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3.5

Maintenance release.

New features for x|_time_ref_init_file.
New features for xl_change_cart_cs
New functions prototypes:

- xl_cart_to_radec

- xl_radec_to_cart

- xl_star_catalog

- xl_topocentric_to_ef

- xl_ef_to_topocentric

26/05/06

3.6

Maintenance release.

New features:

- xI_change_cart_cs

- SMOS UTC proteus time format

- Parameters for SENTINEL-1

New functions implemented:

- xl_euler_to_matrix and xl_matrix_to_euler

- xl_cart_to_radec and xl_radec_to_cart

- x|_star_catalog

- x|_topocentric_to_ef and xl_ef_to_topocentric

24/11/06

3.7

* Maintenance release
* New features:
- Function expcfi_check_libs

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

13/07/07

3.7.2

* Maintenance release
* New features:

- Parameters for SENTINEL-2, SENTI-
NEL-3 and SEOSAT

- Generic Satellite

31/07/08

3.7.3

» Maintenance release

* New features:
- Time initialization with list of files
- Time initialization with OSF

07/05/10
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1 SCOPE

The EXPLORER_LIB Software User Manual provides taied description of usage of the CFI functions
included within the EXPLORER_LIB CFI software liloya
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2 ACRONYMS AND NOMENCLATURE

2.1 Acronyms

ANX
AOCS
ASCII
BOM
CFI
EOM
ESA
ESTEC
GPL
GPS
IERS
I/F

LS
OBT
OSF
SRAR
SUM
TAI
uTC
uT1
WGS[84]

Ascending Node Crossing

Attitude and Orbit Control Subsystem
American Standard Code for Information Inteange
Beginning Of Mission

Customer Furnished Item

End Of Mission

European Space Agency

European Space Technology and Research Centre
GNU Public License

Global Positioning System
International Earth Rotation Service
Interface

Leap Second

On-board Binary Time

Orbit Scenario File

Satellite Relative Actual Reference
Software User Manual

International Atomic Time
Coordinated Universal Time
Universal Time UT1

World Geodetic System 1984

2.2 Nomenclature

CFlI

CFI function
Library

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

tributed by ESA to the users as an independent unit

A single function within a CFl that can be calledthe user
A software library containing all the CFI functiomgluded within a CFI plus the

supporting functions used by those CFI functiorsn@parently to the user)
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3 APPLICABLE AND REFERENCE DOCUMENTS

3.1 Applicable Documents

[GEN_SUM] Earth Explorer Mission CFl Software. GesleBoftware User Manual. EE-MA-
DMS-GS-0002. Issue 3.7.3 07/05/10

3.2 Reference Documents

[MCD] Earth Explorer Mission CFI Software. ConvemtDocument. EE-MA-DMS-GS-
0001. Issue 1.0 27/10/09.

[MSC] Earth Explorer Mission CFI Software. Missiopegific Custumozations. EE-MA-
DMS-GS-0018. Issue 1.0 27/10/09.

[F_H_SUM] Earth Explorer Mission CFl Software. EXPRER_FILE_HANDLING Software

User Manual. EE-MA-DMS-GS-0008. Issue 3.7.3 07/05/1

[D_H_SUM] Earth Explorer Mission CFI Software. EXPRER_DATA HANDLING Soft-
ware User Manual. EE-MA-DMS-GS-007. Issue 3.7.3670.

[IERS] http://www.iers.org/iers/publications/bulles/
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4 INTRODUCTION

4.1 Functions Overview

This software library contains all low-level gemeroutines, supporting all the other CFI functions.
The following CFI functions are included:

4.1.1 Time Computations

All time time computations are peformed internaifyng the continuous TAI time reference. Theretbee
input and output parameters are converted intgrb@llhe adequate time reference.

4.1.1.1 Time Reference Transformations Initialization

xI_time_ref _init_file: initializes time correlations between TAI, UTCTUand GPS times from
reference data files.

xl_time_ref _init: initializes time correlations between TAI, UTCTUand GPS times from input
reference times.

xI_time_close cleans up any memory allocation performed byinitelization functions.

xl_time_get_leap_second_infaetrieves the leap second location (if any) initiigalised time
range.

4.1.1.2 Time Format and Reference Transformations

xl_time_ascii_to_asciitransforms a time expressed in a given ASCII farand reference (TAl,
UTC, UT1 or GPS) into a time in a different ASGdriat and/or reference (TAIl, UTC, UT1 or
GPS).

xI_time_ascii_to_transport transforms a time expressed in a given ASCII farand reference
(TAI, UTC, UT1 or GPS) into a time in a Transpantrhat, performing a reference transformation if
necessary (to TAl, UTC, UT1 or GPS).

xI_time_ascii_to_processingtransforms a time expressed in a given ASCI| forand reference
(TAI, UTC, UT1 or GPS) into a time in Processingmfat, performing a reference transformation if
necessary (to TAl, UTC, UT1 or GPS).

xl_time_processing_to_asciitransforms a time expressed in Processing foamdta given refer-
ence (TAI, UTC, UT1 or GPS) into a time in an AS@itmat, performing a reference transforma-
tion if necessary (to TAI, UTC, UT1 or GPS).

xI_time_processing_to_transport transforms a time expressed in Processing foameta given
reference (TAI, UTC, UT1 or GPS) into a time inm@fisport format, performing a reference trans-
formation if necessary (to TAI, UTC, UT1 or GPS).

xl_time_processing_to_processingransforms a time expressed in Processing foamata given
reference (TAI, UTC, UT1 or GPS) into a time in &¥ssing format with a different reference (TAl,
UTC, UT1 or GPS).

xI_time_transport_to_ascit transforms a time expressed in a given Trandportat and reference
(TAI, UTC, UT1 or GPS) into a time in an ASCII foat performing a reference transformation if
necessary (to TAl, UTC, UT1 or GPS).

xl_time_transport_to_transport: transforms a time expressed in a given Trandpariat and ref-
erence (TAl, UTC, UT1 or GPS) into a time in a éi#nt Transport format and/or reference (TAl,
UTC, UT1 or GPS).
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» xl_time_transport_to_processing transforms a time expressed in a given Trandpamat and
reference (TAI, UTC, UT1 or GPS) into a time in &esing format, performing a reference trans-
formation if necessary (to TAI, UTC, UT1 or GPS).

4.1.1.3 Operation between Dates

* xl_time_add: adds a duration to a TAIl, UTC, UT1 or GPS timeressed in Processing format.
« x| _time_diff: subtracts two TAI, UTC, UT1 or GPS times expresseProcessing format.

4.1.1.4 Transformations from/to On-board Times

« x| _time_obt_to_time transforms an On-board Time (OBT) into a TAIl, UTCT1 or GPS time in
Processing format.

» xl_time_time_to_obt transforms a TAI, UTC, UT1 or GPS time expresiseflrocessing format
into an On-board Time (OBT).

4.1.2 Coordinate Systems Transformations

4.1.2.1 Reference Frames Transformations

« xl_change_cart_cstransforms a state vector between different doatd systems.
» xl_topocentric_to_ef:transforms a state vector from topocentric coorgiméo the Earth Fixed CS.
« xl|_ef to_topocentric:transforms a state vector from the Earth Fixedd@®pocentric coordinates.

4.1.2.2 Attitude-related Computations

« x| _euler_to_matrix: computes the elements of the coordinate transftbom matrix with respect to
the attitude frame given the corresponding Eult@tion vector in the roll, pitch and yaw sequence.

» xI_matrix_to_euler: derives the Euler rotation vector with respedi® attitude frame in the roll,
pitch and yaw sequence given the correspondingdatete transformation matrix.

« xl|_get _rotation_angles calculates the rotation angles between two deatstiboonormal right-
handed unit vectors expressed wrt an identicaldinate frame.

» xl_get_rotated_vectors calculates the rotated unit vectors given a ahi vectors and the rota-
tion angles expressed wrt an identical coordinaené.

« xl|_quaternions_to_vectors calculates the orthonormal unit vectors fromaegiset of quater-
nions.

» xl_vectors_to_quaternions calculates the set of quaternions that correspodset of orthonor-
mal unit vectors.
4.1.2.3 Coordinates Transformations
« x| _geod to_cart transforms from Geodetic to Cartesian coordinates
« x| _cart_to_geod transforms from Cartesian to Geodetic coordinates
» xl_cart_to_radec transforms from a cartesian vector to right asmenand declination.
« x| _radec_to_cart transforms from right ascension and declinatma tartesian vector.

4.1.2.4 State Vector Transformations

« Xxl|_kepl_to_cart: transforms from Keplerian to Cartesian coordinate
* xl_cart_to_kepl: transforms from Cartesian to Keplerian coordisate

4.1.2.5 Position on orbit calculations
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» xl_position_on_orbit: calculates a value describing the position ofsaiellite within the orbit,
using as input a Cartesian orbit state vector.

4.1.3 Other Basic Computations

» xI_sun: calculates the position and velocity of the Suthie Earth Fixed coordinate system
« xl_moon: calculates the Moon position and velocity in Berth Fixed coordinate system

» xl_planet: calculates the position and velocity of a selegiianet in the Earth Fixed coordinate
system

« x| _star_radec calculates the right ascension and declinatioa sthr in the True of Date coordi-
nate system.

» xl_geod_distancecalculates the geodesic distance between twdgthat lay on the same ellip-
soid, and the azimuth of the related geodesicdir@th points.

« x| _star_catalog calculates the star coordinates in a star cat@ogference frame.

4.2 Time Reference Transformations Calling Sequence

Time reference transformations ,and other functisits time as input, requires the user to initialeor-
relations between the different allowed time refiees, i.e. TAl, UTC, UT1 and GPS time. In ordeats
complish such correlations, two possible strategéasbe used:

 Initialisation from a single or multiple orbit &6 &l_time_ref _init_file).
 Initialisation from a given set of time referendgk time_ref _init).

The correlations are stored in a data structurd,the software returns a pointer to it, in additiorthe
validity range of the initialisation. This strucéuis referred to as thiameld.

Once the initialisation has been performed, the issable to transform any date expressed in ortheof

allowed time references to another, through theeTkarmat / Reference Transformation functions. The
timeld has to be provided to each of these functions.pfbeess can be repeated as needed without inital-

ising the time correlations each time.
After finalising the transformations, thieneld must be freedx{_time_closg.
A complete view of the time reference transformadisequence is presented in figure 1.
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Figure 1: Time reference transformations sequence

There is a second way of calling the functions teqtire aimeld as input.

Similar initialisation functions exist in other CHiraries, resulting in variousis being generated. It is pos-
sible to group differerdsinto a single entity callecunid. Using this method, a singlanld can be passed

to all functions across the different librariesterad of passing sevetdk through the interface.

In this case, the first step would be to creatditneld. Then, arunld can be generated using as input the
timeld. Thisrunld is then passed through the interface to equivdiemitions to those described before

(ending in “_run”).

A detailed description of each function is providedection 7.

Please refer also to:
« [MCD] for a detailed description of the time redaces and formats, coordinate systems, parameters

and models used in this document.

* [GEN_SUM] for a complete overview of the CFI, angarticular the detailed description of tiue
concept and the error handling functions.
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5 LIBRARY INSTALLATION

For a detailed description of the installation oy £ FI library, please refer to [GEN_SUM].
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6 LIBRARY USAGE

Note that to use the EXPLORER_LIB software librahg following other CFI software libraries are re-
quired:

 EXPLORER FI LE_HANDLI NG (See [F_H_SUM])).
* EXPLORER _DATA HANDLI NGF_H_SUM]
It is also needed to have properly installed ingyxgtem the following external GPL libary:
 LIBXM.2 (see [GEN_SUM].
and the POSIX thread library:
 libpthread.so (pthread.lib for WINDOWS)

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

e explorer _|ib.h (for a C application)

To link correctly this application, the user mustlude in his linking command flags like (assuming
cfi_lib_dir andcfi_include dir are the directories where respectively all CFidiis and include files have
been installed, see [GEN_SUM] for installation mdares):

* SOLARIS/LINUX:
-lcfi_include_dir -Lcfi_lib_dir -lexplorer_lib
-l expl orer _data_handling -lexplorer file_handling
-l xm 2 -1 pthread
 WINDOWS:
/1 "cfi_include_dir" /libpath:"cfi_lib_dir" Iibexplorer_lib.lib

| i bexpl orer _data handling.lib
| i bexplorer file handling.lib

libxm 2. lib pthread.lib
* MacOS:
-lcfi_include_dir -Lcfi_lib_dir -lexplorer_lib
-1 expl orer _dat a_handl i ng
-l explorer_file_handling
- | pt hr ead
-framewor k | i bxm
-framework |i bi conv

All functions described in this document have a eatarting with the prefix| _

To avoid problems in linking a user applicationtwihe EXPLORER_L| B software library due to the ex-
istence of names multiple defined, the user apjtinashould avoid naming any global software itega b
ginning with either the prefiXL_ or x| _.

It is possible to call the following CFI functioff®m a user application.
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Table 1: CFI functions included within EXPLORER_LIB library
Function Name Enumeration value Long
Main CFI Functions

x|_time_transport_to_ascii XL_TIME_TRANSPORT_TO_ASCIl_ID 0
x|_time_transport_to_transport XL_TIME_TRANSPORT_TO_TRANSPORT_ID 1
x|_time_transport_to_processing XL_TIME_TRANSPORT_TO_PROCESSING_ID 2
x|_time_processing_to_ascii XL_TIME_PROCESSING_TO_ASCII_ID 3
x|_time_processing_to_transport XL_TIME_PROCESSING_TO_TRANSPORT_ID 4
xl_time_processing_to_processing | XL_TIME_PROCESSING_TO_PROCESSING_ID 5
x|_time_ascii_to_ascii XL_TIME_ASCII_TO_ASCII_ID 6
x|_time_ascii_to_transport XL_TIME_ASCIlI_TO_TRANSPORT_ID 7
x|_time_ascii_to_processing XL_TIME_ASCIlI_TO _PROCESSING_ID 8
xl_time_add XL_TIME_ADD_ID 9
xl_time_diff XL_TIME_DIFF_ID 10
x|_time_obt_to_time XL_TIME_OBT_TO_TIME_ID 11
x|_time_time_to_obt XL_TIME_TIME_TO_OBT_ID 12
xl_time_ref_init_file XL_TIME_REF_INIT_FILE_ID 13
xl_time_ref_init XL_TIME_REF_INIT_ID 14
x|_time_ref close XL _TIME_CLOSE_ID 15
xl_change_cart_cs XL_CHANGE_CART_CS_ID 16
xI_geod_to_cart XL_GEOD_TO_CART_ID 17
x|_cart_to_geod XL _CART_TO_GEOD_ID 18
xl_kepl_to_cart XL_KEPL TO CART_ID 19
xl_cart_to_kepl XL _CART_TO_KEPL_ID 20
xl_sun XL_SUN_ID 21
xI_moon XL_MOON_ID 22
x|_planet XL _PLANET_ID 23
x|_star_radec XL_STAR_RADEC_ID 24
x|_geod_distance XL_GEOD_DISTANCE_ID 25
xl_time_get _leap_second_info XL _TIME_GET_LEAP_SECOND_INFO_ID 26
x|_default_sat_init XL_DEFAULT_SAT_INIT_ID 27
xl_run_init XL_RUN_INIT_ID 28
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Function Name Enumeration value Long
x|_get_rotation_angles XL _GET_ROTATION_ANGLES ID 29
xl_get_rotated_vectors XL _GET_ROTATED_VECTORS ID 30
x|_position_on_orbit XL_POSITION_ON_ORBIT 31
x|_quaternions_to_vectors XL_QUATERNIONS TO_VEC_ID 32
x|_vectors_to_quaternions XL _VEC_TO_QUATERNIONS_ID 33
x|_star_catalog XL_STAR_CATALOG_ID 34
x|_cart_to_radec XL _CART_TO_RADEC_ID 35
xl_radec_to_cart XL_RADEC_TO _CART_ID 36
x|_topocentric_to_ef XL_TOPOCENTRIC_TO_EF_ID 37
x|_ef _to_topocentric XL_EF_TO_TOPOCENTRIC_ID 38
Error Handling Functions
xl_verbose not applicable
xl_silent
xl_get_code
x|_get_msg
xl_print_msg

Notes about the table

» To transform the extended status flag returned BYI function to either a list of error codes or a
list of error messages, the enumeration valuen@rcorresponding long value) described in the
table must be used

» The error handling functions have no enumeratéaesa
Whenever available is strongly recommended to use enumeration valserather than integer values

6.1 Usage hints

The runtime performances of few of the CFI functiame improved to a large extent if they are caiheal
consecutive times keeping constant some of thpirts

* x|l _change_cart _cs:time (reference and value).
* x| _pl anet : time (reference and value).
« x| _star_radec:time (reference and value).

In fact, the time, position, velocity and accelenatvectors do not need to keep exactly constaltragas
the difference between two consecutive calls lagBimthe following thresholds:

« TAI/UT1/UTC time: 0.0864 microseconds
*« GPS time: TBD microseconds

Furthermore, the same runtime improvement is aeli@v other CFI functions that, although the usay m

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual



deimHs Eesa

S P A C E

EOMECSEHINNNNNEDEED

Code:
Date:
Issue:
Page:

EE-MA-DMS-GS-0003

07/05/2010
3.7.3
32

not need to call two consecutive times with thesamputs, are called internally by other higheele®FI
functions in those conditions, and thus improving tuntime performances of the latter. This isdase
of the following CFI functions:

« x| _cart _to_geod: position, velocity and acceleration vectors
* x| _sun: time (reference and value)
* x| _moon: time (reference and value)

With the following thresholds:
» Position vector: 0.6e-3 m
* Velocity vector: 0.6e-6 m/s
« Acceleration vector: 0.6e-9 /s

Every CFI function has a different length of thedéVector, used in the calling I/F examples o§t8UM
and defined at the beginning of the library hedderIn order to provide the user with a singléueathat
could be used as Error Vector length for every fiom¢ a generic value has been defined
(XL_LERR_VECTOR_MAX_LENGTH) as the maximum of alleterror Vector lengths. This value can
therefore be safely used for every call of function this library.

6.2 General Enumerations

The aim of the current section is to present thereration values that can be used rather thanenteg
parameters for some of the input parameters cEXIRLORER_LIB routines, as shown in the table
below. The enumerations presented in [GEN_SUMBpise applicable.

Table 2: Enumerations within EXPLORER_LIB library

Input seikien Enumeration value Long

Time reference Undefined XL_TIME_UNDEF -1
TAI XL_TIME_TAI 0
UTC XL_TIME_UTC 1
uTl XL_TIME_UT1 2
GPS XL_TIME_GPS 3

Processing format Standard XL_PROC 0

Transport time format |Standard XL_TRANS_STD 0
Envisat Ground Segment XL_TRANS _ENVI_GS 11
CryoSat Ground Segment XL_TRANS CRYO_GS 21
CryoSat General Telemetry XL_TRANS CRYO_TM 22
CryoSat SIRAL Telemetry XL_TRANS_CRYO_TM_SIRAL 23
SMOS transport time format XL_TRANS SMOS T™M 31

ASCII time format Undefined XL_ASCIl_UNDEF -1
Standard XL_ASCII_STD 11
Standard with reference XL_ASCIl_STD_REF 12
Standard with microsecs XL_ASCIl_STD_MICROSEC 13
Standard with reference and micro- [XL_ASCIl_STD_REF_MICROSEC 14
secs
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Table 2: Enumerations within EXPLORER_LIB library

Input DIl Enumeration value Long
Compact XL_ASCIl_COMPACT 21
Compact with reference XL_ASCIl_COMPACT_REF 22
Compact with microsecs XL_ASCIl_COMPACT_MICROSEC 23
Compact with reference and micro- [XL_ASCII_COMPACT_REF _MICROSE| 24
secs C
Envisat XL_ASCII_ENVI 31
Envisat with reference XL_ASCIl_ENVI_REF 32
Envisat with microsecs XL_ASCIl_ENVI_MICROSEC 33
Envisat with reference and microsecs|XL_ASCII_ENVI_REF_MICROSEC 34
CCSDS-A XL_ASCII_CCSDSA 41
CCSDS-A with reference XL_ASCIlI_CCSDSA_REF 42
CCSDS-A with microsecs XL_ASCIl_CCSDSA_MICROSEC 43
CCSDS-A with reference and micro- [XL_ASCIl_CCSDSA_REF _MICROSEC| 44
secs
CCSDS-A compact XL_ASCIl_CCSDSA_COMPACT 51
CCSDS-A compact with reference XL_ASCIl_CCSDSA COMPACT_REF 52
CCSDS-A compact with microsecs |[XL_ASCIl_CCSDSA_COMPACT_MICR| 53
OSEC

CCSDS-A compact with reference XL_ASCIl_CCSDSA COMPACT_REF | 54
and microsecs MICROSEC

Time Initialization Initialization from file (data-driven) XL_SEL_FILE 0

Mode Initialization within a time range XL_SEL_TIME 1
Initialization within a range of orbits | XL_SEL_ORBIT 2
(not used in LIB) XL_SEL_DEFAULT 3

Time Initialization Select the file type automatically XL_TIMEMOD_AUTO -2

Model User defined XL_TIMEMOD_USER 1
None XL_TIMEMOD_NONE 0
IERS Bulletin B - Table 1 (Predicted) |XL_TIMEMOD_IERS_B_PREDICTED 1
IERS Bulletin B - Table 2 (Restituted) [ XL_TIMEMOD_IERS_B_RESTITUTED | 2
FOS Predicted Orbit File XL_TIMEMOD_FOS_PREDICTED 3
FOS Restituted Orbit File XL_TIMEMOD_FOS_RESTITUTED 4
DORIS Preliminary Orbit XL_TIMEMOD_DORIS_PRELIMINARY | 5
DORIS Precise Orbit XL_TIMEMOD_DORIS_PRECISE 6
DORIS Navigator XL_TIMEMOD_DORIS_NAVIGATOR 7
Orbit Scenario File XL_TIMEMOD_OSF 8

Reference frame Barycentric Mean of 2000 XL_BM2000 1
Heliocentric Mean of 2000 XL_HMZ2000 2
Geocentric Mean of 2000 XL_GM2000 3
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Table 2: Enumerations within EXPLORER_LIB library
Input DIl Enumeration value Long
Mean of Date XL_MOD 4
True of Date XL_TOD 5
Earth Fixed XL_EF 6
Barycentric Mean of 1950 XL_BM1950 7
Galactic Coordinates XL_GALACTIC 8
Extended reference Barycentric Mean of 2000.0 BAR_MEAN_2000 1
frames Heliocentric Mean of 2000.0 HEL_MEAN_2000 2
Geocentric Mean of 2000.0 GEO_MEAN_2000 3
Mean of date MEAN_DATE 4
True of date TRUE_DATE 5
Earth Fixed EARTH_FIXED 6
Barycentric Mean of 1950 BAR_MEAN_1950 7
Galactic Coordinates GALACTIC 8
Satellite relative actual reference cs |[SAT_ACT_REF 9
Quasi-Mean of Date QUASI_MEAN_DATE 10
Pseudo-True of Date PSE_TRUE_DATE 11
Quasi-True of Date QUASI_TRUE_DATE 12
Topocentric coordinate system TOPOCENTRIC 13
Satellite reference frame SAT_REF 14
Satellite relative reference frame SAT_REL_REF 15
Kepler OSV mode Mean Kepler State Vector XL_KEPLER_MEAN 1
Osculating Kepler State Vector XL_KEPLER_OSC 2
Planet ID Mercury XL_MERCURY 1
Venus XL_VENUS 2
Earth-Moon barycenter XL_EM_BAR 3
Mars XL_MARS 4
Jupiter XL_JUPITER 5
Saturn XL_SATURN 6
Uranus XL_URANUS 7
Neptune XL_NEPTUNE 8
Calculation mode Position XL_CALC_POS 1
Position and velocity XL_CALC_POS VEL 2
Position, velocity and acceleration XL_CALC_POS VEL ACC 3
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Table 2: Enumerations within EXPLORER_LIB library
Input DIl Enumeration value Long
AOCS mode Default Cx, Cy, Cz values XL_AOCS DEFAULT 0
User defined Cx, Cy, Cz values XL_AOCS _USER 1
Geocentric pointing XL_AOCS _GPM 2
Local normal pointing XL_AOCS LNP 3
Yaw steering + local normal pointing |XL_AOCS_YSM 4
Angle Type True Latitude (TOD) XL_ANGLE_TYPE_TRUE_LAT_TOD 1
Mean Latitude (TOD) XL_ANGLE_TYPE_MEAN_LAT_TOD 2
Derivatives No derivative XL_NO_DER 0
First derivative is also calculated XL _DER_1ST 1
First and second derivative. XL_DER_2ND 2
Type of Ids Unknown XL_INIT_UNKNOWN 0
runid XL_INIT_RUN 1
timeld XL_INIT_TIME 2
orbitld (not used in LIB) XO_INIT_ORBIT 3
propagld (not used in LIB) XO_INIT_PROPAG 4
interpolld (not used in LIB) XO_INIT_INTERPOL 5
sat_nom_att_Id (not used in LIB) XP_INIT_SAT _NOM_ATT 6
sat_att_Id (not used in LIB) XP_INIT_SAT _ATT 7
instr_att_Id (not used in LIB) XP_INIT_INSTR_ATT 8
attitudeld (not used in LIB) XP_INIT_ATTITUDE 9
atmosld (not used in LIB) XP_INIT_ATMOS 10
demld (not used in LIB) XP_INIT_DEM 11
targetld (not used in LIB) XP_INIT_TARGET 12
Boolean values False XL_FALSE 0
True XL_TRUE 1
Star Catalogues FK4 Star catalogue XL_FK4 0
FK5 Star catalogue XL_FK5 1
Vector mode flag Point location XL_MODE_FLAG_LOCATION 0
Direction vector XL_MODE_FLAG_DIRECTION 1

The use of the previous enumeration values coulg$teicted by the particular usage within theatigt
CFI functions. The actual range to be used is atdit within a dedicated reference narakowed range.
When there are not restrictions to be mentionedattowed range column is populated with the |labsi-

plete.

The meanings and units of the different array el@m&om the Transport time strongly depend upen th

selected Transport format (by means of the Trangponat ID). The table below shows the choices:
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Table 3: Transport time formats

Input Array Element Unit (Format) Allowed Range

XL_TRANS_STD [0] Integer days [-18262,36524]

[1] Integer seconds [0,86399]

[2] Integer microseconds [0,999999]
XL_TRANS_ENVI_GS [0] Integer days [-18262,36524]

[1] Integer seconds [0,86399]

[2] Integer microseconds [0,999999]
XL_TRANS_CRYO_GS [0] Integer days [-18262,36524]

[1] Integer seconds [0,86399]

[2] Integer microseconds [0,999999]
XL_TRANS_CRYO_TM [0] Integer days [-18262,36524]

[1] Integer milliseconds [0,86399999]

[2] Integer microseconds [0,999]
XL_TRANS_CRYO_TM_SIRAL ([0] Integer days [-18262,36524]

[1] Integer milliseconds [0,86399999]

[2] Integer microseconds [0,999]

[3] SIRAL extra counter [0,1745454545]
XL_TRANS SMOS T™M [0] Week number [-1566, 6260]

[1] Seconds of week [0, 604799]

[2] Fraction of seconds [0, 65535]

The string characteristics of the ASCII time formdepends strongly upon the selected ASCII forimat (
means of the ASCII format ID). The tables belowwltbe available choices:

Note that the value of 86400 for seconds (and 88@0®or milliseconds) is accepted only for UTC ase
a leap second is being introduced. This may happbnat 23:59 minutes and only on four days ofytear
(31/03, 30/06, 30/09, 31/12). The decision to idtree a leap second in UTC is the responsibilitthef

International Earth Rotation Service (IERS). S&R[B] for further details.
For further details on the SIRAL extra countertfoe Cryosat mission please see [MCD].

Table 4: Basic ASCII time formats

Input String format
XL_ASCII_UNDEF -
XL_ASCII_STD “yyyy-mm-dd_hh:nn:ss*
XL_ASCIl_COMPACT “yyyymmdd_hhnnss*
XL_ASCII_ENVI “dd-mmm-yyyy hh:nn:ss”
XL_ASCIl_CCSDSA “yyyy-mm-ddThh:nn:ss*
XL_ASCII_CCSDSA_COMPACT “yyyymmddThhnnss*
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where:

Table 5: Derived ASCII time formats

Input

String format

XL_ASCIl_STD_REF

“RRR=yyyy-mm-dd_hh:nn:ss"

XL_ASCII_STD_MICROSEC

“yyyy-mm-dd_hh:nn:ss.uuuuuu®

XL_ASCIl_STD_REF_MICROSEC

“RRR=yyyy-mm-dd_hh:nn:ss.uuuuuu®

XL_ASCIl_COMPACT_REF

“RRR=yyyymmdd_hhnnss"

XL_ASCIl_COMPACT_MICROSEC

“yyyymmdd_hhnnssuuuuuu®

XL_ASCIl_COMPACT_REF_MICROSEC

“RRR=yyyymmdd_hhnnssuuuuuu*

XL_ASCIl_ENVI_REF

“RRR=dd-mmme-yyyy hh:nn:ss”

XL_ASCII_ENVI_MICROSEC

“dd-mmm-yyyy hh:nn:ss.uuuuuu”

XL_ASCIl_ENVI_REF_MICROSEC

“RRR=dd-mmm-yyyy hh:nn:ss.uuuuuu”

XL_ASCIl_CCSDSA_REF

“RRR=yyyy-mm-ddThh:nn:ss"

XL_ASCIl_CCSDSA_MICROSEC

“yyyy-mm-ddThh:nn:ss.uuuuuu®

XL_ASCIl_CCSDSA_REF_MICROSEC

“RRR=yyyy-mm-ddThh:nn:ss.uuuuuu”

XL_ASCIl_CCSDSA_COMPACT_REF

“RRR=yyyymmddThhnnss"

XL_ASCIl_CCSDSA_COMPACT_MICRO
SEC

“yyyymmddThhnnssuuuuuu®

XL_ASCIl_CCSDSA_COMPACT_REF_
MICROSEC

“RRR=yyyymmddThhnnssuuuuuu®

* yyyy stands for the year

* mm stands for the month expressed as a numericat,coeir01 for January, etc

« mmm stands for the month expressed in abbreviatues]AN, MAR, etc
* dd stands for the day of month

» ddd stands for the day of the year

* hh stands for the hour in the day

* nn stands for the minutes within a hour
» ssstands for the seconds within a minute

e uuuuuu stands for the microseconds within a second

* RRRstands for the time reference (TAI, UTC, UT1 orS3P

In ASCII formats two values are defined, by coni@mtas Beginning of Mission (BOM) and End of Mis-

sion (EOM). These values are listed, for the vaaid®Cll time formats, in table 6 and table 7.

