr);

/* Or, using the run id */

long run id;

status = xo _orbit to time run (&run id,
&orbit, &second, &microsec,

&time ref,
&time, ierr);
}

For FORTRAN programs xo_orbit_to_time has the following calling sequence (input parameters are un-
derlined, note that the C preprocessor must be used because of the presence of the #include statement):

INTEGER*4 SAT ID, TIME REF,
ORBIT, SECOND, MICROSEC,
IERR(20), STATUS

REAL*8 TIME

CHARACTER* (*) ORBIT SCENARIO FILE

#include <explorer orbit.inc>

STATUS = XO ORBIT TO TIME ( SAT ID,ORBIT SCENARIO FILE,
& ORBIT, SECOND, MICROSEC, TIME REF,
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& TIME, IERR)
7.17.3 Input parameters
Table 69: Input parameters for xo_orbit_to_time
C name C tvoe Array Description &1:)1: Allowed
yp Element (Reference) Range
mat)
orbit_id xo_orbit | - Structure that contains the orbit - -
_id* data
orbit long* Orbit number >0
second long* Seconds since ascending node s >=0
<orbital
period
microsec long* Micro seconds within second us 0=<
=< 999999
time_ref long* Time reference ID - Complete
7.17.4 Output parameters
Table 70: Output parameters for xo_orbit_to_time
Array . e .
C name C type Eleme Description Unit Allowed
at (Reference) (Format) Range
xo_orbit_to_time long Main status flag -1,0,1
time double* Resulting time Dedimal days [-18262.0,
(processing format) +36519.0]
ierrfXO_NUM_ERR | long Error status flags

_ORBIT_TO_TIME]
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7.17.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_orbit_to_time 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_to_time CFI function by calling the function of the EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 71: Error messages of xo_orbit_to_time function

Error Error message Cause and impact Error Code Error
type No
ERR | Wrong input flag Computation not XO CFI ORBIT_TO TI | 0

performed ME FLAG ERR
ERR | Input incorrect: negative Computation not XO_CFI ORBIT TO TI | 1
orbit number performed ME ORB NUM 1ST E
RR
ERR | Orbit Id. is not initialised. Computation not XO CFI ORBIT TO TI | 2
performed ME ORBIT STATUS
ERR
ERR | Seconds and Computation not XO CFI_ ORBIT _TO TI | 3
microseconds greater performed ME_SEC_MICROSEC _
than nodal period ERR
ERR | Requested orbit less than Computation not XO_CFI ORBIT TO TI | 4
the first orbital change performed ME ORB_ERR
ERR | Input incorrect: negative Computation not XO CFI ORBIT _TO TI | 5
number of seconds performed ME SEC ERR
ERR | Input incorrect: number Computation not XO CFI_ ORBIT_TO TI | 6
of microseconds out of performed ME_MICROSEC_ERR
range
ERR | Error computing time. Computation not XO_CFI ORBIT TO TI | 7
performed ME COMPUTE_ERR
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7.17.6 Runtime performances

The following runtime performances have been measured:

Table 72: Runtime performances of xo_orbit_to_time function

Calls

Ultra Sparc I1-400[msec]

TBD

TBD
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7.18 xo_time_to_orbit

7.18.1 Overview

The xo_time_to_orbit function converts an orbit-relative time into processing time.

This CFI function requires access to one file to produce its results the Orbit Scenario File, describing all
orbit changes occurring during the corresponding scenario.

7.18.2 Calling sequence of xo_time_to_orbit

For C programs, the call to xo_time_to_orbit is (input parameters are underlined):

#include <explorer orbit.h>
{
xo orbit id orbit id = {NULL};
long time ref;
long orbit, second, microsec;
long status, ierr[XO NUM ERR ORBIT TO TIME];

double time;

status = xo _time to orbit ( &orbit id,
&time ref, &time,
&orbit, &second, &microsec,

ierr);
/* Or, using the run id */
long run id;
status = xo time to orbit run ( &run id,

&time ref, &time,
&orbit, &second, &microsec,

ierr);

}

For FORTRAN programs xo_orbit_to_time has the following calling sequence (input parameters are un-
derlined, note that the C preprocessor must be used because of the presence of the #include statement):

