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1 Introduction

1.1 Purpose  and Scope

This document describes the interface between the SIR team, the data producer, and ESA’s Planetary Science Archive. It defines the content of the L1b (raw, edited) dataset and the L2 (calibrated) dataset.

A scientific user of one of these datasets shall be able to write a piece of software to read in and visualize the data products. It shall further be possible to re-write the data calibration pipeline to produce L2 data from L1b data. All the required files and their usage are available in the L1b dataset. 

1.2  Archiving Authorities

All SIR datasets will be distributed via ESA’s Planetary Science Archive, that is ESA’s official archive for ESA’s planetary missions.

1.3 Contents

This document describes the data flow of SIR instrument on the Smart1 mission from the s/c until the insertion into the PSA. It includes information on how data were processed, formatted, labeled and uniquely identified. The document discusses general naming schemes for data volumes, data sets, data and label files. Standards used to generate the product are explained. Software that may be used to access the product is explained further on.

The design of the data set structure and the data product is given. Examples of these are given in the appendix.

1.4  Intended Readership

Primary readers are scientific users of the SIR data. 

1.5 
Documentation

1.5.1 Applicable Documents

[AD1] Planetary Data System Preparation Workbook, February 1, 1995, Version 3.1, JPL, D-7669, Part1

[AD2] Planetary Data System Standards Reference, June 1, 1999, Version 3.3, JPL, D-7669, Part 2

[AD3]  Smart1 Archive Generation, Validation and Transfer Plan, S1-EST-PL-1004, Version 1.5, 7 July 2003

1.5.2 Reference Documents

[RD1] Near Infrared Spectrometry with SIR on SMART-1, Proceeding of the fourth international conference on Exploration and Utilisation of the Moon, ESTEC July 2000

[RD2] SPECTRAL INVESTIGATIONS OF THE MOON WITH THE SMART-1 NEAR INFRARED SPECTROMETER (SIR), in tbd

[RD3] Lunar Source book, ISBN 0-521-33444-6

[RD4] SIR Experiment Interface Document, EID=B, S1-SIR-EID-3001

[RD5] SIR Calibration Report, S1-SIR-TR-3017

[RD6] Navigation and Ancillary Information Facility (NAIF), http://pds-naif.jpl.nasa.gov
[RD7] PSA, Browse Product Handling, SOP-RSSD-TN-0044

[RD8] PVV User Manual, SOP-RSSD-UM-004, Version 4.1

[RD9] Planetary Science Data Archive Technical Note, Geometry and Position Information , SOP-RSSD-TN-010, Version 3.5, 2005 May 4

1.6 Relationships to Other Interfaces

No relationships to other interfaces are known.

1.7 Acronyms and Abbreviations

PSA
Planetary Science Archive

SIR
Smart1 Infrared Spectrometer

1.8 Contact Names and Addresses

Horst Uwe Keller, Urs Mall and Andreas Nathues, Max-Planck-Institut für Aeronomie, Max-Planck-Straße 2, 37189 Katlenburg-Lindau, Germany, keller@linmpi.mpg.de, mall@linmpi.mpg.de, nathues@linmpi.mpg.de

Bjoern Grieger, Santa Martinez, European Science Astronomy Center, SCI-OS, Urb. Villafranca del Castillo, P.O. Box 50727, 28080 Madrid, Spain, Bjoern.Grieger@esa.int, Santa.Martinez@esa.int
Detlef Koschny, European Space and Technology Center, SCI-SM, Keplerlaan 1, NL 2200 AG Noordwijk

2 Overview of Instrument Design, Data Handling Process and Product Generation

2.1 Technical Objectives

SIR is a highly compact monolithic grating near infrared spectrometer covering the wavelength range from 0.94 to 2.40 µm. The spectral resolution is )8Pixel = 6 nm. The angular resolution is 1.11 millirad and is identical with the field of view (point spectrometer).

SIR is very well suited to study the mineralogy of surfaces of solid planets, their satellites, comets and asteroids. SIR consists of the Instrument Unit (optical unit) and the E-Box, which is located inside the spacecraft. The Instrument Unit consists of the sensor head (spectrometer) and the O-Box (front-end optics).

The primary objective of the Technology Experiment (TE) SIR was to space qualify  commercially available near-infrared (NIR) grating spectrometer from ZEISS. The commercial spectrometer is built around a monolithic quartz body and uses an InGaAs photo diode array detector sensitive in the 0.9 - 1.7 µm wavelength range. The mass of the sensor head with standard housing for the laboratory is ≈ 950 g including the cooling plate. After more detailed investigations it turned out that almost all materials of the spectrometer had to be changed for space application. Also the extension of the cut off wavelength from 1.7 to 2.4 µm turned out to be much more complicated then originally thought; mainly because of the heavily increased dark current and the therefore necessary reduced operation temperature. The structure of the sensor head got a complete new design because of the thermal and radiation constraints in space. The electronics were miniaturized. The functionality and the measurement accuracy were considerably improved compared to the commercial spectrometer (see [RD5] for results of the on-ground calibration).

The following tables summarizes the technical performance of the SIR instrument.

Type of Instrument
Grating NIR Point Spectrometer

Wavelength Range
0.934 – 2.394 m

Spectral Resolution
Pixel = 5.1 – 6.3 nm

Dynamic (ADC)
16bit

QE
0.06-0.11

Angular Resolution/field of view
1.11 mrad

f-ratio of front-end optics
2.5

Aperture (main mirror diameter)
72mm

Focal length
180mm

Integration Times
Variable, up to 528ms for 2MHz and 264 ms for 4MHz read out frequency

Power Consumption
Max 4.1 W  +/- 1W for SIR internal heater

2.2 Scientific Objectives

The Moon, the only natural satellite of the Earth, has followed a different evolution compared to the Earth. Samples from the Moon have documented that almost all endogenous activity of the Moon occurred during the first 1.5 b.y. and that after a violent beginning for most of the last 3 b. y. the Moon has passively collected and recorded the history of solar system activities in the Earth-Moon environment. Although lunar samples have provided evidence for differentiation including insight into processes which are not common on earth (e.g. gardening) the early evolution of the Moon and the formation of the primordial lunar crust and mantle are up to date not fully understood.