Usually a date with all zeros is seen as EOM, addta with all nines is considered EOM. The only ex
ception are the ENVISAT-specific formats, which use EOM the date December 31st, 2078 at

23:59:59.999999.
Format transformations of BOM and EOM between ASGiinat is allowed.

Time reference is not considered in BOM or EOM sthny time reference is accepted (TAI, UTC, UT1

or GPS) for the values in table 6 and table 7.
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BOM and EOM do not have an equivalent in Processinigansport formats, so if the user tries to @tv

them from ASCII to another non-ASCI| format an enall occur.

Table 6: Definition of BOM and EOM for basic ASCIlI time formats

ASCII format Beginning of Mission End of Mission
XL_ASCII_UNDEF - -
XL_ASCIl_STD “0000-00-00_00:00:00¢ “9999-99-99 99:99:99"
XL_ASCIl_COMPACT “00000000_000000" “99999999 999999"
XL_ASCII_ENVI “00-000-0000_00:00:00" “31-DEC-2078 23:59:59”

XL_ASCIl_CCSDSA

“0000-00-00T00:00:00"

*9999-99-99T99:99:99"

XL_ASCII_CCSDSA_COMPACT

“00000000T000000"

“99999999T999999¢

Table 7: Definition of BOM and EOM for derived ASCII time formats

ASCI| format

Beginning of Mission

End of Mission

XL_ASCIl_STD_REF

“RRR=0000-00-00_00:00:00*

“‘RRR=9999-99-99 99:99:99“

XL_ASCII_STD_MICROSEC

“0000-00-00_00:00:00.000000*

“9999-99-99 99:99:99.999999*

XL_ASCIl_STD_REF_MICROSEC

“RRR=0000-00-
00_00:00:00.000000*

“RRR=9999-99-
99_99:99:99.999999"

XL_ASCIl_COMPACT_REF

“RRR=00000000_000000"

“RRR=99999999 999999"

XL_ASCII_COMPACT_MICROSEC

“00000000_000000000000¢

“99999999 999999999999

OSEC

XL_ASCIl_COMPACT_REF_MICR

“RRR=00000000_000000000000*

“RRR=99999999 999999999999"

XL_ASCIl_ENVI_REF

“RRR=00-000-0000_00:00:00"

“RRR=31-DEC-2078 23:59:59”

XL_ASCII_ENVI_MICROSEC

“00-000-0000_00:00:00.000000"

“31-DEC-2078 23:59:59.999999”

XL_ASCIl_ENVI_REF_MICROSEC

“RRR=00-000-
0000_00:00:00.000000"

“RRR=31-DEC-2078
23:59:59.999999”

XL_ASCIl_CCSDSA_REF

“RRR=0000-00-00T00:00:00"

“RRR=9999-99-99T99:99:99"

XL_ASCII_CCSDSA_MICROSEC

“0000-00-00T00:00:00.000000¢

“9999-99-99T99:99:99.999999“

XL_ASCIl_CCSDSA_REF_MICRO

“RRR=0000-00-

“RRR=9999-99-

SEC 00T00:00:00.000000* 99T799:99:99.999999*
XL_ASCIl_CCSDSA_COMPACT_R |"RRR=00000000T000000* “RRR=99999999T999999*

EF

XL_ASCIl_CCSDSA_COMPACT_M [“00000000T000000000000" “99999999T999999999999*
ICROSEC

XL_ASCIl_CCSDSA_COMPACT_R |“RRR=00000000T000000000000* |“RRR=99999999T999999999999"
EF_MICROSEC

where:

* RRRstands for the time reference (TAI, UTC, UT1 orS3P
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6.3 Data Structures

The aim of the current section is to present tha dawuctures that are used in the EXPLORER_LIB
library. The structures are currently used for@lke Identifiers accessor functions. The followiable

show the structures with their names and the tatacontain:

Table 8: EXPLORER_LIB structures

Structure name

Data

Variable Name

C type

Description

x|_par_der deriv XL_Deriv_enum | Flag to indicate If the 1st am2
derivatives are defined
p double The parameter, expressed in the
appropiate units
pd double 1st time derivative of the paramete
p2d double 2nd time derivative of the parametq
xI_cord cs XL_CS_rl_enum |Coordinate reference frame
deriv XL_Deriv_enum Flag to indicate if the 1st anti2
derivatives are defined
% double [3] Vector
vd double [3] Vector rate
v2d double [3] Vector rate-rate
xl_cs tra azel flag XL_Boolean Flag to indicate if an azimuth/elevation
definition has been provided.
azel def xl_az_el _definition Azimuth/elevation definition.
ref i XL_CS rl_enum |[Initial reference frame
ref f XL_Attitude_fr_enulfinal reference frame
m
amb_flag XL_Boolean Ambiguity flag
deriv XL_Deriv_enum Flag to indicate if the 1st antt2
derivatives are defined
v double [3] Translation vector from ref_i to ref_f
vd double [3] Translation rate vector from ref_i to ref_f
vad double [3] Translation rate-rate vector from ref_i to
ref f
m double [3][3] Rotation matrix from ref i to ref_f
md double [3][3] Rotation matrix rate from ref_i to ref_f
m2d double [3][3] Rotation matrix rate-rate from ref i to

ref f

=

r
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Table 8: EXPLORER_LIB structures
Structure name Data
Variable Name C type Description
x|_time_correlations |tai_time double TAI time
utl time double UT1 time
tai_utc double difference between TAl and UTC
tai_utl double difference between TAl and UT1
tai_gps double difference between TAI and GPS
xI_leap_second flag long XL_TRUE if the leap second exists
utc_time double UTC time for the leap second
xl_time_id_data num_lines long Number of records in the array with the
time correlations
time_str xl_time_correlations* |Array with the time correlations
leap_sec xl_leap_second Leap second information
xl_az_el_definition |az_0_axis long Azimuth 0° axis (one of the values in
XL_Axis_enum)
az_90_ axis long Azimuth 90° axis (one of the values in
XL_Axis_enum)
el_90 axis long Elevation 90° axis (one of the values in

XL_Axis_enum)
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7 CFl FUNCTIONS DESCRIPTION

The following sections describe each CFI function.

The calling interfaces are described for C users.
Input and output parameters of each CFI functiendmscribed in tables, where C programming language
syntax is used to specify:

» Parameter types (e.g. long, double)

» Array sizes of N elements (e.g. param[N])

* Array element M (e.g. [M])
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7.1 xl_time_ref_init_file

7.1.1 Overview

The x|_time_ref_init_file CFI function initializes time correlations betwe€Al, UTC, UT1 and GPS
times from reference data files. The correlatiors/pled by the different input files can be foundthe
following table.

Table 9: Time reference correlations from reference files

TAI uTC uT1 GPS orbit
FOS Predicted Orbit File X X X x) X
FOS Restituted Orbit File X X X x) X
DORIS Preliminary Orbit X X X x) X
DORIS Precise Orbit X X X x) X
DORIS Navigator File X X X x) X
IERS Bulletin B X X X (x)
format1980
IERS Bulletin B X X X (x)
format2010
Orbit Scenario File X X X x)

Normally a single Predicted or DORIS Orbit filesigfficient to have all correlations needed (thenfark
indicates that the GPS time correlation, althowghat present within the file, can be simulatedsiit is
always a fixed delta from TAI). The last update®RB=Bulletin B can be downloaded from IERS bulletins
web page ([IERS]).

When using an Orbit Scenario File, it must be takémaccount that, since one orbital change can be
far away from the following one, leap seconds cddccalculated wrongly if there is more than one
of the four possible leap second insertion poiatgl(of March, end of June, end of September and end
of December) between them.

In case multiple files are used for the time catiehs initializations, the files should be timeered.

For Orbit Scenario File, only one file is admittéfdmore files are introduced a warning is raised ¢he
computations are performed only with the first QFoduced.

All other input files are ESA-provided. These ialtzation files could even be generated by thesubgr
means of EXPLORER_FILE_HANDLING and EXPLORER_GENLES CFl libraries.

A complete calling sequence of the time referermraputations is presented in section 4.2.

7.1.2 Calling interface

The calling interface of thel_time_ref_init_file CFI function is the following (input parameter® am-
derlined:

#i ncl ude <explorer _lib.h>

{
long tinme_nodel, n_files, time_init_node, time_ref;
l ong orbit0, orbitl;
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char **time_file;

double tineO, tinmel, val _tine0, val _tinel;

xI time_id tinme_id = {NULL};

long ierr[ XL_NUM ERR TIME REF INIT_FILE], status;

status = x|l _tinme_ref __init_file (&inme_nodel, &n files,

}

tinme file, &ine int node,
&ine ref, &inel0, &imel,
&orbit0, &orbitl,

&val _tinme0, &val _tinmel,
&ime_id, ierr);

7.1.3 Input parameters

Thexl_time_ref_init_file CFI function has the following input parameters:

Table 10: Input parameters of xI_time_ref_init_file function

C name

Array Description Unit

Cigps Element| (Reference) (Format)

Allowed Range

time_model

long * |- Time model ID - Complete except
XL_TIMEMOD_USER

Note: When the input file is an
IERS Bulletin B format 1980
file and the time mode is
XL_TIMEMOD_AUTO, then
the time model is set automat-
ically to
XL_TIMEMOD_IERS B RES
TITUTED

Note: When the input file is an
IERS Bulletin B format 2010,
the time models
XL_TIMEMOD_IERS B RES
TITUTED and
XL_TIMEMOD_IERS B PRE
DICTED coincide.

n_files

Number of reference data - >0
files

long *

time_file

Filenames of the reference |- -
data files

char**
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Table 10: Input parameters of xI_time_ref_init_file function

Array Description Unit
SIS SIS Element| (Reference) (Format) Al [REmeE
time_init_mode|long * |- Flag for selecting the time |- Select either:
range of the initialisation: It - XL_SEL_FILE
could be the whole file - XL_SEL_ORBIT
(XL_SEL_FILE), the orbit - XL_SEL_TIME
range given by orbit0-orbitl
(XO_SEL_ORBIT) or the - XL_SEL_ORSBIT is not
time range given by time0- allowed for IERS Bulletins
timel(XO_SEL_TIME) (any format) nor DORIS Navi-
gator files
- XL_SEL_ORBIT and
XL_SEL_TIME are not ena-
bled for OSF
time_ref long * |- Time reference ID - Complete.
If the input file is a DORIS
Navigator file and the
time_init_mode is
XL_SEL_TIME, then only
time_ref allowed is
XL_TIME_UTC.
timeO double*|- If: Decimal [-18262.0,36524.0]
time_init_mode=XL_SEL_TI |days
ME Start of the time range  |(Process-
defined by [time0,timel] ing format)
timel double*|- If: Decimal [-18262.0,36524.0] > time0
time_init_mode=XL_SEL_TI |days
ME (Process-
End of the time range ing format)
defined by [time0,timel]
orbit0 long* |- If: - >=0
time_init_mode=XL_SEL O
RBIT Absolute orbit number
corresponding to the start of
the time range defined by
[ANXorhito, ANXorpit1+1]
orbitl long* |- If: - >orbit0
time_init_mode=XL_SEL O
RBIT Absolute orbit number
corresponding to the end of
the time range defined by
[ANXorpito, ANXorpit1+1]

It is possible to use enumeration values rather thiger values for some of the input arguments:
« Time model ID: time_model. See [GEN_SUM].
» Time reference ID: time_ref. See [GEN_SUM].
» Time range initialisation flag: time_init_mode.e&eurrent document, section 6.2.
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7.1.4 Output parameters

The output parameters of thke time_ref_init_file CFI function are:

Table 11: Output parameters of xI_time_ref_init_file function

Array Description Unit
C name C type Allowed Range
P Element| (Reference) (Format) 9
xl_time_ref_init_file |long - Status flag - -
val_time0 double* - Validity start time of |Decimal days [-18262.0,36524.0]
the initialization (Processing format)
val_timel double* - Validity end time of |Decimal days [-18262.0,36524.0]
the initialization (Processing format)
time_id xI_time_id* |- Structure that con- |- -
tains the time corre-
lations.
ierr long - Error vector - -

Note thatval_timeO andval_timel can define a validity range different to that rested by the user. This
range gives the maximum coverage provided by tpetifiles within the margins selected by the user.

It has to be remarked that if the input time isstig the range of initialization, transformatioms per-
formed anyway, using the closest correlation ddtavever a warning is returned, since there is rergu
antee that the correlation is correct.

7.1.5 Warnings and errors

Next table lists the possible error messages Hrabe returned by the time_ref init_file CFI function
after translating the returned error vector inte éguivalent list of error messages by callingftimetion
of the EXPLORER_LIB software librami_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warnin§\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thd_time_ref_init_file function by calling the function of the EXPLORERBLsOoft-
ware libraryxl_get_code(see [GEN_SUM])

Table 12: Error messages of xl_time_ref_init_file function

S Error message Cause and impact Error code UL
type No

ERR |Time model ID is not correct No calculation performed |XL_CFI_TIME_REF_INIT_F 0
ILE_TIME_MODEL_ERR

ERR |Non-positive number of data No calculation performed |XL_CFI_TIME_REF_INIT_F 1
files ILE_N_FILES_ERR

ERR |Incorrect file names No calculation performed |XL_CFI_TIME_REF_INIT_F 2
ILE_FILE_NAMES_ERR

ERR |Time init mode ID is not cor- No calculation performed |XL_CFI_TIME_REF_INIT_F 3
rect ILE_INIT_MODE_ERR
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Table 12: Error messages of xl_time_ref_init_file function
Error . Error
Error message Cause and impact Error code
type No
ERR |Time reference ID is not cor- No calculation performed |XL_CFI_TIME_REF_INIT_F 4
rect ILE_TIME_ERR
ERR |Reference start time out of No calculation performed |XL_CFI_TIME_REF_INIT_F 5
limits ILE_DAY_0_ERR
ERR |Reference end time out of lim-| No calculation performed |XL _CFI_TIME_REF_INIT_F 6
its ILE_DAY_1 ERR
ERR |Wrong reference time range No calculation performed |XL_CFI_TIME_REF_INIT_F 7
ILE_DAY_RANGE_ERR
ERR |Reference start orbit is nega- No calculation performed |XL_CFI_TIME_REF_INIT_F 8
tive ILE_ORB_0_ERR
ERR |Reference end orbit is nega- No calculation performed |XL_CFI_TIME_REF_INIT_F 9
tive ILE_ORB_1 ERR
ERR |Wrong reference orbit range No calculation performed |XL _CFI_TIME_REF_INIT_F 10
ILE_ORB_RANGE_ERR
ERR |File does not exist No calculation performed |XL_CFI_TIME_REF_INIT_F 11
ILE_FILE_ERR
ERR |Time table is empty or has No calculation performed |XL_CFI_TIME_REF_INIT_F 12
wrong format ILE_ TABLE_ERR
ERR |Time range from file is outside | No calculation performed |XL CFI_TIME_REF_INIT_F 13
input range ILE_TIME_OUTSIDE_RAN
GE_ERR
ERR |Orbit range from file is outside | No calculation performed |XL_CFI_TIME_REF_INIT_F 14
input range ILE_ORB_OUTSIDE_RANG
E_ERR
ERR |Memory allocation error No calculation performed |XL_CFI_TIME_REF_INIT_F 15
ILE_ MEMORY_ERR
ERR |Error in reading file No calculation performed |XL_CFI_TIME_REF_INIT_F 16
ILE_READ_FILE_ERR
ERR |Time reference ID is already No calculation performed |XL_CFI_TIME_REF_INIT_F 17
initialized ILE_STATUS_ERR
ERR |Could not find out the input No calculation performed |XL_CFI_TIME_REF_INIT_F 18
file types ILE_DETECT_FILE_ERR
ERR |The input file type is not cor- No calculation performed |XL_CFI_TIME_REF_INIT_F 19
rect ILE_WRONG_FILE_TYPE_
ERR
ERR |Input time reference should No calculation performed |XL_CFI_TIME_REF_INIT_F 20
be UTC for DORIS Navigator ILE_TIME_REF_FOR_DOR
files IS ERR
WARN |Only one OSF file is admitted | Calculation performed using (XL_CFI_TIME_REF_INIT_F 21
first OSV file introduced |ILE_ONLY_FIRST _OSF W
ARN
WARN | Time init mode option not cur-| Calculation performed with (XL _CFI_TIME_REF_INIT_F 22

rently enabled for file

XL_SEL_FILE

ILE_INIT_MODE_WARN
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7.1.6 Runtime performances

The following runtime performances have been mess(nreading an IERS Bulletin B) for a serie of gall

to xI_time_ref_init_file + xI_time_close

Table 13: Runtime performances of xI_time_ref_init_file + xI_time_close function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
25.6 6.4 16.1 2.9
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7.2 xl_time_ref_init

7.2.1 Overview

Thexl_time_ref_init CFI function initializes time correlations betwe€Al, UTC, UT1 and GPS times
from input reference times for time ranges from2d3.0 and +36524.0 decimal days.

A complete calling sequence of the time referermoaputations is presented in section 4.2.

7.2.2 Calling interface

The calling interface of thel_time_ref _init CFI function is the following (input parameterg amder-
lined):

#i ncl ude <explorer_Ilib.h>

{

| ong orbit_num

double tinme[4], anx_time, orbit_duration;

xI _time_id time_id = {NULL};
long ierr[ XL_NUM ERR TI ME_REF_INIT], status;
status = x| _time_ref _init (time, &orbit num &anx tine,
&orbit duration, &inme_id, ierr);

}

Note that input time vector must be indexed ushgexisting enumeration for time references.
TheXL_NUM_ERR_TI ME_REF_I NI T constant is defined in the fiexplorer_lib.h.
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7.2.3 Input parameters

Thexl_time_ref_init CFI function has the following input parameters:

Table 14: Input parameters of xI_time_ref_init function

Array Description Unit
C name C type Allowed Range
yp Element] (Reference) (Format) 9
time double[4] [0] TAl input time Decimal days [-18262.0,36524.0]
(Processing format)
[1] UTC input time Decimal days [-18262.0,36524.0]
(Processing format)
[2] UT1 input time Decimal days [-18262.0,36524.0]
(Processing format)
[3] GPS input time Decimal days [-18262.0,36524.0]
(Processing format)
orbit_num long* - Absolute orbit - >=0
number at the ref-
erence time
anx_time double* - Time since Seconds [0,0rbit_duration]
Ascending node
crossing at the ref-
erence time
orbit_duration |double* - Duration of the Seconds >0
orbit containing the
reference time

It is possible to use enumeration values rathar thizger values for some of the input arguments:
« Time vector can be accessible by means of enuraeradlues, as defined in [GEN_SUM].

7.2.4 Output parameters

The output parameters of tkke time_ref _init CFI function are:

Table 15: Output parameters of xl_time_ref_init function

Array Description Unit
nam t Allowed Ran
& NS Cipe Element| (Reference) (Format) DEe REMgS

xl_time_ref_init long - Status flag - -
time_id xl_time_id* |- Structure that con- |- -

tains the time corre-

lations.
ierr long - Error vector - -
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7.2.5 Warnings and errors

Next table lists the possible error messages #rabe returned by theé_time_ref_init CFI function after
translating the returned error vector into the egleint list of error messages by calling the fumcof the

EXPLORER_LIB software librarxl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vadlhese error codes can be obtained by translatimg t
error vector returned by thx¢ time_ref_init function by calling the function of the EXPLORERBLsoft-
ware libraryxl_get code(see [GEN_SUM]).

Table 16: Error messages of xl_time_ref_init function

Error . Error
Error message Cause and impact Error code
type No
ERR |TAl time is out of range No calculation performed |XL _CFI_TIME_REF _INIT_T 0
Al_ERR
ERR |UTC time is out of range No calculation performed |XL_CFI_TIME_REF_INIT_U 1
TC_ERR
ERR |UT1 time is out of range No calculation performed |XL_CFI_TIME_REF_INIT_U 2
Tl ERR
ERR |GPS time is out of range No calculation performed |XL _CFI_TIME_REF_INIT_G 3
PS_ERR
ERR |Absolute orbit number is neg- | No calculation performed |XL_CFI_TIME_REF_INIT_O 4
ative RBNUM_ERR
ERR |Elapsed time since ANX is No calculation performed |XL_CFI_TIME_REF_INIT_A 5
negative NXTIME_ERR
ERR |Orbit duration is negative No calculation performed |XL_CFI_TIME_REF_INIT_O 6
RBDUR_ERR
ERR |ANX time is bigger than orbit No calculation performed |XL_CFI_TIME_REF_INIT_C 7
duration OMP_ERR
ERR |Memory allocation error No calculation performed |XL_CFI_TIME_REF_INIT_ 8
MEMORY_ERR
ERR |Time reference ID is already No calculation performed |XL _CFI_TIME_REF_INIT_S 9
initialized TATUS_ERR

7.2.6 Runtime performances

The following runtime performances have been meaksdor a serie of calls tal _time_ref init +
xl_time_close

Table 17: Runtime performances of xI_time_ref_init + xl_time_close function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.0344 0.0043 0.0054 0.0007
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7.3 xl_time_close

7.3.1 Overview

Thexl_time_closeCFl function cleans up any memory allocation perfed by the initialization functions.
A complete calling sequence of the time refereroaputations is presented in section 4.2.

7.3.2 Calling interface

The calling interface of the_time_closeCFI function is the following:

#i ncl ude <explorer _lib.h>

{
xI time_id tinme_id = {NULL};
long ierr[ XL_NUM ERR TI ME_CLOSE], status;
status = x| _time_close (&inme_id, ierr);
}

7.3.3 Input parameters

Thexl_time_closeCFI function has the following input parameters:

Table 18: Input parameters of xl_time_close function

Array Description Unit
SIS P Element (Reference) (Format) Al [RENEE
time_id xl_time_id* - Structure that con- |- -
tains the time cor-
relations.

It is possible to use enumeration values rathar thizger values for some of the input arguments:
« Satellite ID: sat_id. See [GEN_SUM].

7.3.4 Output parameters

The output parameters of tke time_closeCFl function are:

Table 19: Output parameters of xI_time_close function

Array Description Unit
C name C type Element| (Reference) (Format) AR RERE
xI_time_close long - Status flag - -
ierr long - Error vector - -
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7.3.5 Warnings and errors

Next table lists the possible error messages @wate returned by thd_time_closeCFl function after
translating the returned extended status flagtheequivalent list of error messages by callirgftimction
of the EXPLORER_LIB software libraryl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\@RN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbhese error codes can be obtained translatingxhe
tended status flag returned by thetime_closefunction by calling the function of the EXPLORERBL
software libraryxl _get code(see [GEN_SUM])

Table 20: Error messages of xl_time_close function

or it could be in use by anoter
Id.

Error . Error
Error message Cause and impact Error code
type No
ERR |The Time Id is not initialized No calculation performed |[XL_CFI| TIME_CLOSE_W 0

RONG_ID_ERR

7.3.6 Runtime performances

Runtime is smaller than CPU clock and it is notgilde to perfom loops for measuring it.
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7.4 x|_time_get_id_data

7.4.1 Overview

Thexl_time_get_id_dataCFI function returns a data structure continingdh&a used for the time initial-
isation.

7.4.2 Calling interface

The calling interface of thel_time_get_id_dataCFI function is the following:

#i ncl ude <explorer _lib.h>

{
xI _time_id time_id;
xI _time_id data data;
| ong status;
status = x| _time_get_id_data (& ine_id, &data);
}

7.4.3 Input parameters

Thexl_time_get_id_dataCFI function has the following input parameters:

Table 21: Input parameters of xI_time_get_id_datafunction

Array Description Unit
C name C type Element| (Reference) (Format) AIEEE REnle
time_id xl_time_id* - Structure that contains |- -
the time correlations.

7.4.4 Output parameters

The output parameters of tkke time_get_id_dataCFI function are:

Table 22: Output parameters of xI_time_get_id_datafunction

Array Description Unit
G EWIE SIS Element| (Reference) (Format) Azl RengE
xl_time_get_id_data |long - Status flag - -
data xl_time_id_data |- Time ID data - -

The data structund_time_id_get_id_datacan be seen in table 8.

7.4.5 Warnings and errors
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This function does not return any error/warningeeo@nly the status of the function indicates if gxe-
cution was correct or not.

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

7.4.6 Runtime performances

The following runtime performances have been extita

Table 23: Runtime performances of xl_time_get_id_datafunction

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.00124 0.00053 0.00071 0.00007
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7.5 xl_time_set_id_data

7.5.1 Overview
Thexl_time_set_id_dataCFI function changes the time correlations thatsémeed within a time_id.

7.5.2 Calling interface

The calling interface of thel_time_set_id_dataCFI function is the following:

#i ncl ude <explorer_lib.h>

{
xI _time_id time_id;
xI _time_id data data;
| ong stat us;
status = x|l _tinme_set _tine_id (&ine_id, &data);
}

7.5.3 Input parameters

Thexl_time_set_id_dataCFI function has the following input parameters:

Table 24: Input parameters of xl_time_set_id_datafunction

Array Description Unit
S eI SR Element (Reference) (Format) Al [REMEE
time_id xl_time_id* - Structure that contains |- -

the time correlations
(input/outpur parame-
ter)

7.5.4 Output parameters

The output parameters of tkke time_set_id_dataCFI function are:

Table 25: Output parameters of xl_time_set_id_datafunction

Array Description Unit
C name C type Element| (Reference) (Format) AllgiiEe] RETE
xl_time_set _id_data |long - Status flag - -
time_id xl_time_id* - Structure that con- |- -

tains the time corre-
lations (input/outpur
parameter)
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Table 25: Output parameters of xl_time_set_id_datafunction

Array Description Unit
SIEUTS P Element| (Reference) (Format) AllEmEel IREmEE
data xl_time_id_data |- Time ID data - -

The data structund_time_set_id_datacan be seen in table 8.

7.5.5 Warnings and errors

This function does not return any error/warningeo@nly the status of the function indicates if éxe-
cution was correct or not.

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

7.5.6 Runtime performances

The following runtime performances have been extta

Table 26: Runtime performances of xl_time_set_id_data function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.00115 0.00049 0.00064 0.00008
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7.6 xl_run_init

7.6.1 Overview
Thexl_run_init CFI function groups into a singid thesatellite Id and thetime Id, creating aun Id.

7.6.2 Calling interface

The calling interface of thel_run_init CFI function is the following:

#i ncl ude <explorer _lib. h>

{
long sat _id, run_id;
xI time_id tinme_id = {NULL};
long ierr[ XL_NUM ERR RUN | NI T], status;
status = x|l _run_init (&sat _id, &ine_id, &un_id, ierr);
}

7.6.3 Input parameters

Thexl_run_init CFI function has the following input parameters:

Table 27: Input parameters of xI_run_init function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) 9
sat_id long * - Satellite ID - Complete
time_id xI_time_id* - Structure that con- |- -

tains the time cor-

relations.

It is possible to use enumeration values rathar thizger values for some of the input arguments:
» Satellite ID: sat_id. See [GEN_SUM].

7.6.4 Output parameters

The output parameters of tke run_init CFI function are:

Table 28: Output parameters of xI_run_init function

Array Description Unit
S =S Cipe Element| (Reference) (Format) Aleieel REmgE
xI_run_init long - Status flag - -
run_id long * - Run ID - >=0
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Table 28: Output parameters of xI_run_init function

Array Description Unit
S eI SR Element| (Reference) (Format) Al IREmEE
ierr long - Error vector - -

7.6.5 Warnings and errors

Next table lists the possible error messages #rabe returned by the run_init CFI function after trans-
lating the returned extended status flag into ti@walent list of error messages by calling thection of
the EXPLORER_LIB software libraryl_get _msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf®\ARN) or an error ERR), the
cause of such a message and the impact on themedaalculation.

The table is completed by the error code and vdlbhese error codes can be obtained translatingxhe
tended status flag returned by tklerun_init function by calling the function of the EXPLORERBL
software libraryxl_get_code(see [GEN_SUM])

Table 29: Error messages of xI_run_init function

SliC Error message Cause and impact Error code Sl
type No
ERR |Maximum number of initialr No calculation performed | XL_CFI_RUN_INIT_MA 0

izations reached X_INIT_ERR
ERR |Satellite ID is not correct No calculation performed | XL _CFI_RUN_INIT_SAT| 1
_ERR
ERR |Time ID is not initialized No calculation performed |XL_CFI_RUN_INIT_TIM 2
E_INIT_ERR
ERR |Memory allocation error No calculation performed | XL_CFI_RUN_INIT_ME 3
MORY_ERR
ERR |Inconsistency between Ids| No calculation performed |XL_CFI_RUN_INIT_INC 4
within the run_id ONSISTENCY_ERR

7.6.6 Runtime performances

Runtime is smaller than CPU clock and it is notgildle to perfom loops for measuring it.
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7.7 xl_run_get_ids

7.7.1 Overview

Thexl_run_get_ids CFl function returns thels being used..

