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10.2.1

12.54.2

132
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Appendix A

Appendix A

Change

PDS Data Policy added

Reference coordinate standard expanded to support body-
fixed rotating, body-fixed non-rotating, and inertial
coordinate systems.

Ring coordinate standard added.

List of internal representations of datatypes moved to
Appendix C

EBCDIC_CHARACTER added to PDS Standard data types
Minimal label option described

Data set collection naming -- data processing level component
made optional

Data set naming -- added support for SPICE and Engineering,
where no instrument component applies

PDS use of UNIX/POSIX forward slash separator for path
names. VM S-style bracket notation replaced.

Required file names for catal og objects included
PDS use of double quotes clarified

Use of Primitive objects described

New chapter -- Pointer Usage

New chapter -- PDS Usage of N/A, UNK, and NULL
Logica Volume organization added

Primitive Objects added

Header object -- required and optional keyword lists changed
Container abject -- Column no longer a requried sub-object
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Appendix D
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ALL

Section

512

5.2.3, Appendix A

8and 19

8.2

9.1

Change Log

Streamlined Catalog Object Templates with examples replace
3.0 set

New appendix containing internal representations of data
types (moved from Chapter 3)

Outline and example for AAREADME.TXT added

Version 3.0 Acronyms and Abbreviations modified and
moved to this Appendix. Spelling and Word Usage section
deleted.

The document now features an index.

No other substantive changes have been made to the
standards since the release of Version 3.0. Throughout the
document, clarifications have been made, typos corrected,
some sections have been rearranged, and new examples have
been supplied.

Change
Release Date: 7/24/95
Label format discussion added

Noted that valuesin labels should be upper case (except
descriptions). Fixed examplesin Appendix A.

Noted that for data products using minimal labels,
DATA_OBJECT_TYPE = FILE in the Data Set Catalog
Template

Added target IDsfor DUST and SKY

Added instrument component values SEDR and POS

Noted that Data Set and Data Set Collection IDs and Names
should be upper case. Fixed examples.

Listed CALIB and GEOMETRY as recommended directory
names (as opposed to required).

SOFTWARE Subdirectory naming recommendation added

Volumes may contain nultiple versions of VOLINFO
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9.21

101

10.2

10.2.3and 5.1

1111

1112

11.1.3

1412

151

153

155

17.2

18

Increased maximum line length in text file to 78 characters
plus CR/LF

Clarified file name spcification. Noted that file name must be
upper case and that full stop character required

Added recommendation that file extension identify the data
type of afile.

Added .QUB asreserved file extension for spectral image
qubes.

Added SPICE file extensions to reserved file extension list.
catalog pointer name and file name: SWINV.CAT

Added LABINFO.TXT to list of required xxxINFO.TXT files.
Added recommended xxx INFO.TXT file names for
SOFTWARE subdirectories.

added note that detached label file (*.LBL) should have the
same base name as the associated data file

Added PDS Extended Attribute Record (XAR) policy

Added recommendation that CDs be premastered using single-
session, single-track format.

Added section on Packaging Software files on a CD-ROM
Added new example of structure pointer

Added recommendation that for VAX/VMS-compatible CDs,
fixed length and variable length files be an even number of
bytes. Removed reference to VMS restriction to an even

number of bytesin section 15.2

Removed discussion of use of BLOCK_BYTES and
BLOCKING_TY PE (since this data element not in PSDD)

Added notation that CR/LF isrequired line terminator for
PDS label and catalog files

Reworded first sentence.

Allow definition of numeric constants representing N/A,
UNK, and NULL to be defined for usein an INDEX table.

replaced reference to PDS V1.0 with ageneral statement
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19 Added SOFTWARE subdirectory recommendations

19 Recommend that an archive volume be based on asingle
version of the PDS standards. V olume organi zation guidelines
added.

19.2 Clarified requirementsfor files & directorieswhen logical
volumes used

19.3 INDEX table standard update

19.3 use of axx- and bxx- prefixesin required file names
clarified

19.4, Appendix A fixed examples—-Volume and V olume set names capitalized

1951 Volume set ID formation rule modified.

Appendix A updated COLUMN, BIT_COLUMN, and HISTOGRAM
objects required and optional keyword lists to be consistent
with Table 3.1

Appendix A Added ALIAS and INDEX_TABLE objects

Appendix A Added examples of COLUMN objects having ITEMs

Appendix A Clarified use of ROW_SUFFIX_BYTESand

ROW_PREFIX_BYTESfor SPARE fieldsin Tableswith
fixed length records

Appendix A Clarified the requirements for VOLUME objects for Logical
volumes

Appendix A Fixed examples using HEADER object to conform to current
standard. Modified description of Header object to eliminate
confusion..