The main scientific objective of SIR is to achieve a detailed compositional analysis of the

lunar surface for various geological / mineralogical and topographical units to address questions related to the formation and evolution of the Moon. An additional objective is to

search for signatures of ices in very weak illuminated crater bottoms at the South Pole. For a

list of interesting target types see [RD1] and [RD2]. A more detailed scientific description

is found in [RD3] and a very detailed description of Lunar Science is found in [RD4].

2.3 Functional Principles

SIR’s regular operation mode is the burst measurement mode (mapping of the surface) while the S/C is in the nadir pointing mode. In addition, pointings to dedicated lunar features in Off Nadir Mode were executed regularly. Calibration observations of standard stars and lunar landing sites for radiometric calibration were obtained from time to time. In the lunar nadir pointing mode SIR will obtain as long as possible spectra - burst spectra- of the lunar surface (limited by the available down link capacity). This phase is called the Lunar Mapping Phase, which will be the common phase. Off Nadir pointing includes pointing and tracking of lunar features for durations up to 10 sec by the spacecraft. The active tracking allows a spectral averaging for signal to noise increase (e.g. spectral search for ices in very low illuminated crater bottoms).

How gets SIR information from the lunar surface? The reflected moonlight enters the optics box (O-Box), is then reflected by the main and secondary mirror in direction of the fiber optics. The fiber transmits the light to a filter and a slit. Thereafter the light passes the quartz body and reaches the dispersing grating. The dispersed light passes the quartz body again. It is reaching the second order filter which is glued on the detector window. After passing the window the light is absorbed by the photosensitive pixels. The released electron of each pixel are collected and a sequential read out is performed after the integration time ended. The adjacent voltage will be measured for each pixel and the obtained values are  converted to digits. The obtained values (counts) are finally embedded in the TM packages for sending them to the spacecraft’s mass memory.

2.4 Data Handling Process

The data handling of all Smart1 data takes place at ESA’s Astronomy Center (ESAC), Madrid, Spain, under the control of the SIR Principal Investigator. The processing of L1b (raw, edited) data from the telemetry data is done using the so-called L1b-processor. Also the L2 (calibrated) data is produced using the L1b-processor modified and incremented by corresponding calibration routines.

3 Archive Format and Content

3.1  Format and Conventions

3.1.1   Data Set ID Formation

Three data sets will be made available within the PSA archive. The first data set will contain L1b (raw, edited) data from the cruise phase  up to orbit insertion. The second dataset will contain L1b (raw, edited) data from the lunar mapping phase. The third dataset will contain L2 (calibrated) data from the lunar mapping phase. The following PDS compatible data set identifiers and names will be used. For the Chandrayaan-1 mission data sets, “S1” will be replaced by “C1” and “Chandrayaan-1” for “Smart-1”

Data Set Identifier
Data Set Name

S1-Y-SIR-2-EDR-EDITED-CRUISE-V1.0


SMART-1 SIR CRUISE EDITED DATA

S1-L-SIR-2-EDR-EDITED-LUNAR-V1.0


SMART-1 SIR LUNAR EDITED DATA

S1-L-SIR-3-RDR-CALIBRATED-LUNAR-V1.0


SMART-1 SIR LUNAR CALIBRATED DATA

3.1.2 Data Directory Naming Convention

At the root level, the PDS required nameing scheme will be followed: DATA DOCUMENT INDEX CALIB CATALOG.

Below the DATA directory, there will be either

a) for the cruise phase: no sub-directories below the DATA directory. All data products are below the DATA directory.

b)  the lunar phase: there are sub-directories below the data directory bundling 100 orbits into one sub-directory. The directory nameing convention is oooxx, with ooo specifying the orbit to a level of 100 orbits followed by the characters “XX”. E.g. 012XX will contain the spectra from orbit 01200 to 01299.

Below the BROWSE directory, the same sub-directory structure as for the DATA directory applies.

3.1.3 Filenaming Convention 

Identification

 
Description

MM 
Mission: C1 for Chandrayaan-1, S1 for Smart-1

MMSIR_ 
Instrument, fixed to “SIR”, followed by underscore, “_”

MMSIR_TL_ 
Data Type: D for data, B for browse, C for calibration, H for housekeeping

Data Level: 2 for raw/edited data, 3 for calibrated data; 2 will also be used for calibration files; 

e.g. C1SIR_D2

MMSIR_DL_OOOO_NNN.EXT
Data files with

· OOOO for orbit number, starting from 0000 to 2893

· NNN is number of spectrum in the orbit (will be 000 for Smart1)

· L for data processing level with 2 for raw/edited and 3 for calibrated

· EXT for extension with FIT for FITS files, LBL for labels and TAB for ASCII tables

Example: S1SIR_D3_0012_000.LBL

Remark: if a spectrum is crossing the apocenter (and herewith the orbit), the start date/time of the beginning of the spectrum will define the file nameing.



S1SIR_BT_OOOO_NNN.EXT
Browse files with

· T for browse type: P for primary, S for secondary

· OOOO for orbit number, starting from 0000 to 2893

· NNN is number of spectrum in the orbit (will be 000 for Smart1) 

· EXT for extension with PNG for PNG files, LBL for labels

Example: C1SIR_BP_0012_000.LBL

S1SIR_HS_OOOO_NNN_L.EXT
Housekeeping files typically written in ASCII fixed-record length tables with:

· S for source, either I for instrument or S for spacecraft

· OOOO for orbit number, starting from 0000 to 2893

· NNN is number of file in the orbit (will be 000 for Smart1) 

· EXT for extension with LBL for labels and TAB for ASCII tables

Example: S1SIR_HS_0012_000.LBL

Remark: if a spectrum is crossing the apocenter (and herewith the orbit), the start date/time of the beginning of the spectrum will define the file nameing.