7.7.2 Calling interface

The calling interface of thel_run__get_idsCFI function is the following:

#i ncl ude <explorer _lib.h>

{
l ong sat _id, run_id;
xI time_id tinme_id = {NULL};
xI _run_get ids (&un id, &ine_id);
}

7.7.3 Input parameters

Thexl_run_get_ids CFl function has the following input parameters:

Table 30: Input parameters of xl_run_get_ids function

Array Description Unit
G EWIE S Element (Reference) (Format) AIBEE [REMEE
run_id long * - Run ID - >=0

7.7.4 Output parameters

The output parameters of tkk run_close CFI function are:

Table 31: Output parameters of xI_run_get_ids function

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) 9
xl_run_get _ids void - - - -
time_id xl_time_i |- Structure that con- |- -
d* tains the time corre-
lations.

7.7.5 Warnings and errors

Next table lists the possible error messages #drabe returned by the _run_get_ids CFI function after
translating the returned extended status flagtheequivalent list of error messages by callirgftinction

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual



Code: EE-MA-DMS-GS-0003

d e ] m S @esa - 'IDS‘:EZZ: 07/05/32-(;1.2

=TNECSEHINNEDEIED
s P ACE Page: 60

of the EXPLORER_LIB software libraryl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf®\ARN) or an error ERR), the
cause of such a message and the impact on themedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingxhe
tended status flag returned by #tlerun_get_idsfunction by calling the function of the EXPLORERBL
software libraryxl_get_code(see [GEN_SUM])

TBW

7.7.6 Runtime performances

Runtime is smaller than CPU clock and it is notgilde to perfom loops for measuring it.
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7.8 xl_run_close

7.8.1 Overview

Thexl_run_closeCFl function cleans up any memory allocation perfed by the initialization functions.

7.8.2 Calling interface

The calling interface of thel_run_close CFI function is the following:
#i ncl ude <explorer _lib.h>

{

| ong run_id,
xI _run_cl ose (& un_id);
}

7.8.3 Input parameters

Thexl_run_close CFI function has the following input parameters:

Table 32: Input parameters of xI_run_close function

Array Description Unit
SIS P Element (Reference) (Format) Al [RENEE
run_id long * - Run ID - >=0

7.8.4 Output parameters

The output parameters of tke run_close CFl function are:

Table 33: Output parameters of xl_run_close function

Array Description Unit

Element| (Reference) (Format) Allowed Range

C name C type

xl_run_close void - - - -

7.8.5 Warnings and errors

No errors have been envisagedxXbrun_close

7.8.6 Runtime performances

Runtime is smaller than CPU clock and it is notgilde to perfom loops for measuring it.
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7.9 x|_time_ascii_to_ascii

7.9.1 Overview

ThexI_time_ascii_to_asciiCFI function transforms a time expressed in agik&Cll format and refer-
ence (TAI, UTC, UT1 or GPS) into a time in a difat ASCII format and/or reference (TAI, UTC, UT1
or GPS).

7.9.2 Calling Interface

The calling interface of thd_time_ascii_to_asciiCFI function is the following (input parameterg amn-
derlineg:

#i ncl ude <explorer_Ilib.h>

{

| ong ascii _id_in, ascii_id out;

long time_ref _in, time_ref out;

char ascii _in[XL_TI ME_ASCI| _DI M_MAX] ;

char ascii_out[ XL_TI ME_ASCI | _DI M_NMAX] ;

xI time_id tinme_id = {NULL};

long ierr[ XL_NUM ERR ASCI| ASCI|], status;

status = x| _time_ascii _to_ascii(&inme_id, &ascii_id.in,
& ime ref in, ascii _in, &ascii _id out,
& ime ref out, ascii_out, ierr);

/* O, using the run_id */
| ong run_id;

status = x| _time_ascii_to_ascii_run(&un id, &ascii id in,
& ime ref in, ascii _in, &ascii _id out,
& inme_ref out, ascii_out, ierr);

TheXL_TI ME_ASCI | _DI M MAX andXL_NUM ERR _ASCI | _ASCI | constants are defined in the file
explorer_lib.h.
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7.9.3 Input Parameters
ThexI_time_ascii_to_asciiCFI function has the following input parameters:
Table 34: Input parameters of xl_time_ascii_to_ascii function
C name C tvoe Array Description Unit Allowed
yp Element (Reference) (Format) Range
time_id xl_time_id* |- Structure that con- |- -
tains the time cor-
relations.
ascii_id_in long * - ASCII format ID - Complete
time_ref _in long * - Time reference ID |- Complete
ascii_in char See table 4 and |Time in ASCII for- |See table 4 and |See table 4 and
table 5 mat table 5 table 5
ascii_id_out long * - ASCII format ID - Complete
time_ref_out long * - Time reference ID |- Any except
XL_TIME_UND
EF

It is possible to use enumeration values rathar thizger values for some of the input arguments:
« ASCII format ID: ascii_id_in and ascii_id_out. Cent document, section 6.2.
» Time reference ID: time_ref_in and time_ref_owe3GEN_SUM].

It is important to point out the usage of tiree_ref_in parameter in the frame of the current function:

« If time_ref_in input parameter is defined, it shall be used leyftimction.

» If time_ref_in input parameter is undefined, it shall be usedithe reference part from the ascii

format string. In case this is omitted, an errallsbhe returned.

Note that for the function to work correctly, thmé references should be properly initialised befmlling

the function (see section 4.2 for details), untese_ref in = time_ref out.
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7.9.4 Output Parameters

The output parameters of tke time_ascii_to_asciiCFI function are:

Table 35: Output parameters of xI_time_ascii_to_ascii

Array Description Unit
C name C type Allowed Range
YP€| Element (Reference) (Format) 9

xl_time_ascii_to_ascii|long - Status flag - -
ascii_out char See table |Time in ASCIl format |See table 4 and See table 4 and

4 and table 5 table 5

table 5
ierr long - Error vector - -

7.9.5 Warnings and Errors

Next table lists the possible error messages Hrabe returned by thé time_ascii_to_asciiCFI function
after translating the returned error vector inte éguivalent list of error messages by callingftimetion
of the EXPLORER_LIB software librami_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warnin§\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and valhese error codes can be obtained by translatimg t
error vector returned by thel_time_ascii_to_ascii function by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM])

Table 36: Error messages of xl_time_ascii_to_ascii function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input ascii format ID is not No calculation performed |XL_CFI_TIME_ASCII_ASCII 0
correct _ASCILIN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_ASCII_ASCII 1
correct _TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_ASCII_ASCII 2
ID are not compatible _COMP_IN_ERR
ERR |Input ascii format is not cor- No calculation performed |XL_CFI_TIME_ASCII_ASCII 3
rect _FORMAT_IN_ERR
ERR |Input time reference incon- No calculation performed |XL_CFI_TIME_ASCII_ASCII 4
sistent with the time reference _REF_INC_IN_ERR
in the date
ERR |Output ascii format ID is not No calculation performed |XL_CFI_TIME_ASCII_ASCII 5
correct _ASCII_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_ASCII_ASCII 6
not correct _TIME_OUT_ERR
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Table 36: Error messages of xl_time_ascii_to_ascii function
Error . Error
Error message Cause and impact Error code
type No
ERR |Satellite ID and output format | No calculation performed |XL_CFI_TIME_ASCII_ASCII 7
ID are not compatible _COMP_OUT_ERR
ERR |Input ascii year is out of range| No calculation performed |XL_CFI_TIME_ASCII_ASCII 8
_ASCI_YEAR_IN_ERR
ERR |Input ascii month is out of No calculation performed |XL_CFI_TIME_ASCII_ASCII 9
range _ASCI_MONTH_IN_ERR
ERR |Input ascii day is out of range | No calculation performed |XL _CFI_TIME_ASCII_ASCIl| 10
_ASCII_DAY_IN_ERR
ERR |Input ascii hour is out of range| No calculation performed |XL_CFI_TIME_ASCII_ASCII 11
_ASCII_HOUR_IN_ERR
ERR |Input ascii minutes are out of No calculation performed |XL_CFI_TIME_ASCII_ASCIl| 12
range _ASCII_MIN_IN_ERR
ERR |Input ascii seconds are out of | No calculation performed |XL _CFI_TIME_ASCII_ASCIl| 13
range _ASCII_SEC_IN_ERR
ERR |Input ascii microseconds are No calculation performed |XL_CFI_TIME_ASCII_ASCII 14
out of range _ASCIl_MICROSEC_IN_ER
R
ERR |Internal error: Input Gregorian | No calculation performed |XL_CFI_TIME_ASCII_ASCII 15
date to MJD transformation ~MJD_IN_ERR
failed
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_ASCII_ASCIl| 16
MJD is out of range _ASCIl_MJD_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_ASCII_ASCII 17
year is out of range _ASCIl_YEAR_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_ASCII_ASCII 18
month is out of range _ASCIl_MONTH_OUT_ER
R
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_ASCII_ASCIl| 19
day is out of range _ASCII_DAY_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_ASCII_ASCII 20
hour is out of range _ASCIl_HOUR_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_ASCII_ASCII 21
minutes are out of range _ASCIl_MIN_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_ASCII_ASCIl| 22
seconds are out of range _ASCII_SEC_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_ASCII_ASCII 23
microseconds are out of _ASCIl_MICROSEC_OUT_
range ERR
ERR |Internal error: Output ascii for-| No calculation performed |XL_CFI_TIME_ASCII_ASCII 24
mat is not correct _FORMAT_OUT_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_ASCII_ASCIl| 25

_REF_INIT_ERR
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Table 36: Error messages of xl_time_ascii_to_ascii function
Error . Error
Error message Cause and impact Error code
type No
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_ASCII_ASCII| 26

A message informs the user.

_REF_INIT_WARN

7.9.6 Runtime Performances

The following runtime performances have been mesakur

Table 37: Runtime performances of xl_time_ascii_to_ascii function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.10864 0.01823 0.03868 0.00658
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7.10 x|_time_ascii_to_processing

7.10.1 Overview

Thexl_time_ascii_to_processindgFI function transforms a time expressed in aix&Cll format and
reference (TAI, UTC, UT1 or GPS) into a time in &ssing format, performing a reference transforomati
if necessary (to TAI, UTC, UT1 or GPS).

User should be aware that the use of UTC in Praag$ésrmat is not encouraged, due to the discotyinu
that is caused by the introduction of leap seco8ds.[IERS] for further detalils.

7.10.2 Calling Interface

The calling interface of thel_time_ascii_to_processindgFI function is the following (input parameters
are_underlinep

#i ncl ude <explorer_Ilib.h>

{
l ong ascii __id_in, proc_id out;
long time_ref _in, time_ref out;
char ascii _in[XL_TI ME_ASCI| _DI M_MAX] ;
doubl e processi ng_out;
xI time_id tinme_id = {NULL};
long ierr[ XL_NUM ERR ASCI| PROC], status;
status = x| _time_ascii_to_processing(&inme _id, &ascii_id_in,
& ime ref in, ascii _in, &roc id out,
& ime ref out, &processing out, ierr);
/[* O, using the run_id */
l ong run_id;
status = x| _time_ascii_to_processing_run(&un_id, &ascii _id_in,
& ime ref in, ascii _in, &proc_id out,
& ime ref out, &processing out, ierr);
}

TheXL_TI ME_ASCI | _DI M_MAX andXL_NUM ERR_ASCI | _PRCC constants are defined in the file
explorer_lib.h.
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7.10.3 Input Parameters

Thexl_time_ascii_to_processind@FI function has the following input parameters:

Table 38: Input parameters of xI_time_ascii_to_processing function

Array Description Unit Allowed
C name C type
Element (Reference) (Format) Range
time_id x|_time_id*|- Structure that con- |- -
tains the time cor-
relations.
ascii_id_in long * - ASCII format ID - Complete
time_ref_in long * - Time reference ID |- Complete
ascii_in char See table 4 and |Time in ASCII for- |See table 4 and |See table 4 and
table 5 mat table 5 table 5
proc_id_out long * - Processing format |- Complete
ID
time_ref_out long * - Time reference ID |- Any except
XL_TIME_UND
EF

It is possible to use enumeration values rathar thizger values for some of the input arguments:
e ASCII format ID: ascii_id_in. Current documentgcten 6.2.
» Time reference ID: time_ref_in and time_ref_owe3GEN_SUM].
* Processing format ID: proc_id_out. Current docutsection 6.2
It is important to point out the usage of tiree_ref _in parameter in the frame of the current function:
» If time_ref_in input parameter is defined, it shall be used leyftimction.

« If time_ref _in input parameter is undefined, it shall be usedithe reference part from the ascii
format string. In case this is omitted, an erralksbe returned.

Note that for the function to work correctly, thmé references should be properly initialised befmlling
the function (see section 4.2 for details), untese_ref in = time_ref out.
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7.10.4 Output Parameters

The output parameters of tke time_ascii_to_processingFl function are:

Table 39: Output parameters of xI_time_ascii_to_processing

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) g
x|_time_ascii_to_pro |long - Status flag - -
cessing
processing_out double* |- Time in Processing |Decimal days, [-18262.0,36524.0]
Format MJD2000
(Processing)
ierr long - Error vector - -

7.10.5 Warnings and Errors

Next table lists the possible error messages trabe returned by thd time_ascii_to_processingCFlI
function after translating the returned error veatdo the equivalent list of error messages byiroglthe
function of the EXPLORER_LIB software library_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vadlhese error codes can be obtained by translatimg t
error vector returned by thel_time_ascii_to_processingfunction by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM])

Table 40: Error messages of xl_time_ascii_to_processing function

Error . Error
Error message Cause and impact Error code

type No

ERR |Input ascii format ID is not No calculation performed |XL_CFI_TIME_ASCII_PRO 0
correct C_ASCILIN_ERR

ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_ASCII_PRO 1
correct C _TIME_IN_ERR

ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_ASCII_PRO 2
ID are not compatible C_COMP_IN_ERR

ERR |Input format is not correct No calculation performed |XL_CFI_TIME_ASCII_PRO 3

C_FORMAT_IN_ERR

ERR |Input time reference incon- No calculation performed |XL_CFI_TIME_ASCII_PRO 4
sistent with the time reference C _REF_INC_IN_ERR
in the date

ERR |Output processing format ID No calculation performed |XL_CFI_TIME_ASCII_PRO 5
is not correct C_PROC_OUT_ERR

ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_ASCII_PRO 6
not correct C_TIME_OUT_ERR

ERR |Year is out of range No calculation performed |XL_CFI_TIME_ASCII_PRO 7

C_YEAR_ERR
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Table 40: Error messages of xl_time_ascii_to_processing function
Error . Error
Error message Cause and impact Error code
type No
ERR |Month is out of range No calculation performed |XL_CFI_TIME_ASCII_PRO 8
C_MONTH_ERR
ERR |Day is out of range No calculation performed |XL_CFI_TIME_ASCII_PRO 9
C_DAY_ERR
ERR |Hour is out of range No calculation performed |XL_CFI_TIME_ASCII_PRO 10
C_HOUR_ERR
ERR |Minutes are out of range No calculation performed |XL_CFI_TIME_ASCII_PRO 11
C_MIN_ERR
ERR |Seconds are out of range No calculation performed |XL_CFI_TIME_ASCII_PRO 12
C_SEC _ERR
ERR |Microseconds are out of No calculation performed |XL_CFI_TIME_ASCII_PRO 13
range C_MICROSEC_ERR
ERR |Internal Error: Input Gregorian | No calculation performed |XL_CFI_TIME_ASCII_PRO 14
date to MJD transformation C_MJD_ERR
failed
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_ASCII_PRO 15
C_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_ASCII_PRO 16

A message informs the user.

C_REF_INIT_WARN

7.10.6 Runtime Performances

The following runtime performances have been messur

Table 41: Runtime performances of xl_time_ascii_to_processing

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.13652 .002128 0.04180 0.00693
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7.11 xl_time_ascii_to_transport

7.11.1 Overview
Thexl_time_ascii_to_transport CFl function transforms a time expressed in amix&Cll format and

reference (TAI, UTC, UT1 or GPS) into a time in @fsport format, performing a reference transforma-
tion if necessary (to TAI, UTC, UT1 or GPS).

7.11.2 Calling Interface

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

#i ncl ude <explorer_Ilib.h>

{
|l ong ascii _id_in, trans_id out;
long time_ref _in, time_ref out;
char ascii _in[XL_TI ME_ASCI| _DI M_MAX] ;
| ong transport_out[ XL_TI ME_TRANS_DI M MAX] ;
xI time_id tinme_id = {NULL};
l ong ierr[ XL_NUM ERR ASCI| TRANS], status;
status = x| _time_ascii _to_transport(&ine _id, &ascii _id_in,
& ime ref in, ascii _in, &rans_id out,
& ime ref out, transport _out, ierr);
/[* O, using the run_id */
| ong run_id;
status = x|l _time_ascii_to_transport _run(&un id, &ascii id in,
&ime ref in, ascii _in, &rans_id out,
& inme_ref out, transport_out, ierr);
}

The XL_TI ME_TRANS_DI M_MAX, XL_TI ME_ASCI | _DI M_MAX, XL_NUM_ERR_ASCI | _TRANS
constants are defined in the fégplorer_lib.h.
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7.11.3 Input Parameters

Thexl_time_ascii_to_transportCFl function has the following input parameters:

Table 42: Input parameters of xI_time_ascii_to_transport function

C name C tvoe Array Description Unit Allowed
yp Element (Reference) (Format) Range
time_id x|_time_id*|- Structure that con- |- -
tains the time cor-
relations.
ascii_id_in long * - ASCII format ID - Complete
time_ref _in long * - Time reference ID |- Complete
ascii_in char See table 4 and |Time in ASCII for- |See table 4 and |See table 4 and
table 5 mat table 5 table 5
trans_id_out long * - Transport format ID |- Complete
time_ref_out long * - Time reference ID |- Any except
XL_TIME_UND
EF

It is possible to use enumeration values rathar thizger values for some of the input arguments:
« Satellite ID: sat_id. See [GEN_SUM].
» ASCII format ID: trans_id_in. Current documentcten 6.2.
« Time reference ID: time_ref_in and time_ref owe3GEN_SUM].
» Transport format ID: trans_id_out. Current docuimeaction 6.2.
It is important to point out the usage of tiree_ref_in parameter in the frame of the current function:
« If time_ref_in input parameter is defined, it shall be used lyftimction.

» If time_ref_in input parameter is undefined, it shall be usedithe reference part from the ascii
format string. In case this is omitted, an errallshe returned.

Note that for the function to work correctly, thmé references should be properly initialised befmlling
the function (see section 4.2 for details), untesge_ref_in = time_ref_out.
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7.11.4 Output Parameters

The output parameters of tkk time_ascii_to_transportCFI function are:

Table 43: Output parameters of xI_time_ascii_to_transport

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

x|_time_ascii_to_tran|long - Status flag - -

sport

transport_out[dim] long See table |Time in Transport for- |See table 3 See table 3

3 mat
ierr long - Error vector - -

7.11.5 Warnings and Errors

Next table lists the possible error messages thatbe returned by thd time_ascii_to_transport CFI
function after translating the returned error veatdo the equivalent list of error messages byiroglthe
function of the EXPLORER_LIB software library_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\@RN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and valhese error codes can be obtained by translatimg t
error vector returned by the&l_time_ascii_to_transport function by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM])

Table 44: Error messages of xIl_time_ascii_to_transport function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input ascii format ID is not No calculation performed |XL_CFI_TIME_ASCII_TRA 0
correct NS _ASCIl_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_ASCII_TRA 1
correct NS TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_ASCIl_TRA 2
ID are not compatible NS_COMP_IN_ERR
ERR |Input format is not correct No calculation performed |XL_CFI_TIME_ASCII_TRA 3
NS_FORMAT_IN_ERR
ERR |Input time reference incon- No calculation performed |XL_CFI_TIME_ASCII_TRA 4
sistent with the time reference NS_REF_INC_IN_ERR
in the date
ERR |Output transport format ID is No calculation performed |XL_CFI_TIME_ASCIl_TRA 5
not correct NS_TRANS_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_ASCII_TRA 6
not correct NS _TIME_OUT_ERR
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Table 44: Error messages of xl_time_ascii_to_transport function
Error . Error
Error message Cause and impact Error code
type No
ERR |Satellite ID and output format | No calculation performed |XL_CFI_TIME_ASCIl_TRA 7
ID are not compatible NS_COMP_OUT_ERR
ERR |Year is out of range No calculation performed |XL_CFI_TIME_ASCII_TRA 8
NS_YEAR_ERR
ERR |Month is out of range No calculation performed |XL_CFI_TIME_ASCIl_TRA 9
NS_MONTH_ERR
ERR |Day is out of range No calculation performed |XL_CFI_TIME_ASCIl_TRA 10
NS_DAY_ERR
ERR |Hour is out of range No calculation performed |XL_CFI_TIME_ASCII_TRA 11
NS _HOUR_ERR
ERR |Minutes are out of range No calculation performed |XL_CFI_TIME_ASCIl_TRA 12
NS_MIN_ERR
ERR |Seconds are out of range No calculation performed |XL_CFI_TIME_ASCIl_TRA 13
NS_SEC_ERR
ERR |Microseconds are out of No calculation performed |XL_CFI_TIME_ASCII_TRA 14
range NS_MICROSEC_ERR
ERR |Internal Error: Input Gregorian | No calculation performed |XL_CFI_TIME_ASCIl_TRA 15
date to MJD transformation NS _MJD_ERR
failed
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_ASCIl_TRA 16
NS_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_ASCII_TRA 17
A message informs the user. INS_REF_INIT_WARN

7.11.6 Runtime Performances

The following runtime performances have been messur

Table 45: Runtime performances of xl_time_ascii_to_transport

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.06622 0.01033 0.02035 0.00343
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7.12 x|_time_processing_to_ascii

7.12.1 Overview

The xI_time_processing_to_asciCFI function transforms a time expressed in Praiogsformat and a
given reference (TAI, UTC, UT1 or GPS) into a timexin ASCII format, performing a reference transfor
mation if necessary (to TAI, UTC, UT1 or GPS).

User should be aware that the use of UTC in Praag$ésrmat is not encouraged, due to the discotyinu
that is caused by the introduction of leap seco8ds.[IERS] for further detalils.

7.12.2 Calling Interface

The calling interface of thel_time_processing_to_asciCFI function is the following (input parameters
are_underlinep

#i ncl ude <explorer_Ilib.h>

{
l ong proc_id in, ascii_id out;
long time_ref _in, time_ref out;
doubl e processing_in;
char ascii_out[ XL_TI ME_ASCI | _DI M_NMAX] ;
xI time_id tinme_id = {NULL};
l ong ierr[ XL_NUM ERR PROC ASCI|], status;
status = x| _time_processing to_ascii(&inme_id, &roc id.in
&ime ref in, &processing in, &ascii id out,
& ime ref out, ascii_out, ierr);
/[* O, using the run_id */
l ong run_id;
status = x| _time_processing to_ascii_run(&un_id, &proc_id in,
&ime ref _in, &processing_in, &ascii_id out,
& ime ref out, ascii_out, ierr);
}

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual



Code: EE-MA-DMS-GS-0003

d e ] m S @esa . 'IDS‘:EIZZ: 07/05/32-(;1.2

=TNECSEHINNEDEIED
s P ACE Page: 76

7.12.3 Input Parameters

Thexl_time_processing_to_asciCFI function has the following input parameters:

Table 46: Input parameters of xI_time_processing_to_ascii function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) g
time_id xlI_time_id* |- Structure that con- |- -
tains the time cor-
relations.
proc_id_in long * - Processing format |- Complete
ID
time_ref_in long * - Time reference ID |- Any except
XL_TIME_UNDEF
processing_in double* - Time in Process- |Decimal days, |[-18262.0,36524.0]
ing Format MJD2000
(Processing)
ascii_id_out long * - ASCII format ID - Complete
time_ref_out long * - Time reference ID |- Any except
XL_TIME_UNDEF

It is possible to use enumeration values rathar thizger values for some of the input arguments:
* Processing format ID: proc_id_in. Current documseattion 6.2.
» Time reference ID: time_ref_in and time_ref_owe3GEN_SUM].
e ASCII format ID: ascii_id_out. Current documergcton 6.2.

Note that for the function to work correctly, thé references should be properly initialised befmlling
the function (see section 4.2 for details), untese_ref in = time_ref _out.
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7.12.4 Output Parameters

The output parameters of tkke time_processing_to_asciCFI function are:

Table 47: Output parameters of xI_time_processing_to_ascii

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

x|_time_processing_t|long - Status flag - -
0_ascii
ascii_out char See table |Time in ASCII format |See table 4 and See table 4 and

4 and table 5 table 5

table 5
ierr long - Error vector - -

7.12.5 Warnings and Errors

Next table lists the possible error messages trabe returned by thd time_processing to_asciCFlI
function after translating the returned error veatdo the equivalent list of error messages byiroglthe
function of the EXPLORER_LIB software library_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warnin§\@RN) or an error ERR), the
cause of such a message and the impact on themedaalculation.

The table is completed by the error code and valhese error codes can be obtained by translatimg t
error vector returned by thel_time_processing_to_asciifunction by calling the function of the
EXPLORER_LIB software libraryl_get_code(see [GEN_SUM])

Table 48: Error messages of xl_time_processing_to_ascii function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input processing format ID is No calculation performed |XL_CFI_TIME_PROC_ASCI 0
not correct | PROC_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_PROC_ASCI 1
correct I_TIME_IN_ERR
ERR |Input days out of range No calculation performed |XL_CFI_TIME_PROC_ASCI 2
I|_DAY_ERR
ERR |Output ascii format ID is not No calculation performed |XL_CFI_TIME_PROC_ASCI 3
correct I_ASCIl_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_PROC_ASCI 4
not correct |_TIME_OUT_ERR
ERR |Satellite ID and output format | No calculation performed |XL _CFI_TIME_PROC_ASCI 5
ID are not compatible | COMP_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 6
MJD is out of range |_ASCIl_MJD_ERR
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Table 48: Error messages of xl_time_processing_to_ascii function
Error . Error
Error message Cause and impact Error code
type No
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 7
year is out of range |_ASCIl_YEAR_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 8
month is out of range |_ASCIl_ MONTH_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 9
day is out of range |_ASCII_DAY_ERR
ERR |Internal error: Output ascii No calculation performed |XL _CFI_TIME_PROC_ASCI| 10
hour is out of range |_ASCIl_HOUR_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 11
minutes are out of range |_ASCIl_MIN_ERR
ERR |Internal error: Output ascii No calculation performed |XL _CFI_TIME_PROC_ASCI| 12
seconds are out of range |_ASCIl_SEC _ERR
ERR |Internal error: Output ascii No calculation performed |XL _CFI_TIME_PROC_ASCI| 13
microseconds are out of |_ASCIl_MICROSEC_ERR
range
ERR |Internal error: Output ascii for-| No calculation performed |XL_CFI_TIME_PROC_ASCI 14
mat is not correct |_ FORMAT_OUT_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_PROC_ASCI 15
|_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL _CFI_TIME_PROC_ASCI| 16

A message informs the user.

|_REF_INIT_WARN

7.12.6 Runtime Performances

The following runtime performances have been mesakur

Table 49: Runtime performances of xl_time_processing_to_ascii

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.09202 0.01549 0.02768 0.00468

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual




Code: EE-MA-DMS-GS-0003

d e] m S c;:esa-=lll==ﬂgllll INESHEEA :)Silt]ee:: 07/05/32.0712

s P ACE Page: 79

7.13 xl_time_processing_to_processing

7.13.1 Overview

The xI_time_processing_to_processin@Fl function transforms a time expressed in Prsiogsformat
and a given reference (TAI, UTC, UT1 or GPS) intovee in Processing format with a different referen
(TAI, UTC, UT1 or GPS).

User should be aware that the use of UTC in Praag$ésrmat is not encouraged, due to the discotyinu
that is caused by the introduction of leap seco8ds.[IERS] for further detalils.

7.13.2 Calling Interface

The calling interface of thel_time_processing_to_processin@FI function is the following (input pa-
rameters are underlingd

#i ncl ude <explorer_Ilib.h>

{
|l ong proc_id in, proc_id out;
long time_ref _in, time_ref out;
doubl e processing_in, processing_out;
xI _time_id time_id = {NULL};
l ong ierr[ XL_NUM ERR PROC PRCOC], st atus;
status = x| __tinme_processing_to_processing(&ine_id, &roc_id.in,
&ime ref _in, &processing in, &proc_id out,
& ime ref out, &processing out, ierr);
/[* O, using the run_id */
| ong run_id;
status = x| _time_processing to _processing run(&un id, &roc id in,
&ime ref _in, &processing in, &proc_id out,
& ime_ref out, &processing out, ierr);
}

TheXL_NUM ERR PROC PROC constant is defined in the fiexplorer_lib.h.
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7.13.3 Input Parameters

Thexl_time_processing_to_processing@FI function has the following input parameters:

Table 50: Input parameters of xI_time_processing_to_processing function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) g
time_id x|_time_id* |- Structure that con- |- -
tains the time cor-
relations.
proc_id_in long * - Processing format |- Complete
ID
time_ref _in long * - Time reference ID |- Any except
XL_TIME_UNDEF
processing_in double* - Time in Process- |Decimal days, |[-18262.0,36524.0]
ing Format MJD2000
(Processing)
proc_id_out long * - Processing format |- Complete
ID
time_ref_out long * - Time reference ID |- Any except

XL_TIME_UNDEF

It is possible to use enumeration values rathar thizger values for some of the input arguments:
* Processing format ID: proc_id_in and proc_id_d&irrent document, section 6.2.
* Time reference ID: time_ref_in and time_ref_owe3GEN_SUM].