Appendix B Inventory, Software_Inventory and Target templates added

Appendix B Removed incorrect example of use of Personnel template

Appendix D INDXINFO.TXT and SOFTINFO.TXT outlines and
examples added

Appendix D.1 Modified example of AAREADME.TXT toincluderules on

how pointer statements are resolved.
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Appendix E and F Added Appendix E - NAIF Toolkit Directory Structure.
Acronyms and Abbreviations moved to Appendix F.

ALL corrected typos, clarified text, added rationale for some
standards, updated examples to conform to | atest standards

Change Log Version 3.1 change log updated--some items were missing
Version Section Change
33 Release Date: 6/1/99

1.0 Added DVD as new medium

1.3 Changed Versionto 3.3

16 Updated/corrected references

17 Added reference to PDS web page

20 Added definition for IAU

Clarified text

2.3 Corrected punctuation

2.7 Fixed punctuation for references

34 Corrected punctuation

3.7 Corrected spelling and punctuation

4.0 Added Section headers for Primary & Secondary Objects

4.1 Corrected paragraph formatting

5.1.2 Added paragraph about ASCII character set

Added paragraph about Label Padding
Fixed math in calculating start byte of 8th record
Aligned keyword/values

5.2.2 Corrected grammar
5.2.3 Removed "' "in the Data Set catal og templ ate.
531 Changed Versionto 3.3
5.3.2 Modified last paragraph
5.3.3 Listed examples of primary and secondary objects
5.3.3.2 Changed ' bottom’ to ’following’
5.34 Removed AMMOS as an example
5.34.1 Removed SPACECRAFT_NAME asvalid keyword
5.343 Removed SPACECRAFT_NAME asvalid keyword.
535 Changed PDS has devel oped and continues to develop...
Added example for apointer (*"DESCRIPTION)
5.3.6 Aligned keyword/values
Clarified statement
5.3.7 Changed: needed for conformance
6.0 Prioritized organizations that PDS works with
6.1 Provided definition for Data Set Collection and removed

MGN example.
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Corrected spelling (considerations) and punctuation

6.2 Added acronyms for data set name and identifier
6.3 Changed paragraph from future tense to past tense
6.4 Section 5 - comets

Section 6 - added acronymsto list
Section 6 - corrected spelling (ephemeris)
Section 7 - corrected spelling (gravity)
Section 8 - clarified version number rules

7.0 Updated paragraph
7.1 Clarified statements about date/time formats
7.21 Added PDS preference for convention
7.3.1 Corrected grammar
Reformatted paragraph
7.3.2 Corrected grammar
Updated paragraphs
8.1 Corrected grammar (standards directory)

Added EXTRAS directory

Added Browse and Data directory descriptions
8.2 Section 4 - Better examples of directory names

Section 5 - Reformatted paragraph

Section 8 - Corrected spelling and grammar

8.3 Changed to valid keywords

84 Corrected grammar (data are)

9.0-9.33 Complete rewrite of Documentation Standard
Added HTML standards

10.0-10.1 Added SO 9660 Level 2 description
Added ";1" to Level 1 description

10.2.1 Clarified required file names paragraphs
Added TARGET_CATALOG pointer to list

10.2.2 VOLDESC.SFD file becomes deprecated

10.2.3 Described detached label
Corrected grammar (its)

10.2.4 Added extensions and changed SPICE extensions
Corrected spelling (postscript) and grammar (data that have)

1111 Changed chapter name

12.1 Aligned equal signs

12111 Added reference

122 Reformatted paragraph

12.3 Spelling

1231 Corrected punctuation (1.234E2)

12.31.2 Corrected value (16#+4B#)
Reformatted paragraph

12.3.1.3 Corrected value (1.234E3)

1232 Updated paragraphs

12321 Clarified date format

12.3.2.3 Clarified paragraph
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12324
12.3.25
12.3.251
12331
12.34
12.35
124
124.1

12.4.2
12.5.2

12531

1254

1254.1
1255

1256

12.6
12.7
12.7.1
12.7.2
131
1411
14.1.2

14.2
15.0
15.2
153
16.0
16.2

171
17.1.2
17.2
18.0
191

193

viii

Changed year to 4 digits

Updated paragraph

Corrected value (1990-158T15:24:127)
Corrected value ("::=")

Added examples

Corrected punctuation and grammar (units)
Corrected punctuation

Corrected grammar (the the)

Aligned equal signs

Aligned equal signs

Reformatted asterisks to not be superscript
Corrected value (60.15)

Corrected grammar (affect)

Reformatted paragraphs

Corrected value (10)

Added valid quoted strings

Clarified paragraph

Reformatted asterisk to not be superscript
Corrected spelling (eccentricity)

Changed to valid keyword

Corrected value (removed 1st bracket "[")
Changed to valid keyword

Reformatted paragraphs

Reformatted paragraphs

Corrected grammar (sections detail)
Corrected grammar ("isthat are™)

