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Document Status Log

Issue Change Description Date Approval
1.0 New document 08/11/01
1.1 Updated Time Transformation functions 04/02/02
1.2 Updated the following functions: 15/04/02

xl_change_cart_cs, xI_geod_to_cart,

xl_cart_to_geod, xlI_kepl_to_cart,

xl_cart_to_kepl, xI_sun, xI_moon, xI_planet,

x|_star_radec, xlI_geod_distance,

xl_time_ref _init_file, xI_time_ref close.

The xlI_attitude_cs function has been removed

and replaced by xp_attitude in the

EXPLORER_POINTING library.
1.3 Added xI_time_get_leap_second_info 19/07/02
2.0 Maintenance release. See change bars. 29/11/02
2.1 Maintenance release. See change bars. 13/05/03
2.2 Added xI_default_sat_init function. 30/09/03
3.0 New initialisation strategy and interfaces 21/07/04
3.1 Maintenance Release. 13/10/04

New functions:

x|_get_rotation_angles,

x|_get_rotated_vectors,

x|_position_on_orbit
3.2 Maintenance release. See change bars. 15/11/04
3.3 Maintenance release. 11/07/05

New features:

- Changes for dealing with the new library

explorer_datan_handling

- ldentifier accessors.

- OBT to UTC conversion for ADM and SMOS

- Support for ENVISAT ASCII files removed
3.4 Maintenance release. 18/11/05

New function xd_default_sat close.
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1 SCOPE

The EXPLORER_LIB Software User Manual provides adetailed description of usage of the CFI functions
included within the EXPLORER_L 1B CFI software library.
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2 ACRONYMS AND NOMENCLATURE

2.1 Acronyms

ANX
AOCS
ASCII
BOM
CFI
EOM
ESA
ESTEC
GPL
GPS
IERS
IIF

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

Ascending Node Crossing

Attitude and Orbit Control Subsystem
American Standard Code for Information Interchange
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

CFI

CFI function
Library

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

tributed by ESA to the users as an independent unit

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

A software library containing all the CFI functions included within a CFI plus the
supporting functions used by those CFI functions (transparently to the user)
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3 APPLICABLE AND REFERENCE DOCUMENTS

3.1 Applicable Documents

[GEN_SUM] Earth Explorer Mission CFl Software. General Software User Manual. CS-MA-
DMS-GS-0002. Issue 3.4. 18/11/05

3.2 Reference Documents

[MCD] Earth Explorer Mission CFl Software. Mission Conventions Document. CS-MA-
DMS-GS-0001. Issue 1.3 15/07/03.

[F_ H_SUM] Earth Explorer Mission CFl Software. EXPLORER_FILE_HANDLING Software
User Manual. CS-MA-DMS-GS-0008. Issue 3.4. 18/11/05.

[D_H_SUM] Earth Explorer Mission CFl Software. EXPLORER_DATA_HANDLING Soft-
ware User Manual. CS-MA-DMS-GS-0009. Issue 3.4. 18/11/05.

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

4.1 Functions Overview

This software library contains all low-level generic routines, supporting all the other CFI functions.

The following CFI functions are included:

4.1.1 Time Computations

All time time computations are peformed internally using the continuous TAI time reference. Thereforethe
input and output parameters are converted internally to the adequate time reference.

4.1.1.1 Time Reference Transformations Initialization

xlI_time ref init_file: initializes time correlations between TAI, UTC, UT1 and GPS times from
reference data files.

x|_time_ref_init: initializes time correlations between TAI, UTC, UT1 and GPS times from input
reference times.

xI_time_close: cleans up any memory alocation performed by the initialization functions.

xl_time get leap second_info: retrieves the leap second location (if any) in the initialised time
range.

4.1.1.2 Time Format and Reference Transformations

x| _time _ascii_to_ascii: transforms atime expressed in agiven ASCII format and reference (TAI,
UTC, UT1 or GPS) into atime in adifferent ASCII format and/or reference (TAI, UTC, UT1 or
GPS).

xI_time_ascii_to_transport: transforms a time expressed in agiven ASCII format and reference
(TAI, UTC, UT1 or GPS) into atimein a Transport format, performing areference transformation
if necessary (to TAI, UTC, UT1 or GPS).

xl_time_ascii_to_processing: transforms atime expressed in agiven ASCII format and reference
(TAI,UTC, UT1 or GPS) into atime in Processing format, performing areference transformation if
necessary (to TAI, UTC, UT1 or GPS).

x| _time _processing _to_ascii: transforms a time expressed in Processing format and a given refer-
ence (TAI, UTC, UT1 or GPS) into atime in an ASCII format, performing a reference transforma-
tion if necessary (to TAI, UTC, UT1 or GPS).

xl_time_processing_to_transport: transforms atime expressed in Processing format and a given
reference (TAI, UTC, UT1 or GPS) into atimein a Transport format, performing areference trans-
formation if necessary (to TAI, UTC, UT1 or GPS).

x|_time_processing_to_processing: transforms atime expressed in Processing format and a given
reference (TAI, UTC, UT1 or GPS) into atime in Processing format with a different reference
(TAI, UTC, UT1 or GPS).

xI_time_transport_to_ascii: transformsatime expressed in agiven Transport format and reference
(TAI, UTC, UT1 or GPS) into atimein an ASCII format, performing a reference transformation if
necessary (to TAIl, UTC, UT1 or GPS).

XI_time_transport_to_transport: transforms atime expressed in a given Transport format and ref-
erence (TAI, UTC, UT1 or GPS) into atimein adifferent Transport format and/or reference (TAI,
UTC,UT1or GPS)
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» xl_time transport_to_processing: transforms atime expressed in a given Transport format and
reference (TAI, UTC, UT1 or GPS) into atime in Processing format, performing a reference trans-
formation if necessary (to TAl, UTC, UT1 or GPS).

4.1.1.3 Operation between Dates

* xl_time_add: addsaduration to aTAI, UTC, UT1 or GPS time expressed in Processing format.
» xl_time_diff: subtractstwo TAI, UTC, UT1 or GPS times expressed in Processing format.

4.1.1.4 Transformations from/to On-board Times

« x| _time obt_to time: transforms an On-board Time (OBT) into aTAIl, UTC, UT1 or GPStimein
Processing format.

» xl_time_time_to_obt: transformsa TAI, UTC, UT1 or GPS time expressed in Processing format
into an On-board Time (OBT).

4.1.2 Coordinate Systems Transformations

4.1.2.1 Reference Frames Transformations
» xl_change _cart_cs: transforms a state vector between different coordinate systems.

4.1.2.2 Attitude-related Computations

+ xl_euler_to_matrix: computes the elements of the coordinate transformation matrix with respect to
the Satellite Relative Reference System given the corresponding Euler rotation vector in theroll,
pitch and yaw sequence.

e xl_matrix_to_euler: derives the Euler rotation vector with respect to the Satellite Relative Refer-
ence System in theroll, pitch and yaw sequence given the corresponding coordinate transformation
matrix.

» xl_get_rotation_angles: calculates the rotation angles between two sets of orthonormal right-
handed unit vectors expressed wrt an identical coordinate frame.

« x| _get rotated vectors: calculates the rotated unit vectors given a set of unit vectors and the rota-
tion angles expressed wrt an identical coordinate frame.

* xl_quaternions_to_vectors: calculates the orthonormal unit vectors from a given set of quater-
nions.

e Xl _vectors to _quaternions: calculates the set of quaternions that correspond to a set of orthonor-
mal unit vectors.

4.1.2.3 Coordinates Transformations

* xl_geod_to_cart: transforms from Geodetic to Cartesian coordinates.
» xl_cart_to_geod: transforms from Cartesian to Geodetic coordinates.

4.1.2.4 State Vector Transformations

» xl_kepl_to_cart: transforms from Keplerian to Cartesian coordinates.
» xl_cart_to_kepl: transforms from Cartesian to Keplerian coordinates.

4.1.2.5 Position on orbit calculations

» xl_position_on_or bit: calculates a value describing the position of the satellite within the orbit,
using as input a Cartesian orbit state vector.
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4.1.3 Other Basic Computations

» xl_sun: calculates the position and velocity of the Sun in the True of Date coordinate system
« xl_moon: calculates the Moon position and velocity in the True of Date coordinate system

» Xxl|_planet: calculates the position and velocity of a selected planet in the Heliocentric Mean of
2000.0 coordinate system

« x| _star_radec: calculates the right ascension and declination of a star in the True of Date coordi-
nate system.

» xl_geod_distance: calculates the geodesic distance between two points that lay on the same ellip-
soid, and the azimuth of the related geodesic line at both points.

4.2 Time Reference Transformations Calling Sequence

Time reference transformations ,and other functions with time as input, requires the user to initialise cor-
relations between the different allowed time references, i.e. TAl, UTC, UT1 and GPStime. In order to ac-
complish such correlations, two possible strategies can be used:

* Initialisation from asingle or multiple orbit files (xI_time _ref_init_file).
 Initialisation from a given set of time references (xI_time_ref_init).

The correlations are stored in a data structure, and the software returns a pointer to it, in addition to the
validity range of theinitialisation. This structure isreferred to as the timel d.

Once the initiaisation has been performed, the user is able to transform any date expressed in one of the
allowed time references to another, through the Time Format / Reference Transformation functions. The
timeld hasto be provided to each of these functions. The process can be repeated as needed without inital-
ising the time correlations each time.

After finalising the transformations, the timeld must be freed (xI_time_close).
A complete view of the time reference transformations sequence is presented in figure 1.

Time References Routines Data Flow

validity initial initial / final

C i references
reference _—% times e
—® | xl_time_ref_init [o

times -
~
n
time (t:.orrell(?tlons— — B Format/ Reference |— g final
(timeld) Transformation time
start / stop > v
time / orbit Phd
. xI_time_ref_init_file (timeld)
ol T validity
times

xI_time_close

calling application
P> data flow

Id based
-~~~ P Gata flow

Figure 1: Time reference transtormations sequence
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Thereis asecond way of calling the functions that require atimeld as inpuit.

Similar initialisation functionsexist in other CFl libraries, resulting in various | ds being generated. It ispos-
sibleto group different Idsinto asingle entity called runid. Using this method, asingle runld can be passed
to all functions across the different libraries, instead of passing several 1ds through the interface.

In this case, the first step would be to create the timeld. Then, arunld can be generated using as input the
timeld. This runld is then passed through the interface to equivalent functions to those described before
(endingin“_run”).

A detailed description of each function is provided in section 7.

Please refer also to:
» [MCD] for adetailed description of the time references and formats, coordinate systems, parameters
and models used in this document.

* [GEN_SUM] for acomplete overview of the CFl, and in particular the detail ed description of the ld
concept and the error handling functions.
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5 LIBRARY INSTALLATION

For a detailed description of the installation of any CFl library, please refer to [GEN_SUM].
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6 LIBRARY USAGE

Note that to use the EXPLORER_LIB software library, the following other CFl software libraries are re-
quired:

e EXPLORER_FILE_HANDLING (See[F_H_SUM]).
* EXPLORER_DATA_ HANDLING[F_H_SUM]

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

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

» explorer_lib_h (for aC application)
« explorer_lib. inc (for aForTran application under SOLARIS)
* explorer_lib_win.inc (for aForTran application under Windows 95/NT)

To link correctly this application, the user must include in his linking command flags like (assuming
cfi_lib_dir and cfi_include_dir arethedirectorieswhererespectively all CFl librariesand includefiles have
been installed, see [GEN_SUM] for installation procedures):

* SOLARIS/LINUX:
-Icfi_include_dir -Lcfi_lib_dir -lexplorer_lib
-lexplorer_data_handling -lexplorer_file_handling -Ixml2
 WINDOWS:
/1 “cfi_include_dir” /libpath:"cfi_lib_dir"” libexplorer_lib.lib

libexplorer_data handling.lib
libexplorer_file_handling.lib

Libxml2_1ib
* MacOS:

—Icfi_include_dir -Lcfi_lib_dir -lexplorer_lib
-lexplorer_data_handling
-lexplorer_file _handling
-framework Hibxml
-framework libiconv

All functions described in this document have a name starting with the prefix x1_

To avoid problems in linking a user application with the EXPLORER_L I B software library due to the ex-
istence of names multiple defined, the user application should avoid naming any global software item be-
ginning with either the prefix XL__ or x1_.

It is possible to call the following CFI functions from a user application.

Table 1: CFI functions included within EXPLORER_LIB library

Function Name Enumeration value Long

Main CFI Functions
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Function Name Enumeration value Long
x|_time_transport_to_ascii XL_TIME_TRANSPORT_TO_ASCII_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
x|_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_ASCII_TO_TRANSPORT _ID 7
x|_time_ascii_to_processing XL_TIME_ASCII_TO_PROCESSING_ID 8
xl_time_add XL_TIME_ADD_ID 9
xl_time_diff XL_TIME_DIFF_ID 10
xl_time_obt_to_time XL_TIME_OBT_TO_TIME_ID 11
xl_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
xI_time_ref_close XL_TIME_CLOSE_ID 15
xI_change_cart_cs XL_CHANGE_CART_CS_ID 16
xl_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
xl_planet XL_PLANET_ID 23
x|_star_radec XL_STAR_RADEC_ID 24
xI_geod_distance XL_GEOD_DISTANCE_ID 25
xl_time_get_leap_second_info XL _TIME_GET_LEAP_SECOND_INFO_ID 26
xl_default_sat_init XL_DEFAULT_SAT_INIT_ID 27
xl_instr_name_to_index XL_INSTR_NAME_TO_INDEX_ID 28
xl_run_init XL_RUN_INIT_ID 29
x|_quaternions_to_vectors XL_QUATERNIONS_TO_VEC_ID 30
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Function Name Enumeration value Long
x|_vectors_to_quaternions XL_VEC_TO_QUATERNIONS_ID 31

Error Handling Functions

xl_verbose not applicable

xI_silent

x|_get_code

x|_get_msg

x|_print_msg

Notes about the table:

» To transform the extended status flag returned by a CFl function to either alist of error codes or a
list of error messages, the enumeration value (or the corresponding long value) described in the
table must be used

* Theerror handling functions have no enumerated values
Whenever availableit isstrongly recommended to use enumer ation valuesrather than integer values.

6.1 Usage hints

The runtime performances of few of the CFI functions areimproved to alarge extent if they are called two
consecutive times keeping constant some of their inputs:

» x01_change_cart_cs:time (reference and value).
« xI_planet: time (reference and value).
« xl_star_radec: time (reference and value).

Infact, the time, position, velocity and accel eration vectors do not need to keep exactly constant aslong as
the difference between two consecutive calls lays within the following thresholds:

e TAI/UTLUTC time: 0.0864 microseconds
+ GPStime TBD microseconds

Furthermore, the same runtime improvement is achieved in other CFI functionsthat, although the user may
not need to call two consecutive times with the same inputs, are called internally by other higher level CFI
functions in those conditions, and thus improving the runtime performances of the latter. This is the case
of the following CFI functions:

« xl1_cart_to_geod: position, velocity and acceleration vectors
* xI1_sun: time (reference and value)
* xI_moon: time (reference and value)
With the following thresholds:
» Position vector: 0.6e-3m
» Veocity vector: 0.6e-6 m/s
+ Acceleration vector: 0.6e-9 m/s?

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

6.2 General Enumerations

The aim of the current section isto present the enumeration values that can be used rather than integer
parameters for some of the input parameters of the EXPLORER_LIB routines, as shown in the table
below. The enumerations presented in [GEN_SUM)] are also applicable.

Table 2: Enumerations within EXPLORER_LIB library

Input BLEAllolEIL 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_T™ 22
CryoSat SIRAL Telemetry XL_TRANS_CRYO_TM_SIRAL 23
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
Compact XL_ASCII_COMPACT 21
Compact with reference XL_ASCIl_COMPACT_REF 22
Compact with microsecs XL_ASCIl_COMPACT_MICROSEC 23
Compact with reference and micro- |(XL_ASCIl_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_ASCIl_CCSDSA 41
CCSDS-A with reference XL_ASCIl_CCSDSA_REF 42
CCSDS-A with microsecs XL_ASCIl_CCSDSA MICROSEC 43
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Table 2: Enumerations within EXPLORER_LIB library

I nput Description Enumeration value Long
CCSDS-A with reference and micro- |XL_ASCII_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_ASCII_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 User defined XL_TIMEMOD_USER -1

Model

None

XL_TIMEMOD_NONE

IERS Bulletin B - Table 1 (Predicted)

XL_TIMEMOD_IERS_B_PREDICTED

IERS Bulletin B - Table 2 (Restituted)

XL_TIMEMOD_IERS_B_RESTITUTED

FOS Predicted Orbit File

XL_TIMEMOD_FOS_PREDICTED

FOS Restituted Orbit File

XL_TIMEMOD_FOS_RESTITUTED

DORIS Preliminary Orbit

XL_TIMEMOD_DORIS_PRELIMINARY

DORIS Precise Orbit

XL_TIMEMOD_DORIS_PRECISE

DORIS Navigator

XL_TIMEMOD_DORIS_NAVIGATOR

Reference frame

Barycentric Mean of 2000 XL_BM2000
Heliocentric Mean of 2000 XL_HM2000
Geocentric Mean of 2000 XL_GM2000
Mean of Date XL_MOD
True of Date XL_TOD
Earth Fixed XL _EF

Kepler OSV mode

Mean Kepler State Vector

XL_KEPLER_MEAN

Osculating Kepler State Vector

XL_KEPLER_OSC

Planet ID

Mercury XL_MERCURY
Venus XL_VENUS
Earth-Moon barycenter XL_EM_BAR
Mars XL_MARS
Jupiter XL_JUPITER
Saturn XL_SATURN
Uranus XL_URANUS
Neptune XL_NEPTUNE

QO N[O O | W N RPIN Rl O A W N RPN O] b W N PO
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Table 2: Enumerations within EXPLORER_LIB library
Description .
I nput Enumeration value Long

Calculation mode

Position

XL_CALC_POS

Position and velocity

XL_CALC_POS_VEL

Position, velocity and acceleration

XL_CALC_POS_VEL_ACC

AOCS mode Default Cx, Cy, Cz values XL_AOCS_DEFAULT
User defined Cx, Cy, Cz values XL_AOCS _USER
Geocentric pointing XL_AOCS _GPM
Local normal pointing XL_AOCS_LNP
Yaw steering + local normal pointing |XL_AOCS_YSM
Angle Type True Latitude (TOD) XL_ANGLE_TYPE_TRUE_LAT_TOD
Mean Latitude (TOD) XL_ANGLE_TYPE_MEAN_LAT TOD
Derivatives No derivative XL_NO_DER
First derivative is also calculated XL _DER_1ST
First and second derivative. XL_DER_2ND
Type of Ids Unknown XL_INIT_UNKNOWN
runid XL_INIT_RUN
timeld XL_INIT_TIME

orbitld (not used in LIB)

XO_INIT_ORBIT

propagld (not used in LIB)

XO_INIT_PROPAG

interpolld (not used in LIB)

XO_INIT_INTERPOL

sat_nom_att_Id (not used in LIB)

XP_INIT_SAT_NOM_ATT

sat_att_Id (not used in LIB)

XP_INIT_SAT_ATT

instr_att_Id (not used in LIB)

XP_INIT_INSTR_ATT

attitudeld (not used in LIB)

XP_INIT_ATTITUDE

Ol O N|O| O A WINFP|OIN R OIN PR W NP OlW NP

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

True XL_TRUE 1

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

plete.

The meanings and units of the different array elements from the Transport time strongly depend upon the
selected Transport format (by means of the Transport format D). The table below shows the choices:
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Table 3: Transport time formats
I nput 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]

The string characteristics of the ASCII time formats depends strongly upon the selected ASCII format (by
means of the ASCII format D). The tables below show the avail able choices:

Note that the value of 86400 for seconds (and 86400000 for milliseconds) is accepted only for UTC in case
aleap second is being introduced. This may happen only at 23:59 minutes and only on four days of the year
(31/03, 30/06, 30/09, 31/12). The decision to introduce a leap second in UTC is the responsibility of the
International Earth Rotation Service (IERS). See [IERS] for further details.

For further details on the SIRAL extra counter for the Cryosat mission please see [MCD].