Note that for the function to work correctly, thmé references should be properly initialised befmlling
the function (see section 4.2 for details), untese_ref in = time_ref _out.
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7.13.4 Output Parameters

The output parameters of tke time_processing_to_processin@FI function are:

Table 51: Output parameters of xI_time_processing_to_processing

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) g
x|_time_processing_t|long - Status flag - -
0_processing
processing_out double* |- Time in Processing |Decimal days, [-18262.0,36524.0]
Format MJD2000
(Processing)
ierr long - Error vector - -

7.13.5 Warnings and Errors

Next table lists the possible error messages Hrabe returned by theé time_processing_to_processing
CFI function after translating the returned errector into the equivalent list of error messagesdiiing
the function of the EXPLORER_LIB software libraxly get msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warnin§\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and valhese error codes can be obtained by translatimg t
error vector returned by thd_time_processing_to_processinfunction by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM])

Table 52: Error messages of xl_time_processing_to_processing function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input processing format ID is No calculation performed |XL_CFI_TIME_PROC_PRO 0
not correct C _PROC_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_PROC_PRO 1
correct C_TIME_IN_ERR
ERR |Output processing format ID No calculation performed |XL_CFI_TIME_PROC_PRO 2
is not correct C_PROC_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_PROC_PRO 3
not correct C_TIME_OUT_ERR
ERR |Number of days out of range No calculation performed |XL_CFI_TIME_PROC_PRO 4
C_DAY_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_PROC_PRO 5
C_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_PROC_PRO 6
A message informs the user. |C_REF_INIT_WARN
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7.13.6 Runtime Performances

The following runtime performances have been meskur

Table 53: Runtime performances of xl_time_processing_to_processing

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.05951 0.00789 0.01043 0.00147
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7.14 x|_time_processing_to_transport

7.14.1 Overview

Thexl_time_processing_to_transporiCFI function transforms a time expressed in Preiogsformat and
a given reference (TAI, UTC, UT1 or GPS) into ad¢im a Transport format, performing a referencesra
formation if necessary (to TAI, UTC, UT1 or GPS).

User should be aware that the use of UTC in Praag$ésrmat is not encouraged, due to the discotyinu
that is caused by the introduction of leap seco8ds.[IERS] for further detalils.

7.14.2 Calling Interface

The calling interface of thd_time_processing_to_transporiCFI function is the following (input param-
eters are underlingd

#i ncl ude <explorer_Ilib.h>

{
long proc_id in, trans_id out;
long time_ref _in, time_ref out;
doubl e processing_in;
| ong transport_out[ XL_TI ME_TRANS_DI M MAX] ;
xI time_id tinme_id = {NULL};
l ong ierr[ XL_NUM ERR PROC TRANS], status;
status = x| __time_processing to_transport(&ine_id, &proc id in,
&ime ref in, &processing in, &rans id out,
& ime ref out, transport _out, ierr);
/[* O, using the run_id */
l ong run_id;
status = x| __tinme_processing _to_transport_run(&un_id, &roc _id in,
&ime ref _in, &processing_in, &rans_id out,
& ime ref out, transport _out, ierr);
}

TheXL_TI ME_TRANS DI M MAX andXL_NUM ERR PROC TRANS constants are defined in the file
explorer_lib.h.
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7.14.3 Input Parameters

ThexI_time_processing_to_transportCFI function has the following input parameters:

Table 54: Input parameters of xI_time_processing_to_transport function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) g
time_id xI_time_id* |- Structure that con- |- -
tains the time cor-
relations.
proc_id_in long * - Processing format |- Complete
ID
time_ref _in long * - Time reference ID |- Any except
XL_TIME_UNDEF
processing_in double* - Time in Process- |Decimal days, |[-18262.0,36524.0]
ing Format MJD2000
(Processing)
trans_id_out long * - Transport format ID |- Complete
time_ref_out long * - Time reference ID |- Any except

XL_TIME_UNDEF

It is possible to use enumeration values rathar thizger values for some of the input arguments:
* Processing format ID: proc_id_in. Current documseattion 6.2.
» Time reference ID: time_ref_in and time_ref_owe3GEN_SUM].
e Transport format ID: trans_id_out. Current docummeaction 6.2.

Note that for the function to work correctly, thaé references should be properly initialised befmlling
the function (see section 4.2 for details), untese_ref in = time_ref out.
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7.14.4 Output Parameters

The output parameters of tke time_processing_to_transportCFI function are:

Table 55: Output parameters of xI_time_processing_to_transport

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

x|_time_processing_t|long - Status flag - -

o_transport

transport_out[dim] long See table |Time in Transport for- |See table 3 See table 3

3 mat
ierr long - Error vector - -

7.14.5 Warnings and Errors

Next table lists the possible error messages trabe returned by theé time_processing_to_transport
CFI function after translating the returned errector into the equivalent list of error messagesdiiing
the function of the EXPLORER_LIB software libraxly get msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thel_time_processing_to_transport function by calling the function of the
EXPLORER_LIB software libraryl_get_code(see [GEN_SUM])

Table 56: Error messages of xl_time_processing_to_transport function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input processing format ID is No calculation performed |XL_CFI_TIME_PROC_TRA 1
not correct NS PROC_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_PROC_TRA 2
correct NS TIME_IN_ERR
ERR |Output transport format ID is No calculation performed |XL_CFI_TIME_PROC_TRA 3
not correct NS_TRANS_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_PROC_TRA 4
not correct NS TIME_OUT_ERR
ERR |Satellite ID and output format | No calculation performed |XL _CFI_TIME_PROC_TRA 5
ID are not compatible NS _COMP_OUT_ERR
ERR |Number of days out of range No calculation performed |XL_CFI_TIME_PROC_TRA 6
NS_DAY_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_PROC_TRA 7
NS_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_PROC_TRA 8
A message informs the user. INS_REF_INIT_WARN
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7.14.6 Runtime Performances

The following runtime performances have been meskur

Table 57: Runtime performances of xI_time_processing_to_transport

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.05259 0.00723 0.00945 0.00130
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7.15 xl_time_transport_to_ascii

7.15.1 Overview

Thexl_time_transport_to_asciiCFI function transforms a time expressed in amie&nsport format and
reference (TAI, UTC, UT1 or GPS) into a time inA8BCII format, performing a reference transformation
if necessary (to TAI, UTC, UT1 or GPS).

7.15.2 Calling Interface

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

#i ncl ude <explorer_Ilib.h>

{
long trans_id _in, ascii_id out;
long time_ref _in, time_ref out;
| ong transport_in[ XL_TI ME_TRANS DI M _MAX] ;
char ascii_out[ XL_TI ME_ASCI | _DI M_NMAX] ;
xI time_id tinme_id = {NULL};
l ong ierr[ XL_NUM ERR TRANS ASCI|], status;
status = x| __time_transport_to_ascii(&ine_id, &rans id_in,
& inme ref in, transport in, &ascii_id out,
& ime ref out, ascii_out, ierr);
/[* O, using the run_id */
| ong run_id;
status = x|l _time_transport to _ascii_run(&un id, &rans id in,
& inme ref in, transport in, &ascii_id out,
& ime_ref out, ascii_out, ierr);
}

The XL_TI ME_TRANS DI M_MAX, XL_TIME_ASCI|_DI M MAX, XL_NUM ERR_TRANS_ASCI |
constants are defined in the fégplorer_lib.h.

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual



Code: EE-MA-DMS-GS-0003

d e] m S c;:esa-=lll==ﬂgllll INESHEEA :)Silt]ee:: 07/05/32.0712

s P ACE Page: 88

7.15.3 Input Parameters

Thexl_time_transport_to_asciiCFl function has the following input parameters:

Table 58: Input parameters of xI_time_transport_to_ascii function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) | (Format) 9
time_id xI_time_id* |- Structure that con- |- -
tains the time cor-
relations.
trans_id_in long * - Transport format ID |- Complete
time_ref_in long * - Time reference ID |- Any except
XL_TIME_UNDEF
transport_in[dim]  |long See table 3 Time in Transport |See table 3 |See table 3
format
ascii_id_out long * - ASCII format ID - Complete
time_ref_out long * - Time reference ID |- Any except
XL_TIME_UNDEF

It is possible to use enumeration values rathar thizger values for some of the input arguments:
e Transport format ID: trans_id_in. Current documesettion 6.2.
» Time reference ID: time_ref_in and time_ref_owe3GEN_SUM].
« ASCII format ID: ascii_id_out. Current documergcton 6.2.
It is important to point out the usage of tirae_ref _out parameter within the current function:
» If the time reference flag for the output is unided, an error shall be returned.

Note that for the function to work correctly, thmé references should be properly initialised befmlling
the function (see section 4.2 for details), untese_ref_in = time_ref_out.
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7.15.4 Output Parameters

The output parameters of tke time_transport_to_ascii CFl function are:

Table 59: Output parameters of xI_time_transport_to_ascii

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

x|_time_transport_to |long - Status flag - -
_ascii
ascii_out char See table |Time in ASCII format |See table 4 and See table 4 and

4 and table 5 table 5

table 5
ierr long - Error vector - -

7.15.5 Warnings and Errors

Next table lists the possible error messages thatbe returned by thd time_transport_to_ascii CFI
function after translating the returned error veatdo the equivalent list of error messages byiroglthe
function of the EXPLORER_LIB software library_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\@RN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and valhese error codes can be obtained by translatimg t
error vector returned by the&l_time_transport_to_ascii function by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM])

Table 60: Error messages of xl_time_transport_to_ascii function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input transport format ID is No calculation performed |XL_CFI_TIME_TRANS_AS 0
not correct CIl_TRANS_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_TRANS_AS 1
correct CI_TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_TRANS_AS 2
ID are not compatible Cll_COMP_IN_ERR
ERR |Number of days out of range No calculation performed |XL_CFI_TIME_TRANS_AS 3
CII_DAY_ERR
ERR |Number of seconds out of No calculation performed |XL_CFI_TIME_TRANS_AS 4
range Cll_SEC_ERR
ERR |Number of milliseconds out of | No calculation performed |[XL_CFI_TIME_TRANS_AS 5
range CIll_MILLISEC_ERR
ERR |Number of microseconds out No calculation performed |XL_CFI_TIME_TRANS_AS 6
of range Cll_MICROSEC_ERR
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Table 60: Error messages of xl_time_transport_to_ascii function
Error . Error
Error message Cause and impact Error code
type No
ERR |Number of SIRAL extra coun- | No calculation performed |[XL _CFI_TIME_TRANS_AS 7
ter ticks out of range CIl_TICK_ERR
ERR |Output ascii format ID is not No calculation performed |XL_CFI_TIME_TRANS_AS 8
correct Cll_ASCII_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_TRANS_AS 9
not correct CI_TIME_OUT_ERR
ERR |Satellite ID and output format | No calculation performed |[XL_CFI_TIME_TRANS_AS 10
ID are not compatible Cll_COMP_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 11
MJD is out of range Cll_ASCIl_MJD_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 12
year is out of range Cll_ASCIl_YEAR_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 13
month is out of range Cll_ASCIl_MONTH_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 14
day is out of range Cll_ASCII_DAY_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 15
hour is out of range Cll_ASCIl_HOUR_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 16
minutes are out of range Cll_ASCII_MIN_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 17
seconds are out of range Cll_ASCIl_SEC_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 18
microseconds are out of Cll_ASCIl_MICROSEC _ER
range R
ERR |Internal error: Output ascii for-| No calculation performed |[XL_CFI_TIME_TRANS_AS 19
mat is not correct Cll_FORMAT_OUT_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_TRANS_AS 20
CIl_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_TRANS_AS 21

A message informs the user.

CI_REF_INIT_WARN

7.15.6 Runtime Performances

The following runtime performances have been messur

Table 61: Runtime performances of xl_time_transport_to_ascii

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.08298 0.01391 0.02633 0.00449
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7.16 xl_time_transport_to_processing

7.16.1 Overview

Thex|_time_transport_to_processingCFI function transforms a time expressed in amivensport for-
mat and reference (TAI, UTC, UT1 or GPS) into agtiim Processing format, performing a referencestran
formation if necessary (to TAI, UTC, UT1 or GPS).

User should be aware that the use of UTC in Praag$ésrmat is not encouraged, due to the discotyinu
that is caused by the introduction of leap seco8ds.[IERS] for further detalils.

7.16.2 Calling Interface

The calling interface of thd_time_transport_to_processingCFI function is the following (input param-
eters are underlingd

#i ncl ude <explorer_Ilib.h>

{

}

long trans_id _in, proc_id out;

long time_ref _in, time_ref out;

| ong transport _in[ XL_TI ME_TRANS DI M _MAX] ;
doubl e processi ng_out;

xI time_id tinme_id = {NULL};

l ong ierr[ XL_NUM ERR TRANS PROC], status;

status = x| __tinme_transport_to_processing(&ine_id, &rans_id_ in,
&ime ref in, transport in, &proc id out,
& ime ref out, &processing out, ierr);

/[* O, using the run_id */
l ong run_id;

status = x| _time_transport_to_processing_run(&un_id, &rans_id_in,

& inme ref in, transport in, &proc_id out,
& ime ref out, &processing out, ierr);

TheXL_TI ME_TRANS DI M MAX andXL_NUM ERR TRANS PROC constants are defined in the file
explorer_lib.h.
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7.16.3 Input Parameters

ThexI_time_transport_to_processingCFI function has the following input parameters:

Table 62: Input parameters of xI_time_transport_to_processing function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) | (Format) g
time_id xI_time_id* |- Structure that con- |- -
tains the time cor-
relations.
trans_id_in long * - Transport format ID |- Complete
time_ref _in long * - Time reference ID |- Any except
XL_TIME_UNDEF
transport_in[dim]  |long See table 3 Time in Transport |See table 3 |See table 3
format
proc_id_out long * - Processing format |- Complete
ID
time_ref_out long * - Time reference ID |- Any except

XL_TIME_UNDEF

It is possible to use enumeration values rathar thizger values for some of the input arguments:
e Transport format ID: trans_id_in. Current documesettion 6.2.
» Time reference ID: time_ref_in and time_ref_owe3GEN_SUM].
* Processing format ID: proc_id_out. Current docutsection 6.2

Note that for the function to work correctly, thé references should be properly initialised befmlling

the function (see section 4.2 for details), untese_ref in = time_ref _out.
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7.16.4 Output Parameters

The output parameters of tke time_transport_to_processingCFI function are:

Table 63: Output parameters of xI_time_transport_to_processing

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) g
x|_time_transport_to |long - Status flag - -
__processing
processing_out double* |- Time in Processing |Decimal days, [-18262.0,36524.0]
Format MJD2000
(Processing)
ierr long - Error vector - -

7.16.5 Warnings and Errors

Next table lists the possible error messages trabe returned by theé time_transport_to_processing
CFI function after translating the returned errector into the equivalent list of error messagesdiiing
the function of the EXPLORER_LIB software libraxly get msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and valhese error codes can be obtained by translatimg t
error vector returned by thd_time_transport_to_processingfunction by calling the function of the
EXPLORER_LIB software libraryl_get_code(see [GEN_SUM])

Table 64: Error messages of xl_time_transport_to_processing function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input transport format ID is No calculation performed |XL_CFI_TIME_TRANS_PR 0
not correct OC_TRANS_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_TRANS_PR 1
correct OC_TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_TRANS_PR 2
ID are not compatible OC_COMP_IN_ERR
ERR |Output processing format ID No calculation performed |XL_CFI_TIME_TRANS_PR 3
is not correct OC_PROC_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_TRANS_PR 4
not correct OC_TIME_OUT_ERR
ERR |Number of days out of range No calculation performed |XL_CFI_TIME_TRANS_PR 5
OC_DAY_ERR
ERR |Number of seconds out of No calculation performed |XL_CFI_TIME_TRANS_PR 6
range OC_SEC_ERR
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Table 64: Error messages of xl_time_transport_to_processing function

A message informs the user.

OC_REF_INIT_WARN

Error . Error
Error message Cause and impact Error code
type No
ERR |Number of milliseconds out of | No calculation performed |XL_CFI_TIME_TRANS_PR 7
range OC_MILLISEC_ERR
ERR |Number of microseconds out No calculation performed |XL_CFI_TIME_TRANS_PR 8
of range OC_MICROSEC_ERR
ERR |Number of SIRAL extra coun- | No calculation performed |XL _CFI_TIME_TRANS_PR 9
ter ticks out of range OC _TICK_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_TRANS_PR 10
OC_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_TRANS_PR 11

7.16.6 Runtime Performances

The following runtime performances have been meskur

Table 65: Runtime performances of xI_time_transport_to_processing

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.05572 0.00753 0.00992 0.00139
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7.17 xl_time_transport_to_transport

7.17.1 Overview

Thexl_time_transport_to_transport CFI function transforms a time expressed in amgiveansport for-
mat and reference (TAI, UTC, UT1 or GPS) into agiim a different Transport format and/or reference

(TAI, UTC, UT1 or GPS).
7.17.2 Calling Interface

The calling interface of thd_time_transport_to_transport CFI function is the following (input param-
eters are underlingd

#i ncl ude <explorer_Ilib.h>

{

long trans_id in, trans_id out;

long time_ref _in, time_ref out;

| ong transport _i n[ XL_TI ME_TRANS DI M _MAX] ;

| ong transport_out[ XL_TI ME_TRANS_DI M MAX] ;
xI time_id tinme_id = {NULL};

l ong ierr[ XL_NUM ERR TRANS TRANS], status;

status = x| _time_transport_to _transport(&ine id, &rans id.in,
& inme ref in, transport in, &rans_id out,
& ime ref out, transport _out, ierr);

/* O, using the run_id */
| ong run_id;

status = x| _time_transport_to transport _run(&un id, &rans id in,

& inme ref in, transport in, &rans_id out,
& inme_ref out, transport_out, ierr);
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7.17.3 Input Parameters

ThexI_time_transport_to_transport CFl function has the following input parameters:

Table 66: Input parameters of xl_time_transport_to_transport function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) | (Format) 9
time_id xI_time_id* |- Structure that con- |- -
tains the time cor-
relations.
trans_id_in long * - Transport format ID |- Complete
time_ref _in long * - Time reference ID |- Any except
XL_TIME_UNDEF
transport_in[dim]  |long See table 3 Time in Transport |See table 3 |See table 3
format
trans_id_out long * - Transport format ID |- Complete
time_ref_out long * - Time reference ID |- Any except
XL_TIME_UNDEF

It is possible to use enumeration values rathar thizger values for some of the input arguments:
« Transport format ID: trans_id_in and trans_id_@&uirrent document, section 6.2.
» Time reference ID: time_ref_in and time_ref_owe3GEN_SUM].

Note that for the function to work correctly, thmé references should be properly initialised befmlling
the function (see section 4.2 for details), untese_ref in = time_ref _out.
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7.17.4 Output Parameters

The output parameters of tke time_transport_to_transport CFI function are:

Table 67: Output parameters of xl_time_transport_to_transport

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

x|_time_transport_to |long - Status flag - -

_transport

transport_out[dim] long See table |Time in Transport for- |See table 3 See table 3

3 mat
ierr long - Error vector - -

7.17.5 Warnings and Errors

Next table lists the possible error messages tnabe returned by thd time_transport_to_transport
CFI function after translating the returned errector into the equivalent list of error messagesdiiing
the function of the EXPLORER_LIB software libraxly get msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thel_time_transport_to_transport function by calling the function of the
EXPLORER_LIB software libraryl_get_code(see [GEN_SUM])

Table 68: Error messages of xl_time_transport_to_transport function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input transport format ID is No calculation performed |XL_CFI_TIME_TRANS_TR 0
not correct ANS_TRANS IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_TRANS_TR 1
correct ANS TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_TRANS_ TR 2
ID are not compatible ANS_COMP_IN_ERR
ERR |Output transport format ID is No calculation performed |XL_CFI_TIME_TRANS_TR 3
not correct ANS TRANS_ OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_TRANS_TR 4
not correct ANS TIME_OUT_ERR
ERR |Satellite ID and output format | No calculation performed |[XL _CFI_TIME_TRANS_ TR 5
ID are not compatible ANS_COMP_OUT_ERR
ERR |Number of days out of range No calculation performed |XL_CFI_TIME_TRANS_TR 6
ANS_DAY_ERR
ERR |Number of seconds out of No calculation performed |XL_CFI_TIME_TRANS_TR 7
range ANS _SEC _ERR
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Table 68: Error messages of xl_time_transport_to_transport function

A message informs the user.

ANS_REF_INIT_WARN

Error . Error
Error message Cause and impact Error code
type No
ERR |Number of milliseconds out of | No calculation performed |[XL _CFI_TIME_TRANS_ TR 8
range ANS_MILLISEC_ERR
ERR |Number of microseconds out No calculation performed |XL_CFI_TIME_TRANS_TR 9
of range ANS_ MICROSEC_ERR
ERR |Number of SIRAL extra coun-| No calculation performed [XL _CFI_TIME_TRANS_ TR 10
ter ticks out of range ANS TICK_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_TRANS_TR 11
ANS_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFIL_TIME_TRANS_TR 12

7.17.6 Runtime Performances

The following runtime performances have been meskur

Table 69: Runtime performances of xI_time_transport_to_transport

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.05262 0.00687 0.01059 0.00449
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7.18 xl_time_add

7.18.1 Overview

The xI_time_add CFI function adds a time duration to a TAI, UTCTUor GPS times expressed in
Processing format.

User should be aware that the use of UTC in Praag$ésrmat is not encouraged, due to the discotyinu
that is caused by the introduction of leap seco8ds.[IERS] for further details.

7.18.2 Calling interface

The calling interface of the_time_add CFI function is the following (input parameterg amderlinejt

#i ncl ude <explorer_Ilib.h>

{
| ong proc_id, time_ref;
doubl e processing_in, added duration, processing out;
| ong ierr[ XL_NUM ERR TI ME_ADD], status;
status = x| _time_add(&proc id, &ine ref,
&processing in, &added duration,
&processing_out, ierr);
}

TheXL_NUM ERR_TI ME_ADD constant is defined in the fiexplorer_lib.h.
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7.18.3 Input parameters

Thexl_time_add CFI function has the following input parameters:

Table 70: Input parameters of xIl_time_add function

Array Description Unit
C name C type Allowed Range
YPE€ | Element (Reference) (Format) g
proc_id long * - Processing format ID |- Complete
time_ref long * - Time reference ID - Any except
XL_TIME_UNDEF
processing_in |double* |- Time in Processing |Decimal days, [-18262.0,36524.0]
Format MJD2000
(Processing format)
added_duration |double* |- Duration to be added |Decimal days -
(Processing format)

It is important to point out that the duration @ & time, but a time interval expressed in decidagis to
be added to the original time.

It is possible to use enumeration values rather thiger values for some of the input arguments:
* Processing format ID: proc_id. Current documeettisn 6.2.
« Time reference ID: time_ref. See [GEN_SUM].

7.18.4 Output parameters

The output parameters of tke time_add CFI function are:

Table 71: Output parameters of xI_time_add function

Array Description Unit
C name | Ctype Allowed Range
YP€ ! Element (Reference) (Format) g
xl_time_add |long - Status flag - -
processing_o |double* |- Time in Processing For-|Decimal days [-18262.0,36524.0]
ut mat (Processing format)
ierr long - Error vector - -

7.18.5 Warnings and errors

Next table lists the possible error messages thatbe returned by thd time_add CFI function after
translating the returned error vector into the egleint list of error messages by calling the fumcof the
EXPLORER_LIB software librarxl_get _msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vahese error codes can be obtained by translatmg th
error vector returned by thx¢ time_addfunction by calling the function of the EXPLORERBLsoftware
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library xI_get_code(see [GEN_SUM]).
Table 72: Error messages of xl_time_add function
Error . Error
Error message Cause and impact Error code
type No
ERR |Processing format ID is not No calculation performed |XL_CFI_TIME_ADD_PROC 0
correct _ERR
ERR |Time reference ID is not cor- No calculation performed |XL_CFI_TIME_ADD_TIME_ 1
rect ERR
ERR |Input processing time is out of | No calculation performed |XL _CFI_TIME_ADD_DAY _| 2
range N_ERR
ERR |Output processing time is out | No calculation performed |[XL_CFI_TIME_ADD_DAY _ 3
of range OUT_ERR

7.18.6 Runtime performances

The following runtime performances have been meskur

Table 73: Runtime performances of xl_time_add function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.01335 0.00161 0.00200 0.00024
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7.19 xl_time_diff

7.19.1 Overview

Thex|_time_diff CFI function calculates the time difference betwego TAI, UTC, UT1 or GPS times
expressed in Processing format.

User should be aware that the use of UTC in Praag$ésrmat is not encouraged, due to the discotyinu
that is caused by the introduction of leap seco8ds.[IERS] for further details.

7.19.2 Calling interface

The calling interface of the_time_diff CFI function is the following (input parameterg amderlinejt

#i ncl ude <explorer_Ilib.h>

{
| ong proc_id, time_ref;
doubl e processing_in_1, processing in_2, processing out;
l ong ierr[ XL_NUM ERR TI ME_DI FF], st at us;
status = x| _time_diff(&roc id, &inme ref,
&processing in 1, &processing in 2,
&processing_out, ierr);
}

Note thatpr ocessi ng_out is a duration, not a time itself, so it should hetconverted to another ref-
erence or format.

TheXL_NUM ERR TI ME_DI FF constant is defined in the fiexplorer_lib.h.
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7.19.3 Input parameters

ThexI_time_diff CFI function has the following input parameters:

Table 74: Input parameters of xI_time_diff function

Array Description Unit
C name C type Allowed Range
YPE€ | Element (Reference) (Format) 9
proc_id long * - Processing format |- Complete
ID
time_ref long * - Time reference ID |- Any except
XL_TIME_UNDEF
processing_in_1 |double* |- Time in Processing |Decimal days, [-18262.0,36524.0]
Format MJD2000
(Processing format)
processing_in_2 |double* |- Time in Processing |Decimal days, [-18262.0,36524.0]
Format MJD2000
(Processing format)

It is possible to use enumeration values rathear thizger values for some of the input arguments:
* Processing format ID: proc_id. Current documegttion 6.2.
« Time reference ID: time_ref. See [GEN_SUM].

7.19.4 Output parameters

The output parameters of tkk time_diff CFI function are:

Table 75: Output parameters of xI_time_diff function

Array Description Unit
SIS | (S3is Element (Reference) (Format) Al [REMEE
xl_time_diff |long - Status flag - -
processing_ |double* - Time difference Decimal days -
out between (Processing format)

processing_in_1 and
processing_in_2
expressed in decimal
days

ierr long Error vector - -

7.19.5 Warnings and errors

Next table lists the possible error messages thatbe returned by thd time_diff CFI function after
translating the returned error vector into the egleint list of error messages by calling the fumcof the
EXPLORER_LIB software librarxl_get _msg(see [GEN_SUM]).

This table also indicates the type of messagemetyr.e. either a warning\ARN) or an error ERR), the
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cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and valhese error codes can be obtained by translatimg t
error vector returned by thx¢_time_diff function by calling the function of the EXPLORERBLsoftware
library xI_get_code(see [GEN_SUM]).

Table 76: Error messages of xl_time_diff function

Error . Error
Error message Cause and impact Error code
type No
ERR |Processing format ID is not No calculation performed |XL_CFI_TIME_DIFF_PROC 0
correct _ERR
ERR |Time reference ID is not cor- No calculation performed |XL_CFI_TIME_DIFF_TIME_ 1
rect ERR
ERR |Input processing time #1 is No calculation performed |XL_CFI_TIME_DIFF_DAY | 2
out of range N_1 ERR
ERR |Input processing time #2 is No calculation performed |XL_CFI_TIME_DIFF_DAY_| 3
out of range N 2 ERR

7.19.6 Runtime performances

The following runtime performances have been messur

Table 77: Runtime performances of xI_time_diff function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.01776 0.00234 0.00299 0.00036
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7.20 x|_time_obt_to_time

7.20.1 Overview

Thexl_time_obt_to_time CFI function transforms from On-board Time (OB®Buat to UTC Processing
time.

User should be aware that the use of UTC in Praag$ésrmat is not encouraged, due to the discotyinu
that is caused by the introduction of leap seco8ds.[IERS] for further details.

See [MCD] for details on time formats and repreagaons, in particular the definition of OBT.

Note that in the Envisat OBT case there is an auityign the UTC to be computed, because a given OBT
count corresponds to many possible times. Thigéstd the wrap-around of the OBT counter, whichuosc
about every 190 days.

To solve the ambiguity, the chosen time (givenwput) is the time nearest to the reference (gaem-
put) and corresponding to the specified OBT (aisemas input).

Thex|_time_obt_to_time CFI function applies to satellites where OBT tim@& counter, which needs to
be correlated to an actual time reference. Neviesbesome other satellites, like Cryosat, usectunaé
time reference on-board. In this case, the on-boande conversions are handled by the
xI_time_processing_to_processinfunction.

Due to the different OBT models used by the varspescecraft, specific data structures are useesohn
of them. The keep a single interface for the funttia void pointer is used to pass the specificcsires
to the generic function.

