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1. Purpose and Scope of Document

The purpose of this Data Product SIS is to provide users of the LAMP Gridded Data Record (GDR) (CODMAC Level 5) map products with detailed descriptions of the products and how they were generated, including data sources and destinations.  The GDR map products contain polar stereographic maps of lunar “night side”( far-ultraviolet (FUV) brightness, albedo, and H2O search ratios, together with their respective estimated errors, of both the north and south lunar polar regions.  Analogous maps of both raw and calibrated FUV photon counts, instrument exposure, illumination and data quality are also included.  This SIS is intended to provide enough information to enable users to read and understand the data products.  The users for whom this SIS is intended are the scientists who will analyze the data, including those associated with the Lunar Reconnaissance Orbiter Project, and those in the general planetary science community.

This Data Product SIS describes the inputs to the GDR map products, and how they are processed, formatted, labeled, and uniquely identified.  The document discusses standards used in generating the products and software that may be used to access the products.  The data product structure and organization is described in sufficient detail to enable a user to read the product.  Finally, an example of a product label is provided.

2. Applicable Documents

This Data Product SIS is intended to be consistent with the following documents:

1. Planetary Data System Standards Reference, version 3.8, February 27, 2009, JPL Document D-7669, Part 2.

2. Planetary Science Data Dictionary Document, revision F, October 20, 2008, JPL Document D-7116.

3. Lunar Reconnaissance Orbiter Data Management and Archive Plan, 431-PLAN-000182.

4. LRO LAMP Instrument Team Data Management and Archive Plan, 11239-DMAP-01.

5. Interface Control Document for the LRO Ground System, 431-ICD-000049.

6. LAMP Science Team and PDS Imaging Node Interface Control Document, JPL Document D-49057.
7. Lyman Alpha Mapping Project Experiment Data Record (EDR) Data Product Software Interface Specification, 11239-EDRDP_SIS-01.

8. Lyman Alpha Mapping Project Experiment Data Record (EDR) Archive Volume Software Interface Specification, 11239-EDRAV_SIS-01.

9. Lyman Alpha Mapping Project Pipeline Reduced Data Record (RDR) Data Product Software Interface Specification, 11239-RDRDP_SIS-01.

10. Lyman Alpha Mapping Project Pipeline Reduced Data Record (RDR) Archive Volume Software Interface Specification, 11239-RDRAV_SIS-01.
11. Lyman Alpha Mapping Project Gridded Data Record (GDR) Archive Volume Software Interface Specification, 11239-GDRAV_SIS-01.

12. “LAMP: The Lyman Alpha Mapping Project on NASA's Lunar Reconnaissance Orbiter Mission,” by Gladstone, G. Randall, Stern, S. Alan, Retherford, Kurt D., Black, Ronald K., Slater, David C., Davis, Michael W., Versteeg, Maarten H., Persson, Kristian B., Parker, Joel W., Kaufmann, David E., Egan, Anthony F., Greathouse, Thomas K., Feldman, Paul D., Hurley, Dana, Pryor, Wayne R., and Hendrix, Amanda R., in Space Science Reviews, Volume 150, Issue 1-4, pp. 161-181, 2010.
13. “A Standardized Lunar Coordinate System for the Lunar Reconnaissance Orbiter,” LRO Project White Paper, 451-SCI-000958, Version 4, May 14, 2008.

3. Relationships with Other Interfaces

The LAMP GDR Archive Volume SIS [11] describes how the data products specified by this document will be made available through the PDS, and could be affected by a change in this SIS.

4. Data Product Characteristics and Environment

This section describes the LAMP GDR data products in greater detail, including how the data are acquired, the types of data in the GDR products, and how the data are processed and validated.

4.1 Instrument Overview

The LAMP UV spectrograph instrument is largely based on the Pluto ALICE instrument flying on board the New Horizons spacecraft.  (The Pluto ALICE design, in turn, is based largely on the design of the Rosetta ALICE instrument.)  LAMP consists of a telescope, a Rowland-circle spectrograph, and an electronics section; it also includes an extended forward light baffle, a pair of Lunar Terminator Sensors (LTS), and a thermal radiator.  The telescope mirror collects incoming light that passes through the entrance aperture at the front end of the instrument and directs it towards the entrance slit of the Rowland-circle imaging spectrograph.  The spectrograph contains a reflective holographic diffraction grating and a UV-sensitive, solar-blind, 2-D open-structure microchannel plate detector located on the Rowland circle.  The command and data handling (C&DH) and detector electronics section is located directly behind the spectrograph section next to the detector.  LAMP has a passband of 57.5-196.5 nm and a pixel format of 1024 spectral by 32 spatial pixels.