Table 4: Basic ASCII time formats

[nput

Sring format

XL_ASCI_UNDEF

XL_ASCII_STD

“yyyy-mm-dd_hh:nn:ss"

XL_ASCII_COMPACT

“yyyymmdd_hhnnss*

XL_ASCI_ENVI

“dd-mmm-yyyy hh:nn:ss”

XL_ASCII_CCSDSA

“yyyy-mm-ddThh:nn:ss*

XL_ASCII_CCSDSA_COMPACT

“yyyymmddThhnnss*

Table 5: Derived ASCII time formats

I nput

String for mat

XL_ASCIl_STD_REF

“RRR=yyyy-mm-dd_hh:nn:ss"
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Table 5: Derived ASCII time formats

I nput

Sring for mat

XL_ASCIl_STD_MICROSEC

“yyyy-mm-dd_hh:nn:ss.uuuuuu®

XL_ASCII_STD_REF_MICROSEC

“RRR=yyyy-mm-dd_hh:nn:ss.uuuuuu*

XL_ASCIl_COMPACT_REF

“RRR=yyyymmdd_hhnnss*

XL_ASCII_COMPACT_MICROSEC

“yyyymmdd_hhnnssuuuuuu®

XL_ASCIl_COMPACT_REF_MICROSEC

“RRR=yyyymmdd_hhnnssuuuuuu*

XL_ASCIl_ENVI_REF

“RRR=dd-mmm-yyyy hh:nn:ss”

XL_ASCII_ENVI_MICROSEC

“dd-mmm-yyyy hh:nn:ss.uuuuuu”

XL_ASCII_ENVI_REF_MICROSEC

“RRR=dd-mmm-yyyy hh:nn:ss.uuuuuu”

XL_ASCIl_CCSDSA_REF

“RRR=yyyy-mm-ddThh:nn:ss"

XL_ASCII_CCSDSA_MICROSEC

“yyyy-mm-ddThh:nn:ss.uuuuuu®

XL_ASCII_CCSDSA_REF_MICROSEC

“RRR=yyyy-mm-ddThh:nn:ss.uuuuuu”

XL_ASCI|_CCSDSA_COMPACT_REF

“RRR=yyyymmddThhnnss"

XL_ASCII_CCSDSA_COMPACT_MICRO
SEC

“yyyymmddThhnnssuuuuuu*

XL_ASCIl_CCSDSA_COMPACT_REF_

“RRR=yyyymmddThhnnssuuuuuu*

MICROSEC

where:

yyyy stands for the year

mm stands for the month expressed as anumerical count, i.e. 01 for January, etc
mmm stands for the month expressed in abbreviatures, i.e. JAN, 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

ss stands for the seconds within a minute

uuuuuu stands for the microseconds within a second

RRR stands for the time reference (TAI, UTC, UT1 or GPS)

In ASCII formats two values are defined, by convention, as Beginning of Mission (BOM) and End of Mis-

sion (EOM). These values are listed, for the various ASCII time formats, in table 6 and table 7.

Usually a date with all zeros is seen as EOM, and a date with all ninesis considered EOM. The only ex-
ception are the ENVISAT-specific formats, which use as EOM the date December 31st, 2078 at
23:59:59.999999.

Format transformations of BOM and EOM between ASCII format is allowed.

Time reference is not considered in BOM or EOM, thus any time reference is accepted (TAI, UTC, UT1
or GPS) for the valuesin table 6 and table 7.

BOM and EOM do not have an equivalent in Processing or Transport formats, so if the user triesto convert
them from ASCII to another non-ASCII format an error will occur.
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Table 6: Definition of BOM and EOM for basic ASCIl time formats

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

XL_ASCII_CCSDSA

“0000-00-00T00:00:00"

“9999-99-99T99:99:99"

XL_ASCI|_CCSDSA_COMPACT

“00000000T0O00000"

“99999999T999999"

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

ASCII format

Beginning of Mission

End of Mission

XL_ASCI_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_ASCI_COMPACT_REF

“RRR=00000000_000000*

“‘RRR=99999999_999999"

XL_ASCII_COMPACT_MICROSEC

“00000000_000000000000*

“99999999 999999999999

XL_ASCIl_COMPACT_REF_MICR
OSEC

“RRR=00000000_000000000000*

“‘RRR=99999999 999999999999"

XL_ASCII_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_ASCII_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
SEC

“RRR=0000-00-
00T00:00:00.000000¢

“RRR=9999-99-
99T799:99:99.999999“

XL_ASCIl_CCSDSA_COMPACT_R
EF

“RRR=00000000T000000*

“RRR=99999999T999999*

XL_ASCIl_CCSDSA_COMPACT_M

ICROSEC

“00000000T000000000000¢

“99999999T999999999999“

XL_ASCIl_CCSDSA_COMPACT_R
EF_MICROSEC

“RRR=00000000T000000000000*

‘RRR=99999999T999999999999“

where:

* RRRstandsfor the time reference (TAI, UTC, UT1 or GPS)
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6.3 Data Structures

The aim of the current section isto present the data structures that are used in the EXPLORER_L 1B
library. The structuresare currently used for the CFI Identifiersaccessor functions. Thefollowing table
show the structures with their names and the data that contain:

Table 8: EXPLORER_LIB structures

Structure name Data
Variable Name C type Description
X|_par_der deriv XL_Deriv_enum _ |Flag to indicateif the 1st and 2nd
derivatives are defined
p double The parameter, expressed in the
appropiate units
pd double 1st time derivative of the parameter
p2d double 2nd time derivative of the parameter
xI_cord cs XL_CS rl_enum Coordinate reference frame
deriv XL_Deriv_enum Flag to indicate if the 1st and 2nd
derivatives are defined
v double [3] Vector
vd double[3] Vector rate
v2d double [3] Vector rate-rate
xl_cs tra ref_i XL_Attitude_fr_enu |Initial reference frame
m
ref f XL_Attitude fr_enu |final reference frame
m
amb_flag XL_Boolean Ambiguity flag
deriv XL_Deriv_enum Flag to indicate if the 1st and 2nd
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
xl_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 TAIl and GPS
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Table 8: EXPLORER_LIB structures
Sructure name Data
Variable Name C type Description
xl_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 x|_leap_second Leap second information
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7 CFI FUNCTIONS DESCRIPTION

The following sections describe each CFI function.
The calling interfaces are described for both C and ForTran users.
Input and output parameters of each CFI function are described in tables, where C programming language
syntax is used to specify:
» Parameter types (e.g. long, double)
» Array sizesof N elements (e.g. param[N])
* Array element M (e.g. [M])
ForTran users should adapt the tables using ForTran syntax equivalent terms:
e Parameter types (e.g. long <=> INTEGER* 4, double <=>REAL*8)
» Array sizesof N elements (e.g. param[N] <=> param (N))
e Array element M (e.g. [M] <=> (M+1))
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7.1 xI_time_ref_init_file

7.1.1 Overview

The xI_time_ref_init_file CFl function initializes time correlations between TAI, UTC, UT1 and GPS
times from reference data files. The correlations provided by the different input files can be found in the

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
IERS Bulletin B X X X (x)

Normally asingle Predicted or DORIS Orhit file is sufficient to have all correlations needed (the (x) mark
indicates that the GPS time correlation, although is not present within the file, can be simulated sinceiit is
aways afixed deltafrom TAI). The last updated |ERS Bulletin B can be downloaded from |ERS bulletins
web page ([IERS)).

All other input files are ESA-provided. These initialization files could even be generated by the users by
means of EXPLORER_FILE_HANDLING and EXPLORER_GEN_FILES CFl libraries.

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

7.1.2 Calling interface

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

#include <explorer_lib.h>

{
long time_model, n_files, time_init_mode, time_ref;
long orbitO, orbitl;
char **time_file;
double timeO, timel, val_time0O, val_timel;
x1_time_id time_id = {NULL};
long ierr[XL_NUM _ERR_TIME_REF_INIT_FILE], status;
status = x1_time_ref _init_file (&time model, &n files,
time file, &time init _mode,
&time_ref, &timeO, &timel,
&orbit0, &orbitl,
&val timeO,&val timel,
&time_id, ierr);
}

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

#include <explorer_lib.inc>

INTEGER*4 SAT_ 1D, TIME_MODEL, N_FILES, TIME_INIT_MODE,
TIME_REF, ORBITO, ORBIT1
CHARACTER*LENGTH_NAME TIME_FILE(NUM_FILES)
REAL*8 TIMEO, TIMELl, VAL_TIMEO, VAL_TIME1
INTEGER*4 I1ERR(XL_NUM_ERR_TIME_REF_INIT_FILE), STATUS

STATUS = XL_TIME_REF_INIT_FILE (SAT_ID, TIME_MODEL, N_FILES,
TIME_FILE, TIME_INIT MODE,

TIME_REF, TIMEO, TIME1,
ORBITO, ORBIT1, VAL TIMEO,

Ro R0 Ro Ro

VAL_TIMEL,

IERR)

Note that NUM_FILES must be set to the number of input files, i.e. N_FILES with a maximum value of
16 (TBD), whereas LENGTH_NAME must be set to the maximum string length of the filenames (maximum
possible value of 512). All stringsin ForTran must be end in ‘\O’ (for compatibility with C programs).

7.1.3 Input parameters

Thexl_time_ref_init_file CFl function has the following input parameters:

Table 10: Input parameters of xI_time_ref_init_file function

time_init_mode=XL_SEL_TIME
End of the time range defined by
[timeO,time1]

(Processing format)

Array Description Unit
Cname |Ctype Allowed Range
YP€ £l ement (Reference) (Format) g
time_model long * |- Time model ID - Complete
n_files long * |- Number of reference data files |- >0
time_file char** |- Filenames of the reference data |- -
files
time_init_mode|long * |- Flag for selecting the time range |- Select either:
of the initialisation. - XL_SEL_ORBIT
- XL_SEL_TIME
time_ref long * |- Time reference ID - Complete
time0 double*|- If: Decimal days [-18262.0,36524.0]
time_init_mode=XL_SEL_TIME |(Processing format)
Start of the time range defined by
[time0,timel]
timel double*|- If: Decimal days [-18262.0,36524.0]

> time0
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Table 10: Input parameters of xI_time_ref_init_file function

Array Description Unit

Element (Reference) (Format) Allowed Range

Cname |Ctype

orbit0 long* |- If: - >=0
time_init_mode=XL_SEL_ORBIT
Absolute orbit number corre-
sponding to the start of the time
range defined by [ANXqpito,

ANxorbitl+1]

If: - >orbit0
time_init_ mode=XL_SEL ORBIT
Absolute orbit number corre-
sponding to the end of the time
range defined by [ANXgpitos

ANxorbit1+1]

orbitl long*

It is possible to use enumeration values rather than integer values for some of the input arguments:
» Timemodel ID: time_model. See [GEN_SUM].
» Timereference ID: time_ref. See [GEN_SUM].
» Timerange initialisation flag: time_init_mode. See current document, section 6.2.

7.1.4 Output parameters

The output parameters of the xI_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
YP€ | Element (Reference) (Format) 9
xI_time_ref_init_file |long - Status flag - -
val_timeO 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 that val_timeO and val_timel can define a validity range different to that requested by the user. This
range gives the maximum coverage provided by the input files within the margins selected by the user.

It has to be remarked that if the input time is outside the range of initialization, transformations are per-
formed anyway, using the closest correlation data. However awarning is returned, since there is no guar-
antee that the correlation is correct.

7.1.5 Warnings and errors
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Next table lists the possible error messages that can be returned by the xI_time _ref_init_file CFI function
after trandating the returned error vector into the equivalent list of error messages by calling the function
of the EXPLORER_L B software library xI_get_msg (see [GEN_SUM]).

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

Thetable is completed by the error code and value. These error codes can be obtained trandlating the error
vector returned by the xl_time ref_init_filefunction by calling the function of the EXPLORER_L B soft-
ware library xI_get_code (see [GEN_SUM])

Table 12: Error messages of xI_time_ref_init_file function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_REF_INIT_F 0
ILE_SAT_ERR
ERR |Time model ID is not correct No calculation performed |XL_CFI_TIME_REF_INIT_F 1
ILE_TIME_MODEL_ERR
ERR |Non-positive number of data No calculation performed |XL_CFI_TIME_REF_INIT_F 2
files ILE_N_FILES_ERR
ERR |Incorrect file names No calculation performed |XL_CFI_TIME_REF_INIT_F 3
ILE_FILE_NAMES_ERR
ERR |Time init mode ID is not cor- No calculation performed |XL_CFI_TIME_REF_INIT_F 4
rect ILE_INIT_MODE_ERR
ERR |Time reference ID is not cor- No calculation performed |XL_CFI_TIME_REF_INIT_F 5
rect ILE_TIME_ERR
ERR |Reference start time out of No calculation performed |XL_CFI_TIME_REF_INIT_F 6
limits ILE_DAY_O0_ERR
ERR |Reference end time out of lim-| No calculation performed |XL_CFI_TIME_REF_INIT_F 7
its ILE_DAY_1 ERR
ERR |Wrong reference time range No calculation performed |XL_CFI_TIME_REF_INIT_F 8
ILE_DAY_RANGE_ERR
ERR |Reference start orbit is nega- No calculation performed |XL_CFI_TIME_REF_INIT_F 9
tive ILE_ORB_0_ERR
ERR |Reference end orbit is nega- No calculation performed |XL_CFI_TIME_REF_INIT_F 10
tive ILE_ORB_1_ERR
ERR |Wrong reference orbit range No calculation performed |XL_CFI_TIME_REF_INIT_F 11
ILE_ORB_RANGE_ERR
ERR |File does not exist No calculation performed |XL_CFI_TIME_REF_INIT_F 12
ILE_FILE_ERR
ERR |Time table is empty or has No calculation performed |XL_CFI_TIME_REF_INIT_F 13
wrong format ILE_TABLE_ERR
ERR |Time range from file is outside | No calculation performed |XL_CFI_TIME_REF_INIT_F 14
input range ILE_TIME_OUTSIDE_RAN
GE_ERR
ERR |Orbit range from file is outside | No calculation performed |XL_CFI_TIME_REF_INIT_F 15
input range ILE_ORB_OUTSIDE_RANG
E_ERR
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Table 12: Error messages of xI_time_ref_init_file function
Error : Error
Error message Cause and impact Error code
type No
ERR |Memory allocation error No calculation performed |XL_CFI_TIME_REF_INIT_F 16
ILE_ MEMORY_ERR
ERR |Error in reading file No calculation performed |XL_CFI_TIME_REF_INIT_F 17
ILE_READ_FILE_ERR
ERR |Time reference ID is already No calculation performed |XL_CFI_TIME_REF_INIT_F 18

initialized

ILE_STATUS_ERR

7.1.6 Runtime performances

The following runtime performances have been measured (reading an |ERS Bulletin B).

Table 13: Runtime performances of xI_time_ref_init_file function

Ultra Sparc 11-400 [mg]

18.900
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7.2 XI_time_ref _init

7.2.1 Overview

The xI_time_ref_init CFl function initializes time correlations between TAI, UTC, UT1 and GPS times
from input reference times for time ranges from -18262.0 and +36524.0 decimal days.

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

7.2.2 Calling interface

The calling interface of the xI_time ref_init CFl function is the following (input parameters are under-
lined):

#include <explorer_lib._h>

{

long orbit_num;

double time[4], anx_time, orbit duration;

x1_time_id time_id = {NULL};

long ierr[XL_NUM_ERR_TIME_REF_INIT], status;

status = x1_time_ref _init (time, &orbit num, &anx time,

&orbit_duration, &time_id, ierr);

}

Note that input time vector must be indexed using the existing enumeration for time references.
The XL_NUM_ERR_TIME_REF __INIT constant is defined in the file explorer_lib.h.

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

#include <explorer_lib.inc>

INTEGER*4 SAT_ID, ORBIT_NUM
REAL*8 TIME(4), ANX_TIME, ORBIT_DURATION
INTEGER*4 I1ERR(XL_NUM_ERR_TIME_REF_INIT), STATUS

STATUS = XL_TIME_REF_INIT (SAT_ID, TIME, ORBIT_NUM, ANX_ TIME,
& ORBIT_DURATION, IERR)
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7.2.3 Input parameters

The xl_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) g
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 rather than integer values for some of the input arguments:
» Time vector can be accessible by means of enumeration values, as defined in [GEN_SUM].

7.2.4 Output parameters

The output parameters of the xI_time_ref_init CFl function are:

Table 15: Output parameters of xI_time_ref_init function

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) 9
xI_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 that can be returned by the xl_time_ref_init CFl function after
tranglating the returned error vector into the equivalent list of error messages by calling the function of the

EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained by trandating the
error vector returned by thexl_time ref init function by calling the function of the EXPLORER_L 1B soft-
ware library xI_get_code (see [GEN_SUM]).

Table 16: Error messages of xI_time_ref _init function

Error : Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_REF_INIT_S 0
AT_ERR
ERR |TAI time is out of range No calculation performed |XL_CFI_TIME_REF_INIT_T 1
Al_ERR
ERR |UTC time is out of range No calculation performed |XL_CFI_TIME_REF_INIT_U 2
TC_ERR
ERR |UTL1 time is out of range No calculation performed |XL_CFI_TIME_REF_INIT_U 3
T1_ERR
ERR |GPS time is out of range No calculation performed |XL_CFI_TIME_REF_INIT_G 4
PS_ERR
ERR |Absolute orbit number is neg- | No calculation performed |XL_CFI_TIME_REF_INIT_O 5
ative RBNUM_ERR
ERR |Elapsed time since ANX is No calculation performed |XL_CFI_TIME_REF_INIT_A 6
negative NXTIME_ERR
ERR |Orbit duration is negative No calculation performed |XL_CFI_TIME_REF_INIT_O 7
RBDUR_ERR
ERR |ANX time is bigger than orbit No calculation performed |[XL_CFI_TIME_REF_INIT_C 8
duration OMP_ERR
ERR |Memory allocation error No calculation performed |XL_CFI_TIME_REF_INIT_ 9
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 measured.

Table 17: Runtime performances of xI_time_ref_init function

Ultra Sparc 11-400 [mg]

0.0020
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7.3 xI_time_close

7.3.1 Overview

Thexl_time_close CFI function cleans up any memory allocation performed by theinitialization functions.
A complete calling sequence of the time reference computations is presented in section 4.2.

7.3.2 Calling interface

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

#include <explorer_lib.h>

{
x1_time_id time_id = {NULL};
long 1err[XL_NUM_ERR_TIME_CLOSE], status;
status = xI_time_close (&time_id, ierr);
he

For ForTran programsthe declaration and calling procedureisasfollows (note that the C preprocessor must
be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>

INTEGER*4 SAT_ID
STATUS = XL_TIME_CLOSE (SAT_ID)
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7.3.3 Input parameters
The x|_time_close CFI function has the following input parameters:
Table 18: Input parameters of xI_time_close function
Array Description Unit
S ENIS SR Element| (Reference) (Format) g REng2

time_id x|_time_id*

Structure that con-
tains the time cor-
relations.

It is possible to use enumeration values rather than integer values for some of the input arguments:
o SatelliteID: sat_id. See [GEN_SUM].

7.3.4 Output parameters

The output parameters of the xI_time_close CFI function are:

Table 19: Output parameters of xI_time_close function

C name C type

Element| (Reference)

Array Description

Unit
(Format)

Allowed Range

x|_time_close long

Status flag -

ierr

long

Error vector -

7.3.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_time_close CFI function after
translating the returned extended status flag into the equivalent list of error messages by calling the function
of the EXPLORER_LIB software library x|_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained translating the ex-
tended status flag returned by the xI_time_close function by calling the function of the EXPLORER_LIB
software library xI_get_code (see [GEN_SUM])

Table 20: Error messages of xlI_time_close function

Id.

or it could be in use by anoter

RONG_ID_ERR

Error , Error
Error message Cause and impact Error code

type No

ERR |The Time Id is not initialized No calculation performed |XL_CFl_TIME_CLOSE_W 0
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7.3.6 Runtime performances

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

Table 21: Runtime performances of xl_time_close function

Ultra Sparc 11-400 [mg]
0.0020
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7.4 x|_time_get_id_data

7.4.1 Overview

Thexl_time_get_id_data CFl function returns a data structure contining the data used for the time initial-
isation.

7.4.2 Calling interface

The calling interface of the xI_time_get_id_data CFl function is the following:

#include <explorer_lib.h>

{

x1_time_id time_1id;

x1_time_i1d _data data;

long status;

status = xl_time_get_id_data (&time_id, &data);
he

For ForTran programsthe declaration and calling procedureisasfollows (note that the C preprocessor must
be used because of the presence of the #1nclude statement):

TBD

7.4.3 Input parameters

Thex|_time_get_id_data CFl function has the following input parameters:

Table 22: Input parameters of xI_time_get_id_data function

Array Description Unit
SEMS Sl Element (Reference) (For mat) Alligne Rengs
time_id xl_time_id* - Structure that contains
the time correlations.

7.4.4 Output parameters

The output parameters of the xI_time_get_id_data CFl function are:

Table 23: Output parameters of xI_time_get_id_data function

Array Description Unit
SEMS Sy Element| (Reference) (Format) AliesiEs Jengs
xl_time_get_id_data |long - Status flag -
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Table 23: Output parameters of xI_time_get_id_data function

Array Description Unit
SEMS S Element| (Reference) (Format) AliesiEs Jengs
data xl_time_id_data |- Time ID data - -

The data structure xI_time_id_get_id_data can be seen in table 8.

7.4.5 Warnings and errors

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

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

7.4.6 Runtime performances

The following runtime performances have been extimated.

Table 24: Runtime performances of xI_time_get_id_data function

Ultra Sparc 11-400 [mg]
TBD
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7.5 xI_time_set_id_data

7.5.1 Overview

Thexl_time set_id_data CFI function changes the time correlations that are stored within atime _id.