S1SIR_CT_YYMMDDTHHMMSSMMM_NN.EXT
Calibration files with 

· T for calibration file type, either B for bias, D for dark current, H for hot pixel, S for spectral response, W for wavelength/pixel relation

· yymmddThhmmssmmm the start date and time from which the calibration file is valid.

· Corresponding calibration files are counted from 1 to n using NN

· EXT the extension with either LBL for label and TAB for ASCII table, FIT for FITS files.

Example: S1SIR_CD_040201T140000000_03.LBL is the label of the Smart1 dark current file that is valid from 040201 14:00:00.000. This is the 3rd dark current file available for SIR on S1.

3.2 Standards Used in Data Product Generation

3.2.1 PDS Standards

All data apply to version 3.6 of the PDS Standards Reference, please see [AD1] and [AD2] for details

3.2.2 Time Standards

All time information in the data follows the SPICE time standards. Please, see [RD6] for details.

Within the data products themselves, the time standard used is ET (Ephemeris Time), which is a double precision number of seconds.  The starting point for this time is the J2000 epoch. This epoch is Greenwich noon on January 1, 2000 Barycentric Dynamical Time. This ephemeris time is calculated from the Spacecraft Onboard Time using the appropriate SPICE routines and the time correlation packages which are provided by ESTEC as a SPICE Clock Kernel. Outside of the products themselves, there are a few instances in the SIR data sets where time flags are provided.  The main time values are provided in the data product labels, which provide a start and stop time for the measurement, and a corresponding clock count from the spacecraft.  Below, the standards used to define these values are described.

3.2.2.1 START_TIME and STOP_TIME Formation

The PDS formation rule for dates and time in UTC is:

YYYY-MM-DDThh:mm:ss.fff

  YYYY     
year (0000-9999)

  MM       
month (01-12)

  DD     

day of month (01-31)

  T       

date/time separator

  hh      

hour (00-23)

  mm       
minute (00-59)

  ss      

second (00-59)

  fff     

fractions of second (000-999) (restricted to 3 digits)

This standard is followed for all START_TIME and STOP_TIME values in the products included in the SIR data sets. 

3.2.2.2  SPACECRAFT_CLOCK_START_COUNT and SPACECRAFT_CLOCK_STOP_COUNT

The SPACECRAFT_CLOCK_START_COUNT and SPACECRAFT_CLOCK_STOP_COUNT values represent the on-board time counters (OBT) of the spacecraft and instrument computers.  This OBT counter is given in the headers of the experiment telemetry source packets.  It contains the data acquisition start time as 32-bit of unit seconds followed by 16-bit of fractional seconds.  The time resolution of the fractional part is 2^-16 = 1.52×10^-5 seconds.  Thus, the OBT is represented as a decimal real number in floating-point notation with 5 digits after the decimal point.

A reset of the spacecraft clock is represented by an integer number

followed by a slash, e.g. "1/" or "2/".

Example:

SPACECRAFT_CLOCK_START_COUNT = "1/21983325.39258"

 

3.2.3 Reference Systems

The reference systems used for orbit, attitude, and target body follow the SPICE standards and are defined in the different SPICE kernels. Please, see [RD6] for details.

All latitudes and longitudes are given in degrees, latitudes are planetocentric.

All geographical information in labels and index files will be given as follows:

Sinusoidal projection, R= 1737.4, center latitude = 0, center longitude will be determined automatically using an integer value.

3.2.4 Other Applicable Standards

No other standards are used.

3.3  Data Validation

Each of the individual spectra will be visualized by a SIR team member and marked as ‘inspected’ before delivery to the PSA. 

The following checks will be performed on individual data product labels:

· the values of the keywords START_TIME and SPACECRAFT_CLOCK_START_COUNT will be compared against each other;

· the values of the keywords STOP_TIME and SPACECRAFT_CLOCK_STOP_TIME will be compared against each other;

· the value of the keyword TARGET_NAME will be compared with the target planned in the planning database;

· to be completed.

The following checks will be performed on all spectral data:

· to be completed

3.4 Data Quality

Related to the data validation is the handling of data quality information for the data set and each data product. The data quality is determined by three major factors: the instrument performance, the spacecraft performance, the environmental situation at time of acquisition. Most of these factors can be analyzed automatically during the production of the data products. Others must be checked by specialized software or even by specialists. Finally, PSA executes a peer review on the data set before making the data available to the public. This leads to the following definition.

The quality of a data product is described as an identifier  P-V-I-S-E with





P
PEER REVIEWED
0: NOT PEER REVIEWED



1: PEER REVIEWED SUCCESSFULLY

V
VALIDATED
0: NOT VALIDATED BY INSTRUMENT TEAM



1: VALIDATED BY INSTRUMENT TEAM, NO PROBLEMS

2: VALIDATED BY INSTRUMENT TEAM: OVEREXPOSED

3: VALIDATED BY INSTRUMENT TEAM: MISSING SPECTRA

4: TBD

I
INSTRUMENT PERFORMANCE
0: INSTRUMENT PERFORMANCE NOT CHECKED

1: INSTRUMENT PERFORMANCE OK

2: DETECTOR TEMPERATURE TOO HIGH

3: YSI TEMPERATURE TOO HIGH

4: E-BOX TEMPERATURE TOO HIGH

5: TBD

S
SPACECRAFT PERFORMANCE
0: SPACECRAFT PERFORMANCE NOT CHECKED

1: SPACECRAFT PERFORMANCE CHECKED AND OK

2: SPACECRAFT PERFORMANCE CHECKED AND THERMISTOR XX (TBD) TOO HIGH

3: TBD

E
ENVIRONMENTAL PERFORMANCE
0: ENVIRONMENTAL PERFORMANCE NOT CHECKED

1: ENVIRONMENTAL PERFORMANCE CHECKED AND OK

2: ENVIRONMENTAL PERFORMANCE CHECKED, STRAYLIGHT EXISTING

3: ENVIRONMENTAL PERFORMANCE CHECKED, 

4: TBD

Valid examples values for the usage are:

DATA_QUALITY_ID    =  0-0-1-2-0          

Specifying that there was no peer-review yet, the data has not yet been analyzied by the instrument team, instrument performance was nominal, spacecraft performance showed that a thermistor was too hot, no environmental checks has been executed.