Added required keywords to definition
Corrected grammar (occurs)

Corrected punctuation

Corrected value (*"STRUCTURE)
Changed paragraph numbering
Reformatted pointer rules

Reformatted paragraph and table
Changed paragraph numbering

Changed paragraph numbering

Corrected grammar

Clarified paragraph

Changed case of #mark#

Changed case of title (and)

Corrected punctuation (information)
Corrected case of title (and)

Corrected S| Units (electricity potential, etc)
Updated paragraph

Corrected grammar (volume types)
Corrected grammar (up to the)

Corrected grammar (an SFDU)
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195

1951

19.7

20.0- 20.6
Appendix A

Al

A.2

A3

A5

A7
A8
A.10
All

A.12

A.13
A4

A.15

A.16

A.18
A.19

Change Log

Corrected spelling (global)

Updated Catalog and Index definitions

Added description of the EXTRAS directory

Added Preferred Method for supplying PDS catal og objects
Corrected grammar (data have been)

Changed caseof value (ID)

Corrected spelling (radiometry)

Corrected value (VOLUME_SET_NAME)

Corrected value (VOLUME_SET _ID)

Reformatted paragraph

Corrected case of value (1Ds)

Complete rewrite of Zip Compression

Added URL to Cold Fusion pages

Updated definition for ALIAS

Corrected spelling (subobject)

Added and changed Optional keywords

Reformatted paragraphs

Corrected spelling (the time)

Changed Optional keywords

Corrected spelling (created)

Added TARGET to Optional Objects

Clarified use of CATALOG.CAT

Formatted paragraph

Formatted paragraph

Changed Optional keywords

Updated paragraph

Changed case of keyword values to uppercase
Corrected grammar (on a)

Corrected grammar (on the medium)

Removed incorrect statements

Updated example

Changed Optional keywords

Removed a Required keyword

Added Optional keywords

Changed value to keyword (GAZETTEER_TABLE)
Corrected grammar (the breath & upper right)

Added Optional Keywords section

Added Optional Objects section

Added trailing double quote to DESCRIPTION section
Corrected paragraph to reflect proper file name
Changed value to be enclosed in double quotes

Added Required and Optional Keywords and Objects sections
Added BAND_NAME keyword

Added Optional keyword

Changed values to be keyword (CHECKSUM)
Changed values to be keyword (SCALING_FACTOR)
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A.20

A2l

A.23

A.24
A.26

A.27

A.28

A.29

Appendix B

B.1

B.2

B.3

B.4

B.5

B.6

B.7

B.8
B.10

B.11

Appendix C

Changed paragraphs

Changed case of keyword values to uppercase
Reformatted paragraphs

Removed Optional Keyword

Added Optional Objects

Corrected example (See additional examplein A.27.1)
Added example for CORE_ITEM_TYPE
Corrected FILE_RECORDS to be accurate
Corrected invalid keyword (SUB_SOLAR_AZIM UTH)
Corrected grammar (data that vary)

Corrected grammar (data are)

Corrected punctuation (The Tookit)

Corrected grammar (meta-data which are)

Updated section numbers to reflect location (spares)
Repaired examples (byte lengths)

Linelength to 72 chars

Added Required and Optional Objects

Repaired example

Updated Optional keyword

Changed case of keyword values to uppercase
Changed paragraph

Changed text description length to be 80 characters from 72
Added text formatting standards

Corrected punctuation

Repaired example

Reformatted paragraph

Reformatted and repaired example

Corrected spelling (DESCRIPTION)

Reformatted paragraph

Reformatted and repaired example

Corrected spelling (description & instrument)
Reformatted paragraph

Reformatted and repaired example

Corrected grammar (properties of the)

Reformatted paragraph

Reformatted and repaired example

Repaired example

Reformatted paragraph

Reformatted and repaired example

Repaired example

Corrected spelling (package)

Replaced example of SOFTWARE_INVENTORY template
Corrected grammar (target catal og)

Corrected grammar (SURFACE_GRAVITY)
Repaired example

Minor corrections throughout text
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C5
C.10
Appendix E

Appendix F

Appendix G

Corrected spelling (exponent-as-stored)
Corrected spelling (imaginary)
Corrected sentence (source code for)
Corrected spelling (spacit)

Corrected grammar (These data are)
Corrected punctuation

Corrected CD-WO nomenclature
Added DE (Data Engineer)

Corrected spelling (Principal)

Added SAVED Data as hew section

Change Log
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Chapter 1

| ntroduction

In order for planetary science data to be used by those not involved with its creation, certain sup-
porting information must be available with the data. Such information enables effective data
access and interpretation. Therefore, standards regarding the quality and completeness of data
must be erforced. Also, the interchange of data isincreasingly important in planetary science.
Electronic communication mechanisms have grown in sophistication, and the use of new media
(such as CD-ROMs and DVD) for data storage and transfer requires format standards to ensure
readability and usability. The Planetary Data System (PDS) has therefore developed a
nomenclature that is consistent across discipline boundaries, as well as standards for labeling
data files.