7.5.2 Calling interface

The calling interface of the xI_time_set_id_data CFl function is the following:

#include <explorer_lib.h>

{

x1_time_id time_id;

x1_time_id _data data;

long status;

status = xI_time_set_time_id (&time_id, &data);
be

For ForTran programsthe declaration and calling procedureisasfollows (note that the C preprocessor must
be used because of the presence of the #include statement):

TBD

7.5.3 Input parameters

Thex|_time_set_id_data CFl function has the following input parameters:

Table 25: Input parameters of xI_time_set_id_data function

Array Description Unit

Element (Reference) (Format) Allowed Range

C name C type

time_id xl_time_id* - Structure that contains
the time correlations
(input/outpur parame-
ter)

7.5.4 Output parameters

The output parameters of the xI_time_set_id_data CFl function are:

Table 26: Output parameters of xI_time_set_id_data function

Array Description Unit
C name C type Element| (Reference) (Format) Allowed Range
xI_time_set _id_data |long - Status flag - -
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Table 26: Output parameters of xI_time_set_id_data function

Array Description Unit

S MEMS SR Element| (Reference) (Format)

Allowed Range

time_id xl_time_id* - Structure that con-
tains the time corre-
lations (input/outpur
parameter)

Time ID data - -

data xl_time_id_data

The data structure xI_time_set_id_data can be seen in table 8.

7.5.5 Warnings and errors

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

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

7.5.6 Runtime performances

The following runtime performances have been extimated.

Table 27: Runtime performances of xI_time_set_id_data function

Ultra Sparc 11-400 [mg]
TBD
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7.6 xXI_run_init

7.6.1 Overview

The xl_run_init CFI function groupsinto asingleid the satellite Id and the time Id, creating arun Id.

7.6.2 Calling interface

The calling interface of the xI_run_init CFl function isthe following:

#include <explorer_lib.h>

{

long sat_id, run_id;

x1_time_id time_id = {NULL};

long 1err[XL_NUM_ERR_RUN_INIT], status;

status = xI_run_init (&sat_id, &time_id, &run_id, ierr);
be

For ForTran programsthe declaration and calling procedureisasfollows (note that the C preprocessor must
be used because of the presence of the #include statement):

TBD
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7.6.3 Input parameters

The xI_run_init CFI function has the following input parameters:

Table 28: Input parameters of xI_run_init function

Array Description Unit
n t Allowed R
S ENIS SR Element| (Reference) (Format) T REME 2
sat_id long * - Satellite ID - Complete
time_id xl_time_id* - Structure that con- |- -
tains the time cor-
relations.

It is possible to use enumeration values rather than integer values for some of the input arguments:
» SatelliteID: sat_id. See[GEN_SUM].

7.6.4 Output parameters

The output parameters of the xI_run_init CFl function are;

Table 29: Output parameters of xI_run_init function

Arra Description Unit
S MEMS S Eleme¥1t (Refergnce) (Format) e REg:2
xl_run_init long - Status flag - -
run_id long * - Run ID - >=0
ierr long - Error vector - -

7.6.5 Warnings and errors

Next tableliststhe possible error messagesthat can be returned by the xl_run_init CFI function after trans-
lating the returned extended status flag into the equivalent list of error messages by calling the function of
the EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained translating the ex-
tended status flag returned by the xI_run_init function by calling the function of the EXPLORER_LIB
software library xI_get_code (see [GEN_SUM])

Table 30: Error messages of xI_run_init function

Error Error message Cause and impact Error code Error

type No

ERR |Maximum number of initial-| No calculation performed |XL_CFI_RUN_INIT_MA 0
izations reached X_INIT_ERR
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Table 30: Error messages of xI_run_init function

Error Error message Cause and impact Error code Error

type No

ERR |Satellite ID isnot correct No calculation performed |XL_CFI_RUN_INIT_SAT 1
_ERR

ERR |TimelD isnot 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

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

Table 31: Runtime performances of xI_run_init function

Ultra Sparc 11-400 [mg]
TBD
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7.7 xI_run_get_ids

7.7.1 Overview
The xl_run_get_ids CFl function returns the ids being used..

7.7.2 Calling interface
The calling interface of the xI_run__get_ids CFl function is the following:

#include <explorer_lib.h>

{
long sat_id, run_id;
x1_time_id time_id = {NULL};
long status;
status = xI_run_get_ids (&run_id, &time_id);
he

For ForTran programsthe declaration and calling procedureisasfollows (note that the C preprocessor must
be used because of the presence of the #include statement):

TBD
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7.7.3 Input parameters

The xl_run_get_ids CFl function has the following input parameters:

Table 32: Input parameters of xI_run_get_ids function

Array Description Unit
S ENIS SR Element| (Reference) (Format) g REng2
run_id long * - Run ID - >=0

7.7.4 Output parameters

The output parameters of the xI_run_close CFI function are:

Table 33: Output parameters of xI_run_get_ids function

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) g
xl_run_get_ids long - Status flag
time_id xI_time_i |- Structure that con-
d* tains the time corre-
lations.

7.7.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_run_get_ids CFI function after
tranglating the returned extended status flag into the equivalent list of error messages by calling the function
of the EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained trandlating the ex-
tended status flag returned by the xl_run_get_idsfunction by calling the function of the EXPLORER_LIB
software library xI_get_code (see [GEN_SUM])

TBW
7.7.6 Runtime performances

The following runtime performances have been extimated (runtimeis smaller than CPU clock and it is not
possible to perfom loops for measuring it).

Table 34: Runtime performances of xI_run_get_ids function

Ultra Sparc 11-400 [mg]
TBD

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual



Code: CS-MA-DMS-GS-0003

- Date: 18/11/05
del m s Gesa-zll=:5|ll il = & = ISESiEz: 3.4

5 P A C E
4 Page: 57

7.8 xI_run_close

7.8.1 Overview

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

7.8.2 Calling interface

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

#include <explorer_lib.h>

{

long run_id;
status = xl_run_close (&run_id);

}

For ForTran programsthe declaration and calling procedureisasfollows (note that the C preprocessor must
be used because of the presence of the #include statement):

#include <explorer_lib.inc>

INTEGER*4 RUN_ID
STATUS = XL_RUN_CLOSE (RUN_ID)
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7.8.3 Input parameters

The xl_run_close CFI function has the following input parameters:

Table 35: Input parameters of xI_run_close function

Array Description Unit
S ENIS SR Element| (Reference) (Format) g REng2
run_id long * - Run ID - >=0

7.8.4 Output parameters

The output parameters of the xI_run_close CFI function are:

Table 36: Output parameters of xI_run_close function

Array Description Unit
S MEMS S Element| (Reference) (Format) e REg:2
xI_run_close long - Status flag

7.8.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_run_close CFl function after
translating the returned extended status flag into the equivalent list of error messages by calling the function
of the EXPLORER_L B software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained trandating the ex-
tended status flag returned by the xI_run_close function by calling the function of the EXPLORER _LIB
software library xI_get_code (see [GEN_SUM])

TBW
7.8.6 Runtime performances

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

Table 37: Runtime performances of xI_run_close function

Ultra Sparc 11-400 [mg]
TBD
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7.9 xI_time_ascii_to_ascii

7.9.1 Overview

The xI_time_ascii_to_ascii CFl function transforms a time expressed in a given ASCII format and refer-
ence (TAI, UTC, UT1 or GPS) into atime in a different ASCII format and/or reference (TAI, UTC, UT1

or GPS).

7.9.2 Calling Interface

The calling interface of the x| _time_ascii_to_ascii CFI function isthe following (input parameters are un-
derlined):

#include <explorer_lib._h>

{
long ascii_id_iIn, ascii_id _out;
long time_ref_in, time_ref_out;
char ascii_iIn[XL_TIME_ASCI1_DIM_MAX];
char ascii_out[XL_TIME_ASCII_DIM_MAX];
x1_time_id time_id = {NULL};
long ierr[XL_NUM_ERR_ASCII_ASCIl], status;
status = xI_time_ascii_to_ascii(&time_id, &ascii_id _in,
&time ref in, ascii _in, &ascii id out,
&time ref out, ascii_out, ierr);
/* Or, using the run_id */
long run_id;
status = xl_time_ascii_to_ascii_run(&run_id, &ascii_id in,
&time _ref _in, ascii_in, &ascii_id out,
&time_ref out, ascii_out, ierr);
}

TheXL_TIME_ASCII1_DIM_MAXand XL_NUM_ERR_ASCI1_ASCI1 constantsaredefined inthefile
explorer_lib.h.

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

#include <explorer_lib.inc>
INTEGER*4 SAT_ID, ASCII_ID_IN, ASCII_ID_OUT
INTEGER*4 TIME_REF_IN, TIME_REF_OUT
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CHARACTER ASCII_IN(XL_TIME_ASCII_DIM _MAX)
CHARACTER ASCII_OUT(XL_TIME_ASCII_DIM_MAX)
INTEGER*4 I1ERR(XL_NUM_ERR_ASCI1_ASCII), STATUS

STATUS = XL_TIME_ASCI1_TO ASCII(SAT_ID, ASCII_ID_IN, TIME REF_IN,
ASCII_IN, ASCII_ID OUT, TIME_REF OUT,
& ASCI1_OUT, IERR)

Ro

7.9.3 Input Parameters

The xl_time_ascii_to_ascii CFl function has the following input parameters:

Table 38: Input parameters of xI_time_ascii_to_ascii function

C name C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
time_id xI_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 rather than integer values for some of the input arguments:
e ASCII format ID: ascii_id _inand ascii_id_out. Current document, section 6.2.
» Timereference ID: time_ref_in and time ref_out. See [GEN_SUM].

It isimportant to point out the usage of the time_ref_in parameter in the frame of the current function:
e If time_ref_in input parameter is defined, it shall be used by the function.

« Iftime_ref_in input parameter is undefined, it shall be used the time reference part from the ascii
format string. In case thisis omitted, an error shall be returned.

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details), unlesstime_ref_in =time_ref_out.
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7.9.4 Output Parameters

The output parameters of the xI_time_ascii_to_ascii CFl function are:

Table 39: Output parameters of xI_time_ascii_to_ascii

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

x|_time_ascii_to_ascii|long - Status flag - -
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 - -

7.9.5 Warnings and Errors

Next tableliststhe possible error messagesthat can be returned by the xl_time_ascii_to_ascii CFl function
after trandlating the returned error vector into the equivalent list of error messages by calling the function
of the EXPLORER_LIB software library x|_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained by translating the
error vector returned by the xl_time ascii_to ascii function by caling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM)])

Table 40: Error messages of xI_time_ascii_to_ascii function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_ASCII_ASCII 0
_SAT_ERR
ERR |Input ascii format ID is not No calculation performed |XL_CFI_TIME_ASCII_ASCII 1
correct _ASCILIN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_ASCII_ASCII 2
correct _TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_ASCII_ASCII 3
ID are not compatible _COMP_IN_ERR
ERR |Input ascii format is not cor- No calculation performed |XL_CFI_TIME_ASCII_ASCII 4
rect _FORMAT_IN_ERR
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 40: Error messages of x|_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
_ASCIl_YEAR_IN_ERR
ERR |Input ascii month is out of No calculation performed |XL_CFI_TIME_ASCII_ASCII 9
range _ASCII_MONTH_IN_ERR
ERR |Input ascii day is out of range | No calculation performed |XL_CFI_TIME_ASCII_ASCIlI| 10
_ASCII_DAY_IN_ERR
ERR |Input ascii hour is out of range| No calculation performed |XL_CFI_TIME_ASCII_ASCII 11
_ASCIlI_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_ASCII 16
MJD is out of range _ASCII_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_ASCII 19
day is out of range _ASCII_DAY_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_ASCII_ASCIl| 20
hour is out of range _ASCIl_HOUR_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_ASCII_ASCIl| 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_ASCIl| 23
microseconds are out of _ASCIl_MICROSEC _OUT_
range ERR
ERR |Internal error: Output ascii for-| No calculation performed |XL_CFI_TIME_ASCII_ASCIl| 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 40: Error messages of xl_time_ascii_to_ascii function

A message informs the user.

_REF_INIT_WARN

Error . Error
Error message Cause and impact Error code

type No

WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_ASCII_ASCIl| 26

7.9.6 Runtime Performances

The following runtime performances have been measured.

Table 41: Runtime performances of x|_time_ascii_to_ascii

Ultra Sparc 11-400 [mg]
0.0470
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7.10 xl_time_ascii_to_processing

7.10.1 Overview

The xI_time_ascii_to_processing CFl function transforms a time expressed in agiven ASCII format and
reference (TAI, UTC, UT1 or GPS) into atimein Processing format, performing areferencetransformation
if necessary (to TAI, UTC, UT1 or GPS).

User should be aware that the use of UTC in Processing format is not encouraged, due to the discontinuty
that is caused by the introduction of leap seconds. See [IERS] for further details.

7.10.2 Calling Interface

The calling interface of the x|_time_ascii_to_processing CFl function is the following (input parameters
are underlined):

#include <explorer_lib._h>

{
long ascii_id_in, proc_id _out;
long time_ref_in, time_ref_out;
char ascii_iIn[XL_TIME_ASCI1_DIM_MAX];
double processing_out;
x1_time_id time_id = {NULL};
long 1err[XL_NUM_ERR_ASCI1_PROC], status;
status = xI_time_ascii_to_processing(&time id, &ascii_id_in,
&time ref in, ascii_in, &proc id out,
&time ref out, &processing out, 1err);
/* Or, using the run_id */
long run_id;
status = xI_time_ascii_to_processing_run(&run_id, &ascii_id _in,
&time_ref _in, ascii_in, &proc id out,
&time ref out, &processing out, ierr);
be

The XL_TIME_ASCI1_DIM_MAX and XL_NUM_ERR_ASCI1_PROC constants are defined in thefile
explorer_lib.h.

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

#include <explorer_lib.inc>
INTEGER*4 SAT_ID, ASCIHI_ID_IN, PROC_ID_OUT
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INTEGER*4 TIME_REF_IN, TIME_REF_OUT
CHARACTER ASCIHI_IN(XL_TIME_ASCI1_DIM_MAX)
REAL*8 PROCESSING_OUT
INTEGER*4 1ERR(XL_NUM_ERR_ASCII_PROC), STATUS
STATUS = XL_TIME_ASCII_TO_PROCESSING(SAT ID, ASCII ID_IN,
& TIME REF IN, ASCII IN, PROC ID OUT,
& TIME _REF OUT, PROCESSING OUT, IERR)
7.10.3 Input Parameters
The xl_time_ascii_to_processing CFl function has the following input parameters:
Table 42: Input parameters of xI_time_ascii_to_processing function
C name C tvpe 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
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 rather than integer values for some of the input arguments:
e ASCII format ID: ascii_id_in. Current document, section 6.2.
» Timereference ID: time_ref_in and time_ref _out. See [GEN_SUM].
* Processing format ID: proc_id_out. Current document, section 6.2

It isimportant to point out the usage of thetime ref_in parameter in the frame of the current function:
» If time_ref_in input parameter is defined, it shall be used by the function.
« If time ref_in input parameter is undefined, it shall be used the time reference part from the ascii

format string. In case thisis omitted, an error shall be returned.

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details), unlesstime _ref _in =time ref_out.
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7.10.4 Output Parameters

The output parameters of the xI_time_ascii_to_processing CFI function are:

Table 43: Output parameters of xI_time_ascii_to_processing

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) 9
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 that can be returned by the xI_time_ascii_to_processing CFl
function after translating the returned error vector into the equivalent list of error messages by calling the
function of the EXPLORER_L B software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained by trandating the
error vector returned by the xl_time ascii_to processing function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM])

Table 44: Error messages of xI_time_ascii_to_processing function

Error : Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_ASCII_PRO 0
C_SAT_ERR
ERR |Input ascii format ID is not No calculation performed |XL_CFI_TIME_ASCII_PRO 1
correct C_ASCILIN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_ASCII_PRO 2
correct C_TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_ASCII_PRO 3
ID are not compatible C COMP_IN_ERR
ERR |Input format is not correct No calculation performed |XL_CFI_TIME_ASCII_PRO 4

C_FORMAT_IN_ERR
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 44: Error messages of xI_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 measured.

Table 45: Runtime performances of xI_time_ascii_to_processing

Ultra Sparc 11-400 [mg]
0.0200
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7.11 xI_time_ascii_to_transport

7.11.1 Overview

The xI_time_ascii_to_transport CFl function transforms a time expressed in a given ASCII format and
reference (TAI, UTC, UT1 or GPS) into atime in a Transport format, performing a reference transforma-
tion if necessary (to TAI, UTC, UT1 or GPS).

7.11.2 Calling Interface

The calling interface of the xI_time _ascii_to_transport CFl function is the following (input parameters
are underlined):

#include <explorer_lib._h>

{
long ascii_id_in, trans_id _out;
long time_ref_in, time_ref_out;
char ascii_iIn[XL_TIME_ASCI1_DIM_MAX];
long transport_out[XL_TIME_TRANS_DIM_MAX];
x1_time_id time_id = {NULL};
long ierr[XL_NUM_ERR_ASCII_TRANS], status;
status = xI_time_ascii_to_transport(&time_id, &ascii_id _in,
&time ref in, ascii _in, &trans id out,
&time ref out, transport out, ierr);
/* Or, using the run_id */
long run_id;
status = xl_time_ascii_to_transport_run(&run_id, &ascii_id 1in,
&time_ref _in, ascii_in, &trans id out,
&time_ref out, transport_out, ierr);
+

The XL_TIME_TRANS_DIM_MAX, XL_TIME_ASCII_DIM_MAX, XL_NUM_ERR_ASCI1_TRANS
constants are defined in the file explorer_lib.h.

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

#include <explorer_lib.inc>
INTEGER*4 SAT _ID, TRANS ID_IN, TRANS ID OUT
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INTEGER*4 TIME_REF_IN, TIME_REF_OUT
CHARACTER ASCII_IN(XL_TIME_ASCII_DIM_MAX)
INTEGER*4 TRANSPORT OUT(XL_TIME_TRANS_DIM_MAX)
INTEGER*4 I1ERR(XL_NUM_ERR_ASCI1_TRANS), STATUS

STATUS = XL_TIME_ASCII_TO_TRANSPORT(SAT ID, ASCII_ID_IN,
TIME_REF_IN, ASCII_IN, TRANS_ ID OUT,
& TIME_REF_OUT, TRANSPORT OUT, IERR)

R0

7.11.3 Input Parameters

Thex|_time_ascii_to_transport CFI function has the following input parameters:

Table 46: Input parameters of xlI_time_ascii_to_transport 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
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 rather than integer values for some of the input arguments:
o SatelliteID: sat_id. See[GEN_SUM].
e ASCII format ID: trans_id_in. Current document, section 6.2.
* Timereference ID: time_ref _inandtime ref out. See [GEN_SUM].
» Transport format ID: trans_id_out. Current document, section 6.2.
It isimportant to point out the usage of the time_ref_in parameter in the frame of the current function:
» Iftime_ref_in input parameter is defined, it shall be used by the function.

o If time_ref_in input parameter is undefined, it shall be used the time reference part from the ascii
format string. In case thisis omitted, an error shall be returned.

Note that for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details), unlesstime_ref_in =time_ref_out.
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7.11.4 Output Parameters

The output parameters of the xI_time_ascii_to_transport CFl function are:

Table 47: Output parameters of xI_time_ascii_to_transport

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

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 that can be returned by the xI_time _ascii_to _transport CFl
function after tranglating the returned error vector into the equivalent list of error messages by calling the
function of the EXPLORER_L B software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained by translating the
error vector returned by the xl_time ascii_to transport function by caling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM])

Table 48: Error messages of xI_time_ascii_to_transport function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_ASCII_TRA 0
NS_SAT_ERR
ERR |Input ascii format ID is not No calculation performed |XL_CFI_TIME_ASCII_TRA 1
correct NS_ASCII_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_ASCII_TRA 2
correct NS_TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_ASCII_TRA 3
ID are not compatible NS COMP_IN_ERR
ERR |Input format is not correct No calculation performed |XL_CFI_TIME_ASCII_TRA 4

NS_FORMAT_IN_ERR
ERR |Output transport format ID is No calculation performed |XL_CFI_TIME_ASCII_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

ERR |Satellite ID and output format | No calculation performed |XL_CFI_TIME_ASCII_TRA 7
ID are not compatible NS_COMP_OUT_ERR
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Table 48: Error messages of xl|_time_ascii_to_transport function
Error : Error
Error message Cause and impact Error code
type No
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_ASCII_TRA 9
NS_MONTH_ERR
ERR |Day is out of range No calculation performed |XL_CFI_TIME_ASCII_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_ASCII_TRA 12
NS_MIN_ERR
ERR |Seconds are out of range No calculation performed |XL_CFI_TIME_ASCII_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_ASCII_TRA 15
date to MJD transformation NS MJD _ERR
failed
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_ASCII_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 measured.

Table 49: Runtime performances of xl_time_ascii_to_transport

Ultra Sparc 11-400 [mg]

0.0200
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7.12 xI_time_processing_to_ascii

7.12.1 Overview

The xlI_time_processing_to_ascii CFl function transforms a time expressed in Processing format and a
givenreference (TAI, UTC, UT1 or GPS) into atimein an ASCII format, performing areference transfor-
mation if necessary (to TAI, UTC, UT1 or GPS).