INTEGER*4 SAT ID, TIME REF,
ORBIT, SECOND, MICROSEC,
IERR(20), STATUS

REAL*8 TIME
CHARACTER™* (*) ORBIT SCENARIO FILE

#include <explorer orbit.inc>

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual



Code: CS-MA-DMS-GS-0004

deim)s @esa
s PACE o EUNNES =0 Issue: 3.2
Page: 95
STATUS = XO TIME TO ORBIT ( SAT ID,ORBIT EVENT FILE,
TIME REF, TIME,
ORBIT, SECOND, MICROSEC,
IERR)
7.18.3 Input parameters
Table 73: Input parameters for xo_time_to_orbit function
C name C tvoe Array Description Unit Allowed
yp Element (Reference) (Format) Range
orbit_id xo_orbit | - Structure that contains the - -
_id* orbit data
time_ref long* Time reference ID - Complete
time double* Requested time Dedimal days | [-18262.0,
(processing +36519.0]
format)
7.18.4 Output parameters
Table 74: Output parameters for xo_time_to_orbit
Array Description Unit Allowe
C name C type | Eleme d
(Reference) (Format)
nt Range
xo_time_to_orbit long Main status flag -1,0,1
orbit long* Orbit number >0
second long* Seconds since s >=0
ascending node <orbital
period
microsec long* Micro seconds us 0=<
within second =<
999999
ierrfXO_NUM_ERR_TI long Error status flags
ME_TO_ORBIT]

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual




deimHs Eesa

S P A C E

Code:
Date:

EONECSEHIINIIEDEIED Issue:

Page:

CS-MA-DMS-GS-0004

15/11/04
3.2
96

7.18.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_time_to_orbit 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_time_to_orbit CFI function by calling the function of the EXPLORER ORBIT
software library xo_get _code (see [GEN_SUM)]).

Table 75: Error messages of xo_time_to_orbit function

Error Error message Cause and impact Error Code Error
type No
ERR | Wrong input flag Computation not XO_CFI_TIME_TO_ORBI | 0

performed T_FLAG_ERR
ERR | Orbit Id. was not Computation not XO_CFI TIME TO OR | 1
initialized. performed BIT ORBIT STATUS
ERR
ERR | Input incorrect: time out Computation not XO _CFI_TIME TO OR | 2
of range. performed BIT TIME ERR
ERR | Input time smaller than Computation not XO _CFI_TIME TO OR |3
the first ANX time. performed BIT BEFORE RANGE
_ERR
ERR | Could not compute the Computation not XO CFI TIME TO OR | 4
orbit number. performed BIT COMPUTE ERR
ERR | The current orbit Computation not XO_CFI_TIME TO OR | 5
initialization does not performed BIT WRONG _ORBIT
allow to compute the MODE_ERR
time.
ERR | Orbit number computed Computation not XO _CFI_TIME TO OR | 6
with warnings. performed BIT COMPUTE_WAR
N

7.18.6 Runtime performances

The following runtime performances have been measured:

Table 76: Runtime performances of xo_time_to_orbit function

Calls

Ultra Sparc 11-400[msec]

TBD

TBD
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7.19 xo_orbit_info

7.19.1 Overview

The xo_orbit_info function retrieves from the orbit initialisation orbit information related with a certain
orbit (specified by means of absolute orbit number).

7.19.2 Calling sequence of xo_orbit_info
For C programs, the call to xo_orbit_info is (input parameters are underlined, some may be input or output

depending on the calling mode):

#include <explorer orbit.h>
{

X0 _orbit id orbit id = {NULL};

long abs orbit;

long ierr[XO NUM ERR ORBIT INFO FROM ABS], status;
double result vector[XO ORBIT INFO EXTRA NUM ELEMENTS];
status = xo orbit info (&orbit id,

&abs_orbit,
result vector, ierr);

/* Or, using the run id */

long run id;

status = xo orbit info run (&run id,
&abs orbit,
result vector, ierr);

}

For FORTRAN programs xo_orbit_info has the following calling sequence (input parameters are under-
lined, note that the C preprocessor must be used because of the presence of the #include statement):

#include ”explorer orbit.inc”
INTEGER*4 SAT ID, REL SWITCH
INTEGER*4 ABS ORBIT, REL ORBIT, CYCLE, PHASE
INTEGER*4 REPEAT CYCLE, CYCLE LENGT
INTEGER*4 IERR(XO NUM ERR ORBIT INFO FROM ABS), STATUS
REAL*8 RESULT VECTOR (XO ORBIT INFO EXTRA NUM ELEMENTS)
CHARACTERY* (%) ORBIT SCENARIO FILE