11 PDS Data Policy

Only data that complies with PDS standards will be published in volumes which are labelled
"Corformsto PDS Standards'. Non-compliant data published in recognized formats should be
authored by the publishing institution with PDS participation acknowledged only as "funded by
PDS'. The PDS Management Council will make decisions on compliance waivers. Non-
compliant data sets will be permitted only under unusual circumstances.

1.2  Purpose

This document is intended as a reference manual to be used in conjunction with the PDS Data
Preparation Workbook and the Planetary Science Data Dictionary. The PDS Data Preparation
Workbook describes the end-to-end process for submitting data to the PDS and gives
instructions for preparing data sets. In addition, a glossary of terms used throughout this
document is contained as an appendix to the workbook. The Planetary Science Data Dictionary
contains definitions of the standard data element names and objects. This reference document
defines all PDS standards for data preparation.

13 Scope

The information included here congtitutes Version 3.3 of the Planetary Data System data
preparation standards for producing archive quality data sets.
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14 Audience

This document is intended primarily to serve the community of scientists and engineers

responsible for preparing planetary science data sets for submission to the PDS. These include
restored data from the era prior to PDS, mission data from active and future planetary missions,
and data from earth-based sites. The audience includes personnel at PDS Discipline and Data
Nodes, mission Principal Investigators, and Ground Data System engineers.

15 Document Organization

The first chapter of this document, Chapter 1 - Introduction, provides introductory material and
lists of other reference documents. The remaining chapters provide a dictionary of data
preparation standards, organized alphabetically by standard name.

1.6 Other Reference Documents

The following reference sources are mentioned in this document:

. Batson, R. M., (1987) "Digital Cartography of the Planets: its Status and Future”, Photo-
grammetric Engineering & Remote Sensing 53, 1211-1218.

. Davies, M.E., et al (1991) "Report of the IAU/IAG/COSPAR Working Group on Carto-
graphic Coordinates and Rotational Elements of the Planets and Satellites: 1991",
Celestial Mechanics, 53,377-397.

. Gredley, R. and Batson, R.M. (1990) Planetary Mapping, Cambridge University Press,
Cambridge, 296p.

. Guide on Data Entity Naming Conventions, NBS Special Publication 500-149.

. Planetary Science Data Dictionary, JPL D-7116 Rev D, July 15, 1996, (Available from
PDS).

. Planetary Data System Data Preparation Workbook Version 3.1, JPL D-7669 Part 1, Feb-
ruary 17, 1995, (Available from PDYS)

. Issues and Recommendations Associated with Distributed Computation and Data
Management Systems for the Space Sciences, National Academy Press, Washington, DC,
111p.

International Standards Organization (1SO) References

. SO 9660:1988 “Information Processing - Volume and File Structure of CD-ROM for
Information Exchange”, April 15, 1988.

. SO 646:1991 ASCII character set.
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. SO 8601:1988 “Data Element and Interchange Formats — Representations of Dates and
Times”

SFDU and PVL References

. Sandard Formatted Data Units - Sructure and Construction Rules, CCSDS 620.0-R-
1.1c, May 1992.

. Sandard Formatted Data Units - A Tutorial; CCSDS 620.0-G-1, May 1992.
. Parameter Value Language Specification (ccsd0006); CCSD 641.0-R-0.2, June 1991.
. Parameter Value Language -- A Tutorial; CCSDS 641.0-G-1.0, May 1992.

1.7 Online Document Availability

The Planetary Science Data Dictionary, Planetary Data System Data Preparation Wor kbook,
and this document, the Planetary Data System Standar ds Reference are available online.
Information on accessing these references may be found on the PDS website, which is located at:

http://pds.jpl.nasa.gov

To obtain a copy of these documents, or for questions concerning these documents, contact the
PDS Operator, or a PDS data engineer.
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Chapter 2

Cartographic Standards

The following cartographic data standards were devel oped through an iterative process involving
both the NASA Planetary Cartography Working Group (PCWG) and the PDS. Members of the
PCWG are also on the key International Astronomical Union (IAU) committees which set these
same standards for international adoption; therefore, the PDS-adopted cartographic standards are
consistent with the IAU standards. The PDS, rather than making unilateral decisions on
cartographic data standards, |ooks to the PCWG as the controlling body for these standards
within NASA and the PDS. It is recognized that the IAU continually reviews its standards and
may, at some time, make a change affecting the cartographic standards. If this happens, the PDS
will work with the PCWG and decide its own course of action at that time.