3.5 Content

3.5.1 Volume Set

Volumes and Data sets are not distinguished within the PSA archive. Nevertheless, the VOLDESC.CAT file in the root directory of each dataset must contain volume information as requested by the PDS standard. The information given in this object will be:

Keyword
Value

VOLUME_NAME
“SMART-1 SIR EXPERIMENT DATA RECORDS VOLUME”

VOLUME_SERIES_NAME
“SMART1: SIR EXPERIMENT DATA RECORDS”

VOLUME_SET_ID
“DE_MPE_PF_S1SIR-0001”

VOLUMES
1

VOLUME_ID
“DE_MPE_PF_S1SIR-0001”

VOLUME_VERSION_ID
“VERSION 1”

PUBLICATION_DATA
2008-01-01

DATA_SET_ID
S1-L-SIR-2-EDR-EDITED-LUNAR-V1.0

VOLUME_FORMAT
“ISO-9660”

MEDIUM_TYPE
“ELECTRONIC”

DESCRIPTION
“This volume contains one data set from the Smart-1 Infrared Spectrometer (SIR) flown on the Smart-1 spacecraft. It contains data from the lunar phase of the mission”

3.5.2 Data Set

See definition in 3.1.1

3.5.3 Directories

The following directories are contained at root level: INDEX, DOCUMENT, DATA, BROWSE and CALIB. These will contain the information and products required by the PDS Standard. At the root level directory itself, there will be two files AAREADME.TXT, ERRATA.TXT and VOLDESC.CAT. The ERRATA.TXT file will contain all known problem reports on the data and the usage of the data within the existing data set.

3.5.3.1 INDEX Directory

The main purpose of the index files is to produce look-up information that can be used by data users directly in their data analysis software or in database applications. All index files are detached files: an ASCII PDS-standard compatible label and an ASCII PDS-standard compatible table.

The following index files exist:

· INDEX.LBL/TAB

This is a PDS Standard required index file. It contains one row of information in the index table about each data product. The index label and the index table are produced using the PVV software provided by the ESA/PSA archive team, see [RD8].

· BROWSE.LBL/TAB

The browse index file is a non PDS Standard required index file. It follows the PSA proposal from RD7 and contains information and the link between a data product below the DATA directory and the browse product below the BROWSE directory.

· GEO_MOON.LBL/TAB

The geometry index file is  a non PDS Standard required index file. It follows the PSA proposal described in RD10. The geometry index file will contain for each data product a representation of the footprint.

· SIR_TARGET.LBL/TAB

The target index file is a non PDS Standard required index file. It contains information on the targets that were planned to be observed and link these targets to the data products. It is noted that the information is extracted from a database prepared and used by the science planning team and thus might contain wrong information, if the execution of the instrument operation was not in line with the planned instrument operation.

· ORBNUM.LBL/TAB

The orbit numbering index file is a non PDS Standard required index file. It contains one row for each orbit and accompanying derived information, as e.g. the apocenter time and distance, the pericenter time and distance.

3.5.3.2 BROWSE Directory

The BROWSE directory will contain one browse product for each data product as described in section x.y. The handling of BROWSE images as outlined in RD7 is followed. Each data product below the DATA directory will have an accompanying browse product below the BROWSE directory. This browse product contains an averaged spectrum over the whole original data product. The purpose of the browse product is to allow a user to quickly walk through the browse directory getting an assumption on the content of the data product itself.  

3.5.4 Data Coverage Overview

No pre-flight data will be delivered in the archive, as non existent. The data obtained during on-ground calibration campaigns are processed into calibration files that will be archived below the CALIB directory. No derived or other data products will be existent.

3.5.5 Software

As the data products will be readable by standard software, e.g. by any FITS reading software or PDS reading software, non reading or visualization software will be made available. The software to calibration the data using the L2 data and the calibration files will be given in the DOCUMENT directory as an algorithm.

4 Detailed Interface Specifications

4.1 Data Sets, Definition and Content

4.2 Data Product Design

4.2.1 L1b Data Label and Data Structure Design

This section describes the detailed specification of each of the raw/edited (L1b) products to be supplied to the PSA. As described in the previous section the products contained within the Cruise and Lunar observation datasets are essentially identical so no distinction has been made in this section between the data products.

The SIR datasets will contain 4 different kind of data products:

· SIR Instrument Science Data

· SIR Instrument Housekeeping Data

· SIR Related Spacecraft Housekeeping Data

· SIR Calibration Files

Each of these data products is defined in one of the following subsections. 

4.2.2 SIR Instrument Science Data: Data Product Design 

The SIR science structure is made up of records of length 1440. The length of a minimal FITS header is 2880 bytes. The length of the science data is 256*4 bytes plus 16 bytes for time information, that sums to 1040. So, half the length of a minimal FITS header is a good size for the record length and we have to pad out for 400 bytes at the end of each science data record.

Keyword
S1-Value
C1-Value
Type
Description

PDS_VERSION_ID
PDS3
PDS3
ID


/*** File Characteristics Data Elements            ***/



Comment

FILE_NAME


CHAR
See section x.y

RECORD_TYPE
FIXED_LENGTH
FIXED_LENGTH
ID
binary records with fixed lengths 

RECORD_BYTES
1440
1440
INT
Output of data processor

FILE_RECORDS


INT
Number of records in the detached file

/***   Pointer to Data Objects    ***/



Comment

^SIR_HEADER
(“FN”)
(“FN”)
CHAR
e.g. (“SD_0012_000_3.FIT”)

^SIR_TABLE
(“FN”, 2881 <BYTES>)
(“FN”, 2881 <BYTES>)
CHAR
e.g. (“SD_0012_000_3.FIT”, 2881 <BYTES>))

/*** Identification Data Elements



Comment

DATA_SET_ID


ID
e.g.