User should be aware that the use of UTC in Processing format is not encouraged, due to the discontinuty
that is caused by the introduction of leap seconds. See [IERS] for further details.

7.12.2 Calling Interface

The calling interface of the x|_time_processing_to_ascii CFl function is the following (input parameters
are underlined):

#include <explorer_lib._h>

{
long proc_id _in, ascii_id _out;
long time_ref_in, time_ref_out;
double processing_in;
char ascii_out[XL_TIME_ASCII_DIM_MAX];
x1_time_id time_id = {NULL};
long 1err[XL_NUM_ERR_PROC_ASCIIl], status;
status = xl_time_processing_to_ascii(&time_id, &proc _id _in,
&time ref in, &processing in, &ascil _id out,
&time ref out, ascii_out, ierr);
/* Or, using the run_id */
long run_id;
status = xl_time_processing_to_ascii_run(&run_id, &proc id in,
&time_ref _iIn, &processing in, &ascii_id out,
&time ref out, ascii_out, ierr);
s

The XL_TIME_ASCI1_DIM_MAX and XL_NUM_ERR_PROC_ASCI 1 constants are defined in the file
explorer_lib.h.

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

#include <explorer_lib.inc>
INTEGER*4 SAT_ID, PROC_ID _ IN, ASCII_ID _OUT
INTEGER*4 TIME_REF_IN, TIME_REF_OUT
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REAL*8 PROCESSING_IN

CHARACTER ASCII_OUT(XL_TIME_ASCII_DIM_MAX)

INTEGER*4 IERR(XL_NUM_ERR_PROC_ASCII), STATUS

STATUS = XL_TIME_PROCESSING_TO ASCII(SAT ID, PROC ID IN,
TIME_REF_IN, PROCESSING_IN, ASCII_ID_OUT,

& TIME_REF_OUT, ASCII_OUT, IERR)

R0

7.12.3 Input Parameters

Thex|_time_processing_to_ascii CFl function has the following input parameters:

Table 50: Input parameters of xI_time_processing_to_ascii function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (For mat) 9
time_id xl_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 rather than integer values for some of the input arguments:
* Processing format ID: proc_id_in. Current document, section 6.2.
* Timereference ID: time ref _inandtime ref out. See [GEN_SUM].
e ASCII format ID: ascii_id_out. Current document, section 6.2.

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details), unlesstime _ref _in =time ref_out.
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7.12.4 Output Parameters
The output parameters of the xI_time_processing_to_ascii CFI function are:
Table 51: Output parameters of xI_time_processing_to_ascii
Array Description Unit
n t Allowed R
S IENS SR Element (Reference) (Format) S REE 2
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 that can be returned by the xI_time_processing_to_ascii CFl
function after tranglating the returned error vector into the equivalent list of error messages by calling the
function of the EXPLORER_L B software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained by translating the
error vector returned by the xl_time processing to ascii function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM)])

Table 52: Error messages of xI_time_processing_to_ascii function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_PROC_ASCI 0
|_SAT_ERR
ERR |Input processing format ID is No calculation performed |XL_CFI_TIME_PROC_ASCI 1
not correct |_PROC_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_PROC_ASCI 2
correct |_TIME_IN_ERR
ERR |Input days out of range No calculation performed |XL_CFI_TIME_PROC_ASCI 3
|_DAY_ERR
ERR |Output ascii format ID is not No calculation performed |XL_CFI_TIME_PROC_ASCI 4
correct I_ASCIl_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_PROC_ASCI 5
not correct |_TIME_OUT_ERR
ERR |Satellite ID and output format | No calculation performed |XL_CFI_TIME_PROC_ASCI 6
ID are not compatible | COMP_OUT_ERR
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Table 52: Error messages of x|_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
MJD is out of range I_ASCII_MJD_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 8
year is out of range I_ASCIl_YEAR_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 9
month is out of range |_ASCIl_MONTH_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 10
day is out of range |_ASCII_DAY_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 11
hour is out of range |_ASCIl_HOUR_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI| 12
minutes are out of range |_ASCIl_MIN_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 13
seconds are out of range |_ASCII_SEC_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_PROC_ASCI 14
microseconds are out of |_ASCIl_MICROSEC_ERR
range
ERR |Internal error; Output ascii for-| No calculation performed |XL_CFI_TIME_PROC_ASCI 15
mat is not correct |_FORMAT_OUT_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_PROC_ASCI 16
|_ REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_PROC_ASCI 17

A message informs the user.

|_REF_INIT_WARN

7.12.6 Runtime Performances

The following runtime performances have been measured.

Table 53: Runtime performances of xI_time_processing_to_ascii

Ultra Sparc 11-400 [mg]
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7.13 xI_time_processing_to_processing

7.13.1 Overview

The xI_time_processing_to_processing CFl function transforms a time expressed in Processing format
and agiven reference (TAI, UTC, UT1 or GPS) into atimein Processing format with a different reference

(TAI, UTC, UT1 or GPS).

User should be aware that the use of UTC in Processing format is not encouraged, due to the discontinuty
that is caused by the introduction of leap seconds. See [IERS] for further details.

7.13.2 Calling Interface

The calling interface of the x|_time_processing_to_processing CFI function is the following (input pa-
rameters are underlined):

#include <explorer_lib._h>

{
long proc_id _in, proc_id _out;
long time_ref_in, time_ref_out;
double processing_in, processing_out;
x1_time_id time_id = {NULL};
long ierr[XL_NUM_ERR_PROC PROC], status;
status = xl_time_processing_to processing(&time_id, &proc_id in,
&time_ref _iIn, &processing in, &proc _id out,
&time ref out, &processing out, ierr);
/* Or, using the run_id */
long run_id;
status = xl_time_processing_to processing_ run(&run_id, &proc id in,
&time_ref _iIn, &processing in, &proc id out,
&time_ref _out, &processing_out, ierr);
}

The XL_NUM_ERR_PROC_PROC constant isdefined in thefile explorer_lib.h.

For ForTran programs the declaration and calling procedure is asfollows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>
INTEGER*4 SAT_ID, PROC_ID_IN, PROC_ID_OUT
INTEGER*4 TIME_REF_IN, TIME_REF_OUT
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REAL*8 PROCESSING_IN, PROCESSING_OUT
INTEGER*4 1ERR(XL_NUM_ERR_PROC_PROC), STATUS

STATUS = XL_TIME_PROCESSING_TO_PROCESSING(SAT_ID, PROC_ID_IN,

R0

7.13.3 Input Parameters

TIME_REF

IN, PROCESSING

IN, PROC

ID_OUT,

TIME_REF_OUT, PROCESSING_OUT,

IERR)

Thexl_time processing to_processing CFI function has the following input parameters:

Table 54: Input parameters of xI_time_processing_to_processing function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) 9
time_id xl_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 rather than integer values for some of the input arguments:
* Processing format I1D: proc_id_inand proc_id_out. Current document, section 6.2.
* Timereference ID: time ref _inandtime ref out. See [GEN_SUM].

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details), unlesstime_ref_in = time_ref_out.
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7.13.4 Output Parameters
The output parameters of the xI_time_processing_to_processing CFl function are:
Table 55: Output parameters of xI_time_processing_to_processing
Array Description Unit
n t Allowed R
S IENS SR Element (Reference) (Format) S REE 2
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 that can be returned by thexl_time_processing_to_processing
CFI function after translating the returned error vector into the equivalent list of error messages by calling
the function of the EXPLORER_LIB software library x|_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained by translating the
error vector returned by the xI_time processing_to_processing function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM)])

Table 56: Error messages of xI_time_processing_to_processing function

C_REF_INIT_ERR

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_PROC_PRO 0
C_SAT_ERR
ERR |Input processing format ID is No calculation performed |XL_CFI_TIME_PROC_PRO 1
not correct C_PROC_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_PROC_PRO 2
correct C_TIME_IN_ERR
ERR |Output processing format ID No calculation performed |XL_CFI_TIME_PROC_PRO 3
is not correct C _PROC _OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_PROC_PRO 4
not correct C_TIME_OUT_ERR
ERR |Number of days out of range No calculation performed |XL_CFI_TIME_PROC_PRO 5
C_DAY_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_PROC_PRO 6
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Table 56: Error messages of xl_time_processing_to_processing function

A message informs the user.

C_REF_INIT_WARN

Error . Error
Error message Cause and impact Error code

type No

WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_PROC_PRO 7

7.13.6 Runtime Performances

The following runtime performances have been measured.

Table 57: Runtime performances of xl_time_processing_to_processing

Ultra Sparc 11-400 [mg]
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7.14 x1_time_processing_to_transport

7.14.1 Overview

Thexl_time_processing_to_transport CFl function transforms atime expressed in Processing format and
agivenreference (TAI, UTC, UT1 or GPS) into atimein a Transport format, performing areference trans-
formation if necessary (to TAI, UTC, UT1 or GPS).

User should be aware that the use of UTC in Processing format is not encouraged, due to the discontinuty
that is caused by the introduction of leap seconds. See [IERS] for further details.

7.14.2 Calling Interface

The caling interface of thexl_time _processing_to_transport CFl functionisthefollowing (input param-
eters are underlined):

#include <explorer_lib._h>

{
long proc_id_in, trans_id_out;
long time_ref_in, time_ref_out;
double processing_in;
long transport_out[XL_TIME_TRANS_DIM_MAX];
x1_time_id time_id = {NULL};
long 1err[XL_NUM_ERR_PROC_TRANS], status;
status = xl_time_processing_to_transport(&time _id, &proc id _in,
&time ref in, &processing in, &trans id out,
&time ref out, transport _out, ierr);
/* Or, using the run_id */
long run_id;
status = xI_time_processing_to_transport_run(&run_id, &proc id_in,
&time_ref _iIn, &processing in, &trans id out,
&time ref out, transport out, ierr);
s

The XL_TIME_TRANS_DIM_MAX and XL_NUM_ERR_PROC_TRANS constants are defined in thefile
explorer_lib.h.

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

#include <explorer_lib.inc>
INTEGER*4 SAT_ID, PROC_ID _ IN, TRANS ID_OUT
INTEGER*4 TIME_REF_IN, TIME_REF_OUT
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REAL*8 PROCESSING_IN

INTEGER*4 TRANSPORT OUT(XL_TIME_TRANS_DIM_MAX)

INTEGER*4 IERR(XL_NUM_ERR_PROC_TRANS), STATUS

STATUS = XL_TIME_PROCESSING_TO TRANSPORT(SAT ID, PROC ID IN,
TIME_REF_IN, PROCESSING_IN, TRANS ID_OUT,

& TIME_REF_OUT, TRANSPORT OUT, IERR)

R0

7.14.3 Input Parameters

Thex|_time_processing_to_transport CFl function has the following input parameters:

Table 58: Input parameters of xl_time_processing_to_transport function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) 9
time_id xl_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 rather than integer values for some of the input arguments:
* Processing format ID: proc_id_in. Current document, section 6.2.
* Timereference ID: time_ref _inandtime ref out. See [GEN_SUM].
» Transport format ID: trans_id_out. Current document, section 6.2.

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details), unlesstime _ref _in =time ref_out.
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7.14.4 Output Parameters

The output parameters of the xI_time_processing_to_transport CFI function are:

Table 59: Output parameters of xI_time_processing_to_transport

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

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 that can be returned by the xI_time _processing_to_transport
CFI function after translating the returned error vector into the equivalent list of error messages by calling
the function of the EXPLORER_L IB software library x|_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained trandl ating the error
vector returned by the xl_time processing to transport function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM])

Table 60: Error messages of xI_time_processing_to_transport function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_PROC_TRA 0
NS_SAT_ERR
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
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Table 60: Error messages of xI_time_processing_to_transport function
Error : Error
Error message Cause and impact Error code
type No
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_PROC_TRA 8

A message informs the user.

NS_REF_INIT_WARN

7.14.6 Runtime Performances

The following runtime performances have been measured.

Table 61: Runtime performances of xl_time_processing_to_transport
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7.15 x|_time_transport_to_ascii

7.15.1 Overview

Thexl_time_transport_to_ascii CFI function transformsatime expressed in agiven Transport format and
reference (TAI, UTC, UT1 or GPS) into atimein an ASCII format, performing areference transformation
if necessary (to TAI, UTC, UT1 or GPS).

7.15.2 Calling Interface

The calling interface of the xI_time _transport_to ascii CFl function is the following (input parameters
are underlined):

#include <explorer_lib._h>

{

}

long trans_id_in, ascii_id _out;

long time_ref_in, time_ref_out;

long transport_in[XL_TIME_TRANS_DIM_MAX];
char ascii_out[XL_TIME_ASCII_DIM_MAX];
x1_time_id time_id = {NULL};

long ierr[XL_NUM_ERR_TRANS ASCIl], status;

status = xl_time_transport_to_ascii(&time_id, &trans id _in,
&time_ref _in, transport _in, &ascii_id out,
&time ref out, ascii_out, ierr);

/* Or, using the run_id */
long run_id;

status = xl_time_transport_to_ascii_run(&run_id, &trans id 1in,
&time_ref _in, transport_in, &ascii_id out,
&time_ref out, ascii_out, ierr);

The XL_TIME_TRANS_DIM_MAX, XL_TIME_ASCII1_DIM_MAX, XL_NUM_ERR_TRANS_ASCI 1
constants are defined in the file explorer_lib.h.

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

#include <explorer_lib.inc>

INTEGER*4 SAT_ID, TRANS_ID_IN, ASCII_ID_OUT
INTEGER*4 TIME_REF_IN, TIME_REF_OUT
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INTEGER*4 TRANSPORT IN(XL_TIME_TRANS DIM_MAX)
CHARACTER ASCII_OUT(XL_TIME_ASCII_DIM_MAX)
INTEGER*4 IERR(XL_NUM_ERR_TRANS_ASCII), STATUS

STATUS = XL_TIME_TRANSPORT TO ASCII(SAT_ID, TRANS ID_IN,
& TIME_REF_IN, TRANSPORT IN, ASCII_ID OUT,
& TIME_REF_OUT, ASCII_OUT, IERR)

7.15.3 Input Parameters

Thex|_time_transport_to_ascii CFI function has the following input parameters:

Table 62: 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 xl_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 rather than integer values for some of the input arguments:
e Transport format ID: trans_id_in. Current document, section 6.2.
* Timereference ID: time_ref _inandtime ref out. See [GEN_SUM].
e ASCII format ID: ascii_id_out. Current document, section 6.2.
It isimportant to point out the usage of the time_ref_out parameter within the current function:
» If thetime reference flag for the output is undefined, an error shall be returned.

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details), unlesstime_ref_in = time_ref_out.
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7.15.4 Output Parameters
The output parameters of the xI_time_transport_to_ascii CFl function are:
Table 63: Output parameters of xI_time_transport_to_ascii
Array Description Unit
n t Allowed R
S IENS SR Element (Reference) (Format) S REE 2
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 that can be returned by the xI_time transport_to_ascii CFl
function after tranglating the returned error vector into the equivalent list of error messages by calling the
function of the EXPLORER_L B software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained by translating the
error vector returned by the xl_time transport_to ascii function by caling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM])

Table 64: Error messages of xI_time_transport_to_ascii function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_TRANS_AS 0
CII_SAT_ERR
ERR |Input transport format ID is No calculation performed |XL_CFI_TIME_TRANS_AS 1
not correct CIl_TRANS_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_TRANS_AS 2
correct CI_TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_TRANS_AS 3
ID are not compatible Cll._ COMP_IN_ERR
ERR |Number of days out of range No calculation performed |XL_CFI_TIME_TRANS_AS 4
CII_DAY_ERR
ERR |Number of seconds out of No calculation performed |XL_CFI_TIME_TRANS_AS 5
range CIllI_SEC_ERR
ERR |Number of milliseconds out of | No calculation performed |XL_CFI_TIME_TRANS_AS 6
range CII_MILLISEC_ERR
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Table 64: Error messages of x|_time_transport_to_ascii function
Error : Error
Error message Cause and impact Error code
type No
ERR |Number of microseconds out No calculation performed |XL_CFI_TIME_TRANS_AS 7
of range CII_MICROSEC_ERR
ERR |Number of SIRAL extra coun-| No calculation performed |XL_CFI_TIME_TRANS_AS 8
ter ticks out of range Cll_TICK_ERR
ERR |Output ascii format ID is not No calculation performed |XL_CFI_TIME_TRANS_AS 9
correct CIll_ASCII_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_TRANS_AS 10
not correct CI_TIME_OUT_ERR
ERR |Satellite ID and output format | No calculation performed |XL_CFI_TIME_TRANS_AS 11
ID are not compatible Cll_COMP_OUT_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 12
MJD is out of range Cll_ASCIl_MJD_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 13
year is out of range CII_ASCII_YEAR_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 14
month is out of range Cll_ASCIl_MONTH_ERR
ERR |Internal error: Output ascii No calculation performed |[XL_CFI_TIME_TRANS_AS 15
day is out of range Cll_ASCII_DAY_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 16
hour is out of range CII_ASCII_HOUR_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 17
minutes are out of range Cll_ASCII_MIN_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 18
seconds are out of range Cll_ASCII_SEC_ERR
ERR |Internal error: Output ascii No calculation performed |XL_CFI_TIME_TRANS_AS 19
microseconds are out of Cll_ASCII_MICROSEC_ER
range R
ERR |Internal error: Output ascii for-| No calculation performed |XL_CFI_TIME_TRANS_AS 20
mat is not correct Cll_FORMAT_OUT_ERR
ERR |Time reference not initialised No calculation performed |[XL_CFI_TIME_TRANS_AS 21
CII_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_TRANS_AS 22
A message informs the user. |ClI_REF_INIT_WARN

7.15.6 Runtime Performances

The following runtime performances have been measured.

Table 65: Runtime performances of xl_time_transport_to_ascii
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7.16 x|l_time_transport_to_processing

7.16.1 Overview

Thexl_time_transport_to_processing CFl function transforms atime expressed in agiven Transport for-
mat and reference (TAI, UTC, UT1 or GPS) into atimein Processing format, performing areference trans-
formation if necessary (to TAI, UTC, UT1 or GPS).

User should be aware that the use of UTC in Processing format is not encouraged, due to the discontinuty
that is caused by the introduction of leap seconds. See [IERS] for further details.

7.16.2 Calling Interface

Thecaling interface of thexl_time _transport_to_processing CFl functionisthefollowing (input param-
eters are underlined):

#include <explorer_lib._h>

{
long trans_id_in, proc_id _out;
long time_ref_in, time_ref_out;
long transport_in[XL_TIME_TRANS_DIM_MAX];
double processing_out;
x1_time_id time_id = {NULL};
long 1err[XL_NUM_ERR_TRANS_PROC], status;
status = xl_time_transport_to_processing(&time_id, &trans_id in,
&time ref in, transport in, &proc id out,
&time ref out, &processing out, 1err);
/* Or, using the run_id */
long run_id;
status = xl_time_transport_to_processing_run(&run_id, &trans_id_in,
&time_ref _in, transport _in, &proc _id out,
&time ref out, &processing out, ierr);
s

The XL_TIME_TRANS_DIM_MAX and XL_NUM_ERR_TRANS_PROC constants are defined in thefile
explorer_lib.h.

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

#include <explorer_lib.inc>
INTEGER*4 SAT_ID, TRANS ID_IN, PROC_ID_OUT
INTEGER*4 TIME_REF_IN, TIME_REF_OUT
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INTEGER*4 TRANSPORT _IN(XL_TIME_TRANS_DIM_MAX)

REAL*8 PROCESSING_OUT

INTEGER*4 I1ERR(XL_NUM_ERR_TRANS_PROC), STATUS

STATUS = XL_TIME_TRANSPORT_TO_PROCESSING(SAT ID, TRANS_ ID_IN,
& TIME_REF_IN, TRANSPORT IN, PROC_ID_OUT,
& TIME_REF OUT, PROCESSING_OUT, IERR)

7.16.3 Input Parameters

Thexl_time transport_to_processing CFl function has the following input parameters:

Table 66: Input parameters of xI_time_transport_to_processing function

Array Description Unit
C name C type Allowed Range
yp Element (Reference) (Format) 9
time_id xl_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 rather than integer values for some of the input arguments:
e Transport format ID: trans_id_in. Current document, section 6.2.
* Timereference ID: time ref _inandtime ref out. See [GEN_SUM].
» Processing format ID: proc_id_out. Current document, section 6.2

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details), unlesstime_ref_in =time_ref_out.