Cartographic standards used in a data set should be identified, and where helpful, documented on
an archive volume.

2.1 Inertial Reference Frame/Timetag/Units

The Earth Mean Equator and Equinox of Julian Date 2451545.0 (referred to as the "J2000"
system) is the standard inertial reference frame. The Earth Mean Equator and Equinox of
Besselian 1950 (JD 2433282.5) is also to be supported because of the wealth of previous mission
data referenced to this system. The transformations between the two systems are to be available.
Time tagging of datausing UTC in Y ear, Month, Day, Hour, Minute and decimal Seconds is the
standard, with Julian Date being supported. SI metric units, including decimal degrees, are the
standard.

2.2 Spin Axesand Prime Meridians

The IAU-defined spin axes and prime meridians defined relative to the J2000 Inertial Reference
System are the standard for planets, satellites and asteroids where these parameters are defined.
For other planetary bodies, definitions of spin axes and prime meridians determined in the future
should have the body-fixed axes aligned with the principal moments of inertia,with the North
Pole defined as along the spin axis and above the Invariable Plane. Where insufficient
observations exist for a body to determine the principal moments of inertia, coordinates of a
surface feature will be specified and used to define the prime meridian. It is expected that some
small, irregular bodies may have chaotic rotations and will need to be handled on a case-by-case
basis.

2.3 Reference Coordinates

There are three basic types of coordinate systems, body-fixed rotating, body-fixed non-rotating
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and inertial. A body-fixed coordinate system is one associated with the body (e.g. planetary
body or satellite). In contrast to inertial coordinate systems, the body-fixed system is centered on
the body and rotates with the body (unless it is a non-rotating type), whereas the inertial
coordinate system is fixed at some point in space.

To support the descriptions of these reference coordinate systems, the PDS has defined the
following set of data elements (See Planetary Science Data Dictionary for complete
definitions.):

COORDINATE_SYSTEM_TYPE
COORDINATE_SYSTEM_NAME
LATITUDE

LONGITUDE
EASTERNMOST_LONGITUDE
WESTERNMOST_LONGITUDE
MINIMUM_LATITUDE
MAXIMUM_LATITUDE
POSITIVE_LONGITUDE_DIRECTION

Currently, PDS has specifically defined two types of body-fixed rotating coordinate systems,
Planetocentric and Planetographic. However, the set of related data elements are modelled such
that definitions for other body-fixed rotating coordinate systems, body-fixed non-rotating and
inertial coordinate systems can be added when the need arises. If thisisthe case, contact a PDS
data engineer for assistance.

The definition of Planetographic longitude is dependent upon the rotation direction of the body,
with longitude being measured as increasing in the direction opposite to the rotation. That is to
say that the longitude increases to the west if the rotation is prograde (or eastward) and vice
versa. Table 2.1 lists the rotation direction (prograde or retrograde) of the primary planetary
bodies and the Earth's moon. It also indicates the valid longitude range for each body. In order
to accommodate different traditions in measuring longitude, in the Planetary Science Data
Dictionary, PDS defines a broad longitude range: (-180, 360). Table 2.1 indicates which part of
that range is applicable to which body.
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Table2.1: Primary Bodiesand Earth’s Moon - Rotation Direction and Longitude Range

Planet Rotation Direction L ongitude Range
Earth Prograde (O, 360)
(-180, 180)*
Mars Prograde (O, 360)
Mercury Prograde (O, 360)
Moon Prograde (O, 360)
(-180, 180)*
Jupiter Prograde (0, 360)
Neptune Prograde (O, 360)
Pluto Retrograde (O, 360)
Saturn Prograde (O, 360)
Sun Prograde (O, 360)
(-180, 180)*
Uranus Retrograde (O, 360)
Venus Retrograde (O, 360)

* The rotations of the Earth, Moon and Sun are prograde, however it has been tradition to
measure longitudes for these bodies as increasing to the east instead of the west. PDS
recommends that the Planetographic longitude standard be followed, but it also will support the
tradition. Therefore, the longitude range of (-180, 180) is supported for the Earth, Moon and
un.

231 Body-Fixed Rotating Coordinate Systems

2311 Planetocentric

The Planetocentric system has an origin at the center of mass of the body. Planetocentric latitude
is the angle between the equatorial plane and a vector connecting the point of interest and the
origin of the coordinate system. Latitudes are defined to be positive in the northern hemisphere
of the body, where north is in the direction of Earth's angular momentum vector, i.e., pointing
toward the hemisphere north of the solar system invariant plane. Longitudes increase toward the
east, making the Planetocentric system right-handed.