DATA_SET_NAME


CHAR


PRODUCT_ID


CHAR


PRODUCT_TYPE
SIR-EDR-SC
SIR-EDR-SC
ID
SIR Experiment Data Recored, Science Data.

PROCESSING_LEVEL_ID
2
2
INT
CODMAC level, 2 for raw/edited data and 3 for calibrated data

PROCESSING_LEVEL_DESC
“TIME TAGGED EXPERIMENT DATA RECORDS”
“TIME TAGGED EXPERIMENT DATA RECORDS”
CHAR


PRODUCT_CREATION_TIME


TIME
In PDS time standard YYYY-MM-DD

PRODUCER_ID
“SIR TEAM”
“SIR TEAM”
ID


PRODUCER_FULL_NAME
“M. GRANDE””
“M. GRANDE””
CHAR


MISSION_ID
SMART1
SMART1
ID


MISSION_NAME
“SMALL MISSIONS FOR ADVANCED RESEARCH AND TECHNOLOGY”
“SMALL MISSIONS FOR ADVANCED RESEARCH AND TECHNOLOGY”
ID


INSTRUMENT_HOST_NAME
“SMALL MISSIONS FOR ADVANCED RESEARCH AND TECHNOLOGY”
“SMALL MISSIONS FOR ADVANCED RESEARCH AND TECHNOLOGY”
ID


INSTRUMENT_HOST_ID
SMART-1
SMART-1
ID


MISSION_PHASE_NAME
“LUNAR OBSERVATION PHASE”
“LUNAR OBSERVATION PHASE”
ID
“EARTH ESCAPE PHASE” or “LUNAR OBSERVATION PHASE”

TARGET_NAME
MOON
MOON
ID
See section x.y

TARGET_TYPE
SATELLITE
SATELLITE
ID
SATELLITE, STAR

/*** Date and Time Related Information    ***/


COMMENT


START_TIME


TIME
In PDS time standard

STOP_TIME


TIME
In PDS time standard

SPACECRAFT_CLOCK_START_COUNT


CHAR
e.g. “8/0034534.3321”, see section x.y

SPACECRAFT_CLOCK_STOP_COUNT


CHAR
See section x.y

ORBIT_NUMBER
276
276
INT
“N/A” for cruise, otherwise and integer number starting from 1, see section x.y for further information.

/*** Instrument Related Parameters    ***/


COMMENT


INSTRUMENT_ID
SIR
SIR
ID


INSTRUMENT_NAME


CHAR


INSTRUMENT_TYPE
SPECTROMETER
SPECTROMETER
ID


INSTRUMENT_MODE_ID


ID
XX, as defined in section x.y

INSTRUMENT_MODE_ID_DESC


CHAR
Put here the description

DATA_QUALITY_ID
1
1
INT
1 for ok, others tbd

DATA_QUALITY_ID_DESC
“1 NORMAL”
“1 NORMAL”
CHAR


/*** Positional and Geometry Parameters   ***/


COMMENT


NOTE
“RA and DEC will be given for star observations” 
“RA and DEC will be given for star observations” 
CHAR


RIGHT_ASCENSION


FLOAT
Float value for TARGET_TYPE = STAR, otherwise “N/A”

DECLINATION


FLOAT
Float value for TARGET_TYPE = STAR, otherwise “N/A”

NOTE
“MOON intersection and derived information will be given for moon observations”
“MOON intersection and derived information will be given for moon observations”
CHAR


WESTERNMOST_LONGITUDE


FLOAT
“N/A” for TARGET_TYPE not equal to moon

EASTERNMOST_LONGITUDE


FLOAT
“N/A” for TARGET_TYPE not equal to moon

MINIMUM_LATITUDE


FLOAT
“N/A” for TARGET_TYPE not equal to moon

MAXIMUM_LATITUDE


FLOAT
“N/A” for TARGET_TYPE not equal to moon

INCIDENCE_ANGLE





PHASE_ANGLE





EMISSION_ANGLE





LOCAL_HOUR_ANGLE











/*** Object Description     ***/





OBJECT
SIR_HEADER
SIR_HEADER
ID


  BYTES
2880
2880
INT
Standard FITs header length

  HEADER_TYPE
FITS
FITS
ID


  INTERCHANGE_FORMAT
BINARY
BINARY
ID


  RECORDS
1
1
INT
The size of a SIR record is defined by the length of a FITS header

  DESCRIPTION
“SIR FITS HEADER”
“SIR FITS HEADER”
CHAR


END_OBJECT
SIR_HEADER
SIR_HEADER









OBJECT
SIR_TABLE
SIR_TABLE
ID


   INTERCHANGE_FORMAT
BINARY
BINARY
ID


  ROWS


INT
Depends on the number of spectra observed

  ROW_BYTES


INT


  COLUMNS
4
4
INT


  NAME
“SIR spectral observations”
“SIR spectral observations”
CHAR


  DESCRIPTION
“SIR time-tagged spectral observations in original digital number” 
“SIR time-tagged spectral observations in original digital number” 
CHAR








  OBJECT
COLUMN
COLUMN
ID


    NAME
“OBSERVATION_TIME”
“OBSERVATION_TIME”
CHAR


    COLUMN_NUMBER
1
1
INT


    BYTES
8
8
INT


    START_BYTE
1
1
INT


    UNIT
SECONDS
SECONDS
FORMATION


    DATA_TYPE
TIME
TIME
INT


    DESCRIPTION
“Start of integration time in spacecraft event itme.”
“Start of integration time in spacecraft event time.”:
CHAR


  END_OBJECT
COLUMN
COLUMN
ID








  OBJECT
COLUMN
COLUMN
ID


    NAME
“INTEGRATION  TIME”
“INTERATION TIME”
CHAR


    COLUMN_NUMBER
2
2
INT


    BYTES
8
8
INT


    START_BYTE
9
9
INT


    UNIT
MS
MS
FORMATION


    DATA_TYPE
TIME
TIME
ID


    DESCRIPTION
“Integration time in milli seconds” 
“Integration time in milli seconds”.
CHAR