The detector system outputs to the C&DH electronics the pixel location for each detected photon event, a location consisting of a spectral and a spatial coordinate.  The first (x) dimension provides the spectral location of the detected photon and the second (y) dimension provides one-dimensional spatial information.  The events are processed by the C&DH electronics.  The C&DH is also the controller of the LAMP instrument; it receives commands from the spacecraft, acquires data from the MCP detector system, and returns telemetry to the spacecraft.  Science data generation is performed by the detector hardware, but the C&DH also controls this function.

The LAMP instrument has two acquisition modes in which the spectral/spatial data from the detector are processed by the C&DH subsystem.  The main LAMP data acquisition mode is the pixel list acquisition mode.  In this mode the instrument stores photon event data as they arrive from the detector system.  In order to provide timing information, “time hacks” are inserted into the data stream at a programmable interval between 4 and 512 msec.  In addition, LAMP provides a histogram acquisition mode.  This mode is mainly used for calibration acquisition operations and allows for long integrations to obtain observations of faint sources with high signal-to-noise ratios.  In histogram acquisition mode, the detector accumulates the number of events that are occurring at each of the 1024 x 32 pixel “locations” provided by the detector electronics over a period of time.

The LTS has been added to protect the highly-sensitive LAMP instrument from observing the relatively bright daylit regions of the Moon with the aperture door open, either by lowering the detector high voltage or closing the aperture door.  The design of the LTS uses redundant Si PN photodiode detectors and amplifier electronics which are fed by an externally mounted mechanical collimator that oversamples the LAMP field of view.  The LTS field of view is 1º x 10º for both a “forward” photodiode (parallel to the LAMP slit but canted at 1.5º ahead of the track of the LAMP boresight) and an “aft” photodiode (parallel to the LAMP slit but canted 1.5º behind the track of the LAMP boresight).  When both sensors are operating simultaneously, the signal from these two diodes are each differenced at a 10-Hz rate with “dark” photodiodes (to correct for temperature effects) and combined (in a programmable way) to provide LAMP’s response to the crossing of the terminator (from day to night or vice versa).  LAMP can also operate with only a single working LTS.  In fact, this will be the standard mode of operation when only a single LVPS is being used.  Depending on the orientation of the LRO spacecraft, the forward and aft LTS photodiodes will switch roles several times during the mission.  The LAMP aperture door has a small (1.0 mm diameter) hole in it which allows dayside observations at about the same count rate with the door closed as are observed on the night side when the aperture door is open.  The LRO mission plan called for using the LTS to lower and raise the detector high voltage until minimum LAMP experiment objectives are met, then using the LTS to close and open the aperture door to allow continuous LAMP day and night side observations for the remainder of the mission.  In practice, it was found desirable to limit the number of aperture door cycles, which increase greatly in frequency when the LRO spacecraft is near β=90º (β is the angle between the LRO orbit plane and the vector from the Sun). This is accomplished by using the LTS to close and open the aperture door at |β|<45º, and using the LTS to lower and raise high voltage at |β|>45º.
4.2 Data Product Overview

The primary sources of the data contained in the LAMP GDR map products are the LAMP Pipeline RDR data products, produced in an earlier stage (nicknamed “Mike”) of the data processing flow.  These RDR products, in turn, are generated from the LAMP EDR data products, which themselves are produced from the raw LAMP instrument files containing, respectively, the low-speed housekeeping telemetry and the LAMP science data.  These raw files are delivered from the LRO MOC on a nominal basis of one file of each type per orbit.  The LAMP EDR data product combines these file pairs (in the data processing step nicknamed “Lima”), also on a one file per orbit basis.  The “Mike” step calibrates and spatially locates the FUV photon data contained in the EDR data product.  The resulting totality of calibrated FUV data are then combined into the GDR map products.  Please refer to [7] and [9] for more detailed information on the contents of the LAMP EDR and RDR data products.
The LAMP GDR map products described in this document are:

1. Brightness Maps: four wavelength ranges are included: Lyman-α (119.57–123.57 nm)(, full stellar (129.57–189.57 nm), on-band (129.57–155.57 nm), off-band (155.57–189.57 nm).
2. Albedo Maps:  the same four wavelength ranges are used here as for the brightness maps above.
3. H2O Absorption Feature Depth (“Ratio”) Maps:  these are computed as the ratio of the off-band to on-band brightness and albedo maps.
4. Count Maps
5. FUV Photon Maps
6. Exposure Maps
7. Illumination Maps
8. Statistical Error (Noise) Maps
9. Data Quality Maps (a mask including locations of sunlit peaks, noise floor, and other details)

All of these maps are derived from “night side” data†; that is when the LAMP detector FOV was located on the night side of the Moon or in a Permanently Shaded Region (PSR) and the aperture door was open.  In addition to the cumulative ensemble average maps generated using data taken during the whole nominal ESMD phase of the LRO mission, monthly maps will also be provided for all of the above products except for the data quality, statistical error, and H2O absorption feature depth maps.  More detailed specifications for these LAMP GDR map products can be found in Section 5 and Appendix A of this document.

4.3 Data Processing

Data format is described in Section 5, Detailed Data Product Specifications.  Total data volume for the GDR map products depends on the volume per map and the total number of maps generated.  Each map is a polar stereographic map centered on either the north or south lunar pole and extending 10 degrees in latitude away from the pole (i.e., to either +80° or –80° latitude).  Each map has a true resolution at the pole of 240 meters/pixel, thus yielding a map of dimensions of 2501 pixels x 2501 pixels.  Each map element is stored using a 4-byte floating point value, and this gives a total map size of 25 MB.  The total number of brightness maps is 4 (wavelength ranges) x 2 (poles) x 14 (13 monthly + 1 cumulative) = 112.  The number of albedo maps is the same, 112.  The number of H2O absorption feature depth (“ratio”) maps is 2 (brightness and albedo) x 2 (poles) = 4.  The number of count, calibrated photon, illumination, and exposure maps is 4 (wavelength ranges) x 2 (poles) x 14 (13 monthly + 1 cumulative) = 112 each.  The number of statistical error (noise) maps is 4 (wavelength ranges) x 2 (poles) + 2 (applicable to the “ratio” maps) = 10, and the number of data quality maps is 4 (wavelength ranges) x 2 (poles) = 8.  After summing up there are 694 total maps.  This gives a total map volume of 17.4 GB.
The map processing proceeds generally as follows.  (Please refer to [7] and [9] for more information about earlier pipeline processing of LAMP EDR and RDR products, as this discussion assumes the existence of LAMP RDR products containing radiometrically calibrated and spatially located FUV photon detections.)  From each RDR product a corresponding “exposure record” is generated that records the exposure time of each LAMP spatial pixel in each polar stereographic map cell.  Calibrated photon counts (i.e., photons/cm2, where the cm2 is related to the wavelength-dependent instrument effective area) from the RDR products are then paired with these exposure records, one-to-one, to produce integrated photon count and exposure maps, which are in turn used to generate the brightness maps themselves.  FUV illumination models are separately used to estimate the time-dependent FUV flux incident on the Moon’s night side and PSRs.  These, combined with the brightness maps yield the albedo maps.  The ratio of the off-band albedo to the on-band albedo yields the H2O absorption feature depth map.
4.3.1 Data Processing Level

The LAMP GDR map products contain calibrated FUV photon detections that have been mapped onto uniform space-time grids, thus they correspond to CODMAC Level 5 (see Appendix D).