2.3.1.2 Planetographic

The Planetographic system has an origin at the center of mass of the body. The planetographic
latitude is the angle between the equatorial plane and a vector through the point of interest,
where the vector is normal to a biaxia elipsoid reference surface. Planetographic longitude is
defined to increase with time to an observer fixed in space above the object of interest. Thus, for
prograde rotators (rotating counter clockwise as seen from a fixed observer located in the
hemisphere to the north of the solar system invariant plane), planetographic longitude increases
toward the west. For aretrograde rotator, planetographic longitude increases toward the east.
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24 Rings

Locations in planetary ring systems are specified in polar coordinates by a radius distance
(measured from the center of the planet) and a longitude. Longitudes increase in the direction of
orbital motion, so the ring pole points in the direction of right-handed rotation. Note that this
corresponds to the IAU-defined north pole for Jupiter, Saturn and Neptune but the south pole for
Uranus.

Longitudes are given relative to the ascending node of the ring plane on the Earth's mean equator
of J2000. However, the Earth's mean equator of B1950 is also supported as a reference longitude
because of the wealth of data aready reduced using this coordinate frame. The differenceis
generaly asmall, constant offset to the longitude. All longitude values fall between 0 and 360
degrees.

Note that ring coordinates are aways given in an inertia frame. It isimpossible to define a
suitable rotating coordinate frame for aring system because features rotate at different rates.
When it is necessary to specify the location of a moving body or feature, one must give the
rotation rate and the epoch in addition to the longitude.

The Planetary Science Data Dictionary (PSDD) contains a set of data elements designed to
describe ring-related longitudes. Please see the PSDD for these e ements and their complete
definitions.

25 Reference Surface

The Digital Terrain Model (DTM), giving body radius as a function of Cartographic latitude and
longitude in a sinusoidal equal-area projection, is the standard. Marsis to be an exception where
Planetographic latitude is to be used. Spheroids, ellipsoids and harmonic expansions giving
analytic expressions for radius as a function of Cartographic coordinates are to be supported.

The Digital Image Model (DIM) giving body "brightness" in a specified spectral band or bands
as afunction of Cartographic latitude and longitude in a sinusoidal equal-area projection, and
associated with the surface radius values in the DTM, is the standard. Marsis to be an exception
where Planetographic latitude is to be used. DIMs registered to spheroids, ellipsoids and
harmonic expansions are to be supported.

2.6 Map Resolution

The suggested spatial resolution of amap is 1/ 2" degrees. The suggested vertical resolution is 1
x 10™ meters, with m and n chosen to preserve all the resolution inherent in the data.
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2.7 References

The following references give more detail on the cartographic data standards:

Davis, M. E., et al (1991) "Report of the IAU/IAG/COSPAR Working Group on Cartographic
Coordinates and Rotational Elements of the Planets and Satellites: 1991," Celestial Mechanics,
53, 377-397.

Batson, R.M., (1987) "Digital Cartography of the Planets: New Methods, its Status and Future”,
Photogrammetric Engineering & Remote Sensing, 53, 1211-1218.

Gredley, R. and Batson, R.M. (1990) Planetary Mapping, Cambridge University Press,
Cambridge, 296p.
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Chapter 3

Data Type Definitions

Each PDS-archived product is described using label objects that provide information about the
data types of stored values. The data elements DATA_TYPE, BIT_DATA_TYPE, ad
SAMPLE_TY PE appear together with related data elements that provide starting location and
applicable length information for specific datafields. Within all PDS data object definitions, the
byte, bit, and record positions are counted from left to right, or first to last encountered,
beginning with 1.

Data values may be represented within datafiles as ASCII or BINARY format. The ASCII
storage format is simpler to transfer between different hardware systems and often between
different application programs on the same computer. However, strictly numeric data often are
stored in binary numeric types, since the ASCII representation of most numeric values requires
more storage space than does the binary format. For example, each 8-bit pixel value in an image
file would require 3 bytes if stored in ASCII format.

31 Data Elements
Table 3.1 identifies the data elements that provide data type, location, and length information
according to the objects in which they appear.

3.2 Data Types

Table 3.2 identifies the valid values that may appear for the DATA_TYPE, BIT_DATA_TYPE,
and SAMPLE_TY PE data elements (or their aliases) in PDS data object definitions. Many of the
valuesin this table have been aliased to other values. Providing aliases allows the PDS to
support and maintain backward compatibility. However, the preferred method is to use the value
rather than its dias.