  END_OBJECT
COLUMN
COLUMN
ID














  OBJECT
COLUMN
COLUMN
ID


    NAME
“SPECTRAL RESPONSE”
“SPECTRAL RESPONSE”
CHAR


    BYTES


INT


    ITEMS
256
256
INT


    COLUMN_NUMBER
3
3
INT


    ITEM_BYTES
4
4
INT


    START_BYTE
17
17
INT


    UNIT
“N/A”
“N/A”
CHAR


    DATA_TYPE
INTEGER
INTEGER
ID


    DESCRIPTION
“SIR CCD measurements in original digital numbers”
“SIR CCD measurements in original digital numbers”
CHAR


  END_OBJECT
COLUMN
COLUMN
ID








  OBJECT
COLUMN
COLUMN
ID


    NAME
“PADDING”
“PADDING”
CHAR


    ITEMS
1
1
INT


    COLUMN_NUMBER
4
4
INT


    BYTES
399
399
INT


    START_BYTE
1042
1042
INT


    UNIT
“N/A”
“N/A”
CHAR


    DATA_TYPE
INTEGER
INTEGER
ID


    DESCRIPTION
“PADDING TO LENGTH OF 2880 / 2”
“PADDING TO LENGTH OF 2880 / 2”
CHAR


  END_OBJECT
COLUMN
COLUMN
ID


END_OBJECT
TABLE
TABLE
ID


END





As the format chosen for this science data is FITS, here is the FITS header:

SIMPLE  

=                    T / file does conform to FITS standard             

BITPIX  

=                    8 / number of bits per data pixel                  

NAXIS   

=                    0 / number of data axes                            

EXTEND  

=                    T / FITS dataset contains extension            

EXTNAME 
= 'PRIMARY'          / extension name                                   

END                                                                             

END                                                                                                                                                                                                                                                                                        XTENSION
= 'BINTABLE'        / binary table extension                            

BITPIX  

=                 8 / 8-bit bytes                                      

NAXIS   

=                 2 / 2-dimensional binary table                        

NAXIS1  

=              1440 / RECORD_BYTES                           

NAXIS2  

=                nn / FILE_RECORDS – header records                           

PCOUNT  
=                 0 / size of special data area                         

GCOUNT  
=                 1 / one data group (required keyword)                 

TFIELDS 

=                 4 / number of fields in each row                      

TTYPE1  

= 'START_OBS'        / label for field                                   

TFORM1 

 = '1D     '       / format of field: 8 b                           

TTYPE2  

= 'INTEGRATION_TIME'/ label for field                                   

TFORM2 

 = '1D      '        / format of field: 8 b                              

TUNIT2  

= 's       '        / unit of field                                     

TTYPE3

= ‘SPECTRAL_RESPONSE’ / label for field

TFORM3

= ‘256I4  ‘      / format of field, array of integers length 256

EXTNAME 
= 'SIR_TABLE'  / extension name                                    

FILENAME
= ' xx.FITS' / Source file for fit                  

UTC_STRT
= '2004-05-07T03:56:01.14851Z'     /UTC start time                      

UTC_STOP
= '2004-05-07T04:09:44.14851Z'     /UTC stop time                       OBT_STRT
= '7/0006186937.00000' / Integration start time of the first spectrum   OBT_STOP
= '7/0006187760.00000' / Integration start time of the last spectrum    RST_NUM 
=                    7 / Reset number                                   

END                                                                             

END

4.2.3 SIR Instrument Housekeeping Data: Data Product Design 

Keyword
S1-Value
C1-Value
Type
Description

PDS_VERSION_ID
PDS3
PDS3
ID


/*** File Characteristics Data Elements            ***/



Comment

FILE_NAME


CHAR
See section x.y

RECORD_TYPE
FIXED_LENGTH
FIXED_LENGTH
ID
binary records with fixed lengths 

RECORD_BYTES
 100
100
INT
Output of data processor

FILE_RECORDS


INT
Number of records in the detached file

/***   Pointer to Data Objects    ***/



Comment

^SIR_HK_TABLE
 x <BYTES>
 x <BYTES>
CHAR
 

/*** Identification Data Elements



Comment

DATA_SET_ID


ID
.

DATA_SET_NAME


CHAR


PRODUCT_ID


CHAR


PRODUCT_TYPE
SIR-EDR-HK
SIR-EDR-HK
ID
SIR Experiment Data Recored, Housekeeping Data.

PROCESSING_LEVEL_ID
2
2
INT
CODMAC level, 2 for raw/edited data and 3 for calibrated data

PROCESSING_LEVEL_DESC
“TIME TAGGED EXPERIMENT DATA RECORDS”
“TIME TAGGED EXPERIMENT DATA RECORDS”
CHAR


PRODUCT_CREATION_TIME


TIME
In PDS time standard YYYY-MM-DD

PRODUCER_ID
“SIR TEAM”
“SIR TEAM”
ID


PRODUCER_FULL_NAME
“M. GRANDE””
“M. GRANDE””
CHAR


MISSION_ID
SMART1
SMART1
ID


MISSION_NAME
“SMALL MISSIONS FOR ADVANCED RESEARCH AND TECHNOLOGY”
“SMALL MISSIONS FOR ADVANCED RESEARCH AND TECHNOLOGY”
ID


INSTRUMENT_HOST_NAME
“SMALL MISSIONS FOR ADVANCED RESEARCH AND TECHNOLOGY”
“SMALL MISSIONS FOR ADVANCED RESEARCH AND TECHNOLOGY”
ID


MISSION_PHASE_NAME
“LUNAR OBSERVATION PHASE”
“LUNAR OBSERVATION PHASE”
ID
“EARTH ESCAPE PHASE” or “LUNAR OBSERVATION PHASE”

/*** Date and Time Related Information    ***/


COMMENT


START_TIME


TIME
In PDS time standard

STOP_TIME


TIME
In PDS time standard

SPACECRAFT_CLOCK_START_COUNT


CHAR
e.g. “8/0034534.3321”, see section x.y

SPACECRAFT_CLOCK_STOP_COUNT


CHAR
See section x.y

ORBIT_NUMBER
276
276
INT
“N/A” for cruise, otherwise and integer number starting from 1, see section x.y for further information.