The following data structures are defined for ENXTS
/* Envisat OBT Structure */

t ypedef struct

{
| ong sat _id;
doubl e ti meo;
unsi gned | ong obtOf 2];
unsi gned | ong peri odO;

} xI _envisat_obt param

t ypedef struct
{

| ong sat _id;
unsi gned | ong obt[2];

} xl _envisat_obt val ue;

for GOCE:
[* GOCE OBT Structure */
t ypedef struct

{
| ong sat _id;
unsi gned | ong utcO_c;
unsigned int utcO_f;
unsi gned | ong obt 0_c;
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unsigned int obtO_f;
doubl e gr adi ent ;
doubl e of f set;

} xl _goce_obt _paran

t ypedef struct
{

| ong sat _id;
doubl e obt ;
} xI _goce_obt val ue;

for SMOS
t ypedef struct
{
| ong sat _id;

| ong delta_seconds; /* number of seconds to be applied to UTCto
give UTC Proteus (just in case UTC Proteus

reference is actually GPS Tine)*/
unsi gned | ong obetO0 _c; /* OBET Coarse Tinme (in seconds) */
unsi gned | ong obetO f; /* OBET Fine Tinme */
unsi gned |l ong utcO_week; /* UTC (Proteus format) week nunber */

unsi gned | ong utcO_seconds; /* UTC (Proteus format) seconds of
week */

unsi gned |l ong utcO fraction; /* UTC (Proteus format) fracti on of
seconds */

} x| _snps_obt _parani

typedef struct

{
| ong sat _id;
unsi gned | ong obet _c; /* OBET Coarse Tine (in seconds) */
unsi gned | ong obet _f; /* OBET Fine Time */

} xI _snpbs_obt _val ue;

and for ADM
t ypedef struct
{
| ong sat _id;

|l ong delta_seconds; /* it refers to the nunber of seconds to be
applied to UTCto give GPS (GPST - UTC) */

} x|l _adm obt _param
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t ypedef struct

{

| ong sat _id;

unsi gned | ong cuc_sec; /* CCSDS Unsegnented Ti ne Code (secs) */

unsi gned | ong cuc_subsec; /* CCSDS Unsegnented Ti ne Code
(subseconds) */

} x|l _adm obt val ue;

The sat_id parameter within the stucture has tassgyned equal to the sat_id passed to the function

7.20.2 Calling interface

The calling interface of thel_time_obt_to_time CFI function is the following (input parameterg am-
derlineg:

#i ncl ude <explorer_Ilib.h>

{

| ong sat _id, proc_id;

x| _envi sat _obt _param obt _param /*exanple for ENVI SAT */

x| _envi sat _obt _val ue obt_val ue_in; /*exanple for ENVISAT */

doubl e tinme_out;

long ierr[ XL_NUM ERR OBT _TI ME], status;

status = x| _time_obt_to_tinme (&sat _id,
&proc_i d,
&obt _par am
&obt _val ue_in,
&t i me_out,
ierr);

/[* O, using the run_id */

| ong run_id;

status = x|l _time_obt to tine_run (&un id,
&proc_i d,
&obt _par am
&obt _val ue_in,
6ti me_out,
err);

}

TheXL_NUM _ERR_OBT_TI ME constant is defined in the fiexplorer_lib.h.
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7.20.3 Input parameters

Thexl_time_obt_to_time CFI function has the following input parameters:

Table 78: Input parameters of xl_time_obt_to_time function

containing the OBT
time (in the satellite
dependant format)

Array Description Unit
C name C type Allowed Range
yp Element| (Reference) (Format) 9
sat_id long * - Satellite ID - Complete
proc_id long * - Processing format |- Complete
ID
obt param |void * - Pointer to x|_<sat- |- -
ellite>_obt_param
obt_value_in |void * - Pointer to xI_<sat- |- -
ellite>_obt_value
Table 79: Input parameters of xl_envisat_obt_param structure
Array Description Unit
C name C type Allowed Range
P Element (Reference) (Format) 9
sat_id long - Satellite ID - XL_SAT_ENVISAT
timeO double - Reference time Decimal days [-18262.0,36524.0]
(Processing format)
obt0 unsigned long[2] - Array of counters |TBD TBD
containing the OBT
at the reference
time (in the satellite
dependant format)
period0 unsigned long - Actual on-board TBD TBD
clock period
Table 80: Input parameters of xl_envisat_obt_value structure
Array Description Unit
nam t Allowed Ran
© MEME S Element, (Reference) (Format) BHEE [REINEE
sat_id long - Satellite ID - XL_SAT_ENVISAT
obt unsigned long[2] - Array of counters |TBD TBD
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Table 81: Input parameters of xl_goce_obt_param structure

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) 9

sat_id long - Satellite ID - XL_SAT_GOCE
utcO_c unsigned long - Coarse UTCO seconds >=0
utcO_f unsigned int - Fine UTCO 2718 seconds >=0
obt0_c unsigned long - Coarse OBTO seconds >=0
obt0_f unsigned int - Fine OBTO 218 seconds >=0
gradient  |double - Gradient between |- -

the OBT and the

uTC
offset double - Offset between the |seconds -

OBT and the UTC

Table 82: Input parameters of xl_goce_obt_value structure

Array Description Unit
& WIS SHPs Element (Reference) (Format) Al RengE
sat_id long - Satellite ID - XL_SAT_GOCE
obt double - OBT time sconds -

Table 83: Input parameters of xl_smos_obt_param structure

Array Description Unit
G EWIE SHPs Element (Reference) (Format) Al RengE
sat_id long - Satellite ID - XL_SAT_SMOS
delta_seco|long - Number of seconds [seconds
nds to be applied to

UTC to give UTC
Proteus (in case
UTC Proteus refer-
ence is actually

GPS Time)
obet0_c |unsigned long - OBETO Coarse seconds >=0
Time
obet0 f |unsigned long - OBET OFine Time [271°seconds >=0
utcO_week [unsigned long - UTCO (Proteus for- |weeks >=0
mat) week number
utcO_seco (unsigned long - UTCO (Proteus for- |[seconds >=0
nd mat) seconds of
week
utcO_fracti |unsigned long - UTCO (Proteus for- [271% seconds >=0
on mat) fraction of
seconds
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Table 84: Input parameters of xI_smos_obt_value structure

Array Description Unit
SIS SRS Element (Reference) (Format) Al [REmEE
sat_id long - Satellite ID - XL_SAT_SMOS
obet ¢ unsigned long - OBET Coarse Time|seconds >=0
obet_f unsigned long - OBET Fine Time |271® seconds >=0
Table 85: Input parameters of xlI_adm_obt_param structure
Array Description Unit
nam t Allowed Ran
& WIS SHPs Element (Reference) (Format) SEE REMESE
sat_id long - Satellite ID - XL_SAT_ADM
delta_seco|long - Number of seconds [seconds
nds to be applied to
UTC to give GPS
(GPST - UTC)
Table 86: Input parameters of xI_adm_obt_value structure
Array Description Unit
nam t Allowed Ran
G EWIE SHPs Element (Reference) (Format) SEE REMESE
sat_id long - Satellite ID - XL_SAT_ADM
cuc_sec |unsigned long - CCSDS Unseg- seconds >=0
mented Time Code
(seconds)
cuc_subse |unsigned long - CCSDS Unseg-  |218 seconds >=0

C

mented Time Code
(subseconds)

« Satellite ID: sat_id. See [GEN_SUM].
* Processing format ID: proc_id. Current documeettisn 6.2.

7.20.4 Output parameters

The output parameters of tkke time_obt_to_time CFI function are:

It is possible to use enumeration values rathar thizger values for some of the input arguments:
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Table 87: Output parameters of xI_time_obt_to_time function

Array Description Unit
Cname | Ctype Allowed Range
YP€ | Element (Reference) (Format) 9
xl_time_obt_to (long - Status flag - -
_time
time_out double* |- UTC Time in Decimal days, [-18262.0,36524.0]
Processing Format |MJD2000
(Processing format)
ierr long - Error vector - -

7.20.5 Warnings and errors

Next table lists the possible error messages trabe returned by the time_obt_to_time CFI function
after translating the returned error vector inte éguivalent list of error messages by callingftimetion
of the EXPLORER_LIB software librami_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vadlhese error codes can be obtained by translatimg t
error vector returned by thx¢ time_obt_to_timefunction by calling the function of the EXPLORERBL
software libraryxl_get_code(see [GEN_SUM)]).

Table 88: Error messages of xl_time_obt_to_time function

Error . Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_OBT_TIME_ 0
SAT_ERR
ERR |Processing format ID is not No calculation performed |XL_CFI_TIME_OBT_TIME_ 1
correct PROC_ERR
ERR |Structure inconsistent with| No calculation performed |XL_CFI_TIME_OBT _TI 2
Satellite ID ME_INCONSISTENT_ST
RUCT_ERR
ERR |Input reference time is out of No calculation performed |XL_CFI_TIME_OBT_TIME_ 3
range DAY_REF_ERR
ERR |No OBT defined for this satel-| No calculation performed |XL_CFI_TIME_OBT_TIME_ 4
lite ID OBT_SAT_ERR
ERR |OBT at reference time is out No calculation performed |XL_CFI_TIME_OBT_TIME_ 5
of allowed range OBT_ERR
ERR |Period of the On-Board clock No calculation performed |XL_CFI_TIME_OBT_TIME_ 6
is null CLOCK_ERR
ERR |Output time is out of range No calculation performed |XL_CFI_TIME_OBT_TIME_ 7
DAY_OUT_ERR
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7.20.6 Runtime performances
The following runtime performances have been meskur
Table 89: Runtime performances of xI_time_obt_to_time function
Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.01899 0.00254 0.00319 0.00050
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7.21 x|_time_time_to_obt
7.21.1 Overview

Thexl_time_time_to_obt CFl function transforms a UTC Processing time ®TQount.

User should be aware that the use of UTC in Praag$ésrmat is not encouraged, due to the discotyinu
that is caused by the introduction of leap seco8ds.[IERS] for further details.

See [MCD] for details on time formats and repreagons, in particular the definition OBT.

Note that no rounding to any number of significhit$ is performed byl time_time_to_obt The user
application must perform this rounding if necessa&ny example of rounding is provided in the example
program within the EXPLORER_LIB library.

Thexl_time_time_to_obt CFI function applies to satellites where OBT tim@ counter, which needs to
be correlated to an actual time reference. Neviedkesome other satellites, like Cryosat, usectunah
time reference on-board. In this case, the on-bo@nde conversions are handled by the

xI_time_processing_to_processinfunction.

Due to the different OBT models used by the varspececraft, specific data structures are useedohn
of them. The keep a single interface for the fuogtia void pointer is used to pass the specificcsires
to the generic function.

The following data structures are defined for ENATS
/* Envisat OBT Structure */
t ypedef struct

{
| ong sat _id;
doubl e ti meo;
unsi gned | ong obtOf 2];
unsi gned | ong peri odO;

} xI _envi sat _obt _param

t ypedef struct
{

| ong sat _id;
unsi gned | ong obt[2];

} xI _envi sat _obt _val ue;

for GOCE:
[* GOCE OBT Structure */
t ypedef struct

{
| ong sat _id;
unsi gned | ong utcO_c;
unsigned int utcO_f;
unsi gned | ong obt 0_c;
unsigned int obtO_f;
doubl e gr adi ent;
doubl e of f set;

} xI _goce_obt parani
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t ypedef struct
{

| ong sat _id;
doubl e obt ;
} xI _goce_obt val ue;

for SMOS
t ypedef struct
{
| ong sat _id;

| ong delta_seconds; /* nunmber of seconds to be applied to UTCto
give UTC Proteus (just in case UTC Proteus

reference is actually GPS Tine)*/
unsi gned |l ong obet0 c; /* OBET Coarse Tinme (in seconds) */
unsi gned | ong obetO f; /* OBET Fine Tine */
unsi gned | ong utcO_week; /* UTC (Proteus format) week nunber */

unsi gned | ong utcO_seconds; /* UTC (Proteus format) seconds of
week */

unsi gned |l ong utcO _fraction; /* UTC (Proteus format) fracti on of
seconds */

} x| _snps_obt _parani

t ypedef struct

{
| ong sat _id;
unsi gned | ong obet _c; /* OBET Coarse Tine (in seconds) */
unsi gned | ong obet _f; /* OBET Fine Time */

} xI _snpbs_obt _val ue;

and for ADM
t ypedef struct
{
| ong sat _id;

|l ong delta_seconds; /* it refers to the nunber of seconds to be
applied to UTCto give GPS (GPST - UTC) */

} x|l _adm obt _param

t ypedef struct
{

| ong sat _id;
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unsi gned | ong cuc_sec; /* CCSDS Unsegnented Ti ne Code (secs) */

unsi gned | ong cuc_subsec; /* CCSDS Unsegnented Ti ne Code
(subseconds) */

} xI _adm obt val ue;

The sat_id parameter within the stucture has tassgyned equal to the sat_id passed to the function

7.21.2 Calling interface

The calling interface of thel_time_time_to_obt CFI function is the following (input parameterg am-
derlined:

#i ncl ude <explorer _lib.h>

{

| ong sat _id, proc_id;

doubl e tinme_in;

x| _envi sat _obt param obt param /*exanple for ENVI SAT */

x| _envi sat _obt val ue obt val ue_out; /*exanple for ENVI SAT */

l ong ierr[ XL_NUM ERR TI ME_OBT], status;

status = x| _time_time_to _obt (&sat id,
&proc_id,
&obt _par am
&inme_in,
&obt val ue_out,
ierr);

/[* O, using the run_id */

l ong run_id;

status = x| _time_tinme_to_obt_run (&un_id,
&proc_id,
&obt _par am
&ine_in,
&obt _val ue_out,
ierr);

}

TheXL_NUM ERR TI ME_OBT constant is defined in the fiexplorer_lib.h.
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7.21.3 Input parameters

Thexl_time_time_to_obtCFI function has the following input parameters:

wing input parameters:

Table 90: Input parameters of xI_time_obt_to_time function

Array Description Unit
nam t Allowed Ran
& WIS SHPs Element (Reference) (Format) SEE REMESE
sat_id long * - Satellite ID - Complete
proc_id long * - Processing format |- Complete
ID
obt_param |void * - Pointer to xI_<sat- |- -
ellite>_obt_param
time_in double* - UTC Time Decimal days [-18262.0,36524.0]
(Processing format)
Table 91: Input parameters of xl_envisat_obt_param structure
Array Description Unit
C name C type Allowed Range
P Element| (Reference) (Format) g
sat_id long - Satellite ID - XL_SAT_ENVISAT
timeO double - Reference time Decimal days [-18262.0,36524.0]
(Processing format)
obt0 unsigned long[2] - Array of counters |TBD TBD
containing the OBT
at the reference
time (in the satellite
dependant format)
period0 unsigned long - Actual on-board TBD TBD
clock period
Table 92: Input parameters of xl_goce_obt_param structure
Array Description Unit
nam t Allowed Ran
G EWIE SHPs Element (Reference) (Format) SEE REMESE
sat_id long - Satellite ID - XL_SAT_GOCE
utcO_c unsigned long - Coarse UTCO seconds >=0
utco_f unsigned int - Fine UTCO 218 seconds >=0
obt0_c unsigned long - Coarse OBTO seconds >=0
obt0_f unsigned int - Fine OBTO 2718 seconds >=0
gradient  |double - Gradient between |- -
the OBT and the
uTC
offset double - Offset between the |seconds -
OBT and the UTC
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Table 93: Input parameters of xl_smos_obt_param structure

Array Description Unit
C name C type Allowed Range
yp Element| (Reference) (Format) g
sat_id long - Satellite ID - XL_SAT_SMOS
delta_seco|long - Number of seconds |seconds
nds to be applied to
UTC to give UTC
Proteus (in case
UTC Proteus refer-
ence is actually
GPS Time)
obet0 ¢ |unsigned long - OBETO Coarse seconds >=0
Time
obet0_f  |unsigned long - OBET OFine Time [271® seconds >=0
utcO_week [unsigned long - UTCO (Proteus for- |weeks >=0
mat) week number
utcO_seco [unsigned long - UTCO (Proteus for- [seconds >=0
nd mat) seconds of
week
utcO_fracti |unsigned long - UTCO (Proteus for- [21® seconds >=0
on mat) fraction of
seconds
Table 94: Input parameters of xl_adm_obt_param structure
Array Description Unit
nam t Allowed Ran
© MElE SLE Element| (Reference) (Format) BHEE [REIMNEE
sat_id long - Satellite ID - XL_SAT_ADM
delta_seco|long - Number of seconds [seconds
nds to be applied to
UTC to give GPS
(GPST - UTC)

It is possible to use enumeration values rather thizger values for some of the input arguments:
« Satellite ID: sat_id. See [GEN_SUM].
» Time reference ID: time_ref. See [GEN_SUM].

7.21.4 Output parameters

The output parameters of tkke time_time_to_obtCFI function are:
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Table 95: Output parameters of xl_time_time_to_obt function
C name C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
xl_time_time_t (long - Status flag - -
0_obt
obt_value_out |void * - Pointer to xI_<satel- - -
lite> obt value
ierr long - Error vector - -

Table 96: Output parameters of xl_envisat_obt_value structure

Array Description Unit
G IS SIS Element| (Reference) (Format) Al RengE
sat_id long - Satellite ID - XL_SAT_ENVISAT
obt unsigned long[2] - Array of counters |TBD TBD
containing the OBT
time (in the satellite
dependant format)
Table 97: Output parameters of xl_goce_obt_value structure
Array Description Unit
& WIS SHPs Element (Reference) (Format) Al RengE
sat_id long - Satellite ID - XL_SAT_GOCE
obt double - OBT time sconds -
Table 98: Output parameters of xl_smos_obt_value structure
Array Description Unit
G EWIE SHPs Element, (Reference) (Format) Al RengE
sat_id long - Satellite ID - XL_SAT_SMOS
obet ¢ unsigned long - OBET Coarse Time|seconds >=0
obet_f unsigned long - OBET Fine Time  [271® seconds >=0
Table 99: Output parameters of x{_adm_obt_value structure
Array Description Unit
G EWIE SHPs Element (Reference) (Format) Al RengE
sat_id long - Satellite ID - XL_SAT_ADM
cuc_sec |unsigned long - CCSDS Unseg- seconds >=0
mented Time Code
(seconds)
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Table 99: Output parameters of x{_adm_obt_value structure

C

mented Time Code
(subseconds)

Array Description Unit
SIS SRS Element, (Reference) (Format) Al [REmEE
cuc_subse |unsigned long - CCSDS Unseg-  |21% seconds >=0

7.21.5 Warnings and errors

Next table lists the possible error messages trabe returned by the time_time_to_obtCFI function
after translating the returned error vector inte éguivalent list of error messages by callingftimetion
of the EXPLORER_LIB software libramyl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf®\ARN) or an error ERR), the
cause of such a message and the impact on themedaalculation.

The table is completed by the error code and valhese error codes can be obtained by translatimg t
error vector returned by thx¢_time_time_to_obtfunction by calling the function of the EXPLORERBL
software libraryxl_get_code(see [GEN_SUM)]).

Table 100: Error messages of xl_time_time_to_obt function

Error . Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_TIME_OBT_ 0
SAT_ERR
ERR |Processing format ID is not No calculation performed |XL_CFI_TIME_TIME_OBT _ 1
correct PROC_ERR
ERR |Structure inconsistent with No calculation performed |XL_CFI_TIME_TIME_OBT _ 2
Satellite ID INCONSISTENT_STRUCT _
ERR
ERR |Input time is out of range No calculation performed |XL_CFI_TIME_TIME_OBT_ 3
DAY_IN_ERR
ERR |Input reference time is out of No calculation performed |XL_CFI_TIME_TIME_OBT _ 4
range DAY_REF_ERR
ERR |No OBT defined for this satel-| No calculation performed |XL_CFI_TIME_TIME_OBT_ 5
lite ID OBT_SAT_ERR
ERR |OBT at reference time is out No calculation performed |XL_CFI_TIME_TIME_OBT _ 6
of allowed range OBT_ERR
ERR |Period of the On-Board clock No calculation performed |XL_CFI_TIME_TIME_OBT _ 7
is null CLOCK_ERR

7.21.6 Runtime performances

The following runtime performances have been meskur
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Table 101: Runtime performances of xIl_time_time_to_obt function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.01904 0.00348 0.00429 0.00063
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7.22 xl_change_cart_cs

7.22.1 Overview

The xI_change_cart_csCFI function transforms a cartesian state vecetwben different reference
frames. The transformation are done sequentiallgviing the schema in figure 2. Note that the tfans
mations between BM2000, HM2000 and GM2000 involveaaslation of the input vectors (TR3 and
TR3’). In case that the input vector is a directaord not a location, the transformation should amgply
the rotations between frames, so the transformatstiould be done in several steps with

xl_change_cart_csskipping the translatiohs

GALACTIC BM1950 BM2000
oO+—0

TR1 TR2
T T TR3

TRY

GM2000 <+—>0
TR4 Mop TR5 ToD TR6 EF
TR3,
o @ Reference frame
HM2000

<4—» Reference frame transformatiol

Reference frames:

GALACTIC = Galactic CS

BM1950 = Barycentric Mean of 1950.0
BM2000 = Barycentric Mean of 2000.0
HM2000 = Heliocentric Mean of 2000.0
GM2000 = Geocentric Mean of 2000.0

MoD = Mean of Date
ToD = True of Date
EF = Earth Fixed

Figure 2: Change cartesian coordinates

1. For this purposoe it is also possible to usexREfunctionxp_change_framein the explorer_pointing library
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7.22.2 Calling interface
The calling interface of the_change_cart_c<CFI function is the following (input parameterg amder-

lined):

#i ncl ude <explorer _lib.h>

{

| ong node, cs_in, cs_out, tinme_ref;

doubl e tine;

doubl e pos[3], vel[3], acc[3];

doubl e pos_out[3], vel out[3], acc_out][3];
xI _time_id time_id = {NULL};

| ong status;

status = x|l _change cart _cs (& ine id, &mode, &cs in, &cs out,
&inme ref, & inme, pos, vel, acc,
pos_out, vel _out, acc_out);

/* O, using the run_id */
l ong run_id;

status = x|l _change_cart_cs_run (& un_id, &mwde, &cs in, &cs_out,
&ine ref, &ine, pos, vel, acc,
pos_out, vel _out, acc_out);
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7.22.3 Input parameters

Thexl_change_cart_c<CFI function has the following input parameters:

Table 102: Input parameters of xl_xhange_cart_cs function

Array Description Unit
C name| C type Allowed Range
YP€  Element (Reference) (Format) 9
time_id |x|_time_id* |- Structure that contains the |- -
time correlations.
mode long* - Calculation mode selection Complete
cs_in long * - Initial reference frame ID |- Complete
cs_out |long * - Final reference frame ID - Complete
time_ref |long * - Time reference ID - Any except
XL_TIME_UNDEF
time double* - Reference time Decimal days [-18262.0,36524.0]
(Processing format)
pos|[3] double all Input position vector m -
(Initial reference frame)
vel[3] double all Input velocity vector m/s -
(Initial reference frame)
This value is dummy if
mode is-XL_CALC_POS
except for the transforma-
tions between BM1950 and
BM2000
acc[3] double all Input acceleration vector  |m/s? -
(Initial reference frame)
Dummy if mode is either:
- XL_CALC_POS
- XL_CALC_POS_VEL

It is possible to use enumeration values rathar thizger values for some of the input arguments:
» Calculation mode selection: mode. See current mhecu, section 6.2.
» Time reference ID: time_ref. See [GEN_SUM].
» Reference frame: cs_in, cs_out. See current docyreection 6.2.

Notes:

» the function could not work correctly if the timeferences are not properly initialised before-call
ing the function (see section 4.2 for details).

» For objects located closer to 1 AU, the transfdromafrom and to BM1950 may produce incorrect
results
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7.22.4 Output parameters

The output parameters of tkke change_cart_c<CFI function are:

Table 103: Output parameters of xl_change_cart_cs function

Array Description Unit Allowed

© Eme C P! Element (Reference) (Format) Range

xl_change_cart_cs |long Extended status flag - -

pos_out[3] double |all Output position vector m -
(Final reference frame)

vel_out[3] double |all Output velocity vector m/s -
(Final reference frame)
Returned only if mode is either:
- XL_CALC_POS_VEL

- XL_CALC_POS_VEL_ACC

acc_out[3] double |all Output acceleration vector m/s -
(Final reference frame)
Returned only if mode is:

- XL_CALC_POS_VEL_ACC

7.22.5 Warnings and errors

Next table lists the possible error messages #wate returned by thd_change_cart_csCFI function
after translating the returned extended statusifiagthe equivalent list of error messages byirglthe
function of the EXPLORER_LIB software library_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingxhe
tended status flag returned by thx change cart _csfunction by calling the function of the
EXPLORER_LIB software librarxl_get code(see [GEN_SUM]).

Table 104: Error messages of xl_change_cart_cs function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input time reference ID is not No calculation performed |XL_CFI_CHANGE_CART_ 0
correct CS_REF_ERR
ERR |Input date is out of range No calculation performed |XL_CFI_CHANGE_CART_ 1
CS_DAY_ERR
ERR |Calculation mode ID is not No calculation performed |XL_CFI_CHANGE_CART_ 2
correct CS_MODE_ERR
ERR |Input reference frame is not No calculation performed |XL_CFI_CHANGE_CART_ 3
correct CS_INPUT_CS_ERR
ERR |Output reference frame is not | No calculation performed |XL _CFI_CHANGE_CART_ 4
correct CS_OUTPUT_CS_ERR
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Table 104: Error messages of xl_change_cart_cs function

CS_REF_INIT_ERR

Error . Error
Error message Cause and impact Error code
type No
ERR |Time Reference notinitialised | No calculation performed |XL _CFI_CHANGE_CART_ 5

7.22.6 Runtime performances

The following runtime performances have been mesakur
Two runtime figures are provided, one with fixegus, i.e. the function has been called severagiwith

the same time, but modifying the other input paramse and a second one with random inputs, i.thall

inputs have been modified from call to call anddkerage time has been taken.

Table 105: Runtime performances of xl_change_cart_cs function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.163 0.028 0.036 0.0065
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7.23 xl_geod_to_cart

7.23.1 Overview

Thexl_geod_to_cartCFlI function transforms from geodetic to cartessanrdinates.

7.23.2 Calling interface

The calling interface of thel_geod_to_cartCFI function is the following (input parametere amder-
lined):

#i ncl ude <explorer _lib.h>

{
| ong node;
double lon, lat, h, lon rate, lat rate, h_rate;
doubl e pos[ 3], vel[3];
| ong status;
status = x|l _geod_to_cart (&mde, & on, & at, &h,
& on rate, & at rate, &h rate,
pos, vel);
}
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7.23.3 Input parameters

Thexl_geod_to_cartCFl function has the following input parameters:

Table 106: Input parameters of xI_geod_to_cart function

Array Description Unit
C name | Ctype Allowed Range
YP€ | Element (Reference) (Format) 9
mode long* - Calculation mode selection |- Select either:
- XL_CALC_POS
- XL_CALC_POS_VEL
lon double * - Geocentric longitude deg [0,360)
(Earth fixed CS)
lat double * - Geodetic latitude deg [-90,90]
(Earth fixed CS)
h double * - Geodetic altitude m h >= -bgjjipsoid
(Earth fixed CS) (sat_id dependent)
lon_rate double * - Geocentric longitude rate |deg/s -

(Earth fixed CS)
Dummy if mode is:
- XL_CALC_POS

lat_rate double * - Geodetic latitude rate deg/s -
(Earth fixed CS)
Dummy if mode is:
- XL_CALC_POS

h_rate double * Geodetic altitude rate m/s -
(Earth fixed CS)
Dummy if mode is:
- XL_CALC_POS

It is possible to use enumeration values rathar thizger values for some of the input arguments:
» Calculation mode selection: mode. See current ghecu, section 6.2.

7.23.4 Output parameters

The output parameters of tkke geod_to_cartCFI function are:

Table 107: Output parameters of xl_geod_to_cart function

Array Description Unit
S S SIS Element (Reference) (Format) RlEEel REEE
xl_geod_to_cart |long - Extended status flag - -
pos[3] double |all Cartesian position vector |m -
(Earth fixed CS)
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Table 107: Output parameters of xl_geod_to_cart function

Array Description Unit
S LR Element (Reference) (Format) AlEmEel IREmEE
vel[3] double |all Cartesian velocity vector m/s -

(Earth fixed CS)
Returned only if mode is:
- XL_CALC_POS_VEL

7.23.5 Warnings and errors

Next table lists the possible error messages #rabe returned by theé geod _to_cartCFl function after
translating the returned extended status flagth@a@quivalent list of error messages by callirggftimction
of the EXPLORER_LIB software librami_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf\MARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingxhe
tended status flag returned by thé geod_to_cart function by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM])

Table 108: Error messages of xl_geod_to_cart function

Error . Error
Error message Cause and impact Error code
type No
ERR |Wrong geodetic latitude on No calculation performed |XL _CFI_GEOD_CART_EL 0
input (out of range) GT_90_ERR
WARN |Calculation mode ID is not Calculation performed. XL_CFI_GEOD_CART_MO 1
correct A message informs the user. |DE_WARN

The altitude of the geodetic state vector is n@ckled, so in case it does not satisfy its alloveadye it
may result in raising an internal error (see sec8ip

7.23.6 Runtime performances

The following runtime performances have been meskur

Table 109: Runtime performances of xl_geod_to_cart function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.01321 0.00248 0.00310 0.00051
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7.24 x|_cart_to_geod

7.24.1 Overview

Thexl_cart_to_geodCFl function transforms from cartesian to geodetiordinates.