4.3.2 Data Product Generation

In the nominal operational sequence, the LAMP instrument generates one low-speed telemetry file and one science data file for each orbit.  Once per day these LAMP-generated files are retrieved from the spacecraft by the LRO MOC and then transferred by the MOC to the primary LAMP SOC pipeline computer.  The LAMP SOC pipeline “executive” program executes once per day and detects the newly delivered data files.  After cataloging the received files, the “executive” program initiates execution of the LAMP SOC data processing pipeline.  The first element of the pipeline (“Lima”) is responsible for converting the data files received from the MOC into the EDR data products.  The second element of the pipeline (“Mike”) is responsible for applying instrumental calibrations to the science data and spatially locating the data with the help of input SPICE kernels, creating the Pipeline RDR data products.  The back-end “mapping” pipeline then generates auxiliary products (e.g., the exposure records) and combines the data stored in the RDR products, as described above, to create the GDR map products, whose format is described in this document.  Multiple versions of the output GDR products may be made available if software and calibration improvements affecting the output data are implemented.  In the event of an error whose correction alters released data, the data will be reprocessed by the revised software and made available with an incremented version number.

4.3.3 Data Flow

The immediate sources of the data contained in each LAMP GDR map product are the LAMP Pipeline RDR data products.  The original sources of the instrument data are, of course, the science and housekeeping files generated by the LAMP instrument itself.  As mentioned above, these instrument-generated data files are retrieved from the LRO spacecraft by the LRO MOC and then transferred to the LAMP SOC for further processing.  The details of this latter transfer mechanism are described in [5].  After the LAMP GDR map products are produced by the LAMP SOC, they are archived (see [11]) and transferred to the PDS Imaging Node for permanent storage and public access.  The details of this transfer mechanism are described in [6]. The LAMP GDR map products are delivered to the PDS Imaging Node six months after the end of the nominal ESMD mission, as specified in Table 3 of [4].  As mentioned above, the total GDR map product volume is expected to be approximately 17.4 GB.
4.3.4 Data Processing Steps

In order to create the GDR map products, the following sequence of operations is performed (precursor “exposure” and “illumination” records are assumed to have been generated already):
1. Define selection criteria (e.g., time range, day/night, etc.).  A standard set of criteria are used for maps delivered to the PDS (these are captured in the associated PDS labels―see Appendix D for an example), but our mapping software permits wide variations in the selection criteria values.

2. Search RDR file parameters to generate a list of FUV photon events and exposure time ranges to use (together with a list of the associated RDR data files).

3. Pair exposure data from “exposure” records with photon event data from the RDR data files.

4. Apportion selected photon events into the proper map cells to generate integrated map of photons/cm2.  Create propagated error map also at this point.
5. Create analogous map of integrated exposure time based on the selection criteria.
6. Create analogous map of background signal (detector dark, and stray light) using the exposure maps multiplied by a rate of 10-3 counts/sec/gridcell, times a calibration scale factor dependent on wavelength range as follows for Lyman-α, full stellar, on-band, and off-band products, respectively, 33, 330, 140, and 189, and finally multiplied by the photon map divided by the count map to analogously calibrate the dark count map into photons/cm2 units―cumulative products only (details subject to later revision).
7. Subtract background map from photon map, divide by the exposure map, and scale by instrumental parameters to produce brightness map―cumulative products only.
8. Pair illumination data from “illumination” records with photon event data from the RDR data files.
9. Combine the illumination data to create an integrated illumination map.
10. Divide brightness map by illumination map to create albedo map.

11. Use brightness and albedo maps to determine off-band/on-band ratios to create water ice absorption feature depth maps.
4.3.5 Labeling and Identification

The dataset ID provided by the PDS for the LAMP GDR map products is:
LRO-L-LAMP-5-GDR-V1.0

The version number is incremented should the entire GDR dataset be revised.

The file naming convention for LAMP GDR data files is LAMP_80p_240mpp_tttttttt_vv.img.  The value of p will be either “n” or “s”, denoting either a north or south polar map, respectively.  The value of 80 denotes that the maps contain data from ±80° latitude to the poles.  The 240mpp denotes the true map resolution at the poles, 240 meters per pixel.  The variable length field tttttttt will contain a description of the contents of the map (i.e., wavelength: “long” for full stellar, “lya” for Lyman-α, “on” for on-band, “off” for off-band; and type: “brite” for brightness, “albed” for albedo, “count”, “dqual” for data quality, “error”, “expos” for exposure, “illum” for illumination, “photn” for photon, and “ratio”).  The value of this variable length field will be chosen to ensure that each filename adheres to the PDS length limit of 40 characters, including the period and extension.  For monthly maps, this descriptive field will end with a subfield of the form _yyyymm to denote the year and month of the map.  The two-digit vv value will be a version number to facilitate unique identification of (possibly reprocessed) GDR map files.  The .img extension indicates that the GDR data files will be stored as PDS-formatted binary images.  Each GDR file will have a detached PDS label in a separate file of the same name, but with extension .lbl.  The label file is stored in the same directory as the img data file that it describes.