/*** Instrument Related Parameters    ***/


COMMENT


INSTRUMENT_ID
SIR
SIR
ID


INSTRUMENT_NAME


CHAR


INSTRUMENT_TYPE
SPECTROMETER
SPECTROMETER
ID


INSTRUMENT_MODE_ID


ID
XX, as defined in section x.y

INSTRUMENT_MODE_ID_DESC


CHAR
Put here the description







/*** Object Description     ***/











OBJECT
SIR_HK_TABLE
SIR_HK_TABLE
ID


   INTERCHANGE_FORMAT
ASCII
ASCII
ID


  ROWS


INT
Depends on the number of spectra observed

  ROW_BYTES


INT


  COLUMNS


INT


  NAME
“SIR spectral observations”
“SIR spectral observations”
CHAR


  DESCRIPTION
“SIR time-tagged housekeeping data” 
“SIR time-tagged housekeeping data” 
CHAR








  OBJECT
COLUMN
COLUMN
ID


    NAME
“START OF EXPOSURE UTC”
“START OF EXPOSURE UTC”
CHAR


    COLUMN_NUMBER
1
1
INT


    BYTES
24
24
INT
UTC time string in yyyy-mm-ddThh:mm:ss.sss

    START_BYTE
1
1
INT


    UNIT
“N/A”
“N/A”
FORMATION


    DATA_TYPE
TIME
TIME
INT


    FORMAT
A24
A24
CHAR


    DESCRIPTION
“START OF EXPOSURE TIME IN UTC.”
“START OF EXPOSURE TIME IN UTC.”:
CHAR


  END_OBJECT
COLUMN
COLUMN
ID














  OBJECT
COLUMN
COLUMN
ID


    NAME
“START OF EXPOSURE SCET”
“START OF EXPOSURE SCET”
CHAR


    COLUMN_NUMBER
2
2
INT


    BYTES
17
17
INT
Given in scet time ssssssssss.ffffff, with s are the seonds and f are the fraction of a second.

    START_BYTE
25
25
INT


    UNIT
“S”
“S”
FORMATION


    DATA_TYPE
TIME
TIME
INT


    FORMAT
F17.6
F17.6
CHAR


    DESCRIPTION
“START OF EXPOSURE TIME IN MILLI SECONDS.”
“START OF EXPOSURE TIME IN MILLI SECONDS.”:
CHAR


  END_OBJECT
COLUMN
COLUMN
ID








  OBJECT
COLUMN
COLUMN
ID


    NAME
“NUMBER OF SPECTRA”
“NUMBER OF SPECTRA”
CHAR


    COLUMN_NUMBER
3
3
INT


    BYTES
5
5
INT


    START_BYTE
39
39
INT


    UNIT
“N/A”
“N/A”
FORMATION


    DATA_TYPE
INTEGER
INTEGER
ID


    FORMAT
I5
I5
CHAR


    DESCRIPTION
“TOTAL NUMBER OF SPECTRA TAKEN “
“TOTAL NUMBER OF SPECTRA TAKEN”
CHAR


  END_OBJECT
COLUMN
COLUMN
ID








  OBJECT
COLUMN
COLUMN
ID


    NAME
“MEASUREMENT INTERVAL”
“MEASUREMENT INTERVAL”
CHAR


    COLUMN_NUMBER
4
4
INT


    BYTES
8
8
INT


    START_BYTE
45
45
INT


    UNIT
“MS”
“MS”
FORMATION


    DATA_TYPE
TIME
TIME
INT


    FORMAT
I8
I8
CHAR


    DESCRIPTION
“MEASUREMENT INTERVAL, THE TELEMETRY INTERVAL TIME IS THIS TIME MULTIPLIED BY THE NUMBER OF SPECTRA FOR MEAN”
“MEASUREMENT INTERVAL, THE TELEMETRY INTERVAL TIME IS THIS TIME MULTIPLIED BY THE NUMBER OF SPECTRA FOR MEAN”
CHAR


  END_OBJECT
COLUMN
COLUMN
ID








  OBJECT
COLUMN
COLUMN
ID


    NAME
“W/D COUNTER”
“W/D COUNTER”
CHAR


    COLUMN_NUMBER
5
5
INT


    BYTES
3
3
INT


    START_BYTE
54
54
INT


    UNIT
“N/A”
“N/A”
FORMATION


    DATA_TYPE
“INTEGER”
INTEGER
ID


    FORMAT
I3
I3
CHAR


    DESCRIPTION
“W/D RESET COUNTER FROM 0..255” 
“W/D RESET COUNTER FROM 0..255”
CHAR


  END_OBJECT
COLUMN
COLUMN
ID








  OBJECT
COLUMN
COLUMN
ID


    NAME
“EXPOSURE TIME”
“EXPOSURE TIME
CHAR


    COLUMN_NUMBER
6
6
INT


    BYTES
17
17
INT


    START_BYTE
58
58
INT


    UNIT
“S”
“S”
CHAR


    FORMAT
F17.6
F17.6
CHAR


    DATA_TYPE
INTEGER
INTEGER
ID


    DESCRIPTION
“TBW”
“TBW”
CHAR
JZENDER: I DO NOT UNDERSTAND THE CORRESPONDING TABLES IN S1-SIR-MA-3003

  END_OBJECT
COLUMN
COLUMN
ID














  OBJECT
COLUMN
COLUMN
ID


    NAME
“DETECTOR TEMPERATURE”
“DETECTOR TEMPERATURE
CHAR


    COLUMN_NUMBER
7
7
INT


    BYTES
5
5
INT


    START_BYTE
76
76
INT


    UNIT
“DEGREE CELSIUS”
“DEGREE CELSIUS
CHAR


    FORMAT
F5.2
F5.2
CHAR


    DATA_TYPE
FLOAT
FLOAT
ID


    OFFSET
 
 
INT
PFM CALIBRATION CURVE OFFSET

    SCALING_FACTOR


INT
PFM CALIBRATION  CURVE SCALING FACTOR

    DESCRIPTION
“DETECTOR TEMPERATURE”
“DETECTOR TEMPERATURE
CHAR
 CHECK IF THE CALIBRATION CURVES ARE REALLY LINEAR; IN CASE THIS SHOULD NOT APPLY, MODIFY THIS COLUMN DEFINITION