7.24.2 Calling interface

The calling interface of thel_cart_to_geodfunction is the following (input parameters arelerlineg:

#i ncl ude <explorer _lib.h>

{

| ong node;

doubl e pos[ 3], vel[3];

double lon, lat, h, lon rate, lat rate, h_rate;

| ong status;

status = x|l _cart_to_geod (&mde, pos, vel, & on, &l at,

&, & on_rate, & at _rate, & rate);

}
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7.24.3 Input parameters

Thexl_cart_to_geodCFlI function has the following input parameters:

Table 110: Input parameters of xI_cart_to_geod function

Array Description Unit
Cname | Ctype Allowed Range
yp Element (Reference) (Format) g
mode long* - Calculation mode selection |- Select either:
- XL_CALC_POS
- XL_CALC_POS_VEL
pos[3] double all Cartesian position vector |m I'> Aellipsoid - Pellipsoid
(Earth fixed CS)
vel[3] double all Cartesian velocity vector m/s -
(Earth fixed CS)
Dummy if mode is:
- XL_CALC_POS

It is possible to use enumeration values rathar thizger values for some of the input arguments:
» Calculation mode selection: mode. See current ghecu, section 6.2.

7.24.4 Output parameters

The output parameters of tke cart_to_geodCFI function are:

Table 111: Output parameters of xl_cart_to_geod function

C name

C type

Array
Element

Description
(Reference)

Unit
(Format)

Allowed Range|

x|_cart_to_geod

long

Extended status flag

lon

double * -

Geocentric longitude
(Earth fixed CS)

deg

>=0
< +360

lat

double * -

Geodetic latitude
(Earth fixed CS)

deg

>=-90
<= 490

double * -

Geodetic altitude
(Earth fixed CS)

m

lon_rate

double * -

(Earth fixed CS)

- XL_CALC_POS_VEL

Geocentric longitude rate

Returned only if mode is:

deg/s

lat_rate

double * -

Geodetic latitude rate
(Earth fixed CS)

- XL_CALC_POS_VEL

Returned only if mode is:

deg/s
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Table 111: Output parameters of xl_cart_to_geod function

(Earth fixed CS)
Returned only if mode is:
- XL_CALC_POS_VEL

Array Description Unit
SIEIIS SR Element (Reference) (Format) Al [REmgE
h_rate double * - Geodetic altitude rate m/s -

7.24.5 Warnings and errors

Next table lists the possible error messages #rabe returned by the cart to_geodCFI function after
translating the returned extended status flagthea@quivalent list of error messages by callirgftimction
of the EXPLORER_LIB software librami_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf\MARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingxhe
tended status flag returned by the cart_to_geod function by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM])

Table 112: Error messages of xl_cart_to_geod function

Error . Error
Error message Cause and impact Error code
type No
ERR |Internal computation error # 1 | No calculation performed |XL_CFI_CART_GEOD_FR 0
AME_ERR
ERR |Input vector out of valid range | No calculation performed |XL_CFI_CART_GEOD_VE 1
CTOR_ERR
WARN |Calculation mode ID is not Calculation performed. XL_CFI_CART_GEOD_MO 2
correct A message informs the user. |DE_WARN
WARN |Geocentric longitude set to 0 Calculation performed. XL_CFI_CART_GEOD_AM 3
deg (ambiguous case) A message informs the user. |BIGUITY_WARN
WARN |Internal computation warning Calculation performed. XL_CFI_CART_GEOD_AC 4
#1 A message informs the user. |CURACY_WARN
WARN |Internal computation warning Calculation performed. XL_CFI_CART_GEOD_ITE 5
#2 A message informs the user. |RATIONS WARN
WARN |Internal computation warning Calculation performed. XL_CFI_CART_GEOD_DE 6
#3 A message informs the user. |FVAL_WARN
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7.24.6 Runtime performances
The following runtime performances have been meskur
Table 113: Runtime performances of xl_cart_to_geod function
Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.08676 0.01778 0.02500 0.00395
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7.25 xl_kepl_to_cart
7.25.1 Overview
Thexl_kepl_to_cart CFI function transforms from keplerian to cartest@ordinates.

7.25.2 Calling interface

The calling interface of thel_kepl_to_cart CFI function is the following (input parameters amder-
lined):

#i ncl ude <explorer _lib.h>

{
| ong kepl _node;
doubl e kepl _in[6];
doubl e pos_out[3], vel out[3];
l ong ierr[ XL_NUM ERR_KEPL_CART], status;
status = x|l _kepl to cart (&epl node, kepl in, pos_out,
vel _out, ierr);
}
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7.25.3 Input parameters
Thexl_kepl_to_cart CFI function has the following input parameters:
Table 114: Input parameters of xI_kepl_to_cart function
C name | C tvpe Array Description Unit Allowed
YPE | Element (Reference) (Format) | Range
kepl_mode |long* - Flag for selecting: - Complete
- Mean elements = XL_KEPLER_MEAN
- Osculating elements = XL KEPLER_OSC
kepl_in[6] |double |[O] Semi-major axis m >=0
(True of Date CS)
[1] Eccentricity - [0,1)
(True of Date CS)
[2] Inclination deg [0,180]
(True of Date CS)
[3] Right ascension of the ascending node deg [0,360)
(True of Date CS)
[4] Argument of perigee deg [0,360)
(True of Date CS)
[5] Mean anomaly deg [0,360)
(True of Date CS)

It is possible to use enumeration values rathar thizger values for some of the input arguments:
» Kepler state vector model: kepl_mode. See se@ian

7.25.4 Output parameters

The output parameters of tkke kepl_to_cart CFI function are:

Table 115: Output parameters of xl_kepl_to_cart function

Array Description Unit
nam t Allowed Ran
S S SIS Element (Reference) (Format) DEe REMge

xl_kepl_to_cart |long - Status flag - -
pos_out[3] double |all Cartesian position vector |m -

(True of Date CS)
vel_out[3] double |all Cartesian velocity vector m/s -

(True of Date CS)
ierr long - Error vector - -

7.25.5 Warnings and errors
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Next table lists the possible error messages #rabe returned by thé kepl_to_cart CFI function after
translating the returned error vector into the eglaint list of error messages by calling the fumcof the

EXPLORER_LIB software librarxl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf®\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thd kepl to_cart function by calling the function of the EXPLORERBLsoftware
library xI_get_code(see [GEN_SUM])

Table 116: Error messages of xl_kepl_to_cart function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input semi-major axis <= 0 No calculation performed |XL CFI_K2C_A ZERO _ER 0
R
ERR |Input eccentricity < 0 No calculation performed |XL _CFI_K2C_E_ZERO _ER 1
R
ERR |Input eccentricity > 1 No calculation performed |XL _CFI_K2C_E_ONE_ERR 2
ERR |Internal Error: Error in calling No calculation performed |XL_CFI_K2C INTERNAL_ 3
XL_Mean_to_osc M20O_ERR
ERR |Internal computation error #1 No calculation performed |XL_CFI_K2C_COMPUTATI 4
ON_ERR
WARN |Internal Warning: Warning in Calculation performed. XL_CFI_K2C_INTERNAL _ 5
calling XL_Mean_to_osc A message informs the user. |M20_WARN
WARN |Kepler's equations not con- Calculation performed. XL_CFI_K2C_NO_CONVE 6
verged A message informs the user. | RGED_WARN

7.25.6 Runtime performances

The following runtime performances have been messur

Table 117: Runtime performances of xl_kepl_to_cart function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.022 0.0056 0.0058 0.0012
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7.26 xl_cart_to_kepl

7.26.1 Overview

Thexl_cart_to_kepl CFI function transforms from cartesian to kepler@@ordinates.

7.26.2 Calling interface

The calling interface of thel_cart_to_kepl CFI function is the following (input parameters amder-

lined):
#i ncl ude <explorer_Ilib.h>
{
| ong kepl _node;
doubl e pos_in[3], vel in[3];
doubl e kepl out[6];
l ong ierr[ XL_NUM ERR_CART_KEPL], st at us;
status = x|l _cart_to_kepl (pos in, vel in, &kepl node,
kepl _out, ierr);
}
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7.26.3 Input parameters
Thexl_cart_to_kepl CFI function has the following input parameters:
Table 118: Input parameters of xI_cart_to_kepl function
C name | C tvpe Array Description Unit Allowed
YP€ | Element (Reference) (Format) | Range
pos_in[3] |double all Cartesian position vector m -
(True of Date CS)
vel_in[3] |double all Cartesian velocity vector m/s -
(True of Date CS)
kepl_mode |long* - Flag for selecting: - Complete
- Mean elements = XL_KEPLER_MEAN
- Osculating elements = XL KEPLER_OSC

It is possible to use enumeration values rathar thizger values for some of the input arguments:
» Kepler state vector model: kepl_mode. See se@ian

7.26.4 Output parameters

The output parameters of tke cart_to_kepl CFI function are:

Table 119: Output parameters of xl_cart_to_kepl function

C name C tvoe Array Description Unit Allowed
YPE | Element (Reference) (Format) | Range
xl_cart_to_kepl |long - Status flag - -
kepl_out[6] double |[0] Semi-major axis m >=0
(True of Date CS)
[1] Eccentricity - [0,1)
(True of Date CS)
[2] Inclination deg [0,180]
(True of Date CS)
[3] Right ascension of the ascending node |deg [0,360)
(True of Date CS)
[4] Argument of perigee deg [0,360)
(True of Date CS)
[5] Mean anomaly deg [0,360)
(True of Date CS)
ierr long - Error vector - -
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7.26.5 Warnings and errors

Next table lists the possible error messages #rabe returned by thé cart_to_kepl CFI function after
translating the returned error vector into the egleint list of error messages by calling the fumcof the

EXPLORER_LIB software librarxl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\@RN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thd _cart_to_kepl function by calling the function of the EXPLORERBLsoftware
library xI_get_code(see [GEN_SUM])

Table 120: Error messages of xl_cart_to_kepl function

Error . Error
Error message Cause and impact Error code
type No
ERR |Earth's Mu<0 No calculation performed |XL _CFI_C2K_MU_ZERO_E 0
RR
ERR |Input orbit radius = 0 No calculation performed |XL_CFI_C2K_OR_ZERO_E 1
RR
ERR |Input orbit velocity = 0 No calculation performed |XL_CFI_C2K_OV_ZERO_E 2
RR
ERR |Semi-major axis undefined No calculation performed |XL_CFI_C2K_OA UNDEFI 3
NED_ERR
ERR |Semi-major axis <0 No calculation performed |XL_CFI_C2K_OA ZERO_E 4
RR
ERR |Internal computation error #1 No calculation performed |XL_CFI_C2K_COMPUTATI 5
ON_ERR
ERR |Internal Error: Error in calling No calculation performed |XL_CFI_C2K_ INTERNAL_ 6
XL_Osc_to_mean 0O2M_ERR
WARN |Inclination = 0 or 180 deg Calculation performed. XL_CFI_C2K Ol ZERO W 7
A message informs the user. |ARN
WARN |Eccentricity = 0 Calculation performed. XL_CFI_C2K_OE_ZERO __ 8
A message informs the user. |WARN
WARN |Internal Warning: Warning in Calculation performed. XL_CFI_C2K_INTERNAL _ 9
calling XL_Osc_to_mean A message informs the user. |O2M_WARN

7.26.6 Runtime performances

The following runtime performances have been mesakur

Table 121: Runtime performances of xl_cart_to_kepl function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.01274 0.00345 0.00499 0.00099
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7.27 x|_cart_to_radec

7.27.1 Overview

Thexl_cart_to_radec CFI function transforms cartesian coordinatesptresical coordinates:
* From equatorial cartesian coordinates to righeasion and declination.

or
* From galactic cartesian coordinates to galactigitmde and latitude.

7.27.2 Calling interface

The calling interface of thel_cart_to_radec CFl function is the following (input parameterg amder-
lined):

#i ncl ude <explorer _lib.h>

{
| ong node, cs_in;
doubl e pos[ 3], vel[3];
double ra, dec, mu_ra, nu_dec, rad _vel, par;
| ong ierr[ XL_NUM ERR CART_RADEC], status;
status = x|l _cart_to_radec (&mwde, &cs _in, pos, vel,
&ra, &dec, &mu_ra, &mu_dec,
& ad_vel, &par, ierr);
}

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual



Code:

EE-MA-DMS-GS-0003

\ Date: 07/05/2010
SdPeA] m S c;esa-:um:ﬂ;llll NE=®m=n Issue: 3.7.3
Page: 140
7.27.3 Input parameters
Thexl_cart_to_radec CFI function has the following input parameters:
Table 122: Input parameters of xl_cart_to_radec function
C name | C tvoe Array Description Unit Allowed
YPE€ | Element (Reference) (Format) Range
mode long* - Flag to select transformation, position or |- Complete
position and velocity:
* XL_CALC_POS
* XL_CALC_POS_VEL
For galactic coordinates only position
can be transformed.
cs_in long* - Coordinate reference frame for the input |- All except
vector. XL_EF
pos[3] double all Cartesian position vector m -
vel[3] double all Cartesian velocity vector m/s -

It is possible to use enumeration values rather thiger values for some of the input arguments:
Calculation mode: mode. See section 6.2
Reference frame: cs_in. See section 6.2

7.27.4 Output parameters

The output parameters of tkke cart_to_radec CFI function are:

Table 123: Output parameters of xl_cart_to_radec function

C name C type Array Description Unit Allowed
Element (Reference) (Format) | Range
xl_cart_to_radec |long - Status flag - -
ra double - Right ascension (or galactic longitude) [rad [0, 2m)
dec double - Declination (or galactic latitude) rad [-Tv2,1t/2]
mu_ra double - Proper motion in the right ascension |rad/century |-
mu_dec double - Proper motion in the declination rad/century |-
rad_vel double - Radial velocity AUl/century |-
par double - Parallax rad [0, 2m)
ierr long - Error vector - -
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7.27.5 Warnings and errors

Next table lists the possible error messages Hrabe returned by thé cart_to_radecCFl function after
translating the returned error vector into the egleint list of error messages by calling the fumcof the

EXPLORER_LIB software librarxl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\@RN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thd _cart_to_radecfunction by calling the function of the EXPLORERBLsoftware

library xI_get_code(see [GEN_SUM])

Table 124: Error messages of xl_cart_to_radec function

Error . Error
Error message Cause and impact Error code
type No
ERR [Not possible to calculate No calculation performed |XL_CFI_CART_TO_RADEC 0
velocity vector in galactic _WRONG_INPUT_ERR
frame.
ERR |Mode input is not an allowed No calculation performed |XL_CFI_CART_TO_RADEC 1
value. _WRONG_MODE_ERR
ERR |cs_ininputis not an allowed No calculation performed |XL_CFI_CART_TO_RADEC 2
value. _WRONG_CS_IN_ERR
ERR |The frame's center is not an No calculation performed |XL_CFI_CART_TO_RADEC 3
allowed position input _WRONG_POSITION_ERR

7.27.6 Runtime performances

The following runtime performances have been mesakur

Table 125: Runtime performances of xl_cart_to_radec function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.01220 0.00340 0.00371 0.00112
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7.28 x|_radec_to_cart

7.28.1 Overview

Thex|_radec_to_cart CFl function transforms spherical coordinatesadesian coordinates:
* From right ascension and declination to equat@aalesian coordinates.

or
* From galactic longitude and latitude to galactctesian coordinates.

7.28.2 Calling interface

The calling interface of thel_radec_to_cart CFI function is the following (input parameterg amder-
lined):

#i ncl ude <explorer _lib.h>

{
| ong node, cs_in;
doubl e pos[ 3], vel[3];
double ra, dec, mu_ra, nu_dec, rad _vel, par;
| ong ierr[ XL_NUM ERR RADEC CART], status;
status = x|l _radec_to_cart (&mwde, &cs_in, &ra, &dec,
&Mm_ra, &nmu_dec,
&rad vel, &par,
pos, vel, ierr);
}
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7.28.3 Input parameters
Thexl_radec_to_cartCFlI function has the following input parameters:
Table 126: Input parameters of xl_radec_to_cart function
C name | C tvpe Array Description Unit Allowed
YP€ | Element (Reference) (Format) Range
mode long* - Flag to select transformation, position or |- Complete
position and velocity:
« XL_CALC_POS
* XL_CALC_POS_VEL
For galactic coordinates only position can
be transformed.
cs_in long* - Coordinate reference frame for the input |- All except
vector. XL_EF
ra double - Right ascension (or galactic longitude) rad [0, 2m)
dec double - Declination (or galactic latitude) rad [-v2,11/2]
mu_ra double - Proper mation in the right ascension rad/century |-
mu_dec double - Proper motion in the declination rad/century |-
rad_vel double - Radial velocity AU/century |-
par double - Parallax rad [0, 2m)
7.28.4 Output parameters
The output parameters of tke radec_to_cart CFI function are:
Table 127: Output parameters of xl_radec_to_cart function
Array Description Unit Allowed
€ name C type Element (Reference) (Format) | Range
xl_radec_to_cart |long - Status flag - -
pos[3] double |all Cartesian position vector m -
vel[3] double |all Cartesian velocity vector m/s -
ierr long - Error vector - -
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7.28.5 Warnings and errors

Next table lists the possible error messages Hrabe returned by thé radec_to_cartCFl function after
translating the returned error vector into the egleint list of error messages by calling the fumcof the

EXPLORER_LIB software librarxl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\@RN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thd_radec_to_cartfunction by calling the function of the EXPLORERBLsoftware

library xI_get_code(see [GEN_SUM])

Table 128: Error messages of xl_radec_to_cart function

Error . Error
Error message Cause and impact Error code
type No
ERR |Not possible to calculate No calculation performed |XL _CFI_RADEC _TO_CART 0
velocity vector in galactic _WRONG_INPUT_ERR
frame.
ERR |Mode input is not an allowed No calculation performed |XL_CFI_RADEC_TO_CART 1
value. _WRONG_MODE_ERR
ERR |cs_ininputis not an allowed No calculation performed |XL_CFI_RADEC_TO_CART 2
value." _WRONG_CS_IN_ERR
ERR |parallax can't be equal to No calculation performed |XL _CFI_RADEC _TO_CART 3
zero. _PAR_ERR

7.28.6 Runtime performances

The following runtime performances have been mesakur

Table 129: Runtime performances of xl_radec_to_cart function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.013 0.00365 0.00396 0.00095
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7.29 x|_topocentric_to_ef

7.29.1 Overview

Thexl_topocentric_to_efCFI function transforms topocentric azimuth anevation to the Earth Fixed
Referece frame.

7.29.2 Calling interface

The calling interface afl_topocentric_to_efthe CFI function is the following (input parametarg_un-
derlineg:

#i ncl ude <explorer _lib.h>

{
| ong node, deriv;
doubl e pos[ 3], vel[3];
doubl e azim elev, range,
azimd, elev_d, range_d,
ef _dir[3], ef _dir_d[3];
long ierr[ XL_NUM ERR TOP_TO EF], status;
status = x| _topocentric_to_ef(&mwde, &deriv, pos, vel,
&azim &el ev, &range,
&azi md, &elev d, &range d,
ef _dir, ef _dir_d,
ierr);
}
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7.29.3 Input parameters

Thexl_topocentric_to_efCFlI function has the following input parameters:

Table 130: Input parameters of xl_topocentric_to_ef function

Array Description Unit
nam t Allowed Ran
GRS | S Element (Reference) (Format) L RETilg
mode long - Flag to indicate if the input coordi- - * XL_MODE_FLAG
nates is location or a direction _LOCATION
* XL_MODE_FLAG
_DIRECTION
deriv long - Flag to indicate if the 1st. derivative |- * XL_NO_DER
has to be computed.  XL_DER_1ST
pos double |all Position of the topocentric CS in the |m -
EF CS
vel double |all Velocity of the topocentric CS inthe |[m/s -
EF CS
azim double - Azimuth deg [0, 360)
elev double - Elevation deg [-90, +90]
range double - Distance m -
azim_d double - Azimuth rate deg/s [0, 360)
elev_d double - Elevation rate deg/s [-90, +90]
range_d double - Range rate m/s -

7.29.4 Output parameters

The output parameters of tkke topocentric_to_efCFlI function are:

Table 131: Output parameters of xl_topocentric_to_ef function

Array Description Unit Allowed
C name C type
Element (Reference) (Format) | Range
x|_topocentric_to_ |long - Status flag - -
ef
ef _dir double |all Cartesian position vector in EF m -
ef_dir_d double |all Cartesian velocity vector in EF m/s -
ierr long - Error vector - -
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7.29.5 Warnings and errors

Next table lists the possible error messages #rabe returned by thé topocentric_to_efCFl function
after translating the returned error vector int® éguivalent list of error messages by callingftimetion
of the EXPLORER_LIB software libraryl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\@RN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thd _topocentric_to_effunction by calling the function of the EXPLORERBLsoft-
ware libraryxl_get _code(see [GEN_SUM])

Table 132: Error messages of xl_topocentric_to_ef function

direction from the input Azi-
muth and elevation

Error . Error
Error message Cause and impact Error code
type No
ERR |Wrong for the parameter No calculation performed |XL _CFI_TOP_TO_EF WR 0
Location/Direction ONG_MODE_FLAG_ERR
ERR |Wrong parameter for the No calculation performed |XL_CFI_TOP_TO_EF WR 1
derivative ONG_DERIV_FLAG_ERR
ERR |Could not convert input vector | No calculation performed |XL_CFI_TOP_TO_EF CAR 2
for the topocentric center to T TO _GEOD_ERR
geodetic coordinates
ERR |Could not get the pointing No calculation performed |XL _CFI_TOP_TO_EF POI 3

NTING_DIR_ERR

7.29.6 Runtime performances

The following runtime performances have been mesakur
Table 133: Runtime performances of xl_topocentric_to_ef function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.0965 0.0248 0.0366 0.0064
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7.30 xl_ef_to_topocentric

7.30.1 Overview

Thexl_ef_to_topocentricCFl function transforms Earth Fixed coordinatesofmocentric coordinates for
a given ground position.

7.30.2 Calling interface

The calling interface afl_ef to topocentricthe CFI function is the following (input parametarge_un-
derlineg:

#i ncl ude <explorer _lib.h>

{
| ong node, deriv;
doubl e pos[ 3], vel[3];
doubl e azim elev, range,
azimd, elev_d, range_d,
ef _dir[3], ef _dir_d[3];
long ierr[ XL_NUM ERR TOP_TO EF], status;
status = x|l _ef _to_topocentric(&mwde, &deriv, pos, vel,
ef dir, ef _dir_d,
&azi m &el ev, &range,
&azimd, &elev_d, &range_d,
ierr);
}
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7.30.3 Input parameters

Thexl_ef_to_topocentricCFI function has the following input parameters:

Table 134: Input parameters of x|_ef to_topocentric function

Array Description Unit
nam t Allowed Ran
SMEme) © e Element (Reference) (Format) SEE REMESE
mode long - Flag to indicate if the input coordinates |- * XL_MODE_FLAG
is location or a direction _LOCATION
* XL_MODE_FLAG
_DIRECTION
deriv long - Flag to indicate if the 1st. derivative - « XL_NO_DER
has to be computed. * XL_DER_1ST
pos double |all Position of the topocentric CS inthe EF |m -
Cs
vel double |all Velocity of the topocentric CS in the EF |m/s -
Cs
ef_dir double |all Cartesian position vector in EF m -
ef dir_d double |all Cartesian velocity vector in EF m/s -

7.30.4 Output parameters

The output parameters of tkk ef _to_topocentricCFI function are:

Table 135: Output parameters of x| _ef _to_topocentric function

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

x|_topocentric_to_ |long - Status flag - -
ef
azim double - Azimuth deg [0, 360)
elev double - Elevation deg [-90, +90]
range double - Distance m -
azim_d double - Azimuth rate deg/s [0, 360)
elev_d double - Elevation rate deg/s [-90, +90]
range_d double - Range rate m/s -
ierr long - Error vector - -
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7.30.5 Warnings and errors

Next table lists the possible error messages #rabe returned by thé ef to_topocentricCFI function
after translating the returned error vector int® éguivalent list of error messages by callingftimetion
of the EXPLORER_LIB software libraryl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\@RN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thd_ef to_topocentricfunction by calling the function of the EXPLORERBLsoft-
ware libraryxl_get code(see [GEN_SUM])

Table 136: Error messages of x|_ef to_topocentric function

Error . Error
Error message Cause and impact Error code
type No
ERR |Wrong for the parameter No calculation performed |XL _CFI_EF _TO_TOP_WR 0
Location/Direction ONG_MODE_FLAG_ERR
ERR |Could not convert input vector | No calculation performed |XL_CFI_EF_TO_TOP_CAR 1
for the topocentric center to T TO _GEOD_ERR
geodetic coordinates
ERR |Wrong parameter for the No calculation performed |XL _CFI_EF_TO_TOP_WR 2
derivative ONG_DERIV_FLAG_ERR
ERR |Error when computing Azi- No calculation performed |XL _CFI_EF TO_TOP_DIR_ 3
muth and Elevation POINTING_ERR

7.30.6 Runtime performances

The following runtime performances have been meskur
Table 137: Runtime performances of x|_ef_to_topocentric function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.1012 0.0245 0.0364 0.0067
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7.31 xl_sun

7.31.1 Overview

Thexl_sunCFlI function calculates the position and velogigtor of the Sun in the Earth Fixed coordinate
system.

7.31.2 Calling interface

The calling interface of the_sun function is the following (input parameters arelarined:

#i ncl ude <explorer _lib.h>

{
long tinme_ref;
doubl e time, sun_pos[3], sun_vel[3];
xI time_id tinme_id = {NULL};
| ong ierr[ XL_NUM ERR _SUN], st atus;
status = x|l _sun(&inme id, &ine ref, &inme, sun_pos, sun_vel,
ierr);
/* O, using the run_id */
l ong run_id;
status = x| _sun_run(&un_id, &ine ref, &inme, sun_pos, sun_vel,
ierr);
}
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7.31.3 Input parameters

Thexl_sun CFI function has the following input parameters:

Table 138: Input parameters of xI_sun function

Array Description Unit
C name | Ctype Allowed Range
yp Element (Reference) (Format) g
time_id xl_time_id* |- Structure that contains |- -
the time correlations.
time_ref long * - Initial time reference ID |- Any except
XL_TIME_UNDEF
time double* - Input time Decimal days [-18262.0,36524.0]
(Processing format)

It is possible to use enumeration values rathar thizger values for some of the input arguments:
» Time reference ID: time_ref. See [GEN_SUM].

Note that for the function to work correctly, thmé references should be properly initialised befmlling
the function (see section 4.2 for details).

7.31.4 Output parameters

The output parameters of tkk sun CFI function are:

Table 139: Output parameters of xI_sun function

Array Description Unit
nam t Allowed Ran

SRS || GUpe Element (Reference) (Format) EE REMES
xl_sun long - Status flag - -
sun_pos[3] |double all Position vector of the Sunin |m -

the Earth Fixed CS
sun_vel[3] |double all Velocity vector of the Sunin |m/s -

the Earth Fixed CS
ierr long - Error vector - -

7.31.5 Warnings and errors

Next table lists the possible error messages #rabe returned by thé _sun CFI function after translating
the returned error vector into the equivalent b$terror messages by calling the function of the
EXPLORER_LIB software librarxl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warnin§\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thel_sun function by calling the function of the EXPLORERBLsoftware library
xl_get _code(see [GEN_SUM])
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Table 140: Error messages of xl_sun function
Error . Error
Error message Cause and impact Error code
type No
ERR |Input time reference ID is not No calculation performed |XL _CFI_SUN_REF _ERR 0
correct
ERR |Input date is out of range No calculation performed |XL_CFI_SUN_DAY_ERR 1
ERR |Time Reference not initialised | No calculation performed |XL _CFI_SUN_REF_INIT_E
RR
ERR |Error in calling No calculation performed |XL _CFI_SUN_SUN_ERR 3

XL_Sun_PosVel

7.31.6 Runtime performances

The following runtime performances have been mesakur

Two runtime figures are provided, one with fixeguis, i.e. the function has been called severagiwith
the same time, but modifying the other input par@mse and a second one with random inputs, i.thall
inputs have been modified from call to call anddkerage time has been taken.

Table 141: Runtime performances of xI_sun function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.28 0.083 0.086 0.023
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7.32 x|I_moon

7.32.1 Overview

Thexl_moon CFI function calculates the position and velosigctor of the Moon in the Earth Fixed co-
ordinate system.

7.32.2 Calling interface

The calling interface of the_moon CFI function is the following (input parametere amderlinejt

#i ncl ude <explorer _lib. h>

{
long tinme_ref;
doubl e tinme, nmoon_pos[3], noon_vel[3];
xI time_id tinme_id = {NULL};
l ong ierr[ XL_NUM ERR_MOQON], st at us;
status = x|l _noon(&ine id, &inme ref, & inme, noon_pos, noon_vel,
ierr);
/[* O, using the run_id */
l ong run_id;
status = x|l _moon_run(&un_id, &ine ref, &tine,
noon_pos, noon_vel,
ierr);
}
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7.32.3 Input parameters

Thexl_moon CFI function has the following input parameters:

Table 142: Input parameters of xI_moon function

Array Description Unit
Cname | Ctype Allowed Range
yp Element (Reference) (Format) g
time_id xI_time_id* |- Structure that contains |- -
the time correlations.
time_ref long * - Initial time reference ID|- Any except
XL_TIME_UNDEF
time double* - Input time Decimal days [-18262.0,36524.0]

(Processing format)

It is possible to use enumeration values rathar thizger values for some of the input arguments:
» Time reference ID: time_ref. See [GEN_SUM].

Note that for the function to work correctly, thmé references should be properly initialised befmlling
the function (see section 4.2 for details).