4.4 Standards Used in Generating Data Products

4.4.1 PDS Standards

The LAMP GDR data products comply with Planetary Data System standards for file formats and labels, as specified in the PDS Standards Reference [1].

4.4.2 Time Standards

Each LAMP housekeeping and science data file that is received from the LRO MOC contains a 64-byte header specifying, among other things, the SCUT (Spacecraft Universal Time) when the file was opened for writing and when the file was closed.  SCUT is measured in seconds and fractional seconds elapsed since the epoch of the LRO mission timeline, 00:00 UTC January 1, 2001.  Within the LAMP housekeeping dataset, each packet is stamped with the instrument time when the packet was generated.  Instrument time will nominally be synchronized to SCUT as sent to LAMP by means of the time synchronization message.  Within the science dataset, the SCUT for the start and stop times of a given data acquisition are determined by correlation with the housekeeping data.  For data taken in histogram mode, there is no finer time resolution available.  For data taken in pixel list mode, “time hacks” are inserted into the UV photon event data stream at a command-modifiable interval of between 4 msec and 512 msec. The nominal time hack interval is planned to be the minimum of 4 msec in order to provide for highest possible time resolution for the data taken in pixel list mode, the nominal operational mode for LAMP.
4.4.3 Coordinate Systems

Lunar Reconnaissance Orbiter (LRO) LAMP gridded data record (GDR) maps use lunar planetocentric/body-fixed coordinates with east-positive longitude from 0 to 360 degrees.  A mean Earth/polar axis (ME) reference system (also called the mean Earth/rotation system) is used, with the z axis being the mean rotational pole and with the prime meridian (zero degrees longitude) defined by the mean Earth direction.

The ME reference system is used for all LRO archival data. This LRO standard is documented in [13].  Using coordinates in the ME system is consistent with recommendations from the International Astronomical Union (IAU)/International Association of Geodesy (IAG) Working Group on Cartographic Coordinates and Rotational Elements.
A Jet Propulsion Laboratory (JPL) planetary and lunar ephemeris and corresponding Euler angle set are used to define an ME frame to which the LRO data are registered.  The LRO Data Working Group (LDWG) determines which ephemeris and Euler angle set should be used.  Alternatively, LRO data can be registered to an existing or new reference frame in the ME system, via ties to surface points known in the frame (examples include Lunar Laser Ranging (LLR) retroreflectors, points in images and Digital Elevation Models).

When a JPL planetary and lunar ephemeris is used, the JPL Navigation and Ancillary Information Facility (NAIF) provides the necessary lunar ephemeris file (SPK) and binary lunar orientation file (PCK) in a Principal Axes (PA) reference frame for use with the SPICE Toolkit.  NAIF also provides the frames kernel (FK) used for accessing the PA orientation in the PCK and for transforming from the PA frame to the ME frame. 

Alternatively, the JPL lunar ephemeris information is available in an ASCII format not requiring the use of the SPICE Toolkit.  This information is available from a JPL website: http://ssd.jpl.nasa.gov.
4.4.4 Data Storage Conventions

The LAMP GDR map products utilize the least-significant-byte (LSB) byte order for archival purposes, consistent with native storage under IBM PC-based Linux x86_64 systems.
4.5 Data Validation

LAMP GDR map products will be validated by the LAMP Team for science content and for compliance with PDS archive standards [1].  Further details on this validation can be found in [3] and [4].

5. Detailed Data Product Specifications

The LAMP GDR map products shall be stored as binary images and grouped into directories according to the type of map.  Within each directory shall be ASCII PDS labels containing pointers to the corresponding individual data products.