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual



Code: CS-MA-DMS-GS-0003

deim s Eesa..... . o

5 P A C E — =T T ]
Page: 90

7.16.4 Output Parameters

The output parameters of the xI_time_transport_to_processing CFI function are:

Table 67: Output parameters of xI_time_transport_to_processing

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) 9
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 that can be returned by the xI_time transport_to_processing
CFI function after translating the returned error vector into the equivalent list of error messages by calling
the function of the EXPLORER_L IB software library x|_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained by translating the
error vector returned by the xI_time transport_to processing function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM])

Table 68: Error messages of xI_time_transport_to_processing function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_TRANS_PR 0
OC_SAT_ERR
ERR |Input transport format ID is No calculation performed |XL_CFI_TIME_TRANS_ PR 1
not correct OC_TRANS_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_TRANS_PR 2
correct OC_TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_TRANS_PR 3
ID are not compatible OC_COMP_IN_ERR
ERR |Output processing format ID No calculation performed |XL_CFI_TIME_TRANS_ PR 4
is not correct OC_PROC_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_TRANS_ PR 5
not correct OC_TIME_OUT_ERR
ERR |Number of days out of range No calculation performed |XL_CFI_TIME_TRANS_PR 6
OC_DAY_ERR
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Table 68: Error messages of xI_time_transport_to_processing function

Error : Error
Error message Cause and impact Error code
type No
ERR [Number of seconds out of No calculation performed |XL_CFI_TIME_TRANS_PR 7
range OC_SEC_ERR
ERR |Number of milliseconds out of | No calculation performed |XL_CFI_TIME_TRANS_PR 8
range OC_MILLISEC_ERR
ERR |Number of microseconds out No calculation performed |XL_CFI_TIME_TRANS PR 9
of range OC_MICROSEC_ERR
ERR |Number of SIRAL extra coun-| No calculation performed |XL_CFI_TIME_TRANS_ PR 10
ter ticks out of range OC_TICK_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_TRANS_PR 11
OC_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_TRANS_PR 12
A message informs the user. |OC_REF_INIT_WARN

7.16.6 Runtime Performances

The following runtime performances have been measured.

Table 69: Runtime performances of xI_time_transport_to_processing

Ultra Sparc 11-400 [mg]
0.0040
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7.17 xI_time_transport_to_transport

7.17.1 Overview

The xl_time_transport_to_transport CFI function transforms a time expressed in a given Transport for-
mat and reference (TAI, UTC, UT1 or GPS) into atime in a different Transport format and/or reference
(TAI,UTC, UT1or GPS).

7.17.2 Calling Interface

The calling interface of the xI_time_transport_to_transport CFl function is the following (input param-
eters are underlined):

#include <explorer_lib._h>

{
long trans_id_in, trans_id_out;
long time_ref_in, time_ref_out;
long transport_in[XL_TIME_TRANS_DIM_MAX];
long transport_out[XL_TIME_TRANS_DIM_MAX];
x1_time_id time_id = {NULL};
long ierr[XL_NUM_ERR_TRANS TRANS], status;
status = xl_time_transport_to_transport(&time id, &trans_id_in,
&time_ref _in, transport _in, &trans id out,
&time ref out, transport out, ierr);
/* Or, using the run_id */
long run_id;
status = xl_time_transport_to_transport_run(&run_id, &trans id in,
&time_ref _in, transport_in, &trans id out,
&time_ref out, transport_out, ierr);
}

TheXL_TIME_TRANS_DIM_MAX and XL_NUM_ERR_TRANS_TRANS constantsaredefined inthefile
explorer_lib.h.

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

#include <explorer_lib.inc>
INTEGER*4 SAT_ID, TRANS_ID_IN, TRANS_ID_OUT
INTEGER*4 TIME_REF_IN, TIME_REF_OUT
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INTEGER*4 TRANSPORT _IN(XL_TIME_TRANS_DIM_MAX)
INTEGER*4 TRANSPORT_OUT(XL_TIME_TRANS_DIM_MAX)
INTEGER*4 I1ERR(XL_NUM_ERR_TRANS_TRANS), STATUS

STATUS = XL_TIME_TRANSPORT TO TRANSPORT(SAT ID, TRANS_ID_IN,
TIME_REF_IN, TRANSPORT IN, TRANS 1D OUT,

Ro

TIME_REF_OUT, TRANSPORT_OUT,

7.17.3 Input Parameters

IERR)

The xl_time_transport_to_transport CFl function has the following input parameters:

Table 70: Input parameters of xI_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 rather than integer values for some of the input arguments:
e Transport format ID: trans _id_in and trans_id_out. Current document, section 6.2.
» Timereference ID: time_ref_in and time ref_out. See [GEN_SUM].

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details), unlesstime_ref_in =time_ref_out.
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7.17.4 Output Parameters

The output parameters of the xI_time_transport_to_transport CFl function are:

Table 71: Output parameters of xI_time_transport_to_transport

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

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 that can be returned by the xI_time_transport_to_transport
CFI function after translating the returned error vector into the equivalent list of error messages by calling
the function of the EXPLORER_LIB software library x|_get_msg (see [GEN_SUM]).

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

Thetable is completed by the error code and value. These error codes can be obtained trans ating the error
vector returned by the xl_time transport_to transport function by caling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM])

Table 72: Error messages of xI_time_transport_to_transport function

Error . Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_TRANS_TR 0
ANS_SAT _ERR
ERR |Input transport format ID is No calculation performed |XL_CFI_TIME_TRANS_TR 1
not correct ANS_TRANS_IN_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_TIME_TRANS_TR 2
correct ANS_TIME_IN_ERR
ERR |Satellite ID and input format No calculation performed |XL_CFI_TIME_TRANS_TR 3
ID are not compatible ANS_ COMP_IN_ERR
ERR |Output transport format ID is No calculation performed |XL_CFI_TIME_TRANS_TR 4
not correct ANS_TRANS_OUT_ERR
ERR |Output time reference ID is No calculation performed |XL_CFI_TIME_TRANS_TR 5
not correct ANS_TIME_OUT_ERR
ERR |Satellite ID and output format | No calculation performed |XL_CFI_TIME_TRANS_TR 6
ID are not compatible ANS COMP_OUT_ERR
ERR |Number of days out of range No calculation performed |[XL_CFI_TIME_TRANS_TR 7
ANS_DAY_ERR
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Table 72: Error messages of xl_time_transport_to_transport function
Error : Error
Error message Cause and impact Error code
type No
ERR |Number of seconds out of No calculation performed |XL_CFI_TIME_TRANS_TR 8
range ANS_SEC_ERR
ERR |Number of milliseconds out of | No calculation performed |XL_CFI_TIME_TRANS_TR 9
range ANS_MILLISEC_ERR
ERR |Number of microseconds out No calculation performed |XL_CFI_TIME_TRANS_TR 10
of range ANS_MICROSEC_ERR
ERR [Number of SIRAL extra coun-| No calculation performed |XL_CFI_TIME_TRANS_TR 11
ter ticks out of range ANS_TICK_ERR
ERR |Time reference not initialised No calculation performed |XL_CFI_TIME_TRANS_TR 12
ANS_REF_INIT_ERR
WARN |Time out of initialization range Calculation performed. XL_CFI_TIME_TRANS_TR 13
A message informs the user. |ANS_REF_INIT_WARN

7.17.6 Runtime Performances

The following runtime performances have been measured.

Table 73: Runtime performances of xl_time_transport_to_transport

Ultra Sparc 11-400 [mg]
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7.18 xI_time_add

7.18.1 Overview
The xI_time_add CFI function adds a time duration to a TAI, UTC, UT1 or GPS times expressed in
Processing format.

User should be aware that the use of UTC in Processing format is not encouraged, due to the discontinuty
that is caused by the introduction of leap seconds. See [IERS] for further details.

7.18.2 Calling interface

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

#include <explorer_lib.h>

{
long proc_id, time_ref;
double processing_in, added_duration, processing out;
long ierr[XL_NUM_ERR_TIME_ADD], status;

status = xI_time_add(&proc_id, &time ref,
&processing in, &added duration,
&processing_out, ierr);

}

The XL_NUM_ERR_TIME_ADD constant is defined in the file explorer_lib.h.

For ForTran programs the declaration and calling procedure is asfollows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>

INTEGER*4 PROC_ID, TIME_REF
REAL*8 PROCESSING_IN, ADDED_DURATION, PROCESSING_ OUT
INTEGER*4 I1ERR(XL_NUM_ERR_TIME_ADD), STATUS

STATUS = XL_TIME_ADD (PROC_ID, TIME_REF, PROCESSING IN,
& ADDED DURATION, PROCESSING_OUT, IERR)
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7.18.3 Input parameters

Thex|_time_add CFI function has the following input parameters:

Table 74: Input parameters of xI_time_add function

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) 9
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 isimportant to point out that the duration is not atime, but atime interval expressed in decimal days to
be added to the original time.

It is possible to use enumeration values rather than integer values for some of the input arguments:
* Processing format I1D: proc_id. Current document, section 6.2.
» Timereference ID: time_ref. See [GEN_SUM].

7.18.4 Output parameters

The output parameters of the xI_time_add CFI function are:

Table 75: 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 that can be returned by the xI_time_add CFI function after
trandlating the returned error vector into the equivalent list of error messages by calling the function of the
EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value.These error codes can be obtained by translating the
error vector returned by thexl_time_add function by calling the function of the EXPLORER_L IB software
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library xI_get_code (see [GEN_SUM)]).

Table 76: Error messages of xI_time_add function

Error : Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_ADD_SAT_E 0
RR
ERR |Processing format ID is not No calculation performed |XL_CFI_TIME_ADD_PROC 1
correct _ERR
ERR |Time reference ID is not cor- No calculation performed |XL_CFI_TIME_ADD_TIME_ 2
rect ERR
ERR |Input processing time is out of | No calculation performed |XL_CFI_TIME_ADD_DAY_| 3
range N_ERR
ERR |Output processing time is out | No calculation performed |XL_CFI_TIME_ADD_DAY _ 4
of range OUT_ERR

7.18.6 Runtime performances

The following runtime performances have been measured.

Table 77: Runtime performances of xI_time_add function

Ultra Sparc 11-400 [mg]
0.0010
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7.19 xI_time_diff

7.19.1 Overview
The xI_time_diff CFl function calculates the time difference between two TAI, UTC, UT1 or GPS times
expressed in Processing format.

User should be aware that the use of UTC in Processing format is not encouraged, due to the discontinuty
that is caused by the introduction of leap seconds. See [IERS] for further details.

7.19.2 Calling interface

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

#include <explorer_lib.h>

{
long proc_id, time_ref;
double processing In_1, processing_in_2, processing out;
long ierr[XL_NUM_ERR_TIME_DIFF], status;

status = xI_time_diff(&proc_id, &time_ref,
&processing in 1, &processing in 2,
&processing_out, ierr);

}

Note that processing_out isaduration, not atimeitself, so it should not be converted to another ref-
erence or format.

The XL_NUM_ERR_TIME_DIFF constant is defined in the file explorer_lib.h.

For ForTran programs the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>

INTEGER*4 PROC_ID, TIME_REF
REAL*8 PROCESSING_IN_1, PROCESSING_IN_2, PROCESSING_OUT
INTEGER*4 I1ERR(XL_NUM_ERR_TIME_DIFF), STATUS

STATUS = XL_TIME_DIFF (PROC_ID, TIME_REF,
PROCESSING_IN_1, PROCESSING IN_2,
& PROCESSING_OUT, I1ERR)

R0
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7.19.3 Input parameters

Thex|_time_diff CFI function has the following input parameters:

Table 78: Input parameters of xI_time_diff function

Array Description Unit
C name C type Allowed Range
YP€ | 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 rather than integer values for some of the input arguments:
* Processing format I1D: proc_id. Current document, section 6.2.
« Timereference ID: time ref. See[GEN_SUM].

7.19.4 Output parameters

The output parameters of the xI_time_diff CFI function are:

Table 79: Output parameters of xI_time_diff function

Array Description Unit
n Allowed R
SIEMS | Sigfes Element (Reference) (For mat) S INEmE
xI_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 that can be returned by the xI_time _diff CFl function after
trandlating the returned error vector into the equivalent list of error messages by calling the function of the
EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

This table also indicates the type of message returned, i.e. either awarning (WVARN) or an error (ERR), the

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual



Code: CS-MA-DMS-GS-0003

deim)s Eesa. o s

5 P A C E =S EN =S E
Page: 101

cause of such a message and the impact on the performed calculation.

The table is completed by the error code and value. These error codes can be obtained by translating the
error vector returned by thex!_time_diff function by calling the function of the EXPLORER_L IB software
library xI_get_code (see [GEN_SUM)]).

Table 80: Error messages of xI_time_diff function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_DIFF_SAT _ 0
ERR
ERR |Processing format ID is not No calculation performed |XL_CFI_TIME_DIFF_PROC 1
correct _ERR
ERR |Time reference ID is not cor- No calculation performed |XL_CFI_TIME_DIFF_TIME_ 2
rect ERR
ERR |Input processing time #1 is No calculation performed |XL_CFI_TIME_DIFF_DAY _| 3
out of range N_1 ERR
ERR |Input processing time #2 is No calculation performed |XL_CFI_TIME_DIFF_DAY | 4
out of range N_2 ERR

7.19.6 Runtime performances

The following runtime performances have been measured.

Table 81: Runtime performances of xI_time_diff function

Ultra Sparc 11-400 [mg]
0.0010
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7.20 xI_time_obt_to_time
7.20.1 Overview

Thexl_time_obt_to_time CFI function transforms from On-board Time (OBT) count to UTC Processing
time.

User should be aware that the use of UTC in Processing format is not encouraged, due to the discontinuty
that is caused by the introduction of leap seconds. See [IERS] for further details.

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

Notethat in the Envisat OBT case there is an ambiguity on the UTC to be computed, because agiven OBT
count correspondsto many possibletimes. Thisisdueto the wrap-around of the OBT counter, which occurs
about every 190 days.

To solve the ambiguity, the chosen time (given as output) is the time nearest to the reference (given asin-
put) and corresponding to the specified OBT (also given as input).

The xI_time_obt_to_time CFI function appliesto satellites where OBT time is a counter, which needs to
be correlated to an actual time reference. Nevertheless, some other satellites, like Cryosat, use an actual
time reference on-board. In this case, the on-board time conversions are handled by the
x|_time_processing_to_processing function.

Dueto the different OBT models used by the various spacecraft, specific data structures are used for each
of them. The keep asingle interface for the function, a void pointer is used to pass the specific structures
to the generic function.

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

typedef struct

{

long sat_id;
double timeO;
unsigned long obt0[2];
unsigned long periodO;

} xI_envisat_obt param;

typedef struct
{

long sat_id;
unsigned long obt[2];

} xI_envisat_obt value;

for GOCE:
/* GOCE OBT Structure */
typedef struct
{
long sat_id;
unsigned long utcO_c;

unsigned Int utcO_T;
unsigned long obtO c;
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unsigned int obtO_T;
double gradient;
double offset;
} x1_goce_obt_param;

typedef struct
{

long sat_id;
double obt;
} x1_goce_obt_value;

for SMOS
typedef struct
{
long sat_id;

long delta_seconds; /* number of seconds to be applied to UTC to
give UTC Proteus (Just in case UTC Proteus

reference is actually GPS Time)*/
unsigned long obetO _c; /* OBET Coarse Time (in seconds) */
unsigned long obetO_f; /* OBET Fine Time */
unsigned long utcO week; /* UTC (Proteus format) week number */

unsigned long utcO_seconds; /* UTC (Proteus format) seconds of
week */

unsigned long utcO_fraction; /* UTC (Proteus format) fraction of
seconds */

} x1_smos_obt_param;

typedef struct

{
long sat_id;
unsigned long obet _c; /* OBET Coarse Time (in seconds) */
unsigned long obet_f; /* OBET Fine Time */

} x1_smos_obt value;

and for ADM
typedef struct
{
long sat_id;

long delta_seconds; /* 1t refers to the number of seconds to be
applied to UTC to give GPS (GPST - UTC) */

} x1_adm_obt_param;
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typedef struct
{

long sat_id;
unsigned long cuc_sec; /* CCSDS Unsegmented Time Code (secs) */

unsigned long cuc_subsec; /* CCSDS Unsegmented Time Code
(subseconds) */

} x1_adm_obt_value;

The sat_id parameter within the stucture has to be assigned equal to the sat_id passed to the function.
7.20.2 Calling interface

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

#include <explorer_lib.h>

{

long sat_id, proc_id;

x1_envisat_obt_param obt_param; /*example for ENVISAT */

x1_envisat_obt_value obt_value_in; /*example for ENVISAT */

double time_out;

long 1err[XL_NUM_ERR_OBT_TIME], status;

status = xI_time_obt_to_time (&sat _id,
&proc_id,
&obt_param,
&obt value_in,
&time_out,
ierr);

/* Or, using the run_id */

long run_id;

status = xI_time_obt_to_time_run (&run_id,
&proc_id,
&obt_param,
&obt value in,
6time_out,
err);

+
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The XL_NUM_ERR_OBT_T IME constant is defined in the file explorer_lib.h.
This function cannot be called from ForTran (see section 9).
7.20.3 Input parameters
Thex|_time_obt_to_time CFI function has the following input parameters:
Table 82: Input parameters of xI_time_obt_to_time function
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 xI_<sat- |- -
ellite>_obt_param
obt_value_in |void * - Pointer to xI_<sat- |- -
ellite>_obt_value
Table 83: Input parameters of xI_envisat_obt_param structure
Array Description Unit
n Allowed R
SEMS S Element| (Reference) (Format) S [REmE 2
sat_id long - Satellite ID - XL_SAT_ENVISAT
time0 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 84: Input parameters of xI_envisat_obt_value structure
Array Description Unit
S MEE R Element| (Reference) (Format) e REnEE
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)
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Table 85: Input parameters of xI_goce_obt_param structure
Array Description Unit
C name C type Allowed Range
yp Element| (Reference) (Format) g
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 2716 seconds >=0
gradient  |double - Gradient between |- -
the OBT and the
uTC
offset double - Offset between the |seconds -
OBT and the UTC
Table 86: Input parameters of xI_goce_obt_value structure
Array Description Unit
C name C type Allowed Range
yp Element| (Reference) (Format) 9
sat_id long - Satellite ID - XL_SAT_GOCE
obt double - OBT time sconds -
Table 87: Input parameters of xI_smos_obt_param structure
Array Description Unit
C name C type Allowed Range
yp Element| (Reference) (Format) 9
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 |[21® 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 88: Input parameters of xI_smos_obt_value structure

Arra Description Unit
SUELS CRPE Eleme>r/1t (Refergnce) (Format) e REng:2
sat_id long - Satellite ID - XL_SAT_SMOS
obet_c unsigned long - OBET Coarse Time|seconds >=0
obet_f unsigned long - OBET Fine Time [21%seconds >=0

Table 89: Input parameters of xI_adm_obt_param structure

Array Description Unit

n t Allowed R
© MENE S Element| (Reference) (Format) GAED [REWTHE
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 90: Input parameters of xI_adm_obt_value structure

Array Description Unit

C name C type Allowed Range
yp Element| (Reference) (Format) g
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-  |21%seconds >=0
c mented Time Code
(subseconds)

It is possible to use enumeration values rather than integer values for some of the input arguments:
o SatelliteID: sat_id. See[GEN_SUM].
* Processing format I1D: proc_id. Current document, section 6.2.

7.20.4 Output parameters

The output parameters of the xI_time_obt_to_time CFI function are:
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Table 91: Output parameters of xlI_time_obt_to_time function

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) g
x|_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 that can be returned by the xl_time _obt_to_time CFI function
after trandlating the returned error vector into the equivalent list of error messages by calling the function
of the EXPLORER_LIB software library xI_get _msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained by trandating the
error vector returned by thexl_time_obt_to_time function by calling the function of the EXPLORER_LIB
software library xI_get_code (see [GEN_SUM)]).

Table 92: Error messages of xI_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 measured.

Table 93: Runtime performances of xI_time_obt_to_time function

Ultra Sparc 11-400 [mg]
0.0020
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7.21 xI_time_time_to_obt
7.21.1 Overview

Thex|_time_time_to_obt CFI function transforms a UTC Processing timeto OBT count.

User should be aware that the use of UTC in Processing format is not encouraged, due to the discontinuty
that is caused by the introduction of leap seconds. See [IERS] for further details.

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

Note that no rounding to any number of significant bits is performed by xI_time _time _to_obt. The user
application must perform this rounding if necessary. An example of rounding is provided in the example
program within the EXPLORER_LIB library.

The x|_time_time_to_obt CFI function appliesto satellites where OBT time is a counter, which needs to
be correlated to an actual time reference. Nevertheless, some other satellites, like Cryosat, use an actual
time reference on-board. In this case, the on-board time conversions are handled by the
xl_time_processing_to_processing function.

Dueto the different OBT models used by the various spacecraft, specific data structures are used for each
of them. The keep a single interface for the function, avoid pointer is used to pass the specific structures
to the generic function

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

typedef struct

{
long sat_id;
double timeO;
unsigned long obtO[2];
unsigned long periodO;

} x1_envisat_obt_param;

typedef struct
{
long sat_id;
unsigned long obt[2];
} x1_envisat_obt_value;

for GOCE:
/* GOCE OBT Structure */
typedef struct

{

long sat_id;
unsigned long utcO_c;
unsigned int utcO_T;
unsigned long obtO c;
unsigned int obtO_f;
double gradient;
double offset;

} x1_goce_obt _param;
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typedef struct
{

long sat_id;
double obt;
} x1_goce_obt_value;

for SMOS
typedef struct
{
long sat_id;

long delta_seconds; /* number of seconds to be applied to UTC to
give UTC Proteus (Just in case UTC Proteus

reference is actually GPS Time)*/
unsigned long obetO c; /* OBET Coarse Time (in seconds) */
unsigned long obetO_f; /* OBET Fine Time */
unsigned long utcO_week; /* UTC (Proteus format) week number */

unsigned long utcO_seconds; /* UTC (Proteus format) seconds of
week */

unsigned long utcO_fraction; /* UTC (Proteus format) fraction of
seconds */

} x1_smos_obt_param;

typedef struct

{
long sat_id;
unsigned long obet _c; /* OBET Coarse Time (in seconds) */
unsigned long obet_f; /* OBET Fine Time */

} x1_smos_obt value;

and for ADM
typedef struct

{
long sat_id;

long delta_seconds; /* 1t refers to the number of seconds to be
applied to UTC to give GPS (GPST - UTC) */

} x1_adm_obt_param;

typedef struct
{

long sat_id;
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unsigned long cuc_sec; /* CCSDS Unsegmented Time Code (secs) */

unsigned long cuc_subsec; /* CCSDS Unsegmented Time Code
(subseconds) */

} x1_adm_obt_value;

The sat_id parameter within the stucture has to be assigned equal to the sat_id passed to the function.