STATUS = XO ORBIT INFO (SAT ID, ORBIT SCENARIO FILE,

& ABS ORBIT, REL ORBIT,
& CYCLE, PHASE, REL SWITCH,
& RESULT VECTOR, IERR)
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7.19.3 Input parameters
Table 77: Input parameters for xo_orbit_info
C name C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
orbit_id xo_orbit | - Structure that contains the - -
_id* orbit data
abs_orbit long * Absolute orbit number within
orbit_id
range
7.19.4 Output parameters
Table 78: Output parameters for xo_orbit_info
Array Description Unit Allowed
nam
< € C type Element (Reference) (Format) Range
xo_orbit_info long Main status flag, -1,0,1
[0] repeat_cycle days >0
[1] cycle_length orbits >0
[2] MLST drift s/day
[3] MLST deg >0
<360
(4] phasing deg >0
<360
result_vector[XO _ double
ORBIT_INFO_EXT [5] UTC time at ascending days (process-
RA_NUM_ELEME node ing format)
NTS]
[6-8] position at ANX m
[9-11] velocity at ANX m/s
[12-17] mean keplerian elements at
ANX
[18-23] osculating keplerian ele-
ments at ANX
[24] Nodal period s
ierrfXO_ORBIT_INFO | long all Error status flags

_FROM_ABS]
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7.19.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_orbit_info 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 pv_utcanx CFI function by calling the function of the EXPLORER ORBIT software
library xo_get_code (see [GEN_SUM]).

Table 79: Error messages of xo_orbit_info function

Error Error message Cause and impact Error Code Error
type No
ERR | Error calling genstate Computation not per- XO_CFI_ORBIT_INFO 0

formed _RESULTS GENSTAT
E ERR
ERR | Time conversion error. Computation not per- XO_CFI_ORBIT _INFO 1
formed _RESULTS_TIME_ERR
ERR | Error while computing Computation not per- XO_CFI_ORBIT_INFO 2
the osculating keplerian formed _RESULTS _OSC KEP _
elements ERR

7.19.6 Runtime performances

The following runtime performances have been measured:
Table 80: Runtime performances of xo_orbit_info function

Calls | Ultra Sparc I1-400[msec]

TBD TBD

Earth Explorer Mission CFl Software. EXPLORER_ORBIT Software User Manual



Code: CS-MA-DMS-GS-0004

deim)s @esa........... = s

S PACE Page: 100

7.20 xo_orbit_rel_from_abs

7.20.1 Overview

The xo_orbit_rel_from_abs function retrieves from an Orbit Scenario File (previously initialised through
the orbit Id) the relative orbit corresponding to a given absolute orbit number.

7.20.2 Calling sequence of xo_orbit_rel_from_abs

For C programs, the call to xo_orbit_rel_from_abs is (input parameters are underlined, some may be input
or output depending on the calling mode):

#include <explorer orbit.h>

{

X0 _orbit id orbit id = {NULL};

long abs orbit, rel orbit, cycle, phase;

long ierr[XO NUM ERR ORBIT REL FROM ABS], status;
status = xo orbit rel from abs (&orbit id,

&abs orbit,
&rel orbit, é&cycle,
&phase, ierr);

/* Or, using the run id */

long run id;

status = xo _orbit rel from abs run (&run id,
&abs orbit,
&rel orbit, &cycle,
&phase, ierr);

For FORTRAN programs xo_orbit_rel_from_abs has the following calling sequence (input parameters
are underlined, note that the C preprocessor must be used because of the presence of the #include state-

ment):

#include "explorer orbit.inc”
INTEGER*4 SAT ID, REL SWITCH
INTEGER*4 ABS ORBIT, REL ORBIT, CYCLE, PHASE
INTEGER*4 REPEAT CYCLE, CYCLE LENGT
INTEGER*4 IERR(XO _NUM ERR ORBIT INFO FROM ABS), STATUS
REAL*8 RESULT VECTOR (XO ORBIT INFO EXTRA NUM ELEMENTS)
CHARACTER* (*) ORBIT SCENARIO FILE

STATUS = XO ORBIT REL FROM ABS (SAT ID, ORBIT SCENARIO FILE,

& ABS ORBIT, REL ORBIT,
& CYCLE, PHASE, REL SWITCH,
& RESULT VECTOR, IERR)
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7.20.3 Input parameters
Table 81: Input parameters for xo_orbit_rel_from_abs
C name C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
orbit_id xo_orbit | - Structure that contains the - -
_id* orbit data
abs_orbit long * Absolute orbit number within
orbit_id
range
7.20.4 Output parameters
Table 82: Output parameters for xo_orbit_rel_from_abs
Array Description Unit Allowed
SLELLC C type Element (Reference) (Format) Range
xo_orbit_rel_from_ | long Main status flag, -1,0,1
abs
rel_orbit long * Relative orbit number
cycle long * Cycle number
phase long * Phase number
ierrfXO_ORBIT_REL long all Error status flags
_FROM_ABS]
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7.20.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_orbit_rel_from_abs CFI func-
tion after translating the returned status vector into the equivalent list of error messages by calling the func-
tion 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 pv_utcanx CFI function by calling the function of the EXPLORER ORBIT software
library xo_get_code (see [GEN_SUM]).