Unless noted as ASCII, al values in the table are binary.
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Table 3.1: Data-Type-Reated Elements Used in Data L abel Objects

Data Object

COLUMN
(without ITEMS)

COLUMN
(with ITEMS)

BIT_COLUMN
(without ITEMS)

BIT_COLUMN
(with ITEMS)

IMAGE

HISTOGRAM

Data Elements

DATA_TYPE
START_BYTE
BYTES

DATA_TYPE
START BYTE
BYTES (opt)
ITEMS
ITEM_BYTES

BIT_DATA_TYPE

START_BIT
BITS

START_BIT
BITS (opt)
ITEMS
ITEM_BITS

SAMPLE_TYPE
SAMPLE_BITS

DATA_TYPE
BYTES (opt)
ITEMS
ITEM_BYTES

Notes

ITEM_TYPEisandias

total bytesin COLUMN

sizefor each ITEM

Total bitsin BIT_COLUMN

sizefor each ITEM

ITEM_TYPE isdias
total bytesin HISTOGRAM

sizefor each ITEM (bin)



Chapter 3. Data Type Definitions

Table 3.2:

Data Element Usage Codes:

D = DATA_TYPE

B = BIT_DATA_TYPE

S = SAMPLE_TYPE

Data Element

Usage Value

D ASCIl_REAL

D ASCII_INTEGER

D ASCII_COMPLEX

D BIT_STRING

D,B BOOLEAN

D CHARACTER
COMPLEX

D DATE

D EBCDIC_CHARACTER
FLOAT

D IBM_COMPLEX

D IBM_INTEGER

D IBM_REAL

D IBM_UNSIGNED_INTEGER

D |IEEE_COMPLEX

D,S |IEEE_REAL

D INTEGER
INTEGER

D LSB_BIT_STRING

D, S LSB_INTEGER

D, S LSB_UNSIGNED_INTEGER
MAC_COMPLEX
MAC_INTEGER
MAC_REAL
MAC_UNSIGNED_INTEGER

D MSB_BIT_STRING

PDS Standard Data Types

Description

ASCII character string representation of real number
ASCII character string representation of integer
ASCII character string representation of complex
aliasfor MSB_BIT_STRING

True/Falseindicator; 1, 2, or 4 byte unsigned number
or 1-32 bit number; al 0's False; anything else True
any ASCII character string

aliasfor IEEE_COMPLEX

ASCII character string representation of PDS date
any EBCDIC character string

aliasfor IEEE_REAL

IBM 360/370 mainframe complex number (8,16 byte)
IBM 360/370 mainframe 1, 2, and 4 byte numbers
IBM 360/370 mainframe real number (4 and 8 byte)
IBM 360/370 mainframe 1, 2, and 4 byte numbers
includes 8, 16, and 20 byte complex numbers
includes 4, 8 and 10 byte real numbers

Single byte integers only

aliasfor MSB_INTEGER (2+ bytes)

includes 1, 2, and 4 byte columns containing bit
columns

includes 1, 2, and 4 byte numbers

includes 1, 2, and 4 byte numbers

diasfor IEEE_COMPLEX

aliasfor MSB_INTEGER

aliasfor IEEE_REAL

aiasfor MSB_UNSIGNED_INTEGER
includes 1, 2, and 4 byte columns containing bit

columns
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D,B MSB_INTEGER includes 1, 2, and 4 byte numbers

D,B,S MSB_UNSIGNED INTEGER includes 1, 2, and 4 byte numbers, and 1-32 hit

numbers

D,B N/A Used for spare (or unused) fields, if identified

D PC_COMPLEX includes 8, 16, 20 byte complex numbers
PC_INTEGER dliasfor LSB_INTEGER

D PC_REAL includes 4, 8, and 10 byte real numbers
PC_UNSIGNED_INTEGER diasfor LSB_UNSIGNED_INTEGER
REAL aliasfor IEEE_REAL
SUN_COMPLEX dliasfor IEEE_COMPLEX
SUN_INTEGER aliasfor MSB_INTEGER
SUN_REAL diasfor IEEE_REAL
SUN_UNSIGNED_INTEGER aliasfor MSB_UNSIGNED_INTEGER

D TIME ASCI| character string representation of PDS date/time
UNSIGNED_INTEGER aliasfor MSB_UNSIGNED_INTEGER (2+bytes)

D,B,S UNSIGNED_INTEGER single byte numbers, or 1-32 bhit numbers
VAX_BIT_STRING diasfor LSB_BIT_STRING

D VAX_COMPLEX includes D, F, and H type complex numbers
VAX_DOUBLE alias for VAX_REAL
VAX_INTEGER aliasfor LSB_INTEGER

D,S VAX_REAL includes D (8 byte), F (4 byte), and H (16 byte) type

real numbers

VAX_UNSIGNED_INTEGER aliasfor LSB_UNSIGNED_INTEGER

D VAXG_COMPLEX G type complex numbers only

D VAXG_REAL G type (8 byte) real numbers only

33 Binary Integers

There are two widely used formats for integer representations in 16-bit and 32-bit binary fields.
These are the most-significant-byte first (MSB) and |east-significant-byte first (LSB)
architectures. The MSB architectures are used on IBM mainframes, many UNIX minicomputers
(SUN, Apoallo) and Macintosh computers. The LSB architectures are used on VAX systems and
IBM PCs. The default interpretation for PDS labeled data is the MSB architecture, and non-
specific data types (e.g. UNSIGNED_INTEGER) are aliased to MSB types. Therefore, files
written on VAX or IBM PC hosts must specify LSB data types for binary integer fields, or use
the appropriate aliases.