5.1 Data Product Structure and Organization

In the DATA directory of the GDR archive, data for each map type will be in a subdirectory named for the type (e.g., “BRIGHTNESS”, “ALBEDO”, “RATIO”, etc.).
5.2 Data Format Descriptions

The nine basic map types included in the LAMP GDR data set are listed in Section 4.2.  Each of the individual maps is stored in a binary image (.img) file with a detached PDS label.  The detailed GDR map format is contained in its respective label.  An example of such a label is given in Appendix D.
5.3 Label and Header Descriptions

Each LAMP GDR map file is described by a PDS label in a separate file with the same root name, but with the extension “.lbl”.  The label file is stored in the same directory as the GDR file that it describes.  The contents of the PDS label file are derived in part from ancillary data accumulated during the process of generating the map.
The map files themselves do not contain any embedded PDS headers.
An example of a LAMP GDR PDS label can be found in Appendix D to this document.
6. Applicable Software

The format of the LAMP GDR map products is that of a raw binary image.  There are a number of different software applications and libraries available that enable the reading and writing of such files.  These applications and libraries are written in a number of different languages and are available for a variety of different computing platforms.  For these reasons, no additional special software will be included in the LAMP GDR archive to parse and interpret the data files.

6.1 Utility Programs

No utility programs are planned at this time.  However, they may be included in future revisions.

6.2 Applicable PDS Software Tools

PDS archive products should be able to be displayed with the program NASAVIEW, developed by the PDS and available free of charge for a variety of computer platforms from the PDS web site (http://pds.jpl.nasa.gov/tools/software_download.cfm).

6.3 Software Distribution and Update Procedures

Any developed software specific to LAMP GDR map products will be distributed with the GDR archive.  Version numbers and a CHANGELOG document will describe updates.  At this time, however, no need for any such software is anticipated.

Appendix A – Glossary

Archive – An archive consists of one or more data sets along with all the documentation and ancillary information needed to understand and use the data. An archive is a logical construct independent of the medium on which it is stored. 
Archive Volume, Archive Volume Set – A volume is a unit of media on which data products are stored; for example, one CD-ROM or DVD-ROM. An archive volume is a volume containing all or part of an archive; that is, data products plus documentation and ancillary files. When an archive spans multiple volumes, they are called an archive volume set. Usually the documentation and some ancillary files are repeated on each volume of the set, so that a single volume can be used alone.  

Catalog Information – Descriptive information about a data set (e.g. mission description, spacecraft description, instrument description), expressed in Object Description Language (ODL) which is suitable for loading into a PDS catalog.

Data Product – A labeled grouping of data resulting from a scientific observation, usually stored in one file. A product label identifies, describes, and defines the structure of the data. An example of a data product is a planetary image, a spectrum table, or a time series table.

Data Set – An accumulation of data products. A data set together with supporting documentation and ancillary files is an archive.

Standard Data Product – A data product generated in a predefined way using well-understood procedures, processed in "pipeline" fashion. Data products that are generated in a non​standard way are sometimes called special data products.

Appendix B – Acronyms and Abbreviations

	ASCII
	American Standard Code for Information Interchange

	C&DH
	Command and Data Handling

	CD-ROM
	Compact Disk - Read-Only Memory

	CM
	Centimeter

	CODMAC
	Committee on Data Management, Archiving and Computing

	DVD-ROM
	Digital Video Disk – Read-Only Memory

	EDR
	Experiment Data Record

	ESMD
	Exploration Systems Mission Directorate

	FITS
	Flexible Image Transport System

	FK
	SPICE Frames Kernel

	FUV
	Far-ultraviolet

	GB
	Gigabyte

	GDR
	Gridded Data Record

	HDU
	Header and Data Unit (FITS)

	HK
	Housekeeping

	HVPS
	High-Voltage Power Supply

	HW
	Hardware

	HZ
	Hertz

	IAU
	International Astronomical Union

	ICD
	Interface Control Document

	IDL
	Interactive Data Language

	ISO
	International Standards Organization

	JPL
	Jet Propulsion Laboratory

	LAMP
	Lyman Alpha Mapping Project

	LDWG
	LRO Data Working Group

	LLR
	Lunar Laser Ranging

	LRO
	Lunar Reconnaissance Orbiter

	LSB
	Least significant byte

	LTS
	Lunar Terminator Sensor

	MCP
	Microchannel Plate

	ME
	Mean Earth/Rotation System

	MOC
	Mission Operations Center

	MSEC
	Millisecond

	NAIF
	Navigation and Ancillary Information Facility

	NASA
	National Aeronautics and Space Administration

	NM
	Nanometer

	ODL
	Object Description Language

	PA
	Principal Axis

	PCK
	SPICE Planetary Constants Kernel

	PDS
	Planetary Data System

	PI
	Principal Investigator

	PSR
	Permanently Shaded Region

	RDR
	Reduced Data Record

	SCLK
	Spacecraft Clock (SPICE kernel)