  END_OBJECT
COLUMN
COLUMN
ID








  OBJECT
COLUMN
COLUMN
ID


    NAME
“YSI TEMPERATURE”
“YSI TEMPERATURE
CHAR


    COLUMN_NUMBER
8
8
INT


    BYTES
5
5
INT


    START_BYTE
82
82
INT


    UNIT
“DEGREE CELSIUS”
“DEGREE CELSIUS”
CHAR


    DATA_TYPE
FLOAT
FLOAT
ID


    FORMAT
F5.2
F5.2
CHAR


    OFFSET
 
 
INT
PFM CALIBRATION CURVE OFFSET

    SCALING_FACTOR


INT
PFM CALIBRATION  CURVE SCALING FACTOR

    DESCRIPTION
“DETECTOR TEMPERATURE”
“DETECTOR TEMPERATURE
CHAR
 CHECK IF THE CALIBRATION CURVES ARE REALLY LINEAR; IN CASE THIS SHOULD NOT APPLY, MODIFY THIS COLUMN DEFINITION

  END_OBJECT
COLUMN
COLUMN
ID








  OBJECT
COLUMN
COLUMN
ID


    NAME
“NUMBER OF SPECTRA”
“NUMBER OF SPECTRA
CHAR


    COLUMN_NUMBER
9
9
INT


    BYTES
4
4
INT


    START_BYTE
88
88
INT


    UNIT
“N/A”
“N/A”
CHAR


    DATA_TYPE
INTEGER
INTEGER
ID
RANGE FROM 1..128

    FORMAT
I4
I4
CHAR


    DESCRIPTION
“NUMBER OF SPECTRA”
“NUMBER OF SPECTRA
CHAR
  

  END_OBJECT
COLUMN
COLUMN
ID








  OBJECT
COLUMN
COLUMN
ID


    NAME
“ADC CLOCK MODE”
“ADC CLOCK MODE
CHAR


    COLUMN_NUMBER
10
10
INT


    BYTES
2
2
INT


    START_BYTE
93
93
INT


    UNIT
“MHZ”
“MHZ”
CHAR


    FORMAT
I2
I2
CHAR


    DATA_TYPE
INTEGER
INTEGER
ID
EITHER 4 OR 3 OR 1 MHZ

    DESCRIPTION
“ADC CLOCK IN MHZ”
“ADC CLOCK IN MHZ
CHAR
  

  END_OBJECT
COLUMN
COLUMN
ID








  OBJECT
COLUMN
COLUMN
ID


    NAME
“MULTIPLE ADC SAMPLING”
“MULTIPLE ADC SAMPLING
CHAR


    COLUMN_NUMBER
11
11
INT


    BYTES
2
2
INT


    START_BYTE
96
96
INT


    UNIT
“N/A”
“N/A”
CHAR


    DATA_TYPE
INTEGER
INTEGER
ID
1 TO 16 SAMPLES, 8 DEFAULT

    FORMAT
I2
I2
CHAR


    DESCRIPTION
“ADC CLOCK IN MHZ”
“ADC CLOCK IN MHZ
CHAR
  

  END_OBJECT
COLUMN
COLUMN
ID








END_OBJECT
TABLE
TABLE
ID


END





4.2.4 SIR Related Spacecraft Housekeeping Data: Data Product Design 

4.2.5 SIR Calibration Files: Data Product Design 

4.2.6 SIR Browse Files: Data Product Design

Keyword
S1-Value
C1-Value
Type
Description

PDS_VERSION_ID
PDS3
PDS3
ID


/*** File Characteristics Data Elements            ***/



Comment

FILE_NAME


CHAR
See section x.y

RECORD_TYPE
UNDEFINED
UNDEFINED
ID
JPEG has no fixed record length

PRODUCT_ID


CHAR
Will contain the product identifier e.g. CB_00100_000_2.LBL

SOURCE_PRODUCT_ID


CHAR
Will contain the original data product from which this browse image is derived, e.g. CD_00100_000_2.LBL

DATA_SET_ID


ID
.

DATA_SET_NAME


CHAR


PRODUCT_TYPE
SIR-EDR-HK
SIR-EDR-HK
ID
SIR Experiment Data Recored, Housekeeping Data.

MISSION_ID
SMART1
SMART1
ID


INSTRUMENT_ID
SIR
SIR
ID


INSTRUMENT_HOST_ID
SMART-1
SMART-1
ID


PRODUCT_CREATION_TIME


TIME


BROWSE_USAGE_ID
“N/A”
“N/A”
ID
Required by RD7, but as a 1-1 mapping exists between data product and browse product, the value is set to N/A

^BROWSE_IMAGE


CHAR
Pointer to png file, e.g. CB_00100_000_2.LBL







OBJECT
BROWSE_IMAGE
BROWSE_IMAGE
ID


  ENCODING_TYPE
PNG
PNG
ID


  LINES
540
540
INT
The size of the png file may vary depending on the image content; only example values are given.

    LINE_SAMPLES
540
540
INT
See above

    SAMPLE_TYPE
UNSIGNED_INTEGER
UNSIGNED_INTEGER
ID


    SAMPLE_BITS
8
8
INT


END_OBJECT
BROWSE_IMAGE
BROWSE_IMAGE
ID


END





[image: image1.emf]
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