7.32.4 Output parameters

The output parameters of tkk moon CFI function are:

Table 143: Output parameters of xl_moon function

Array Description Unit
nam t Allowed Ran
SIS SIS Element (Reference) (Format) HEE REMES

xI_moon long - Status flag - -
moon_pos|[3] |double all Position vector of the Moon |m -

in the Earth Fixed CS
moon_vel[3] |double all Velocity vector of the Moon |m/s -

in the Earth Fixed CS
ierr long - Error vector - -

7.32.5 Warnings and errors

Next table lists the possible error messages #natbe returned by thé_moon CFI function after trans-
lating the returned error vector into the equivalest of error messages by calling the functiontlo
EXPLORER_LIB software librarxl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thd_moon function by calling the function of the EXPLORERBLsoftware library
xl_get_code(see [GEN_SUM])
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Table 144: Error messages of xl_moon function
Error . Error
Error message Cause and impact Error code
type No
ERR |Input time reference ID is not No calculation performed |XL _CFI_MOON_REF_ERR 0
correct
ERR |Input date is out of range No calculation performed |XL_CFI_MOON_DAY_ERR 1
ERR |Time Reference not initialised | No calculation performed |[XL _CFI_MOON_REF_INIT 2
ERR
ERR |Error in calling No calculation performed |XL _CFI_MOON_MOON_ER 3

XL_Moon_PosVel

R

7.32.6 Runtime performances

The following runtime performances have been mesakur

Two runtime figures are provided, one with fixeguis, i.e. the function has been called severagiwith
the same time, but modifying the other input par@mse and a second one with random inputs, i.thall
inputs have been modified from call to call anddkerage time has been taken.

Table 145: Runtime performances of xl|_moon function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.333 0.112 0.095 0.035
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7.33 xl_planet

7.33.1 Overview

ThexI_planet CFI function calculates the position and veloekgtor of a planet in the Earth Fixed coor-

dinate system.

7.33.2 Calling interface

The calling interface of the_planet CFI function is the following (input parameterg amderlinejt

#i ncl ude <explorer _lib. h>

{

l ong sat _id, planet, tine_ref;

doubl e tinme, planet _pos[3], planet_vel][3];

xI time_id tinme_id = {NULL};
l ong ierr[ XL_NUM ERR_PLANET], st atus;
status = x|l _planet(&inme id, &planet, & inme ref, &ine,
pl anet _pos, planet _vel, ierr);

/[* O, using the run_id */

| ong run_id;

status = x| _planet_run(&un_id, &planet, &ine ref, &tine,

pl anet _pos, planet_vel, ierr);

}
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7.33.3 Input parameters

Thexl_planet CFI function has the following input parameters:

Table 146: Input parameters of xI_planet function

Array Description Unit
Cname | Ctype Allowed Range
yp Element (Reference) (Format) g
time_id xl_time_id* |- Structure that contains |- -
the time correlations.
planet long * - Planet ID - Complete
time_ref long * - Initial time reference ID |- Any except
XL_TIME_UNDEF
time double* - Input time Decimal days [-18262.0,36524.0]
(Processing format)

It is possible to use enumeration values rathar thizger values for some of the input arguments:
» Time reference ID: time_ref. See [GEN_SUM].
« Planet ID: planet. Current document, section 6.2.

Note that for the function to work correctly, thmé references should be properly initialised befmlling
the function (see section 4.2 for details).

7.33.4 Output parameters

The output parameters of tke planet CFI function are:

Table 147: Output parameters of xI_planet function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) g
x|_planet long - Status flag - -
planet_pos[3] |double all Position vector of the Planet |m -
in the Earth Fixed coordi-
nate system
planet_vel[3] |double all Velocity vector of the Planet |m/s -
in the Earth Fixed coordi-
nate system
ierr long - Error vector - -

7.33.5 Warnings and errors

Next table lists the possible error messages @nrabe returned by the_planet CFI function after trans-
lating the returned error vector into the equivalest of error messages by calling the functiontlo
EXPLORER_LIB software libraryxl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf®\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.
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The table is completed by the error code and valbese error codes can be obtained translatingrtbe
vector returned by thd_planet function by calling the function of the EXPLORERBLsoftware library
xl_get_code(see [GEN_SUM)).

Table 148: Error messages of xl_planet function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input time reference ID is not No calculation performed |XL_CFI_PLANET_REF_ER 0
correct R
ERR |Input date is out of range No calculation performed |XL_CFI_PLANET_DAY_ER 1
R
ERR |Time Reference not initialised | No calculation performed |XL _CFI_PLANET_REF_INI 2
T_ERR
ERR |Planet code is not correct No calculation performed |XL_CFI_PLANET_PLANET 3
_ERR
WARN |Internal Warning: XL_Planets Calculation performed. XL_CFI_PLANET_CONV_ 4
solution didn't converge A message informs the user. |WARN

7.33.6 Runtime performances

The following runtime performances have been messur

Two runtime figures are provided, one with fixegurs, i.e. the functions has been called sevaraddi
with the same time (reference and value); and arseone with random inputs (random time).

Table 149: Runtime performances of xl_planet function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.331 0.095 0.097 0.027
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7.34 x|_star_radec

7.34.1 Overview

Thexl_star_radecCFI function calculates the right ascension ardidation of a star in the True of Date

coordinate system.

7.34.2 Calling interface

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

#i ncl ude <explorer _lib.h>

{
lond tinme_ref;
double tinme, ra0, decO, nmu_ra, nu_dec;
doubl e rad _vel, par, ra, dec;
xI _time_id time_id = {NULL};
l ong ierr[ XL_NUM ERR_STAR], st at us;
status = x|l _star _radec(&ine id, &ine ref, &ine, & al, &decO,
& _ra, &mu_dec, &rad vel, &par,
&ra, &dec, ierr);
/* O, using the run_id */
| ong run_id;
status = x|l _star _radec_run(&un id, &inme ref, &inme, & al, &decO,
& ra, &mu dec, &rad vel, &par,
& a, &dec, ierr);
}
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7.34.3 Input parameters

Thexl_star_radec CFI function has the following input parameters:

Table 150: Input parameters of xl_star_radec function

Array Description Unit

Element| (Reference) (Format) Allowed Range

C name| C type

Structure that contains the time
correlations.

time_id |xI_time_id*

time_ref |long * - Initial time reference ID - Any except
XL_TIME_UNDEF
time double* - Input time Decimal days [-18262.0,36524.0]
(Processing format)
ra0 double * |- Right ascension of the star at rad [0,2m)
J2000.0
(Barycentric Mean of 2000.0 CS)
decO double * |- Declination of the star at J2000.0|rad [-TV2,172]
(Barycentric Mean of 2000.0 CS)
mu_ra |double * |- Proper motion in the right ascen-|rad/century -

sion at J2000.0
(Barycentric Mean of 2000.0 CS)

mu_dec |double * |- Proper motion in the declination |rad/century -
at J2000.0
(Barycentric Mean of 2000.0 CS)

rad_vel |double* |- Radial velocity of the star at AU/century -
J2000.0
(Barycentric Mean of 2000.0 CS)

par double * |- Parallax of the star at J2000.0 |rad -
(Barycentric Mean of 2000.0 CS)

It is possible to use enumeration values rathar thizger values for some of the input arguments:
« Time reference ID: time_ref. See [GEN_SUM].

Note that for the function to work correctly, thmé references should be properly initialised befmlling
the function (see section 4.2 for details).
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7.34.4 Output parameters

The output parameters of tkke star_radec CFl function are:

Table 151: Output parameters of xl_star_radec function

Cname | C tvpe Array Description Unit Allowed
YPE | Element (Reference) (Format) | Range
xl_star_radec |long - Status flag - -
ra double * |- Right ascension of the star at specified time |rad [0,2m)
(True of Date CS)
dec double * |- Declination of the star at specified time rad [-Tv2, 2]
(True of Date CS)
ierr long - Error vector - -

7.34.5 Warnings and errors

Next table lists the possible error messages tnate returned by thd _star_radec CFl function after
translating the returned error vector into the egleint list of error messages by calling the fumcof the
EXPLORER_LIB software libraryxl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by thel_star_radec function by calling the function of the EXPLORERBLsoftware
library xI_get_code(see [GEN_SUM]).

Table 152: Error messages of xl_star_radec function

Error . Error
Error message Cause and impact Error code
type No
ERR |Input time reference ID is not No calculation performed |XL _CFI_STAR_RADEC_RE 0
correct F_ERR
ERR |Input date is out of range No calculation performed |XL _CFI_STAR_RADEC_ DA 1
Y_ERR
ERR |Time Reference not initialised | No calculation performed |XL_CFI_STAR_RADEC_ RE 2
F_INIT_ERR
ERR |Error in calling XL_Star No calculation performed |XL _CFI_STAR_RADEC_ ST 3
AR_ERR
ERR |Error in calling No calculation performed |XL_CFI_STAR_RADEC_ DI 4
XL_Dir_Pointing RPOINT_ERR
WARN |Warning in calling Calculation performed. XL_CFI_STAR_RADEC DI 5
XL_Dir_Pointing A message informs the user. |RPOINT_WARN

The declination is not checked, so in case it da#ssatisfy its allowed range it may result in ragsan
internal error (see section 9).

7.34.6 Runtime performances
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The following runtime performances have been meskur

Two runtime figures are provided, one with fixegurs, i.e. the functions has been called sevaraddi
with the same time (reference and value), but nyodifthe other input parameters; and a second datfie w
random inputs, i.e all the inputs have been madliftem call to call and the average time has bakart.

Table 153: Runtime performances of xl_star_radec function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.287 0.084 0.093 0.022
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7.35 xl_star_catalog

7.35.1 Overview

Thex|_star_catalogCFI function calculates the right ascension ardidation of a star in a selected star
catalogue.

7.35.2 Calling interface

The calling interface of thel_star catalog CFI function is the following (input parameter® amder-
lined):

#i ncl ude <explorer _lib.h>

{
lond tinme_ref, catalog_in, cs_out, nopde;
doubl e tinme, ra0O, decO, nmu_ra0O, nu_decO;
doubl e rad vel 0, par0, ra, dec;
xI _time_id time_id = {NULL};
| ong ierr[ XL_NUM ERR_STAR CATALOG, status;
status = x|l _star_catalog(&inme id, &inme ref, &inme, &nrode,
&catalog in, &catal og out, &r a0, &decO,
& _ral, &m _decO, & ad vel 0, &parO,
&ra, &dec, ierr);
/* O, using the run_id */
| ong run_id;
status = x|l _star_catalog run(&un_id, &ine ref, &ine, &node,
&catal og in, &catal og out, & a0, &decO,
&u ral0, &m decO, & ad vel 0, &parO0,
&ra, &dec, ierr);
}
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7.35.3 Input parameters

Thexl_star_catalog CFl function has the following input parameters:

Table 154: Input parameters of xl_star_catalog function

catalog

Array Description Unit
C name | C type Allowed Range
YP€ | Element (Reference) (Format) g
time_id xl_time_id*|- Structure that contains the time |- -
correlations.
time_ref long * - Initial time reference ID - Any except
XL_TIME_UNDEF
time double* - Input time Decimal days [-18262.0,36524.0]
(Processing format)
mode long* -
catalog_in |long* - Input star catalog - All
catalog_out |long* - Output coordinate frame - All
ra0 double * |- Right ascension of the starin  |rad [0,2m)
the input catalog
decO double * |- Declination of the star in the rad [-TV2,172]
input catalog
mu_ra0 double * |- Proper maotion in the right rad/century -
ascension in the input catalog
mu_decO |double* |- Proper motion in the declination |rad/century -
in the input catalog
rad_velO double * |- Radial velocity of the star in the |AU/century -
input catalog
parO double * |- Parallax of the star in the input |rad -

It is possible to use enumeration values rathar thizger values for some of the input arguments:
« Time reference ID: time_ref. See [GEN_SUM].
» Star catalog ID: catalog_in.See section 6.2
* Reference frame: cs_out. See section 6.2

Note that for the function to work correctly, thmé references should be properly initialised befmlling
the function (see section 4.2 for details).

7.35.4 Output parameters

The output parameters of tkk star_catalogCFI function are:
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Table 155: Output parameters of xl_star_catalog function
Cname | C tvpe Array Description Unit Allowed
YP€ | Element (Reference) (Format) | Range
x|_star_catal |long - Status flag - -
0g
ra double * |- Right ascension of the star at specified time |rad [0,2m)
in the out_cs reference frame.
dec double * |- Declination of the star at specified time rad [-Tv2, 2]
in the out_cs reference frame.
ierr long - Error vector - -

7.35.5 Warnings and errors

Next table lists the possible error messages trabe returned by the_star_catalog CFl function after
translating the returned error vector into the egleint list of error messages by calling the fumcbf the

EXPLORER_LIB software librarxl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf®\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingrtbe
vector returned by the_star_catalogfunction by calling the function of the EXPLORERBLsoftware

library xI_get_code(see [GEN_SUM]).

Table 156: Error messages of xl_star_catalog function

Error , Error
Error message Cause and Impact Error code
type No
ERR |Wrong input catalog No calculation performed |XL_CFI_STAR_CATALOG_WRO 0
NG_INPUT_CATALOG_ERR
ERR |Wrong output catalog No calculation performed |XL_CFI_STAR_CATALOG_WRO 1
NG_OUTPUT_CATALOG_ERR
ERR |Errorin x|_star_radec No calculation performed |XL_CFI_STAR_CATALOG_STAR 2
_RADEC_ERR
ERR |Error when converting from | No calculation performed |XL_CFI_STAR_CATALOG_FK4 T 3
FK4 to FK5 O_FK5_ERR
ERR |Error in x|I_radec_to_cart No calculation performed |XL_CFI_STAR_CATALOG_RADE 4
C_TO_CART_ERR
ERR |[Errorin No calculation performed |XL_CFI_STAR_CATALOG_CHAN 5
xlI_change_coordinate_cs GE_CART_CS ERR
ERR |[Errorin xl_cart_to_radec No calculation performed |XL_CFI_STAR_CATALOG_CART 6
_TO_RADEC_ERR
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7.35.6 Runtime performances

The following runtime performances have been meskur

Two runtime figures are provided, one with fixegurs, i.e. the functions has been called sevaraddi
with the same time (reference and value), but nyodifthe other input parameters; and a second datfie w
random inputs, i.e all the inputs have been madliftem call to call and the average time has bakart.

Table 157: Runtime performances of xl_star_catalog function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.5924 0.1826 0.2093 0.0527
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7.36 xl_geod_distance
7.36.1 Overview

The xl_geod_distanceCFl function calculates the geodesic distance éetwtwo points that lay on the
same ellipsoid, and the azimuth of the related gsicdine at both points. See diagram below.

north

point
1
Figure 3: Azimuth figures returned by xl_geod_distance function

7.36.2 Calling interface

The calling interface of thel_geod_distanceCFI function is the following (input parameterg amder-
lined):

#i ncl ude <explorer_Ilib.h>

{
double lonl, latl, lon2, lat2, h;
doubl e distance, az_1_to 2, az_2 to_1;
| ong status;
status = x|l _geod distance (& onl, & atl, & on2, & at?2,
&h, &distance, &z_1_to_2,
&z 2 to 1);
}
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7.36.3 Input parameters

Thexl_geod_distanceCFI function has the following input parameters:

Table 158: Input parameters of xl_geod_distance function

Array Description Unit
Cname | Ctype Allowed Range
yp Element (Reference) (Format) g
lonl double * - Geocentric longitude of the |deg [0,360)
first input point
(Earth fixed CS)
latl double * - Geodetic latitude of the first |deg [-90,90]
input point
(Earth fixed CS)
lon2 double * - Geocentric longitude of the |deg [0,360)

second input point
(Earth fixed CS)

lat2 double * - Geodetic latitude of the sec-|deg [-90,90]
ond input point
(Earth fixed CS)
h double * - Geodetic altitude of both m h >=-bygs

input points (satellite ID dependent)
(Earth fixed CS)

7.36.4 I0Output parameters

The output parameters of tkk geod_distanceCFI function are:

Table 159: Output parameters of xl_geod_distance function

Array Description Unit
nam t Allowed Ran
G EWIE Cupe Element (Reference) (Format) SEE REME
x|_geod_distance (long - Extended status flag - -
distance double * |- Geodesic distance between (m >=0
the two input points
(Earth fixed CS)
az 1 to 2 double * |- Azimuth of the geodesic [0,360)
line from point 1 to point 2 |deg
(Topocentric CS)
az 2 to 1 double * |- Azimuth of the geodesic >=0
line from point 2 to point 1  |deg < 360

(Topocentric CS)
Note that az2 = az1 + 180
approximately
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7.36.5 Warnings and errors

Next table lists the possible error messages #rabe returned by the _geod_distanceCFI function after
translating the returned extended status flagth#equivalent list of error messages by callirggftimction
of the EXPLORER_LIB software libraryl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagenetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbhese error codes can be obtained translatingxhe
tended status flag returned by th& geod_ distance function by calling the function of the

EXPLORER_LIB software librarxl_get code(see [GEN_SUM]).

Table 160: Error messages of xl_geod_distance function

Error . Error
Error message Cause and impact Error code
type No
ERR |Different altitudes in the two No calculation performed |XL _CFI_GEOD_DIST_ALTI 0
points TUDE_ERR
ERR |Calculation not performed in No calculation performed |XL_CFI_GEOD_DIST_GEO 1
XL_Geo_Car _CAR_ERR
ERR |Calculation not performed in No calculation performed |XL_CFI_GEOD_DIST_DIR_ 2
XL_Pt_Dir_Range RANGE_ERR
ERR |No solution returned by No calculation performed |XL _CFI_GEOD_DIST _DIR_ 3
XL_Dir_Pointing POINTING_ERR
WARN |Antipodal points.Two possi- Calculation performed. XL_CFI_GEOD_DIST_ANTI 4
ble azimuth values (0 or A message informs the user. |[PODAL_POINTS_WARN
180).Selected value is 0.0
deg
WARN |Default values returned by Calculation performed. XL_CFI_GEOD_DIST DIR_ 5
XL_Dir_Pointing A message informs the user. |POINTING_WARN

The altitude of the two points is not checked,rsoase it does not satisfy its allowed range it negylt in
raising an internal error (see section 9).

For antipodal points, a little variation of the utwoordinates may lead to incoherent values feottput

distance, depending on the point location on theselid.

7.36.6 Runtime performances

The following runtime performances have been mesakur

Table 161: Runtime performances of xl_geod_distance function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.1730 0.0450 0.0600 0.0120
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7.37 xl_time_get_leap_second_info

7.37.1 Overview
Thexl_time_get_leap_second_inf&€FI function retrieves the leap second locatidmuily) in the initial-
ised time range.

In order to avoid ambiguities the instant of Leagz&d insertion is given both as the instant jesote
insertion (i.e. when the LS start) and the insjasit after insertion (i.e. when the LS ends).

As an example, in the case of the (positive) L®litesl on January 1st, 1999, the function wouldrneif
ascii_id out = XL_ASCI | _STD REF_M CRCSEC):

leap flag = 1
ascii_utc_tinme_before | eap = UTC=1998-12-31 23:59: 60. 000000
ascii_utc tine_after_leap = UTC=1999-01-01_00: 00: 00. 000000

In the case of a negative LS, inserted as an examplanuary 1st, 2009, the function would retifrn (
ascii_id out = XL_ASCI | _STD _REF_M CROSEC):

leap_flag = -1
ascii_utc_tinme_before_|leap = UTC=2008-12-31_23: 59: 58. 000000
ascii_utc_tine_after_leap = UTC=2009-01-01_00: 00: 00. 000000

Note that, if the time correlations where initatlsgith an Orbit Scenario File, LS could be wrongajcu-
lated (see section 7.1).

7.37.2 Calling interface
The calling interface of thel_time_get_leap_second_inf&€FI function is the following (input parame-
ters are underlingd
#i ncl ude <explorer_Ilib.h>
{

| ong ascii _id_out, |eap_flag;

char ascii_utc_tinme_before_| eap[ XL_TI ME_ASCI | _DI M_NAX] ;

char ascii_utc time_after | eap[ XL_TI ME_ASCI | _DI M MAX]

xI time_id tinme_id = {NULL};
l ong ierr[ XL_NUM ERR_LEAP_I NFQ, st at us;

status = x|l _time_get |eap_second info(&inme id, &ascii id out,
& eap flag, ascii _utc_tinme_before_ | eap,
ascii_utc_tinme_after_leap, ierr);

/* O, using the run_id */

| ong run_id;

status = x|l _tinme_get | eap_second_info_run(&un_id, &scii _id out,
& eap_flag, ascii_utc_tinme_before_| eap,
ascii_utc_tine_after_leap, ierr);
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}

The XL_TI ME_ASCI | _DI M_MAX and XL_NUM _ERR_LEAP_I| NFO constants are defined in the file

explorer_lib.h.

7.37.3 Input parameters

Thexl_time_get_leap_second_inf@€FI function has the following input parameters:

Table 162: Input parameters of xI_time_get_leap_second_info function

Array Description Unit
S =S S Element,  (Reference) (Format) AIBHEE REMEE
time_id xl_time_id* |- Structure that con- |- -
tains the time corre-
lations.
ascii_id_out long * - ASCII format ID for |- Complete
output

It is possible to use enumeration values rathar thizger values for the input argument:
« ASCII format ID: ascii_id_out. Current documergcton 6.2.

7.37.4 Output parameters

The output parameters of tkke time_get_leap_second_inf@€FI function are:

Table 163: Output parameters of xl_time_get_leap_second_info function

C Array Description Unit
C name Allowed Range
type | Element (Reference) (Format)
xI_time_get_lea|long |- Status flag - -
p_second_info
leap_flag long * |- Flag for leap second - -1 = Negative Leap Second (a LS
presence within time has been removed) (very rare
initialization data case)
0 = No leap second within initiali-
zation data
+1 = Positive Leap Second (a LS
has been added) (usual case)
ascii_utc_time_ |char |See table 4 |UTC time just before See table 4 |See table 4 and table 5
before_leap and table 5 |leap second insertion |and table 5
(dummy if leap_flag=0)
ascii_utc_time_ |char |See table 4 |[UTC time just after leap |See table 4 |See table 4 and table 5
after_leap and table 5 |second insertion and table 5
(dummy if leap_flag=0)
ierr long |- Error vector - -
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Note that if more than one leap second is contam#dn the time initialization data for the seledtsat-
ellite, only the last (most recent) one is returned

No more than one leap second is likely to be foarttie data, unless the range of time initializazpan
more than one year (a total of 23 leap seconds bege inserted until 2002, since the system was-int
duced in 1972).

7.37.5 Warnings and errors

Next table lists the possible error messages Hrabe returned by thé time_get leap _second_inf€FlI
function after translating the returned error veatdo the equivalent list of error messages byiroglthe
function of the EXPLORER_LIB software library_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warnin§\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vahese error codes can be obtained by translatig th
error vector returned by thel_time_get leap_second_infdunction by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM]).

Table 164: Error messages of xl_time_get_leap_second_info function

Error . Error
Error message Cause and impact Error code
type No
ERR |Output ascii format ID is not No calculation performed |XL_CFI_TIME_LEAP_SEC 0
correct OND_ASCII_OUT_ERR
ERR |Satellite ID and output format | No calculation performed |XL _CFI_TIME_LEAP_SEC 1
ID are not compatible OND_COMP_OUT_ERR
ERR |Error in adding times in No calculation performed |XL _CFI_TIME_LEAP_SEC 2
Processing format OND_ADD_ERR
ERR |Error in converting from No calculation performed |XL_CFI_TIME_LEAP_SEC 3
Processing to ASCII format OND_P2A _ERR
WARN |Time Reference not initialised | No calculation performed |XL_CFI_TIME_LEAP_SEC 4
A message informs the user. |OND_TIME_REF_INIT_WA
RN

7.37.6 Runtime performances

The following runtime performances have been messur

Table 165: Runtime performances of xI_time_get_leap_second_info function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.13 0.023 0.044 0.0072
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7.38 x|_euler_to_matrix

7.38.1 Overview

Thex|_euler_to_matrix CFI function computes the rotation matrix equivdl® apply the three consec-
utive rotation through the given Euler angles. tlmeo words, the result of multiplying the matrixet@ector
is the same that applying the Euler rotations éwctor.

The rotation of a vector through the Euler angdedafined as three rotations of the reference frame
1. Rotation around -Ys over a roll angje
2. Rotation around -3 (i.e the rotated Xs) over a pitch angle
3. Rotation around +%3 (i.e the rotated ) over a yaw anglé.

Next drawing depicts the three rotations:

Figure 4: Euler Angles

Summarising, the resulting matrix provides thetrotamatrix (M) from the original reference franwethe
rotated one, i.e:

Vo = M - Vi1
wherev, is the vector in the rotated frame andhe vector in the original frame.
7.38.2 Calling interface
The calling interface of thd_euler_to_matrix CFI function is the following (input parameters ander-
lined):

#i ncl ude <explorer_Ilib.h>

{
doubl e angl es[ 3] ;
double matrix[3][3];
l ong ierr[ XL_NUM ERR_EULER TO MATRI X], st at us;
status = x|l _euler_to_matrix(angles, matrix, ierr);
}

TheXL_NUM ERR_EULER_TO _MATRI X constant is defined in the fiexplorer_lib.h.
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7.38.3 Input parameters

Thexl_euler_to_matrix CFI function has the following input parameters:

Table 166: Input parameters of xl_euler_to_matrix function

Arra Description Unit
S =S S Elem)e/nt (Refer«gnce) (Format) AIBHEE REMEE
angles double[3] [0] Pitch angle degrees -
[1] Roll angle
[2] Yaw angle

7.38.4 Output parameters

The output parameters of tkke euler_to_matrix CFI function are:

Table 167: Output parameters of xl_euler_to_matrix function

Arra Description Unit
S P Elemgnt (Refergnce) (Format) AllEmEel IREmEE
xl_euler_to_matrix [long - Status flag - -
matrix double [3][3]|All Rotation matrix equivalent |- -
to the Euler angles
ierr long - Error vector - -

7.38.5 Warnings and errors

No errors have been envisaged for this function.

7.38.6 Runtime performances

The following runtime performances have been mesakur

Table 168: Runtime performances of xl_euler_to_matrix function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.00926 0.00203 0.00277 0.00124
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7.39 x|_matrix_to_euler

7.39.1 Overview

ThexI_matrix_to_euler CFI function computes the Euler angles (see segti88.1) equivalent to the in-
put rotation matrix. This function is the inverdexb euler_to_matrix.

The transformation from a rotation matrix to Eudegles is not unique, there are two sets of anpkas
lead to the same rotation matrix. More preciséig, iotation given bypitch, roll, yaw) is equivalent to
(180-pitch, 180+rall, 180+yaw). Of the two possible solutions, this function sés the one in which the
pitch angle is between -90° and +90° (or pash) > 0)

Another indetermination happens when the pitchaisgk90. In this case, the values for roll and yhkew
pends on each other. In this case the functiommeta warning (section 7.39.5) and a solutiontisrred
for which the yaw angle is set to 0.

7.39.2 Calling interface

The calling interface of the_matrix_to_euler CFI function is the following (input parameterg ainder-
lined):

#i ncl ude <explorer _lib.h>

{
doubl e angl es[ 3] ;
double matrix[3][3];
l ong ierr[ XL_NUM ERR_MATRI X_TO EULER], st at us;
status = x|l _nmatrix to euler(nmatrix, angles, ierr);
}

TheXL_NUM _ERR_MATRI X_TO_EULER constant is defined in the fiexplorer_lib.h.
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7.39.3 Input parameters

ThexI_matrix_to_euler CFI function has the following input parameters:

Table 169: Input parameters of xI_matrix_to_euler function

Array Description Unit
S =S SIS Element  (Reference) (Format) AllEEe R
matrix double [3][3] |All Rotation matrix - -

7.39.4 Output parameters

The output parameters of tkke matrix_to_euler CFI function are:

Table 170: Output parameters of xI_matrix_to_euler function

Arra Description Unit
Sl CHPE Elemgnt (Refergnce) (Format) BN REMEE

xI_matrix_to_eu|long - Status flag - -
ler
angles double[3] |[O] Pitch angle degrees |[-180, 180]

[1] Roll angle

[2] Yaw angle
ierr long - Error vector - -

7.39.5 Warnings and errors

Next table lists the possible error messages tate returned by thd_matrix_to_euler CFI function
after translating the returned error vector int® ¢guivalent list of error messages by callingftimetion
of the EXPLORER_LIB software libraryl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vahese error codes can be obtained by translatimg th
error vector returned by the¢_matrix_to_euler function by calling the function of the EXPLORERBL
software libraryxl _get _code(see [GEN_SUM]).

Table 171: Error messages of xl_matrix_to_euler function

Error : Error
Error message Cause and impact Error code
type No
ERR |The matrix does not XL_CFI_MATRIX_TO_EUL 0
define a rotation No calculation performed ER_WRONG_MATRIX_ER
R
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Table 171: Error messages of xl_matrix_to_euler function
Error . Error
Error message Cause and impact Error code

type No

WARN |Ambiguity in angles deter-|Calculation performed. XL_CFI_MATRIX_TO_EUL 1

mination

The roll and yaw angles are inde-
termined, so the yaw is set to
zero and the roll is computed as
if the yaw were 0. In whatever
case the three angles are equiv-
alent to the rotation matrix.

This situation happens when the
pitch angle is 90° or -90°.