	SCUT
	Spacecraft Universal Time

	SIS
	Software Interface Specification

	SOC
	Science Operations Center

	SPK
	SPICE Space Vehicle/Target Body Trajectory (Ephemeris)

	SPICE
	Spacecraft, Planet, Instrument, C-matrix (pointing), and Events

	SwRI
	Southwest Research Institute

	TBD
	To Be Determined

	TBS
	To Be Supplied

	UTC
	Coordinated Universal Time

	UV
	Ultraviolet


Appendix C – NASA and CODMAC Data Level Definitions

	NASA
	CODMAC
	Description

	Packet data
	Raw - Level 1
	Telemetry data stream as received at the ground station, with science and engineering data embedded. 

	Level 0
	Edited - Level 2
	Instrument science data (e.g., raw voltages, counts) at full resolution, time ordered, with duplicates and transmission errors removed. 

	Level 1A
	Calibrated - Level 3
	NASA Level 0 data that have been located in space and may have been transformed (e.g., calibrated, rearranged) in a reversible manner and packaged with needed ancillary and auxiliary data (e.g., radiances with the calibration equations applied).

	Level 1B
	Resampled - Level 4
	Irreversibly transformed (e.g., resampled, remapped, calibrated) values of the instrument measurements (e.g., radiances, magnetic field strength).

	Level 1C
	Derived - Level 5
	NASA Level 1A or 1B data that have been resampled and mapped onto uniform space-time grids. The data are calibrated (i.e., radiometrically corrected) and may have additional corrections applied (e.g., terrain correction).

	Level 2
	Derived - Level 5
	Geophysical parameters, generally derived from Level 1 data, and located in space and time commensurate with instrument location, pointing, and sampling.

	Level 3
	Derived - Level 5
	Geophysical parameters mapped onto uniform space-time grids.


Appendix D – Sample LAMP GDR DETACHED Label

PDS_VERSION_ID                 = PDS3

DD_VERSION_ID                  = PDSCAT1R65

LABEL_REVISION_NOTE           = "2011-02-10, David E. Kaufmann (SwRI), V1.0;"

/* FILE CHARACTERISTIC DATA ELEMENTS */

DATA_FORMAT                    = PDS

FILE_NAME                      = "LAMP_80s_240mpp_lya_brite_01.img"

FILE_RECORDS                   = 2501

RECORD_TYPE                    = FIXED_LENGTH

RECORD_BYTES                   = 10004

/* DATA OBJECT POINTERS */

^IMAGE                         = "LAMP_80s_240mpp_lya_brite_01.img"

/* IDENTIFICATION DATA ELEMENTS */

DATA_SET_ID                    = "LRO-L-LAMP-5-GDR-V1.0"

INSTRUMENT_HOST_NAME           = "LUNAR RECONNAISSANCE ORBITER"

INSTRUMENT_NAME                = "LYMAN ALPHA MAPPING PROJECT"

PRODUCT_CREATION_TIME          = 2011-02-15T00:00:00

PRODUCT_ID                     = "LAMP_80s_240mpp_lya_brite_01.img"

PRODUCT_VERSION_ID             = 1.0

SOURCE_PRODUCT_ID              = "N/A"

SPACECRAFT_CLOCK_START_COUNT   = "273456000.0"

SPACECRAFT_CLOCK_STOP_COUNT    = "307584000.0"

START_TIME                     = 2009-09-01T00:00:00

STOP_TIME                      = 2010-10-01T00:00:00

TARGET_NAME                    = "MOON"

/* DESCRIPTIVE DATA ELEMENTS */

DATA_SET_NAME                  = "LRO MOON LAMP 5 GRIDDED DATA RECORD V1.0"