7.21.2 Calling interface

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

#include <explorer_lib.h>

{

long sat_id, proc_id;

double time_in;

x1_envisat _obt param obt param; /*example for ENVISAT */

x1_envisat_obt value obt value out; /*example for ENVISAT */

long ierr[XL_NUM_ERR_TIME_OBT], status;

status = xl_time_time_to obt (&sat id,
&proc_id,
&obt_param,
&time in,
&obt_value out,
ierr);

/* Or, using the run_id */

long run_id;

status = xI_time_time_to_obt_run (&run_id,
&proc_id,
&obt_param,
&time in,
&obt_value_out,
ierr);

}

The XL_NUM_ERR_TIME_OBT constant is defined in the file explorer_lib.h.
This function cannot be called from ForTran (see section 9).
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7.21.3 Input parameters
Thexl_time_time_to_obt CFI function has the following input parameters:
wing input parameters:
Table 94: Input parameters of xI_time_obt_to_time function
Array Description Unit
C name C type Allowed Range
yp Element| (Reference) (Format) g
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 95: Input parameters of xl_envisat_obt_param structure
Array Description Unit
C name C type Allowed Range
yp Element| (Reference) (Format) g
sat_id long - Satellite ID - XL_SAT_ENVISAT
time0 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 96: Input parameters of xI_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
utcO0_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 97: Input parameters of xI_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 98: Input parameters of xI_adm_obt_param structure

Array Description Unit
C name C type Allowed Range
yp Element| (Reference) (Format) 9
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 than integer values for some of the input arguments:
o SatelliteID: sat_id. See[GEN_SUM].
» Timereference ID: time_ref. See [GEN_SUM].

7.21.4 Output parameters

The output parameters of the xI_time_time _to_obt CFI function are:
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Table 99: Output parameters of xI_time_time_to_obt function
C name C tvoe Array Description Unit Allowed
yp Element (Reference) (Format) Range
xI_time_time_t (long - Status flag - -
0_obt
obt_value_out |void * - Pointer to xl_<satel- - -
lite>_obt_value
ierr long - Error vector - -
Table 100: Output parameters of xI_envisat_obt value structure
Array Description Unit
C name C type Allowed Range
yp Element| (Reference) (Format) 9
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 101: Output parameters of xI_goce_obt_value structure
Array Description Unit
n t Allowed R
© MENE S Element| (Reference) (Format) GAED [REWTHE
sat_id long - Satellite ID - XL_SAT_GOCE
obt double - OBT time sconds -
Table 102: Output parameters of xlI_smos_obt_value structure
Array Description Unit
n t Allowed R
© MENE S Element| (Reference) (Format) GAED [REWTHE
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 103: Output parameters of xI_adm_obt_value structure
Array Description Unit
& MENDE R Element| (Reference) (Format) e REnEE
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 103: Output parameters of xI_adm_obt_value structure

Array Description Unit
n Allowed R
SEMS Sl Element| (Reference) (Format) S [REmE 2
cuc_subse |unsigned long - CCSDS Unseg- 2"1% seconds >=0
C mented Time Code

(subseconds)

7.21.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_time_time_to_obt CFI function
after trandlating the returned error vector into the equivalent list of error messages by calling the function
of the EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained by tranglating the
error vector returned by thexl_time_time_to_obt function by calling the function of the EXPLORER_L 1B
software library x|_get_code (see [GEN_SUM]).

Table 104: Error messages of xI_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 measured.
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Table 105: Runtime performances of xI_time_time_to_obt function

Ultra Sparc 11-400 [mg]
0.0022
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7.22 xI_change_cart_cs

7.22.1 Overview

The xI_change cart_cs CFI function transforms a cartesian state vector between different reference
frames.

7.22.2 Calling interface

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

#include <explorer_lib.h>

{
long mode, cs_in, cs_out, time_ref;
double time;
double pos[3], vel[3], acc[3];
double pos_out[3], vel _out[3], acc_out[3];
x1_time_id time_id = {NULL};
long status;
status = xl_change _cart_cs (&time_id, &mode, &cs in, &cs out,
&time_ref, &time, pos, vel, acc,
pos_out,vel _out, acc_out);
/* Or, using the run_id */
long run_id;
status = xl_change _cart_cs run (&run _id, &mode, &cs in, &cs out,
&time ref, &time, pos, vel, acc,
pos _out,vel out, acc out);
bs

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

#include <explorer_lib.inc>
INTEGER*4 SAT_ID, MODE, CS_IN, CS OUT, TIME_REF
REAL*8 TIME
REAL*8 POS(3),VEL(3),ACC(3)
REAL*8 POS_OUT(3),VEL_OUT(3),ACC_OUT(3)
INTEGER*4 STATUS
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STATUS = XL_CHANGE_CART_CS (SAT_ID, MODE, CS_IN, CS_OUT, TIME_REF,
& TIME, POS, VEL, ACC, POS OUT, VEL_OUT,
& ACC_OUT)

7.22.3 Input parameters

The xl_change cart_cs CFI function has the following input parameters:

Table 106: Input parameters of xI_xhange_cart_cs function

Array Description Unit
C name| Ctype Allowed Range
YP€ | Element (Reference) (Format) 9
time_id |xI_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)
Dummy if mode is:
- XL_CALC_POS
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 rather than integer values for some of the input arguments:
» Calculation mode selection: mode. See current document, section 6.2.
« Timereference ID: time ref. See[GEN_SUM].
» Reference frame: cs in, cs_out. See current document, section 6.2.

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details).
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7.22.4 Output parameters
The output parameters of the xI_change _cart_cs CFl function are:
Table 107: Output parameters of xI_change_cart_cs function
C name C tvoe Array Description Unit Allowed
YP€! 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 that can be returned by the xI_change cart_cs CFl function
after trandating the returned extended status flag into the equivalent list of error messages by calling the
function of the EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained translating the ex-
tended status flag returned by the xI _change cart cs function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM]).

Table 108: Error messages of xI_change_cart_cs function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_CHANGE_CART _ 0
CS_SAT_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_CHANGE_CART_ 1
correct CS_REF_ERR
ERR |Input date is out of range No calculation performed |XL_CFI_CHANGE_CART _ 2
CS_DAY_ERR
ERR |Calculation mode ID is not No calculation performed |XL_CFI_CHANGE_CART_ 3
correct CS_MODE_ERR
ERR |Input reference frame is not No calculation performed |XL_CFI_CHANGE_CART_ 4
correct CS_INPUT_CS_ERR
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Table 108: Error messages of xI_change_cart_cs function

Error : Error
Error message Cause and impact Error code
type No
ERR |Output reference frame is not | No calculation performed |XL CFI_CHANGE_CART _ 5
correct CS_OUTPUT_CS_ERR
ERR |Time Reference not initialised | No calculation performed |XL_CFI_CHANGE_CART_ 6
CS_REF_INIT_ERR

7.22.6 Runtime performances

The following runtime performances have been measured.

Two runtimefigures are provided, one with fixed inputs, i.e. the function has been called severa timeswith
the same time, but modifying the other input parameters; and a second one with random inputs, i.e all the
inputs have been modified from call to call and the average time has been taken.

Table 109: Runtime performances of xlI_change_cart_cs function

Ultra Sparc 11-400 [mg] | Ultra Sparc 11-400 [mg]
RANDOM inputs FIXED inputs

0.0855 0.0380
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7.23 xI_geod_to_cart

7.23.1 Overview

The xl_geod_to_cart CFl function transforms from geodetic to cartesian coordinates.

7.23.2 Calling interface

The calling interface of the xI_geod_to_cart CFl function is the following (input parameters are under-

lined):

#include <explorer_lib.h>

{

}

long mode;

double lon, lat, h, lon_rate, lat _rate, h_rate;
double pos[3], vel[3];

long status;

status = xl_geod_to_cart (&mode, &lon, &lat, &h,
&lon rate, &lat rate, &h rate,

pos, vel);

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

#include <explorer_lib.inc>

INTEGER*4 MODE
REAL*8 LON, LAT, H, LON_RATE, LAT _RATE, H_RATE
REAL*8 POS(3),VEL(3)

INTEGER*4 STATUS

STATUS = XL_GEOD_TO_CART (MODE, LON, LAT, H,
LON RATE, LAT RATE, H_RATE,

POS, VEL)

Ro Ro
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7.23.3 Input parameters
The xl_geod_to_cart CFI function has the following input parameters:
Table 110: Input parameters of xI_geod_to_cart 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
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 rather than integer values for some of the input arguments:
Calculation mode selection: mode. See current document, section 6.2.

7.23.4 Output parameters

The output parameters of the xI_geod to_cart CFl function are:

Table 111: Output parameters of xI_geod_to_cart function

Array Description Unit
C name C type Element (Reference) (Format) Allowed Range
xl_geod_to_cart |long - Extended status flag - -
pos[3] double |all Cartesian position vector [m -
(Earth fixed CS)
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Table 111: Output parameters of xI_geod_to_cart function
Array Description Unit
S EMS SeE Element (Reference) (Format) Alligne Rengs
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 that can be returned by the xI_geod_to_cart CFl function after
translating the returned extended status flag into the equivalent list of error messages by calling the function
of the EXPLORER_LIB software library x|_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained trandlating the ex-
tended status flag returned by the xl_geod to cart function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM)])

Table 112: Error messages of xI_geod_to_cart function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |[XL_CFI_GEOD_CART_SAT 0
_ERR
ERR |Wrong geodetic latitude on No calculation performed |XL CFI_GEOD_CART EL 1
input (out of range) GT_90 ERR
WARN |Calculation mode ID is not Calculation performed. XL _CFI_GEOD_CART_MO 2
correct A message informs the user. |DE_WARN

The altitude of the geodetic state vector is not checked, so in case it does not satisfy its allowed range it
may result in raising an internal error (see section 8).

7.23.6 Runtime performances

The following runtime performances have been measured.

Table 113: Runtime performances of xI_geod_to_cart function

Ultra Sparc 11-400 [mg]

0.0045
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7.24 x|_cart_to_geod

7.24.1 Overview

The xl_cart_to_geod CFI function transforms from cartesian to geodetic coordinates.

7.24.2 Calling interface

The calling interface of the x| _cart_to_geod function is the following (input parameters are underlined):

#include <explorer_lib.h>

{

}

long mode;

double pos[3], vel[3];

double lon, lat, h, lon_rate, lat_rate, h_rate;
long status;

status = xl_cart_to geod (&mode, pos, vel, &lon, &lat,
&h,&lon_rate, &lat rate, &h_rate);

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

#include <explorer_lib.inc>

INTEGER*4 MODE
REAL*8 POS(3),VEL(3)

REAL*8 LON, LAT, H, LON_RATE, LAT RATE, H_RATE
INTEGER*4 STATUS

STATUS = XL_CART_TO_GEOD (MODE, POS, VEL, LON, LAT, H,

& LON_RATE, LAT RATE, H_RATE)
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7.24.3 Input parameters

The xl_cart_to_geod CFl function has the following input parameters:

Table 114: Input parameters of xl_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 rather than integer values for some of the input arguments:
» Calculation mode selection: mode. See current document, section 6.2.

7.24.4 Output parameters

The output parameters of the xI_cart_to_geod CFI function are:

Table 115: Output parameters of xI_cart_to_geod function

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

xl_cart_to_geod |long - Extended status flag - -
lon double * - Geocentric longitude deg >=0

(Earth fixed CS) < +360
lat double * - Geodetic latitude deg >=-90

(Earth fixed CS) <=+90
h double * - Geodetic altitude m -

(Earth fixed CS)
lon_rate double * - Geocentric longitude rate |deg/s -

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

lat_rate double * - Geodetic latitude rate deg/s -
(Earth fixed CS)
Returned only if mode is:
-XL_CALC_POS_VEL
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Table 115: Output parameters of xI_cart_to_geod function
Array Description Unit
SEMS S Element (Reference) (Format) e REngs
h_rate double * - Geodetic altitude rate m/s -

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

7.24.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xl_cart_to_geod CFl function after
translating the returned extended status flag into the equivalent list of error messages by calling the function
of the EXPLORER_LIB software library x|_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained trandlating the ex-
tended status flag returned by the xlI_cart_to geod function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM)])

Table 116: Error messages of xl_cart_to_geod function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_CART_GEOD_SAT 0
_ERR
ERR |Internal computation error # 1 | No calculation performed |XL _CFI_CART_GEOD_FR 1
AME_ERR
ERR |Input vector out of valid range | No calculation performed |XL_CFI_CART_GEOD_VE 2
CTOR_ERR
WARN |Calculation mode ID is not Calculation performed. XL_CFI_CART_GEOD_MO 3
correct A message informs the user. |DE_WARN
WARN |Geocentric longitude setto 0 Calculation performed. XL_CFI_CART_GEOD_AM 4
deg (ambiguous case) A message informs the user. |BIGUITY_WARN
WARN |Internal computation warning Calculation performed. XL_CFI_CART_GEOD_AC 5
#1 A message informs the user. | CURACY_WARN
WARN |Internal computation warning Calculation performed. XL_CFI_CART_GEOD_ITE 6
#2 A message informs the user. |RATIONS_WARN
WARN |Internal computation warning Calculation performed. XL_CFI_CART_GEOD_DE 7
#3 A message informs the user. |FVAL_WARN
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7.24.6 Runtime performances
The following runtime performances have been measured.

Table 117: Runtime performances of xI_cart_to_geod function

Ultra Sparc 11-400 [mg]
0.0030
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7.25 x1_kepl_to _cart

7.25.1 Overview

The xl_kepl_to_cart CFI function transforms from keplerian to cartesian coordinates.

7.25.2 Calling interface

The calling interface of the xI_kepl_to_cart CFl function is the following (input parameters are under-

lined):

#include <explorer_lib.h>

{

}

long kepl_mode;

double kepl _in[6];

double pos out[3], vel _out[3];

long ierr[XL_NUM_ERR_KEPL_CART], status;

status = xl1_kepl _to cart (&kepl mode, kepl in, pos_out,
vel _out, 1err);

For ForTran programs the declaration and calling procedure is asfollows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>

INTEGER*4 KEPL_MODE
REAL*8 KEPL_IN(6)

REAL*8 POS_OUT(3), VEL_OUT(3)

INTEGER*4 I1ERR(XL_NUM_ERR_KEPL_CART), STATUS

STATUS = XL_KEPL_TO_CART (KEPL_MODE, KEPL_IN,

& POS_OUT, VEL_OUT, IERR)
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7.25.3 Input parameters
The xl_kepl_to_cart CFI function has the following input parameters:
Table 118: Input parameters of xI_kepl_to_cart function
C name | C tvoe Array Description Unit Allowed
YP€ | 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 |[0O] 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 rather than integer values for some of the input arguments:
» Kepler state vector model: kepl_mode. See section 6.2.

7.25.4 Output parameters

The output parameters of the xI_kepl _to_cart CFI function are:

Table 119: Output parameters of xI_kepl_to_cart function

Array Description Unit
C name C type Allowed Range
YP€ | Element (Reference) (Format) 9
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 that can be returned by the xI_kepl_to_cart CFl function after
trand ating the returned error vector into the equivalent list of error messages by calling the function of the
EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

Thetable is completed by the error code and value. These error codes can be obtained trandlating the error
vector returned by the xI_kepl to cart function by calling the function of the EXPLORER_L B software
library xI_get_code (see[GEN_SUM])

Table 120: Error messages of xI_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_
XL_Mean_to_osc M20_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 measured.

Table 121: Runtime performances of xlI_kepl_to_cart function

Ultra Sparc 11-400 [mg]
0.0130
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7.26 xl_cart_to_kepl

7.26.1 Overview

The xl_cart_to_kepl CFI function transforms from cartesian to keplerian coordinates.

7.26.2 Calling interface

The calling interface of the xlI_cart_to_kepl CFl function is the following (input parameters are under-

lined):

#include <explorer_lib.h>

{

}

long kepl_mode;

double pos in[3], vel in[3];

double kepl _out[6];

long 1err[XL_NUM_ERR_CART_KEPL], status;

status = xl_cart_to _kepl (pos in, vel in, &kepl mode
&kepl_out, 1err);

For ForTran programs the declaration and calling procedure is asfollows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>

INTEGER*4 KEPL_MODE
REAL*8 POS_IN(3), VEL_IN(3)

REAL*8 KEPL_OUT(6)

INTEGER*4 I1ERR(XL_NUM_ERR_CART_KEPL), STATUS

STATUS = XL_CART_TO_KEPL (POS_IN, VEL_IN, KEPL_MODE,

& KEPL_OUT, IERR)
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7.26.3 Input parameters
The xl_cart_to_kepl CFI function has the following input parameters:
Table 122: Input parameters of xI_cart_to_kepl function
Cname | Ctvpe Array Description Unit Allowed
YPE | 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 rather than integer values for some of the input arguments:
» Kepler state vector model: kepl_mode. See section 6.2.

7.26.4 Output parameters

The output parameters of the xI_cart_to_kepl CFl function are:

Table 123: Output parameters of xI_cart_to_kepl function

C name C tvpe Array Description Unit | Allowed
YP€ | 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 that can be returned by the xI_cart_to_kepl CFl function after
tranglating the returned error vector into the equivalent list of error messages by calling the function of the
EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

Thetable is completed by the error code and value. These error codes can be obtained trand ating the error
vector returned by the xI_cart_to_kepl function by calling the function of the EXPLORER_L 1B software
library xI_get_code (see[GEN_SUM])

Table 124: 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 O2M_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. |0O2M_WARN

7.26.6 Runtime performances

The following runtime performances have been measured.

Table 125: Runtime performances of xI_cart_to_kepl function

Ultra Sparc 11-400 [mg]
0.0130
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7.27 xI_sun

7.27.1 Overview
Thexl_sun CFI function cal culates the position and vel ocity vector of the Sunin the Earth Fixed coordinate

system.

7.27.2 Calling interface

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

#include <explorer_lib.h>

{

}

long time_ref;

double time, sun_pos[3], sun_vel[3];
x1_time_id time_id = {NULL};

long ierr[XL_NUM_ERR_SUN], status;

status = x1_sun(&time id, &time ref, &time, sun_pos, sun_vel,
1err);

/* Or, using the run_id */
long run_id;

status = xI_sun_run(&run_id, &time ref, &time, sun_pos, sun_vel,
ierr);

For ForTran programs the declaration and calling procedureis as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>

INTEGER*4 SAT_ID, TIME_REF
REAL*8 TIME, SUN_POS(3), SUN_VEL(3)
INTEGER*4 1ERR(XL_NUM_ERR_SUN), STATUS

STATUS = XL_SUN(SAT_ID, TIME_REF, TIME, SUN_POS, SUN_VEL, IERR)
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7.27.3 Input parameters
The xI_sun CFI function has the following input parameters:
Table 126: Input parameters of xI_sun function
Array Description Unit
n t Allowed R
SMmEmE | C e Element (Reference) (Format) L R
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 rather than integer values for some of the input arguments:
» Timereference ID: time_ref. See[GEN_SUM].

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details).

7.27.4 Output parameters

The output parameters of the xI_sun CFI function are:

Table 127: Output parameters of xI_sun function

Array Description Unit
Cname | Ctype Allowed Range
yp Element (Reference) (Format) 9
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 Sun in |m/s -
the Earth Fixed CS
ierr long - Error vector - -

7.27.5 Warnings and errors

Next tablelists the possible error messagesthat can be returned by the xI_sun CFI function after translating
the returned error vector into the equivalent list of error messages by calling the function of the
EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

Thetable is completed by the error code and value. These error codes can be obtained trand ating the error
vector returned by the xI_sun function by calling the function of the EXPLORER_LIB software library
xl_get_code (see [GEN_SUM])
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Table 128: Error messages of xI_sun function

Error : Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_SUN_SAT ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_SUN_REF_ERR 1
correct
ERR |Input date is out of range No calculation performed |XL_CFI_SUN_DAY_ERR 2
ERR |Time Reference not initialised | No calculation performed |XL _CFI_SUN_REF_INIT_E 3
RR
ERR |Errorin calling No calculation performed |[XL_CFI_SUN_SUN_ERR 4
XL_Sun_PosVel

7.27.6 Runtime performances

The following runtime performances have been measured.