Table 83: Error messages of xo_orbit_rel_from_abs function

Error Error message Cause and impact Error Code Error
type No
ERR | Orbit Id. is not initialised. Computation not per- XO_CFI ORBIT REL 0

formed FROM_ABS ORBIT I
NIT ERR
ERR | The relative orbit could Computation not per- XO CFI_ORBIT REL 1
not be computed with the formed FROM_ABS ORBIT W
current orbit initializa- RONG_MODE ERR
tion.
ERR | Wrong input orbit Computation not per- XO _CFI_ORBIT_REL 2
number formed FROM_ABS WRONG
ORBIT

7.20.6 Runtime performances

The following runtime performances have been measured:
Table 84: Runtime performances of xo_orbit_rel_from_abs function

Calls | Ultra Sparc I1-400[msec]

TBD TBD
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7.21 xo_orbit_abs_from_rel

7.21.1 Overview

The xo_orbit_abs_from_rel function retrieves from an Orbit Scenario File (previously initialised through
the orbit Id) the absolute orbit corresponding to a given relative orbit number and cycle.

7.21.2 Calling sequence of xo_orbit_abs_from_rel
For C programs, the call to xo_orbit_abs_from_rel is (input parameters are underlined, some may be input

or output depending on the calling mode):

#include <explorer orbit.h>
{

X0 _orbit id orbit id = {NULL};

long abs orbit, rel orbit, cycle, phase;

long ierr[XO NUM ERR ORBIT ABS FROM REL], status;
status = xo _orbit abs from rel (&orbit id,

&rel orbit, &cycle,
&abs orbit, &phase, ierr);

/* Or, using the run id */

long run id;

status = xo orbit abs from rel run (&run id,
&rel orbit, &cycle,
&abs orbit, é&phase, ierr);

For FORTRAN programs xo_orbit_abs_from_rel has the following calling sequence (input parameters
are underlined, note that the C preprocessor must be used because of the presence of the #include state-

ment):

#include "explorer orbit.inc”
INTEGER*4 SAT ID, REL SWITCH
INTEGER*4 ABS ORBIT, REL ORBIT, CYCLE, PHASE
INTEGER*4 REPEAT CYCLE, CYCLE LENGT
INTEGER*4 IERR(XO _NUM ERR ORBIT INFO FROM ABS), STATUS
REAL*8 RESULT VECTOR (XO ORBIT INFO EXTRA NUM ELEMENTS)
CHARACTERY* (*) ORBIT SCENARIO FILE

STATUS = XO ORBIT ABS FROM REL (SAT ID, ORBIT SCENARIO FILE,

& ABS ORBIT, REL ORBIT,
& CYCLE, PHASE, REL SWITCH,
& RESULT VECTOR, IERR)
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7.21.3 Input parameters
Table 85: Input parameters for xo_orbit_abs_from_rel
C name C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
orbit_id xo_orbit | - Structure that contains the - -
_id* orbit data
rel_orbit long * Relative orbit number
cycle long * Cycle number
7.21.4 Output parameters
Table 86: Output parameters for xo_orbit_abs_from_rel
Array Description Unit Allowed
Sl C type Element (Reference) (Format) Range
xo_orbit_abs_from long Main status flag, -1,0,1
_rel
abs_orbit long * Absolute orbit number within
orbit_id
range
phase long * Phase number
ierrfXO_ORBIT_ABS | long all Error status flags
_FROM_REL]
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7.21.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_orbit_abs _from_rel CFI func-
tion after translating the returned status vector into the equivalent list of error messages by calling the func-
tion 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 pv_utcanx CFI function by calling the function of the EXPLORER ORBIT software
library xo_get_code (see [GEN_SUM]).

Table 87: Error messages of xo_orbit_abs_from_rel function

Error . Error
Error message Cause and impact Error Code
type No
ERR | Orbit Id. is not initialised. Computation not per- XO_CFI_ORBIT_ABS FR 0
formed OM_REL_ORBIT_INIT_E
RR
ERR | The orbit numbers could Computation not per- XO_CFI_ORBIT_ABS FR 1
not be computed with the formed OM_REL_ORBIT_WRON
current orbit initialization. G_MODE_ERR
ERR | Wrong input relative orbit Computation not per- XO_CFI_ORBIT_ABS FR 2
and/or cycle. formed OM_REL_INPUT_PARAM
ETER_ERR

7.21.6 Runtime performances

The following runtime performances have been measured:
Table 88: Runtime performances of xo_orbit_abs_from_rel function

Calls | Ultra Sparc I1-400[msec]

TBD TBD
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7.22 xo_orbit_abs_from_phase

7.22.1 Overview

The xo_orbit_abs_from_phase function retrieves from an Orbit Scenario File (previously initialised
through the orbit Id) the absolute orbit corresponding to a given phase.