INSTRUMENT_HOST_ID             = "LRO"

INSTRUMENT_ID                  = "LAMP"

INSTRUMENT_TYPE                = "SPECTROGRAPH"

MISSION_ID                     = "LRO"

MISSION_NAME                   = "LUNAR RECONNAISSANCE ORBITER"

MISSION_PHASE_NAME             = "NOMINAL MISSION"

PRODUCER_FULL_NAME             = "DAVID E. KAUFMANN"

PRODUCER_ID                    = "LRO_LAMP"

PRODUCER_INSTITUTION_NAME      = "SOUTHWEST RESEARCH INSTITUTE"

PRODUCT_TYPE                   = "GDR" /* CODMAC Data Level 5 */

SOFTWARE_NAME                  = "LAMP-MAPTOOLEXEC"

SOFTWARE_VERSION_ID            = "0.1"

SPACECRAFT_NAME                = "LUNAR RECONNAISSANCE ORBITER"

TARGET_DESC                    = "MOON"

TARGET_TYPE                    = "SATELLITE"

MINIMUM_WAVELENGTH             = 119.57 <nm>

MAXIMUM_WAVELENGTH             = 125.57 <nm>

/* DATA OBJECT DEFINITIONS */

OBJECT                         = IMAGE

  SAMPLE_BITS                  = 32

  SAMPLE_TYPE                  = PC_REAL

  AXIS_ORDER_TYPE              = FIRST_INDEX_FASTEST

  LINE_DISPLAY_DIRECTION       = UP

  SAMPLE_DISPLAY_DIRECTION     = RIGHT

  LINE_SAMPLES                 = 2501

  LINES                        = 2501

  INTERCHANGE_FORMAT           = BINARY

  OFFSET                       = 0

  SCALING_FACTOR               = 1.00000

  DESCRIPTION                  = "

    Each sample represents brightness in photons/cm2/sec/sr."

END_OBJECT                     = IMAGE

OBJECT                         = IMAGE_MAP_PROJECTION

  ^DATA_SET_MAP_PROJECTION     = "DSMAP_POLAR.CAT"

  MAP_PROJECTION_TYPE          = "POLAR STEREOGRAPHIC"

  KEYWORD_LATITUDE_TYPE        = "PLANETOCENTRIC"

  MAP_RESOLUTION               = 126.347 <pix/deg>

  A_AXIS_RADIUS                = 1737.4 <km>

  B_AXIS_RADIUS                = 1737.4 <km>

  C_AXIS_RADIUS                = 1737.4 <km>

  FIRST_STANDARD_PARALLEL      = "N/A"

  SECOND_STANDARD_PARALLEL     = "N/A"

  POSITIVE_LONGITUDE_DIRECTION = "EAST"

  CENTER_LATITUDE              = -90 <deg>

  CENTER_LONGITUDE             = 0 <deg>

  REFERENCE_LATITUDE           = "N/A"

  REFERENCE_LONGITUDE          = "N/A"

  LINE_FIRST_PIXEL             = 1

  LINE_LAST_PIXEL              = 2501

  SAMPLE_FIRST_PIXEL           = 1

  SAMPLE_LAST_PIXEL            = 2501

  MAP_PROJECTION_ROTATION      = 0.0

  MAP_SCALE                    = 240 <m/pix>

  MAXIMUM_LATITUDE             = -80 <deg>

  MINIMUM_LATITUDE             = -90 <deg>

  WESTERNMOST_LONGITUDE        = "N/A"

  EASTERNMOST_LONGITUDE        = "N/A"

  LINE_PROJECTION_OFFSET       = 1250 <pixel>

  SAMPLE_PROJECTION_OFFSET     = 1250 <pixel>

  COORDINATE_SYSTEM_TYPE       = "BODY-FIXED ROTATING"

  COORDINATE_SYSTEM_NAME       = "MEAN EARTH/POLAR AXIS OF DE421"

END_OBJECT                     = IMAGE_MAP_PROJECTION

END
( Day side data will be included in later deliveries, and this SIS document will be updated accordingly.


( In practice the upper end of this range is extended to 125.57 nm to include Lyman-alpha photons displaced by a detector peculiarity.


† Day side data will be included in later deliveries, and this SIS document will be updated accordingly.
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