Two runtimefigures are provided, one with fixed inputs, i.e. the function has been called severa timeswith
the same time, but modifying the other input parameters; and a second one with random inputs, i.e all the
inputs have been modified from call to call and the average time has been taken.

Table 129: Runtime performances of xI_sun function

Ultra Sparc 11-400 [mg] | Ultra Sparc 11-400 [mg]
RANDOM inputs FIXED inputs

0.3020 0.0255
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7.28 xI_moon

7.28.1 Overview

The xI_moon CFI function calculates the position and velocity vector of the Moon in the Earth Fixed co-
ordinate system.

7.28.2 Calling interface

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

#include <explorer_lib.h>
{
long time_ref;
double time, moon_pos[3], moon_vel[3];
x1_time_id time_id = {NULL};
long ierr[XL_NUM_ERR_MOON], status;

status = x1_moon(&time id, &time ref, &time, moon_pos, moon_vel,
1err);

/* Or, using the run_id */
long run_id;

status = xI_moon_run(&run_id, &time_ref, &time,
moon_pos, moon_vel,
ierr);

}

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

#include <explorer_lib.inc>
INTEGER*4 SAT_ID, TIME_REF
REAL*8 TIME, MOON_POS(3), MOON_VEL(3)
INTEGER*4 1ERR(XL_NUM_ERR_MOON), STATUS

STATUS = XL_MOON(SAT_ID, TIME_REF, TIME, MOON_POS, MOON_VEL, IERR)
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7.28.3 Input parameters

The xI_moon CFI function has the following input parameters:

Table 130: 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 rather than integer values for some of the input arguments:
» Timereference ID: time_ref. See[GEN_SUM].

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details).

7.28.4 Output parameters

The output parameters of the xI_moon CFI function are;

Table 131: Output parameters of xI_moon function

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

7.28.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_moon CFI function after trans-
lating the returned error vector into the equivalent list of error messages by calling the function of the
EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

Thetable is completed by the error code and value. These error codes can be obtained trand ating the error
vector returned by the xI_moon function by calling the function of the EXPLORER_LIB software library
xl_get_code (see [GEN_SUM])
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Table 132: Error messages of xI_moon function

Error : Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_MOON_SAT ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_MOON_REF_ERR 1
correct
ERR |Input date is out of range No calculation performed |XL_CFI_MOON_DAY_ERR 2
ERR |Time Reference not initialised | No calculation performed |XL_CFI_MOON_REF_INIT_ 3
ERR
ERR |Errorin calling No calculation performed |XL_CFI_MOON_MOON_ER 4
XL_Moon_PosVel R

7.28.6 Runtime performances

The following runtime performances have been measured.

Two runtimefigures are provided, one with fixed inputs, i.e. the function has been called severa timeswith
the same time, but modifying the other input parameters; and a second one with random inputs, i.e all the
inputs have been modified from call to call and the average time has been taken.

Table 133: Runtime performances of xI_moon function

Ultra Sparc 11-400 [mg] | Ultra Sparc 11-400 [mg]
RANDOM inputs FIXED inputs

0.2860 0.0255
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7.29 xI_planet

7.29.1 Overview

The xI_planet CFI function calculates the position and velocity vector of a planet in the Earth Fixed coor-
dinate system.

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

#include <explorer_lib.h>

{

}

long sat_id, planet, time_ref;

double time, planet _pos[3], planet vel[3];
x1_time_id time_id = {NULL};

long terr[XL_NUM_ERR_PLANET], status;

status = x1_planet(&time id, &planet, &time ref, &time,
planet _pos, planet_vel, ierr);

/* Or, using the run_id */
long run_id;

status = xlI_planet_run(&run_id, &planet, &time ref, &time,
planet_pos, planet_vel, ierr);

For ForTran programs the declaration and calling procedureis as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>

INTEGER*4 SAT_1D, PLANET, TIME_REF
REAL*8 TIME, PLANET_POS(3), PLANET_VEL(3)
INTEGER*4 1ERR(XL_NUM_ERR_PLANET), STATUS

STATUS = XL_PLANET(SAT_ID, PLANET, TIME_REF, TIME, PLANET_POS,

& PLANET_VEL, IERR)

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual



Code: CS-MA-DMS-GS-0003

deim s Eesa..... . s

5 P A C E — =T T ]
Page: 142

7.29.3 Input parameters

The x|_planet CFI function has the following input parameters:

Table 134: Input parameters of xI_planet function

Array Description Unit
Cname | Ctype Allowed Range
yp Element (Reference) (Format) g
time_id xI_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 rather than integer values for some of the input arguments:
» Timereference ID: time_ref. See [GEN_SUM].
* Planet ID: planet. Current document, section 6.2.

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

7.29.4 Output parameters

The output parameters of the xI_planet CFI function are:

Table 135: Output parameters of xI_planet function

Array Description Unit

nam t Allowed Ran
S IS LB Element (Reference) (Format) s [RENEE
xl_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 - -

7.29.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_planet CFI function after trans-
lating the returned error vector into the equivalent list of error messages by calling the function of the
EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

This table also indicates the type of message returned, i.e. either awarning (WARN) or an error (ERR), the
cause of such a message and the impact on the performed cal culation.
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Thetable is completed by the error code and value. These error codes can be obtained trandating the error
vector returned by the xI_planet function by calling the function of the EXPLORER_L B software library
x|_get_code (see [GEN_SUM)]).

Table 136: Error messages of xI_planet function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_PLANET_SAT_ER 0
R
ERR |Input time reference ID is not No calculation performed |XL_CFI_PLANET_REF _ER 1
correct R
ERR |Input date is out of range No calculation performed |XL_CFI_PLANET_DAY_ER 2
R
ERR |Time Reference not initialised | No calculation performed |XL_CFI_PLANET_REF_INI 3
T_ERR
ERR |Planet code is not correct No calculation performed |XL_CFI_PLANET_PLANET 4
_ERR
WARN |Internal Warning: XL_Planets Calculation performed. XL_CFI_PLANET_CONV_ 5
solution didn't converge A message informs the user. \WARN

7.29.6 Runtime performances

The following runtime performances have been measured.

Two runtime figures are provided, one with fixed inputs, i.e. the functions has been called several times
with the same time (reference and value); and a second one with random inputs (random time).

Table 137: Runtime performances of xlI_planet function

Ultra Sparc 11-400 [ms] | Ultra Sparc 11-400 [ms]
RANDOM inputs FIXED inputs

0.0400 0.0075
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7.30 xI_star_radec

7.30.1 Overview

Thexl_star_radec CFl function calculates the right ascension and declination of astar in the True of Date
coordinate system.

7.30.2 Calling interface

The calling interface of the xl_star_radec CFl function isthe following (input parameters are underlined):

#include <explorer_lib.h>

{

}

lond time_ref;

double time, ra0O, decO, mu_ra, mu_dec;
double rad_vel, par, ra, dec;
x1_time_id time_id = {NULL};

long ierr[XL_NUM_ERR_STAR], status;

status = xl_star_radec(&time _i1d, &time ref, &time, &raO, &decO,
&mu_ra, &mu_dec, &rad vel, &par,
&ra, &dec, ierr);

/* Or, using the run_id */
long run_id;

status = xl_star_radec_run(&run_id, &time ref, &time, &ralO, &decO,

&mu_ra, &mu_dec, &rad vel, &par,
&ra, &dec, ierr);

For ForTran programs the declaration and calling procedure is asfollows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>

INTEGER*4 SAT_ID, TIME_REF
REAL*8 TIME, RAO, DECO, MU_RA, MU_DEC
REAL*8 RAD VEL, PAR, RA, DEC

INTEGER*4 I1ERR(XL_NUM_ERR_STAR), STATUS
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STATUS = XL_STAR_RADEC(SAT_ID, TIME_REF, TIME, RAO, DECO, MU_RA,
& MU_DEC, RAD_VEL, PAR, RA, DEC, IERR)

7.30.3 Input parameters

Thexl_star_radec CFI function has the following input parameters:

Table 138: Input parameters of xI_star_radec function

Array Description Unit
C name| Ctype Allowed Range
YP€ | Element (Reference) (Format) 9
time_id |x|_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)
ra0 double * |- Right ascension of the star at deg [0,360)
J2000.0
(Barycentric Mean of 2000.0 CS)
decO double * |- Declination of the star at J2000.0|deg [-90,90]
(Barycentric Mean of 2000.0 CS)
mu_ra |double* |- Proper motion in the right ascen-|deg/century -
sion at J2000.0
(Barycentric Mean of 2000.0 CS)
mu_dec |double * |- Proper motion in the declination |deg/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 |deg -
(Barycentric Mean of 2000.0 CS)

It is possible to use enumeration values rather than integer values for some of the input arguments:
» Timereference ID: time_ref. See [GEN_SUM].

Notethat for the function to work correctly, the time references should be properly initialised before calling
the function (see section 4.2 for details).
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7.30.4 Output parameters
The output parameters of the xI_star_radec CFl function are:
Table 139: Output parameters of xl_star_radec function
Cname | Ctvpe Array Description Unit  |Allowed
YP€ | Element (Reference) (Format) | Range
x|_star_radec |long - Status flag - -
ra double * |- Right ascension of the star at specified time |deg [0,360)
(True of Date CS)
dec double * |- Declination of the star at specified time deg [-90,90]
(True of Date CS)
ierr long - Error vector - -

7.30.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_star_radec CFl function after
trand ating the returned error vector into the equivalent list of error messages by calling the function of the
EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

Thetable is completed by the error code and value. These error codes can be obtained trandlating the error
vector returned by the xI_star_radec function by calling the function of the EXPLORER_LIB software

library xI_get_code (see [GEN_SUM]).

Table 140: Error messages of xl_star_radec function

XL_Dir_Pointing

A message informs the user.

RPOINT_WARN

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL _CFI_STAR_RADEC_SA 0
T_ERR
ERR |Input time reference ID is not No calculation performed |XL_CFI_STAR_RADEC_RE 1
correct F ERR
ERR |Input date is out of range No calculation performed |XL_CFI_STAR_RADEC_DA 2
Y_ERR
ERR |Time Reference not initialised | No calculation performed |XL CFI_STAR_RADEC_RE 3
F_INIT_ERR
ERR |Error in calling XL_Star No calculation performed |XL_CFI_STAR_RADEC_ST 4
AR_ERR
ERR |Error in calling No calculation performed |XL_CFI_STAR_RADEC_DI 5
XL_Dir_Pointing RPOINT_ERR
WARN |Warning in calling Calculation performed. XL_CFI_STAR_RADEC_DI 6

The declination is not checked, so in case it does not satisfy its allowed range it may result in raising an
internal error (see section 8).

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual




Code: CS-MA-DMS-GS-0003

d E'I m s - Date: 18/11/05
S P A C E Gesa-zlm:zmnuz--nn Issue: 3.4
Page: 147

7.30.6 Runtime performances

The following runtime performances have been measured.

Two runtime figures are provided, one with fixed inputs, i.e. the functions has been called several times
with the same time (reference and value), but modifying the other input parameters; and a second one with
random inputs, i.e al the inputs have been modified from call to call and the average time has been taken.

Table 141: Runtime performances of xl_star_radec function

Ultra Sparc 11-400 [mg] | Ultra Sparc 11-400 [mg]
RANDOM inputs FIXED inputs

0.3120 0.0017
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7.31 xI_geod_distance

7.31.1 Overview

The xI_geod_distance CFI function calculates the geodesic distance between two points that lay on the
same ellipsoid, and the azimuth of the related geodesic line at both points. See diagram below.

north

point
1
Figure 2: Azimuth figures returned by xl_geod_distance function

7.31.2 Calling interface

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

#include <explorer_lib.h>

{
double lonl, latl, lon2, lat2, h;
double distance, az_1 to 2, az 2 to_1;
long status;
status = xl_geod distance (&lonl, &latl, &lon2, &lat2,
&h, &distance, &az_1_to_ 2,
&az_2 to 1);
by

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

#include <explorer_lib.inc>

REAL*8 LON1, LAT1, LON2, LAT2, H
REAL*8 DISTANCE, AZ 1 TO 2, AZ 2 TO 1
INTEGER*4 STATUS

STATUS = XL_GEOD_DISTANCE (LON1, LAT1, LON2, LAT2, H, &
DISTANCE, AZ_I T0 2, AZ 2 TO_ 1)
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7.31.3 Input parameters
The xl_geod_distance CFl function has the following input parameters:
Table 142: Input parameters of xI_geod_distance function
Array Description Unit
Cname | Ctype Allowed Range
yp Element (Reference) (For mat) 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)

7.31.4 10utput parameters

The output parameters of the xI_geod_distance CFI function are;

Table 143: Output parameters of xlI_geod_distance function

C name

C type

Array
Element

Description
(Reference)

Unit
(Format)

Allowed Range

xI_geod_distance

long

Extended status flag

distance

double *

Geodesic distance between
the two input points
(Earth fixed CS)

m

>=0

az_1 to 2

double *

Azimuth of the geodesic
line from point 1 to point 2
(Topocentric CS)

deg

[0,360)

az_ 2 to_1

double *

Azimuth of the geodesic
line from point 2 to point 1
(Topocentric CS)

Note that az2 = az1 + 180
approximately

deg

>=0
< 360
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7.31.5 Warnings and errors

Next tableliststhe possible error messagesthat can be returned by thexl_geod_distance CFI function after
tranglating the returned extended status flag into the equivalent list of error messages by calling the function
of the EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained trandlating the ex-
tended status flag returned by the x| geod distance function by calling the function of the
EXPLORER_LIB software library xI_get_code (see[GEN_SUM]).

Table 144: Error messages of xI_geod_distance function

Error : Error
Error message Cause and impact Error code
type No
ERR |Satellite ID not correct No calculation performed |XL CFI_GEOD_DIST_SAT 0
_ERR
ERR |Different altitudes in the two No calculation performed |XL_CFI_GEOD_DIST_ALTI 1
points TUDE_ERR
ERR |Calculation not performed in No calculation performed |XL_CFI_GEOD_DIST_GEO 2
XL_Geo_Car _CAR_ERR
ERR |Calculation not performed in No calculation performed |XL CFI_GEOD_DIST _DIR_ 3
XL_Pt Dir_Range RANGE_ERR
ERR |No solution returned by No calculation performed |XL_CFI_GEOD_DIST_DIR_ 4
XL_Dir_Pointing POINTING_ERR
WARN |Antipodal points.Two possi- Calculation performed. XL_CFI_GEOD_DIST_ANTI 5
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_ 6
XL_Dir_Pointing A message informs the user. |POINTING_WARN

The altitude of the two pointsisnot checked, so in case it does not satisfy its allowed range it may result in
raising an internal error (see section 8).

For antipodal points, alittle variation of the input coordinates may lead to incoherent values for the output
distance, depending on the point location on the ellipsoid.

7.31.6 Runtime performances

The following runtime performances have been measured.

Table 145: Runtime performances of xI_geod_distance function

Ultra Sparc 11-400 [mg]
0.1820
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7.32 xI_time_get leap_second_info

7.32.1 Overview
The xI_time_get_leap _second_info CFI function retrieves the leap second location (if any) in the initial-
ised time range.

In order to avoid ambiguities the instant of Leap Second insertion is given both as the instant just before
insertion (i.e. when the LS start) and the instant just after insertion (i.e. when the LS ends).

As an example, in the case of the (positive) LS inserted on January 1st, 1999, the function would return (if
ascii_id out = XL _ASCI1_STD REF_MICROSEC):

leap flag = 1
ascii_utc_time_before leap = UTC=1998-12-31 23:59:60.000000
ascii_utc_time_after_leap = UTC=1999-01-01 _00:00:00.000000

In the case of a negative LS, inserted as an example on January 1st, 2009, the function would return (if
ascii_id _out = XL _ASCI1_STD_REF_MICROSEC):

leap_flag = -1
ascii_utc_time_before leap = UTC=2008-12-31 23:59:58.000000
ascii_utc_time_after_leap = UTC=2009-01-01_00:00:00.000000

7.32.2 Calling interface

The calling interface of the xI_time get _leap second_info CFI function is the following (input parame-
ters are underlined):

#include <explorer_lib.h>

{
long ascii_id_out, leap_ flag;
char ascii_utc_time_before leap[XL _TIME ASCII1_DIM_MAX];
char ascii_utc_time_after_leap[XL_TIME_ASCII_DIM_MAX]
x1_time_id time_id = {NULL};
long i1err[XL_NUM_ERR_LEAP_INFO], status;

status = xl_time_get leap_second_info(&time id, &ascii_id out,
&leap_flag, ascii_utc_time_before_leap,
ascii_utc_time_after_leap, ierr);

/* Or, using the run_id */
long run_id;

status = xI_time_get leap second _info_run(&run id, &ascii _id out,
&leap flag, ascii_utc_time_before_leap,
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ascii_utc_time_after_leap, ierr);

}

The XL_TIME_ASCII_DIM_MAX and XL_NUM_ERR_LEAP_INFO constants are defined in the file
explorer_lib.h.

For ForTran programs the declaration and calling procedureis as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>

INTEGER*4 SAT_ID, ASCII_ID_OUT, LEAP_FLAG
CHARACTER ASCII_UTC_TIME_BEFORE_LEAP(XL_TIME_ASCII_DIM_MAX)
CHARACTER ASCII_UTC_TIME_AFTER_LEAP(XL_TIME_ASCII_DIM_MAX)
INTEGER*4 I1ERR(XL_NUM_ERR_LEAP_INFO), STATUS

STATUS = XL_TIME_GET_LEAP_SECOND_INFO (SAT_ID, ASCII_ID OUT,
LEAP_FLAG, ASCI1_UTC_TIME_BEFORE_LEAP,
& ASCI1_UTC_TIME_AFTER_LEAP, IERR);

R0
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7.32.3 Input parameters
Thex|_time _get_leap_second_info CFI function has the following input parameters.
Table 146: Input parameters of xI_time_get_leap_second_info function
Array Description Unit
nam t Allowed Ran
© NS S Element (Reference) (Format) e [RENIE
time_id xI_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 rather than integer values for the input argument:
e ASCII format ID: ascii_id_out. Current document, section 6.2.

7.32.4 Output parameters

The output parameters of the xI_time_get_leap_second_info CFI function are:

Table 147: Output parameters of xI_time_get leap_second_info function

C Arra Description Unit
C name Y b Allowed Range
type | Element (Reference) (Format)
xl_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 - -

Note that if more than one leap second is contained within the time initialization data for the selected sat-
ellite, only the last (most recent) one is returned.

No more than one leap second islikely to be found in the data, unless the range of time initializazion span
more than one year (atotal of 23 leap seconds have been inserted until 2002, since the system was intro-

duced in 1972).

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual




Code: CS-MA-DMS-GS-0003

deim)s Eesa. o s

5 P A C E =S EN =S E
Page: 154

7.32.5 Warnings and errors

Next table lists the possible error messagesthat can be returned by the xl_time_get_leap_second_info CFl
function after tranglating the returned error vector into the equivalent list of error messages by calling the
function of the EXPLORER_L 1B software library xI_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value.These error codes can be obtained by trandlating the
error vector returned by the xI_time get leap second_info function by calling the function of the
EXPLORER_LIB software library x|_get_code (see [GEN_SUM]).

Table 148: Error messages of xl_time_get_leap _second_info function

Error , Error
Error message Cause and impact Error code
type No
ERR |Satellite ID is not correct No calculation performed |XL_CFI_TIME_LEAP_SEC 0

OND_SAT_ERR
ERR |Output ascii format ID is not No calculation performed |XL_CFI_TIME_LEAP_SEC 1

correct OND_ASCII_OUT_ERR

ERR |Satellite ID and output format | No calculation performed |XL_CFI_TIME_LEAP_SEC 2
ID are not compatible OND_COMP_OUT_ERR

ERR |Error in adding times in No calculation performed |XL_CFI_TIME_LEAP_SEC 3
Processing format OND_ADD_ERR

ERR |Error in converting from No calculation performed |XL_CFI_TIME_LEAP_SEC 4
Processing to ASCII format OND_P2A ERR

WARN |Time Reference not initialised | No calculation performed |XL_CFI_TIME_LEAP_SEC 5
A message informs the user. |OND_TIME_REF_INIT_WA
RN

7.32.6 Runtime performances

The following runtime performances have been measured.

Table 149: Runtime performances of xlI_time_get_leap_second_info function

Ultra Sparc 11-400 [mg]
0.0010
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7.33 xI_euler_to_matrix

TBW
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7.34 xI_matrix_to_euler

TBW
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7.35 xl_position_on_orbit

7.35.1 Overview

Thexl_position_on_or bit CFI function cal culates aval ue describing the position of the satellite within the
orbit, using as input a Cartesian orbit state vector.