7.22.2 Calling sequence of xo_orbit_abs_from_phase
For C programs, the call to xo_orbit_abs_from_phase is (input parameters are underlined, some may be

input or output depending on the calling mode):

#include <explorer orbit.h>

{

X0 _orbit id orbit id = {NULL};
long abs orbit, rel orbit, cycle, phase;
long ierr[XO NUM ERR ORBIT ABS FROM REL], status;

status = xo _orbit abs from phase (&orbit id,
&phase,
&abs orbit,
&rel orbit, é&cycle,

ierr);
/* Or, using the run id */
long run id;
status = xo _orbit abs from phase run (&run id,
&phase,

&abs orbit,
&rel orbit, é&cycle,
ierr);

For FORTRAN programs xo_orbit_abs_from_phase has the following calling sequence (input parame-
ters are underlined, note that the C preprocessor must be used because of the presence of the #include state-

ment):

#include "explorer orbit.inc”
INTEGER*4 SAT ID, REL SWITCH
INTEGER*4 ABS ORBIT, REL ORBIT, CYCLE, PHASE
INTEGER*4 REPEAT CYCLE, CYCLE LENGT
INTEGER*4 IERR(XO NUM ERR ORBIT INFO FROM ABS), STATUS
REAL*8 RESULT VECTOR (XO ORBIT INFO EXTRA NUM ELEMENTS)
CHARACTERY* (*) ORBIT SCENARIO FILE

STATUS = XO ORBIT ABS FROM PHASE (SAT ID, ORBIT SCENARIO FILE,
& ABS ORBIT, REL ORBIT,
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& CYCLE, PHASE,
& RESULT VECTOR,

IERR)

REL SWITCH,
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7.22.3 Input parameters
Table 89: Input parameters for xo_orbit_abs_from_phase
C name C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
orbit_id xo_orbit | - Structure that contains the - -
_id* orbit data
phase long * Phase number
7.22.4 Output parameters
Table 90: Output parameters for xo_orbit_abs_from_phase
Array Description Unit Allowed
nam
< € C type Element (Reference) (Format) Range
xo_orbit_abs_from | long Main status flag, -1,0,1
_phase
abs_orbit long * Absolute orbit number within
orbit_id
range
rel_orbit long * Relative orbit number
cycle long * Cycle number
ierrfXO_ORBIT_ABS | long all Error status flags
_FROM_PHASE]
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7.22.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xo_orbit_abs from_phase 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 pv_utcanx CFI function by calling the function of the EXPLORER ORBIT software
library xo_get_code (see [GEN_SUM]).

Table 91: Error messages of xo_orbit_abs_from_phase function

Error . Error
Error message Cause and impact Error Code
type No
ERR | Orbit Id. is not initialised. Computation not per- XO_CFI_ORBIT_ABS FR 0
formed OM_PHASE_ORBIT_INIT
_ERR
ERR | The orbit numbers could Computation not per- XO_CFI_ORBIT_ABS _FR 1
not be computed with the formed OM_PHASE_ORBIT_WR
current orbit initialization. ONG_MODE_ERR
ERR | Wrong input phase Computation not per- XO_CFI_ORBIT_ABS FR 2
number. formed OM_PHASE_INPUT_PAR
AMETER_ERR

7.22.6 Runtime performances

The following runtime performances have been measured:
Table 92: Runtime performances of xo_orbit_abs_from_phase function

Calls | Ultra Sparc I1-400[msec]

TBD TBD
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8 LIBRARY PRECAUTIONS

The following precautions shall be taken into account when using EXPLORER_ORBIT software library:

*  When a message like
EXPLORER ORBIT >>> ERROR in xo_function: Internal computation error # n

or
EXPLORER ORBIT >>> WARNING in xo_function: Internal computation warning # n

appears, run the program in verbose mode for a complete description of warnings and errors, and
call for maintenance if necessary.
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9 KNOWN PROBLEMS

The following precautions shall be taken into account when using the CFI software libraries:

Table 93: Known problems

CFI library Problem

Work around solution

Spot model Functionality is not currently available |-

Xo_propag_spot_init |Functionality is not currently available -

o internol Extrapolation is only allowed for Doris
- P Navigation Files and ROF files
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