ER_ANGLES_UNDEFINED

_WARN

7.39.6 Runtime performances

The following runtime performances have been meskur

Table 172: Runtime performances of xI_matrix_to_euler function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.01195 0.00258 0.00345 0.00157
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7.40 x|_position_on_orbit

7.40.1 Overview

Thexl_position_on_orbit CFI function calculates a value describing thatpmsof the satellite within the
orbit, using as input a Cartesian orbit state vecto

7.40.2 Calling interface

The calling interface of thel_position_on_orbit CFI function is the following (input parametere am-
derlineg:

#i ncl ude <explorer_Ilib.h>

{
| ong angle type, tine_ref, deriv;
double time, pos[3], vel[3], acc[3],
doubl e angle, angle rate, angle rate rate;
xI _time_id time_id = {NULL};
| ong status, ierr[XL_NUM ERR POSI TI ON_ON_ORBI T] ;
status = x| _position_on_orbit(&ine_id,
&angl e_t ype,
&ine _ref, &tine,
pos, vel, acc, &deriv,
&angl e, &angl e_rate,
&angl e_rate_rate,
ierr);
/[* O, using the run_id */
| ong run_id;
status = x| _position_on_orbit_run(&un id,
&angl e_t ype,
&ine_ref, &tine,
pos, vel, acc, &deriv,
&angl e, &angl e_rate,
&angl e rate_rate,
ierr);
}
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7.40.3 Input parameters

Thexl_position_on_orbit CFI function has the following input parameters:

Table 173: Input parameters of xl_position_on_orbit function

Array o ,
Description Unit
C name C type |Eleme Allowed Range
nt (Reference) (Format)
ftime_id xl_time_id* |- Structure that contains the time |- -
correlations.
XL_ANGLE_TYPE
angle_type long* - Type of angle - _TRUE_LAT_TOD
ge_yp 9 yp 9 XL_ANGLE_TYPE
| MEAN_LAT _TOD
|time_ref long* - Time reference ID - Complete
Itime double* - Reference time Decimal Qays [-18262.0,36524.0]
(Processing format)
Satellite position vector
|pos double[3] |all (Earth Fixed CS) m -
el double[3] all Satellite velocity vector m/s i
(Earth Fixed CS)
acc double[3] |all Satellite acceleration vector m/s® -
(Earth Fixed CS)
deriv long * - Derivative 1D - Allowed values:
(0) XL_NO_DER
(1) XL_DER_1ST
(2) XL_DER_2ND

It is possible to use enumeration values rathar thizger values for some of the input arguments:
* Time reference ID: time_ref.
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7.40.4 Output parameters

The output parameters of tke position_on_orbit CFl function are:

Table 174: Output parameters of xl_position_on_orbit function

Array Description Unit
nam t Allowed Ran
S =S Cupe Element (Reference) (Format) SEE REMESE
langle double* |- Angle describing the deg
position in the orbit
angle rate double* |- Angle describing the deg/s -

position in the orbit-rate

Angle describing the deg/s? -
position in the orbit-rate-
rate

angle rate_rate double*

lierrIXL_NUM_ERR
| POSI T1 ON_ON |long all Status vector - -
| ORBI T]

7.40.5 Warnings and errors

Next table lists the possible error messages Hrabe returned by thé position_on_orbit CFI function
after translating the returned status vector ihtodquivalent list of error messages by callingftimetion
of the EXPLORER_LIB software libraryl_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyn.e. either a warninf®\ARN) or an error ERR), the
cause of such a message and the impact on themedaalculation, mainly on the results vector.

The table is completed by the error code and vdlhese error codes can be obtained translatingtétes
vector returned by thd_position_on_orbit CFI function by calling the function of the EXPLEBR_LIB
software libraryxl _get code(see [GEN_SUM]).

Table 175: Error messages of xl_position_on_orbit function

Sl Error message Cause and impact Error code Sl
type No

XL_CFI_POSITION_ON |
ERR |Angle type is not valid No calculation performed [ORBIT_ANGLE TYPE B 0
RR

: XL_CFI_POSITION_ON |
Error occured during call o No calculation performed |ORBIT_CHANGE_CART| 1

ERR
xlI_change_cart_cs CS_ERR

ERR Error occured during call fo No calculation performed XL_CFI_POSITION_ON_| 5
XL_True_Lat P ORBIT_TRUE_LAT_ERR
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7.40.6 Runtime performances
The following runtime performance has been measured
Table 176: Runtime performances of xl_position_on_orbit function
Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.14065 0.02846 0.03919 0.00711
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7.41 xl_get_rotation_angles

7.41.1 Overview

Thexl_get_rotation_anglesCFI function calculates the rotation angles betw@ensets of orthonormal
right-handed unit vectors expressed wrt an idehticardinate frame.

7.41.2 Calling interface

The calling interface of thd_get_rotation_anglesCFI function is the following (input parametersg an-
derlineg:

#i ncl ude <explorer _lib.h>

{
double xs_initial[3], ys_initial[3], zs_initial[3];
double xs final[3], ys final[3], zs final[3];
doubl e ang][ 3];
l ong ierr[ XL_NUM ERR_CET_ROTATI ON_ANGLES], st at us;
status = x| _get_rotation_angles (xs_initial, ys initial,
zs initial, xs final, ys final, zs final,
ang, ierr);
}

TheXL_NUM ERR_CGET_ROTATI ON_ANGLES constant is defined in the fiexplorer_lib.h.
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7.41.3 Input parameters

Thexl_get_rotation_anglesCFI function has the following input parameters:

Table 177: Input parameters of xl_get_rotation_angles function

Unit
(Format)

Array
Element

Description

(Reference) Allowed Range

C name | Ctype

xs_initial[3] double |all Unitary direction vector
along the X-axes of the ini-
tial attitude frame

(Coordinate System)

ys_initial[3] double |all Unitary direction vector
along the Y-axes of the ini-
tial attitude frame

(Coordinate System)

zs_initial[3] double |all Unitary direction vector
along the Z-axes of the ini-
tial attitude frame

(Coordinate System)

xs_final[3] double |all Unitary direction vector
along the X-axes of the final
attitude frame

(Coordinate System)

ys_final[3] double |all Unitary direction vector
along the Y-axes of the final
attitude frame

(Coordinate System)

zs_final[3] double |all Unitary direction vector
along the Z-axes of the final
attitude frame

(Coordinate System)

7.41.4 Output parameters

The output parameters of the get_rotation_anglesCFI function are

Table 178: Output parameters of xl_get_rotation_angles function

C name C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
ang[3] double [0] Pitch angle between initial |deg [-180,180)
and final Attitude Frames
[1] Roll angle between initial |deg [-180,180)
and final Attitude Frames
[2] Yaw angle between initial |deg [-180,180)
and final Attitude Frames
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Table 178: Output parameters of xl_get_rotation_angles function

C name C type Array Description Unit Allowed
P Element (Reference) (Format) Range
ierr long - Error vector - -

7.41.5 Warnings and errors

Next table lists the possible error messages #rabe returned by thé get rotation_anglesCFI func-
tion after translating the returned extended stlagsinto the equivalent list of error messageséaling
the function of the EXPLORER_LIB software libraxly get msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbhese error codes can be obtained translatingxhe
tended status flag returned by tlk get rotation_anglesfunction by calling the function of the
EXPLORER_LIB software libraryl_get_code(see [GEN_SUM])

Table 179: Error messages of xl_get_rotation_angles function

S Error message Cause and impact Error code Sl
type No
Input vectors are not orthog- XL_CFI_GET_ROTATIO
ERR |onal No calculation performed |N_ANGLES_NO_ORTH 0

OGONAL_ERR
Error occured during call tg XL_CFI_GET_ROTATIO
ERR |function XL_CS_Rotation | No calculation performed |[N_ANGLES CS ROTAT| 1
ION_ERR

7.41.6 Runtime performances

The following runtime performances have been messur

Two runtime figures are provided, one with fixeguis, i.e. the function has been called severagiwith
the same position, velocity and acceleration vaectont modifying the other input parameters; asé&
ond one with random inputs, i.e all the inputs hia@en modified from call to call and the averageethas

been taken.

Table 180: Runtime performances of xl_get_rotation_angles function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.02582 0.00435 0.00057 0.00090
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7.42 x|_get_rotated_vectors

7.42.1 Overview

Thexl|_get_rotated_vectorsCFI function calculates the rotated unit vectorgegia set of unit vectors and
the rotation angles expressed wrt an identicaldioate frame.

7.42.2 Calling interface

The calling interface of thd_get rotated vectorsCFI function is the following (input parameters ain-
derlineg:

#i ncl ude <explorer _lib.h>

{
double xs_initial[3], ys_initial[3], zs_initial[3];
double xs final[3], ys final[3], zs final[3];
doubl e ang][ 3];
l ong ierr[ XL_NUM ERR_CET_ROTATED VECTCORS], st at us;
status = x|l _get _rotated_vectors (xs_initial, ys initial
zs initial, ang, xs_final, ys final
zs final, ierr);
}

TheXL_NUM ERR_GET_ROTATED_VECTORS constant is defined in the fiexplorer_lib.h.
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7.42.3 Input parameters

Thexl_get_rotated_vectorsCFI function has the following input parameters:

Table 181: Input parameters of xl_get_rotated_vectors function

C name

C type

Array
Element

Description
(Reference)

Unit
(Format)

Allowed Range

xs_initial[3]

double

all

Unitary direction vector
along the X-axes of the ini-
tial attitude frame
(Coordinate System)

ys_initial[3]

double

all

Unitary direction vector
along the Y-axes of the ini-
tial attitude frame
(Coordinate System)

zs_initial[3]

double

all

Unitary direction vector
along the Z-axes of the ini-
tial attitude frame
(Coordinate System)

ang[3]

double

[0]

Pitch angle between initial
and final Attitude Frames

deg

[-180,180)

[1]

Roll angle between initial
and final Attitude Frames

deg

[-180,180)

(2]

Yaw angle between initial
and final Attitude Frames

deg

[-180,180)

7.42.4 Output parameters

The output parameters of tke get_rotated_vectorsCFI function are

Table 182: Output parameters of xl_get_rotated_vectors function

C name

C type

Array
Element

Description
(Reference)

Unit
(Format)

Allowed
Range

xs_final[3]

double

all

Unitary direction vector
along the X-axes of the
rotated attitude frame
(Coordinate System)

ys_final[3]

double

all

Unitary direction vector
along the Y-axes of the
rotated attitude frame
(Coordinate System)

zs_final[3]

double

all

Unitary direction vector
along the Z-axes of the
rotated attitude frame

(Coordinate System)
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Table 182: Output parameters of xl_get_rotated_vectors function

C name C type Array Description Unit Allowed
P Element (Reference) (Format) Range
ierr long - Error vector - -

7.42.5 Warnings and errors

Next table lists the possible error messages #ratbe returned by thé get rotated vector€FI func-
tion after translating the returned extended sthagsinto the equivalent list of error messageséaling
the function of the EXPLORER_LIB software libraxly get msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warnin§\ARN) or an error ERR), the
cause of such a message and the impact on themedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingxhe
tended status flag returned by tkEe get rotated_vectors function by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM])

Table 183: Error messages of xl_get_rotated_vectors function

S Error message Cause and impact Error code Sl
type No
Input vectors are not orthog- XL_CFI_GET_ROTATED
ERR |onal No calculation performed | _VECTORS_NO_ORTHO 1
GONAL_ERR
Error occured during call tg XL _CFI_GET_ROTATED
ERR |function XL_Rotate CS No calculation perfformed | VECTORS ROTATE Q 2
S_ERR

7.42.6 Runtime performances

The following runtime performances have been messur

Two runtime figures are provided, one with fixeguis, i.e. the function has been called severagiwith
the same position, velocity and acceleration vaectont modifying the other input parameters; asé&
ond one with random inputs, i.e all the inputs hia@en modified from call to call and the averageethas

been taken.
Table 184: Runtime performances of xl_get_rotated_vectors function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
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7.43 xl_quaternions_to_vectors

7.43.1 Overview

Thexl_quaternions_to_vectorsCFI function calculates the orthonormal unit vestisom a given set of
quaternions.

7.43.2 Calling interface

The calling interface of thd_quaternions_to_vectorsCFI function is the following (input parameters are
underlineq:

#i ncl ude <explorer _lib. h>

{
doubl e quat er ni ons[ 4] ;
doubl e ux_vec[3], uy_vec[3], uz_vec[3];
| ong ierr[ XL_NUM ERR_QUATERNI ONS_TO VEC], status;
status = x|l _quaternions_to _vectors (quaternions,
ux_vec, uy_vec, uz_vec, ierr);
}

TheXL_NUM ERR_QUATERNI ONS_TO VECTORS constant is defined in the fiexplorer_lib.h.
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7.43.3 Input parameters

Thexl_quaternions_to_vectorsCFI function has the following input parameters:

Table 185: Input parameters of xl_quaternions_to_vectors function

Array Description Unit

Element (Reference) (Format) Allowed Range

C name | Ctype

quaternions  |double[4] Quaternions - -

7.43.4 Output parameters

The output parameters of tke quaternions_to_vectorsCFI function are

Table 186: Output parameters of xl_quaternions_to_vectors function

C name C type Array Description Unit Allowed
P Element (Reference) (Format) Range
ux_vec[3] double all Unitary direction vector - -

along the X-axes of the
coordinate or attitude frame

uy_vec[3] double all Unitary direction vector
along the Y-axes of the
coordinate or attitude frame

uz_vec[3] double all Unitary direction vector
along the Z-axes of the rco-
ordinate or attitude frame

ierr long Error vector - -

7.43.5 Warnings and errors

Next table lists the possible error messages thatbe returned by thd_quaternions_to_vector&FI
function after translating the returned extendeatlstflag into the equivalent list of error messagye call-
ing the function of the EXPLORER_LIB software lioyal _get _msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingxhe
tended status flag returned by tkle quaternions_to_vectorsfunction by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM])

Table 187: Error messages of xl_quaternions_to_vectors function

Error . Error
Error message Cause and impact Error code
type No
ERR |Wrong input quaternion. The No calculation performed |XL_CFI_QUATERNIONS_ T 0
module is different from 1 O_VEC_WRONG_INPUT_E
RR
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7.43.6 Runtime performances

The following runtime performances have been meakilivo runtime figures are provided, one with
fixed inputs, i.e. the function has been callecesaMimes with the same position, velocity andede@tion
vectors, but modifying the other input parametars] a second one with random inputs, i.e all tpets

have been modified from call to call and the avertige has been taken.
Table 188: Runtime performances of xl_quaternions_to_vectors function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.005 0.0008 0.0012 0.0001
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7.44 x|_vectors_to_quaternions

7.44.1 Overview

Thexl|_vectors_to_quaternionsCFl function calculates the set of quaternions toatespond to a set of
orthonormal unit vectors.

7.44.2 Calling interface

The calling interface of thrd_vectors_to_quaternions<CFI function is the following (input parameters are
underlineq:

#i ncl ude <explorer _lib. h>

{
doubl e quat erni ons[ 4] ;
doubl e ux_vec[3], uy_vec[3], uz_vec[3];
l ong ierr[ XL_NUM ERR VEC TO QUATERNI ONS], st at us;
status = x|l __vectors_to_quaternions (ux_vec, uy vec, Uz _vec,
guat ernions, ierr);
}

TheXL_NUM ERR_VECTORS_TO_QUATERNI ONS constant is defined in the fiexplorer_lib.h.
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7.44.3 Input parameters

Thexl_vectors_to_quaternionsCFI function has the following input parameters:

Table 189: Input parameters of xl_vectors_to_quaternions function

Array Description Unit
CREMS | S5 Element (Reference) (Format) Azl RenE
ux_vec[3] double |all Unitary direction vector - -

along the X-axes of the
coordinate or attitude frame

uy_vec[3] double |all Unitary direction vector -
along the Y-axes of the
coordinate or attitude frame

uz_vec[3] double |all Unitary direction vector -
along the Z-axes of the
coordinate or attitude frame

7.44.4 Output parameters

The output parameters of tke vectors_to_quaternionsCFl function are

Table 190: Output parameters of xl_vectors_to_quaternions function

C name C tvpe Array Description Unit Allowed

yp Element (Reference) (Format) Range
guaternions double[4] |- Quaternions - -
ierr long - Error vector - -

7.44.5 Warnings and errors

Next table lists the possible error messages #natoe returned by thd vectors to quaternionsCFI
function after translating the returned extendeatlstflag into the equivalent list of error messagye call-
ing the function of the EXPLORER_LIB software lioyal_get _msg(see [GEN_SUM]).

This table also indicates the type of messagemnetyr.e. either a warning\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingxhe
tended status flag returned by tklevectors_to_quaternionsfunction by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM])

Table 191: Error messages of xl_vectors_to_quaternions function

Error . Error
Error message Cause and impact Error code
type No
ERR |Wrong input vectors. No calculation performed |XL_CFI_VEC _TO_QUATER 0
NIONS_WRONG_INPUT_E
RR
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7.44.6 Runtime performances

The following runtime performances have been meakilivo runtime figures are provided, one with
fixed inputs, i.e. the function has been callecesaMimes with the same position, velocity andede@tion
vectors, but modifying the other input parametars] a second one with random inputs, i.e all tpets

have been modified from call to call and the avertige has been taken.
Table 192: Runtime performances of xl_vectors_to_quaternions function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.0059 0.0010 0.0014 0.0003
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7.45 x|_default_sat_init

7.45.1 Overview

The xl_default_sat_init CFI function initializes a default satellite fromsatellite configuration file (see
[D_H_SUM]). This operation is needed whenever a defaultisate to be used for the first time, otherwise

the satellite will not be recognised.

When the satellite is initialized, the functionuets the satellite identifier (the sat_id). The gtannot
be chosen by the user, as the program will givditeeavailable satellite if there is any. In ordbat a
sat_id number can be used again for another iagitdn, it has to be freed by calling to the Cerhdtion
x|I_default_sat close

Important note: Some parameters in the configuration file shdaddvthin the following ranges:
¢ nominal semimajor axis (a) >0
« nominal inclination (i): 0 deg <i < 180 deg
« nominal eccentricity (e): IBdeg <e <1

7.45.2 Calling interface

The calling interfaceal_default_sat_init function is the following (input parameters arelerineg:

#i ncl ude <explorer _lib.h>

{

| ong sat _id;

char *conf _file;

| ong ierr[ XL_NUM ERR DEFAULT_SAT_I NI T];

| ong status;

status = x| _default_sat_init(&sat_id, conf file, ierr);
}
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7.45.3 Input parameters

Thexl_default_sat_init function has the following input parameters:

Table 193: Input parameters of xl_default_sat_init function

Configuration File (see
[D_
about the configuration file).

H_SUM] for further details

Array Description Unit
SRS || G Element (Reference) (Format) AIBEE REMEE
conf_file char* Path and name for the Satellite |- -

7.45.4 Output parameters

The output parameters of tke default_sat_init function are:

Table 194: Output parameters of xl_default_sat_init function

C name C tvoe Array Description Unit Allowed
yp Element (Reference) (Format) Range
sat_id long* - Satellite ID - From
The value is asigned automati- XL_SAT DEFAU
cally if there is an available satel- LT to
lite. XL_SAT_DEFAU
LT9
ierr long* all Error status flags -

tis possible to use enumeration values ratherititeger values for some of the input arguments:
« Satellite ID: sat_id. See [GEN_SUM].

7.45.5 Warnings and errors

Next table lists the possible error messages tate returned by thd default_sat_init CFI function
after translating the returned extended statusifitgythe equivalent list of error messages byimmglthe
function of the EXPLORER_LIB software library_get_msg(see [GEN_SUM]).

This table also indicates the type of messagemretyr.e. either a warninf®\ARN) or an error ERR), the
cause of such a message and the impact on thempedaalculation.

The table is completed by the error code and vdlbese error codes can be obtained translatingxhe
tended status flag returned by thx default_sat_init function by calling the function of the
EXPLORER_LIB software librarxl_get_code(see [GEN_SUM]).
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Table 195: Error messages of xl_default_sat_init function
Error . Error
Error message Cause and impact Error code
type No
ERR |Default satellite ID is not cor- |The satellite identification XL_CFI_DEFAULT_SAT_INIT 0
rect number does notbelongtoa | SAT _ERR
default satellite.
No computation performed
ERR |Error while reading satellite  |Wrong configuration file. XL_CFI_DEFAULT_SAT_INIT 1
configuration file No computation performed | READ_FILE ERR

7.45.6 Runtime performances

The following runtime performances have been meskur

Table 196: Runtime performances of xl_default_sat_init function

Solaris 32-bit. Solaris 64 bit. Linux 32-bit. Linux 64-bit.
[ms] [ms] [ms] [ms]
0.0073 0.0016 0.0023 0.0003
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7.46 x|_default_sat_close

7.46.1 Overview

The xl|_default_sat_close CFI function frees a default satellite id. that wastialized with

xI_default_sat_init, so that it can be used again.

7.46.2 Calling interface

The calling interfacel_default_sat_closdunction is the following (input parameters are erihed:

#i ncl ude <explorer _lib. h>

{
| ong sat _id;
x| _default sat cl ose(&sat id);

7.46.3 Input parameters

Thexl_default_sat_clos€unction has the following input parameters:

Table 197: Input parameters of xl_default_sat_close function

Array Description Unit
C name | Ctype Allowed Range
yp Element (Reference) (Format) 9
sat_id long* - Satellite ID to free. - From XL_SAT _DEFAULT
to XL_SAT_DEFAULT9

7.46.4 Output parameters

This function does not return any value nor paranset

7.46.5 Warnings and errors

No warning nor errors are returned
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7.47 x|_set_tle_sat_data

7.47.1 Overview

Thex|_set_tle_sat_dataCFI function changes the NORAD data that has beersablished for every pre-
defined satellite. These data are used for thengawriting of the TLE files. The NORAD data thatea
defined for every satellite are:

* NORAD Satellite number
* Norad Satellite name
 NORAD International designator

This data can be found in: http://celestrak.coraisédearch.asp

This function should not be needed if the NORADadatre already stablised for every Earth Explorer
satellite, however the data are not set until #telkte launch. So, in order to be able to haddl& files
it could be neccessary to call this function satlsetcorrect data for the satellite.

The table 199 shows the list of predefined sagsllin the Earth Explorer CFI. Those satelliteswhich
the NORAD data are not known has a NORAD Satatlitmaber equal to “00000”.

For the default satellites, that NORAD data carfmsoset with this function as the data are setars#tellite
configuration file.

WARNING: This function is not thread safe. Howeuis function could be used safely in the follog/in
way:
* The function should be called only if the real N&Rdata are not correctly defined in the table
199.
» The function should be called only if TLE fileseagoing to be handled to generate TLE files or for
orbit initialization
» The function should be called only once and atatbggining of a program before launching any

thread.
Table 198: NORAD Identifiers for satellites
Satellite ID NORAD Satellite | NORAD Satellite Intlt\elr?IZt'iA;) ?1a|
Number Name Designator

XD_SAT_ERS1 21574 ERS1 “01050A "
XD_SAT_ERS2 23560 ERS2 "95021A "
XD_SAT_ENVISAT 27386 ENVISAT "02009A "
XD_SAT_METOP1 29499 METOP-A "06044A "
XD_SAT_METOP2 00000 METOP-B "00000
XD_SAT_METOP3 00000 METOP-C "00000 "
XD_SAT_CRYOSAT 00000 CRYOSAT "00000
XD_SAT_ADM 00000 AEOLUS "00000 ™
XD_SAT_GOCE 00000 GOCE "00000 "
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7.47.2 Calling interface

Table 198: NORAD Identifiers for satellites

Satellite ID NORAD Satellite | NORAD Satellite Inggzaam
Number Name Designator
XD_SAT_SMOS 00000 SMOS "00000 "
XD_SAT_TERRASAR 00000 TERRASAR "00000
XD_SAT_EARTHCARE 00000 EARTHCARE "00000 "
XD_SAT_SWARM_A 00000 SWARM-A 00000 "
XD _SAT SWARM B 00000 SWARM-B 00000
XD_SAT_SWARM_C 00000 SWARM-C "00000 "
XD_SAT_SENTINEL_1A 00000 SENTINELA "00000
XD_SAT_SENTINEL_1B 00000 SENTINELB "00000 "
XD_SAT_SENTINEL_2 00000 SENTINEL2 "00000
XD_SAT_SENTINEL_3 00000 SENTINEL3 "00000
XD_SAT_SEOSAT 00000 SEOSAT "00000 "
XD_SAT_GENERIC 00000 GENERIC "00000

The calling interfacel_set_tle_sat_datdunction is the following (input parameters are eritied:

#i ncl ude <explorer _lib. h>

{
| ong sat _id, status;
| ong norad_sat _nunber;
char norad_satcat|[25];
char int _des[9];
status = x|l _set _tle_sat_data (&sat _id,
&nor ad_sat _nunber,
nor ad_sat cat,
i nt _des);
}

7.47.3 Input parameters

Thexl_set_tle_sat_datdunction has the following input parameters:
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Table 199: Input parameters of xl_set_tle_sat_data function

Array Description Unit
SIENS S Element (Reference) (Format) AllEEel IREmEE
sat_id long* Satellite ID - Any predefined satellite

shown in table 198

7.47.4 Output parameters

This function returns the status of the execution:
« 0 if the execution was correct
e -1if an error occurred. This only could happethié input sat_id was incorrect.

7.47.5 Warnings and errors

No warning nor errors are returned
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8 CFI EXECUTABLE PROGRAMS

The following sections describe executables progreased on the CFI functions.

8.1 time_conv

This program makes time conversions between diftdmmats and time references. It is call in the
following way:

time_conv [ref_in] input_time_ref
[-ref_out] output_time_ref
-fmt_in input_format
-fmt_out output_format
{-day j200_date (days)|
(-t1 tranport_1 [t2 transport_2] 3 transport_3] [t4 transport_4]) |
-date string_date (date)}
[-v]
[ -xd_v]
[ -x_v]
[-help]
[ -show|
[{ (-tai TAI_time-gpsGPS_timeutc UTC_time-utl UT1_time) |
(-tmod time_modelttfile time_file-trid time_reference
{(-tmO timeO-tm1 timel) | €orb0 orbit0-orbl orbitl) })}]

Note that:

Order of parameters does not matter.

Bracketed parameters are not mandatory.

Options between curly brackets and separatedveytacal bar are mutually exclusive.
[ -xd_v] option for EXPLORER_DATA HANDLING Verbose mode.

[ -xI_v ] option for EXPLORER_LIB Verbose mode.

[ -v ] option for Verbose mode for all libraries (deltaa Silent).

[ -show] displays the inputs of the function and the hssu

Possible values fotime model: USER, NONE , IERS_B_PREDICTED, IERS_B_RESTITUTED,
FOS_PREDICTED, FOS_RESTITUTED, DORIS_PRELIMINARYDRIS_PRECISE, DORIS_NAVIGATOR

Possible values fdrme_ref andtime_reference: TAI, UTC, UT1, GPS.
Possible values for input_format and output_format

- Julian days: PROC

- Transport formatTRANS_STD, TRANS_ENVI_GS, TRANS_CRYO_GS, TRANS_CRYDM,
TRANS_CRYO_TM_SIRAL SMOS_TM

- date stringASCIl_STD, ASCII_STD_REF, ASCII_STD_MICROSEC, ASC8TD_REF_MICROSEC,
ASCII_COMPACT, ASCII_COMPACT_REF, ASCII_COMPACT_MROSEC,
ASCII_COMPACT_REF_MICROSEC, ASCII_ENVI, ASCII_ENVREF, ASCII_ENVI_MICROSEC,
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ASCII_ENVI_REF_MICROSEC, ASCII_CCSDSA, ASCII_CCSDSREF, ASCII_CCSDSA_MICROSEC,
ASCII_CCSDSA_REF_MICROSEC, ASCII_CCSDSA_COMPACT,@6 CCSDSA_COMPACT_REF,
ASCII_CCSDSA_COMPACT_MICROSEC, ASCII_CCSDSA_COMPAMREF_MICROSEC

» The last three lines of parameters are used fibalising the time correlations . Note that onlyeo
set of parameters should be introduced

- TAIl, GPS, UTC and UT1 input times (as in x|_tinmef_init)
- Afile with time reference data, the time modee time reference name and a time range (as in
xI_time_ref_init_file)
« In atime conversion, if the time refererenceasto be changed, the values for "-ref_in", "-raft'o
and the parameters for the time initialization moeneeded. Note that the time reference will be
always requested if the input/output format corgdire reference in the date.

Examples:
time_conv -t1 1550 -t2 44266 -t3 176000 -t4 0 -fnt_in TRANS_STD
-fm_out PROC -ref in TAl -ref _out TAl -v
-tai 245.100000000000 -gps 245.099780092
-utc 245. 099594907407 -utl 245.099587962

time_conv -date 2004-03-30T12:17:46. 176000
-fnt_in ASCI | _CCSDSA M CROSEC
-fm _out ASCI|I_STD -ref _in TAl -ref _out GPS -v
-tai 245.100000000000 -gps 245.099780092
-utc 245. 099594907407 -utl 245.099587962
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9 LIBRARY PRECAUTIONS

The following precaution shall be taking into acabwhen using EXPLORER_LIB library:

* When a message like

EXPLORER_LIB >>> ERROR inl_function: Internal computation error

or

EXPLORER_LIB >>> WARNING inxl_function: Internal computation warningn
appears, run the programverbose mode for a complete description of warnings amdrerand

call for maintenance if necessary.
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10 KNOWN PROBLEMS

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

Table 200: Known problems

CFl library Problem Work around solution
xtime—obt—to—time |Cannetbe-callediromFoerfran- -
E ) aned

xl_time_obt_to_time

Since OBT is presently defined only for Envisat and
GOCE, this function only works if:
sat_id=XL_SAT_ENVISAT, sat_id=XL_SAT_GOCE,
sat_id=XL_SAT_ADM or

sat_id=XL_SAT_SMOS

Cannotbe-called-from-Forfran-
E ol . 0

xl_time_time_to_obt

Since OBT is presently defined only for Envisat and
GOCE, this function only works if;
sat_id=XL_SAT_ENVISAT,

sat_id=XL_SAT_GOCE,

sat_id=XL_SAT_ADM or

sat_id=XL_SAT_SMOS

euler—to - onatio I N -

= oo N I bl -
rangey

x—change—cari—es |Changesfromito-B1950-or GALACTHCcoordinates- |-
are-hetedrrenthyavailable:

earrad N I bl -

star I onatios I Table. -

= e—to_ef N I bl -

et to_ - et I N -
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