7.35.2 Calling interface

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

#include <explorer_lib._h>

{
long angle_type, time_ref, deriv;
double time, pos[3], vel[3], acc[3],
double angle, angle_rate, angle rate_ rate;
x1_time_id time_id = {NULL};
long status, ierr[XL_NUM_ERR_POSITION_ON_ORBIT];
status = xl_position_on_orbit(&time id,
&angle_type,
&time_ref, &time,
pos, vel, acc, &deriv,
&angle, &angle_rate,
&angle_rate_rate,
ierr);
/* Or, using the run_id */
long run_id;
status = xI_position_on_orbit_run(&run_id,
&angle_type,
&time_ref, &time,
pos, vel, acc, &deriv,
&angle, &angle_rate,
&angle_rate_rate,
ierr);
+

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

INTEGER*4 ANGLE_TYPE, DERIV, TIME_REF
REAL*8 TIME, POS(3), VEL(3), ACC(3), ANGLE, ANGLE_RATE,
ANGLE_RATE_RATE
INTEGER*4 STATUS,

&

IERR(XL_NUM_ERR_POSITION_ON_ORBIT)

STATUS = XL_POSITION_ON_ORBIT(ANGLE_TYPE, TIME_REF,

& TIME, POS, VEL, ACC, DERIV, ANGLE,
& ANGLE_RATE, ANGLE_RATE_RATE, I1ERR)
7.35.3 Input parameters
The xI_position_on_orbit CFI function has the following input parameters:
Table 150: Input parameters of xI_position_on_orbit function
Array o .
Description Unit
n El Allowed Ran
SEMS S r(ine (Reference) (Format) o] [REE S
ltime_id xl_time_id* |- Structure that contains the time |- -
correlations.
XL_ANGLE_TYPE
angle_type long* - Type of angle - _TRUE_LAT_TOD
ge_typ 9 yp 9 XL_ANGLE_TYPE
MEAN_LAT _TOD
|time_ref long* - Time reference 1D - Complete
Itime double* - Reference time Decimal Fiays [-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 rather than integer values for some of the input arguments:
» Timereference ID: time_ref.
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7.35.4 Output parameters

The output parameters of the xI_position_on_orbit CFl function are:

Table 151: Output parameters of xl_position_on_orbit function

Array Description Unit

nam t Allowed R
S IS LG Element (Reference) (Format) S [REE 2
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*

fierrTXL_NUM_ERR
| POSITION_ON |long all Status vector - -
| ORBIT]

7.35.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_position_on_orbit CFl function
after trandlating the returned status vector into the equivalent list of error messages by calling the function
of the EXPLORER_L B software library xI_get_msg (see [GEN_SUM]).

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

Thetable is completed by the error code and value. These error codes can be obtained translating the status
vector returned by the x| _position_on_orbit CFI function by calling the function of the EXPLORER_LIB
software library x|I_get_code (see [GEN_SUM]).

Table 152: Error messages of xI_position_on_orbit function

Sl Error message Cause and impact Error code S
type No
XL_CFl_POSITION_ON_
ERR |Angletypeisnot valid No calculation performed |[ORBIT _ANGLE TYPE E| 0
RR

XL_CFI_POSITION_ON_

Error occured during call 10|\ c4icyjation performed [ORBIT_CHANGE _CART | 1
x|_change_cart_cs CS ERR

Error occured during call to No calculation performed XL_CFl_POSITION_ON _
XL_True Lat ulation p ORBIT TRUE_LAT_ERR

ERR

ERR
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7.35.6 Runtime performances

The following runtime performance has been measured.

Table 153: Runtime performances of xI_position_on_orbit function

Ultra Sparc 11-400[mg]
TBD

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual



Code: CS-MA-DMS-GS-0003

deim)s Eesa. n o

5 P A C E =S EN =S E
Page: 161

7.36 xl_get_rotation_angles

7.36.1 Overview

The xl_get_rotation_angles CFI function cal culates the rotation angles between two sets of orthonormal
right-handed unit vectors expressed wrt an identical coordinate frame.

7.36.2 Calling interface

Thecalling interface of thexl_get_rotation_angles CFl function isthe following (input parameters are un-
derlined):

#include <explorer_lib.h>
{
double xs_initial[3], ys_initial[3], zs_initial[3];
double xs_final[3], ys _final[3], zs_final[3];
double ang[3];
long ierr[XL_NUM_ERR_GET_ROTATION_ANGLES], status;
status = xl_get_rotation_angles (xs_initial, ys initial,
zs initial, xs final, ys final, zs final,
ang, 1err);

}

The XL_NUM_ERR_GET_ROTATION_ANGLES constant is defined in the file explorer_lib.h.

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

#include <explorer_pointing.inc>

REAL*8 XS_INITIAL(3), YS_INITIAL(3), ZS_INITIAL(3)
REAL*8 XS_FINAL(3), YS_FINAL(3), ZS_FINAL(3)

REAL*8 ANG(3)

INTEGER*4 I1ERR(XL_NUM_ERR_GET_ROTATION_ANGLES), STATUS

STATUS = XL_GET_ROTATION_ANGLES (XS_INITIAL, YS_INITIAL, &
ZS _INITIAL, XS_FINAL, YS_FINAL, ZS_FINAL,
& ANG, IERR)

Qo
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7.36.3 Input parameters

The xl_get_rotation_angles CFl function has the following input parameters:

Table 154: Input parameters of xI_get_rotation_angles function

Array Description Unit

SIEMS | Sig]9s Element (Reference) (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)

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)

7.36.4 Output parameters

The output parameters of the xI_get_rotation_angles CFI function are:

Table 155: Output parameters of xl_get_rotation_angles function

Array Description Unit

S MEE R Element (Reference) (Format)

Allowed
Range

ang[3] double [0] Pitch angle between initial |deg
and final Attitude Frames

[-180,180)

[1] Roll angle between initial  |deg
and final Attitude Frames

[-180,180)

[2] Yaw angle between initial |deg
and final Attitude Frames

[-180,180)
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Table 155: Output parameters of xI_get rotation_angles function

C name C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
ierr long Error vector

7.36.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_get rotation_angles CFl func-
tion after trandating the returned extended status flag into the equivalent list of error messages by calling
the function of the EXPLORER_L IB software library x|_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained translating the ex-
tended status flag returned by the xI_get_rotation_angles function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM)])

Table 156: Error messages of xI_get_rotation_angles function

Sl Error message Cause and impact Error code Sl
type No
Input vectors are not orthog- XL_CFI_GET_ROTATIO

ERR |ond No calculation performed |[N_ANGLES NO_ORTH 0

OGONAL_ERR

XL_CFI_GET_ROTATIO
N_ANGLES CS ROTAT | 1
ION_ERR

Error occured during call to

ERR |function XL_CS Rotation No calculation performed

7.36.6 Runtime performances

The following runtime performances have been measured.

Two runtimefigures are provided, onewith fixed inputs, i.e. the function has been called several timeswith
the same position, velocity and acceleration vectors, but modifying the other input parameters; and a sec-
ond one with random inputs, i.e al the inputs have been modified from call to call and the average time has
been taken.

Table 157: Runtime performances of x|l _get_rotation_angles function

Ultra Sparc 11-400 [msg]
RANDOM inputs

Ultra Sparc 11-400 [mg]
FIXED inputs

TBD

TBD
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7.37 xI_get_rotated_vectors

7.37.1 Overview

Thexl_get_rotated_vectors CFl function calculates the rotated unit vectors given a set of unit vectors and
the rotation angles expressed wrt an identical coordinate frame.

7.37.2 Calling interface

Thecallinginterface of thexl_get_rotated vectors CFl functionisthe following (input parameters are un-
derlined):

#include <explorer_lib.h>
{
double xs_initial[3], ys_initial[3], zs_initial[3];
double xs_final[3], ys _final[3], zs_final[3];
double ang[3];
long ierr[XL_NUM_ERR_GET_ROTATED_VECTORS], status;
status = xl_get_rotated_vectors (xs_initial, ys initial,
zs initial, ang, xs_final, ys final,
zs_fTinal, 1err);

}

The XL_NUM_ERR_GET_ROTATED_VECTORS constant is defined in the file explorer_lib.h.

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

#include <explorer_lib.inc>

REAL*8 XS_INITIAL(3), YS_INITIAL(3), ZS_INITIAL(3)
REAL*8 XS_FINAL(3), YS_FINAL(3), ZS_FINAL(3)

REAL*8 ANG(3)

INTEGER*4 I1ERR(XL_NUM_ERR_GET_ROTATED_ VECTORS), STATUS

STATUS = XL_GET_ROTATED_VECTORS (XS_INITIAL, YS_INITIAL,
ZS _INITIAL, ANG, XS_FINAL, YS_FINAL,
& ZS_FINAL, I1ERR)

Qo
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7.37.3 Input parameters
The xl_get_rotated_vectors CFl function has the following input parameters:
Table 158: Input parameters of xI_get_rotated_vectors function
Array Description Unit
nam t Allowed Ran
COEms | SRe Element (Reference) (Format) L REES
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 |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
7.37.4 Output parameters
The output parameters of the xI_get_rotated_vectors CFl function are:
Table 159: Output parameters of xI_get_rotated_vectors function
C name C tvoe Array Description Unit Allowed
yp Element (Reference) (Format) 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 159: Output parameters of xI_get rotated_vectors function

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

7.37.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_get_rotated_vector sCFl func-
tion after transating the returned extended status flag into the equivalent list of error messages by calling
the function of the EXPLORER_LIB software library x|_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained trandating the ex-
tended status flag returned by the xl_get rotated_vectors function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM)])

Table 160: Error messages of xI_get_rotated_vectors function

Sl Error message Cause and impact Error code Sl
type No
Input vectors are not orthog- XL_CFI_GET_ROTATED
ERR |ond No calculation performed | VECTORS _NO_ORTHO 1

GONAL_ERR
Error occured during call to XL_CFI_GET_ROTATED
ERR |function XL_Rotate CS No calculation performed | VECTORS ROTATE C 2
S ERR

7.37.6 Runtime performances

The following runtime performances have been measured.

Two runtimefigures are provided, onewith fixed inputs, i.e. the function has been called several timeswith
the same position, velocity and acceleration vectors, but modifying the other input parameters; and a sec-
ond one with random inputs, i.e al the inputs have been modified from call to call and the average time has

been taken.
Table 161: Runtime performances of xl_get rotated_vectors function

Ultra Sparc 11-400 [mg] | Ultra Sparc 11-400 [mg]
RANDOM inputs FIXED inputs

TBD TBD
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7.38 xl_quaternions_to_vectors

7.38.1 Overview

The xI_quaternions_to_vectors CFl function calculates the orthonormal unit vectors from a given set of
quaternions.

7.38.2 Calling interface

Thecalling interface of the x| _quaternions to_vectors CFl functionisthefollowing (input parametersare
underlined):

#include <explorer_lib.h>

{
double quaternions[4];
double ux_vec[3], uy vec[3], uz vec[3];
long ierr[XL_NUM_ERR_QUATERNIONS TO VECTORS], status;
status = xl_quaternions_to_vectors (quaternions,
ux_vec, uy_vec, uz_vec, lerr);
}

The XL_NUM_ERR_QUATERNIONS_TO_VECTORS constant is defined in the file explorer_lib.h.

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

#include <explorer_lib.inc>

REAL*8 QUATERNIONS(4)
REAL*8 UX_VEC(3), UY_VEC(3), UZ_VEC(3)
INTEGER*4 1ERR(XL_NUM_ERR_QUATERNIONS_TO_VECTORS), STATUS

STATUS = XL_QUATERNIONS_TO_VECTORS (QUATERNIONS,
& UX_VEC, UY_VEC, UZ_VEC, IERR)
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7.38.3 Input parameters
The xl_quaternions_to_vectors CFl function has the following input parameters:
Table 162: Input parameters of xI_quaternions_to_vectors function
Array Description Unit
nam t Allowed Ran
SIEMS | Sig]9s Element (Reference) (Format) e [RENES
quaternions  |double[4]|- Quaternions - -
7.38.4 Output parameters
The output parameters of the xI_quaternions to_vectors CFl function are:
Table 163: Output parameters of xI_quaternions_to_vectors function
C name C tvpe Array Description Unit Allowed
yp 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 - -

7.38.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_quaternions to_vector sCFl
function after trandlating the returned extended status flag into the equivalent list of error messages by call-
ing the function of the EXPLORER_L IB software library x|I_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained translating the ex-
tended status flag returned by the xI_quaternions_to_vectors function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM])

Table 164: Error messages of xlI_quaternions_to_vectors function

module is different from 1

O_VEC_WRONG_INPUT_E
RR

Error , Error
Error message Cause and impact Error code

type No

ERR |Wrong input quaternion. The No calculation performed |XL_CFI_QUATERNIONS_ T 0
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7.38.6 Runtime performances

The following runtime performances have been measured. Two runtime figures are provided, one with
fixed inputs, i.e. the function has been called several timeswith the same position, velocity and acceleration
vectors, but modifying the other input parameters; and a second one with random inputs, i.e al the inputs

have been modified from call to call and the average time has been taken.
Table 165: Runtime performances of xI_quaternions_to_vectors function

Ultra Sparc 11-400 [mg] | Ultra Sparc 11-400 [mg]
RANDOM inputs FIXED inputs

TBD TBD
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7.39 xl_vectors_to_quaternions

7.39.1 Overview

The xI_vectors _to_quaternions CFl function calculates the set of quaternions that correspond to a set of
orthonormal unit vectors.

7.39.2 Calling interface

Thecalling interface of thex|_vectors to_quaternions CFI functionisthefollowing (input parametersare
underlined):

#include <explorer_lib.h>

{
double quaternions[4];
double ux_vec|[3], uy vec[3], uz vec[3];
long i1err[XL_NUM_ERR_VECTORS TO_QUATERNIONS], status;
status = xl_vectors_to_quaternions (ux_vec, uy vec, uz vec,
gquaternions, 1err);
+

The XL_NUM_ERR_VECTORS_TO_QUATERNIONS constant is defined in the file explorer_lib.h.

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

#include <explorer_lib.inc>

REAL*8 QUATERNIONS(4)
REAL*8 UX_VEC(3), UY_VEC(3), UZ VEC(3)
INTEGER*4 IERR(XL_NUM_ERR_VECTORS_TO_QUATERNIONS), STATUS

STATUS = XL_VECTORS_TO_QUATERNIONS (UX_VEC, UY_VEC, UZ VEC,
& QUATERNIONS, IERR)
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7.39.3 Input parameters

The xl_vectors to_quaternions CFl function has the following input parameters:

Table 166: Input parameters of xI_vectors_to_quaternions function

Array Description Unit
Cname | Ctype Element (Reference) (Format) Allowed 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_vecl3] double |all Unitary direction vector
along the Z-axes of the
coordinate or attitude frame

7.39.4 Output parameters

The output parameters of the x|_vectors to_quater nions CFl function are:

Table 167: Output parameters of xl_vectors_to_quaternions function

Array Description Unit Allowed

C name C type Bl (Reference) (Format) Range

quaternions double[4] Quaternions - -

ierr long - Error vector - -

7.39.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_vectors to_quaternions CFl
function after trandlating the returned extended status flag into the equivalent list of error messages by call-
ing the function of the EXPLORER_L IB software library x|I_get_msg (see [GEN_SUM]).

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

The table is completed by the error code and value. These error codes can be obtained translating the ex-
tended status flag returned by the xI_vectors to_quaternions function by calling the function of the
EXPLORER_LIB software library xI_get_code (see [GEN_SUM])

Table 168: 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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7.39.6 Runtime performances

The following runtime performances have been measured. Two runtime figures are provided, one with
fixed inputs, i.e. the function has been called several timeswith the same position, velocity and acceleration
vectors, but modifying the other input parameters; and a second one with random inputs, i.e al the inputs

have been modified from call to call and the average time has been taken.
Table 169: Runtime performances of xl_vectors_to_quaternions function

Ultra Sparc 11-400 [mg] | Ultra Sparc 11-400 [mg]
RANDOM inputs FIXED inputs

TBD TBD
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7.40 x|_default_sat_init

7.40.1 Overview

The xI_default_sat_init CFI function initializes a default satellite from a satellite configuration file (see
[D_H_SuUM]). This operation is needed whenever adefault satelliteisto be used for thefirst time, otherwise
the satellite will not be recognised.

When the satellite isinitialized, the function returns the satellite identifier (the sat_id). The sat_id cannot
be chosen by the user, as the program will give the first available satellite if there is any. In order that a
sat_id number can be used again for another initialization, it has to be freed by calling to the CFI function
x|_default_sat_close.

7.40.2 Calling interface

The calling interface xI_default_sat_init function is the following (input parameters are underlined):

#include <explorer_lib.h>

{

long sat_id;

char *conf_file;

long ierr[XL_NUM_ERR_DEFAULT_SAT_INIT];

long status;

status = xl_default_sat_init(&sat_id, conf file, ierr);
+

For ForTran programs the declaration and calling procedure is as follows (input parameters are underlined,
note that the C preprocessor must be used because of the presence of the #1nclude statement):

#include <explorer_lib.inc>
INTEGER*4 SAT_ID
CHARACTER*(*) *CONF_FILE
INTEGER*4 IERR(XL_NUM_ERR_DEFAULT_SAT_INIT), STATUS

STATUS = XL_DEFAULT_SAT_INIT (SAT_ID, CONF_FILE, I1ERR)
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7.40.3 Input parameters
The x|_default_sat_init function has the following input parameters:
Table 170: Input parameters of xI_default_sat_init function
Array Description Unit
n t Allowed R
SMEmE | 5y Element (Reference) (Format) L R
conf_file char* - Path and name for the Satellite |- -
Configuration File (see
[D_H_SUM] for further details
about the configuration file).
7.40.4 Output parameters
The output parameters of the xI_default_sat_init function are:
Table 171: Output parameters of xI_default_sat_init function
C name C tvpe Array Description Unit Allowed
yp Element (Reference) (Format) Range
sat_id long* - Satellite ID - From
The value is asigned automati- XL_SAT_DEFA
cally if there is an available satel- ULT to
lite. XL_SAT_DEFA
ULT9
ierr long* all Error status flags -

t is possible to use enumeration values rather than integer values for some of the input arguments:
» SatelliteID: sat_id. See[GEN_SUM].

7.40.5 Warnings and errors

Next table lists the possible error messages that can be returned by the xI_default_sat_init CFl function
after trandating the returned extended status flag into the equivalent list of error messages by calling the
function of the EXPLORER_LIB software library xI_get_msg (see [GEN_SUM]).

This table also indicates the type of message returned, i.e. either awarning (WARN) or an error (ERR), the

cause of such a message and the impact on the performed calculation.

The table is completed by the error code and value. These error codes can be obtained transating the ex-
tended status flag returned by the xl_default_sat init function by caling the function of the

EXPLORER_LIB software library xI_get_code (see [GEN_SUM]).

Earth Explorer Mission CFl Software. EXPLORER_LIB Software User Manual




Code:

CS-MA-DMS-GS-0003

- Date: 18/11/05
deim>s @esa......... G
5 p A C E =4 -1 =011 RN = = £l - .
Page: 175
Table 172: Error messages of xI_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

rect

number does not belong to a
default satellite.
No computation performed

_SAT_ERR

ERR

Error while reading satellite
configuration file

Wrong configuration file.
No computation performed

XL_CFI_DEFAULT_SAT_INIT
_READ_FILE_ERR

7.40.6 Runtime performances

The following runtime performances have been measured.

Table 173: Runtime performances of xlI_default_sat_init function

Ultra Sparc 11-400 [mg]

TBD
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7.41 x|_default_sat_close

7.41.1 Overview

The x| _default_sat close CFl function frees a default satellite id. that was initialized with
x|_default_sat_init, so that it can be used again.

7.41.2 Calling interface

The calling interface xI_default_sat_close function is the following (input parameters are underlined):

#include <explorer_lib.h>

{
long sat_id;
x1_default _sat close(&sat id);

}

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

#include <explorer_lib.inc>
INTEGER*4 SAT_ID
XL_DEFAULT_SAT_INIT (SAT_ID)

7.41.3 Input parameters

The x|_default_sat_close function has the following input parameters:

Table 174: Input parameters of xI_default_sat_close function

Array Description Unit

Cname | Ctype Allowed Range

yp Element (Reference) (Format) 9

sat_id long* - Satellite ID to free. - From XL_SAT_DEFAULT
to XL_SAT_DEFAULT9

7.41.4 Output parameters

This function does not return any value nor parameters.

7.41.5 Warnings and errors

No warning nor errors are returned
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8 LIBRARY PRECAUTIONS

The following precaution shall be taking into account when using EXPLORER _LIB library:

» Thefunctionsxl_time obt_to_timeand xI_time_time_to_obt cannot be called from ForTran (no
ForTran equivalence to unsigned long).
* When amessage like
EXPLORER_LIB >>> ERROR in xl_function: Internal computation error # n

or
EXPLORER_LIB >>>WARNING in xl_function: Internal computation warning # n

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

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

Table 175: Known problems

CFl library

Problem

Work around solution

xl_time_obt_to_time

Cannot be called from ForTran
(no ForTran equivalence to unsigned long)

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

xl_time_time_to_obt

Cannot be called from ForTran
(no ForTran equivalence to unsigned long)

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

x|_euler_to_matrix

Functionality is not currently available

xI_matrix_to_euler

Functionality is not currently available

xI_time_ref_init_file

XL_SEL_FILE is not supported for time inputs
selection (i.e. it is required to specify a time or an
orbit range).
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