34 Signed versus Unsigned

The PDS default binary integer is a signed value in 2's complement notation. Therefore, a data
type specified as INTEGER is interpreted as a signed integer. Unsigned binary integers must be
identified using avalid UNSIGNED_INTEGER data type from Table 3.2.
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35 Floating Point For mats

The PDS default representation for floating point numbers is in ANSI/IEEE standard. This
representation is defined as the PDS IEEE_REAL datatype, and aiases are identified in Table
3.2. Several specific floating point representations are supported by PDS, and are further
described in Appendix C.

3.6 Bit String Data

A BIT_STRING data typeis used for COLUMNS to hold individua bit field values. Each bit
field isdefined inaBIT_COLUMN object. A BIT_STRING datatype can beal, 2, or 4 byte
field, much like a binary integer. Extraction of specific bit fields within a2 or 4 byte
BIT_STRING is dependent on the host architecture (MSB or LSB), and follows the binary
integer specifications identified in Section 3.3 above. In interpreting bit fields (BIT_COLUMNYS)
within aBIT_STRING, any necessary conversions (byte swapping from LSB to MSB) are done
first, and then bit field (START_BIT, BITS) vaues are used to extract the appropriate bits. This
will assure that bit fields are not fragmented due to differences in hardware architectures.

3.7 Format Specifications

The data format specification is used to determine the format for display of a data value.
Thefollowing FORTRAN data format specifications will be used:

Aw Character datavalue.

Iw Integer value.

Fw.d Floating point value, displayed in decimal format.

Ew.d[Ee€] Floating point value, displayed in exponential format.

Where:

w= Total number of positionsin the output field (including sign, decimal point or “E”).
= Number of positionsto the right of the decimal point.

e= Number of positionsin exponent length field.

3.8 Internal Representations of Data Types

Appendix C contains the detailed internal representation of the PDS standard data types listed in
Table 3.2.

PDS has developed tools that are designed to use the specifications outlined in Appendix C for
interpreting data values for display and validation.
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Chapter 4

Data Products

A data product is a grouping of primary and secondary data objects and their associated PDS
labels resulting from a scientific observation. Three examples of a data product are aPDS
labeled image, a spectrum, and atime seriestable. A data product is a component of a data set
(seethe Data Set/ Data Set Collection Contents and Naming chapter of this document).

Each data product is made up of one or more primary data objects, secondary data objects, and
PDS data product labels.

Primary Data Object
A Primary data object is a grouping of data results from a scientific observation. The actual
science data, such as an image or table, represents the measured instrument parameters.

Secondary Data Object

A Secondary data object is any data needed for processing or interpreting the primary data
object. Each primary data object may have one or more associated secondary data objects. An
example of a secondary data object is a histogram derived from an image.

A PDS data product label, expressed in Object Description Language (ODL) (see the Object
Description Language (ODL) Specification and Usage chapter of this document), identifies,
describes and defines the structure of the data. There may be a single label to describe the data
product, or separate labels for each data object.

4.1 Data Product File Configurations

The grouping of primary and associated secondary data objects and their PDS label(s) into one or
more physical files can be done in avariety of ways. An important consideration in choosing a
file organization scheme for a data product is the intended use of the PRODUCT _ID data
element. The PRODUCT _ID uniquely identifies an individual data product and can be based on
physical file names.

Example:

An image (the data product in this example) is a color triplet having three primary data objects, stored in separate
physical files, one for each of the red, blue, and green images. Each is uniquely identified by a PRODUCT _ID, additionally they
arelogically associated through the IMAGE_ID data element.

for the red image:
PRODUCT_ID
IMAGE_ID

"22A190-RED"
"22A190"
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for the blue image:

PRODUCT_ID ="22A190-BLUE"
IMAGE_ID ="22A190"

for the green image:
PRODUCT_ID ="22A190-GREEN"
IMAGE_ID ="22A190"

Figure 4.1 illustrates file configurations for a data product with a single data object.

@ Attached Label

PRODUCT_ID = A FDS Label
Primary Data Object

file A

@ Detached Label

PRODUCT_ID=A FDS Label

filer A

file B

Primary Data Object

Figure4.1 Data Product with a Single Data Object

For a data product having multiple data objects (one or more primary data objects and one or
more secondary data objects), the assignment of the PRODUCT _ID is identified within the label

of the data product file&(s).

Figure 4.2 shows five possible file configurations for a single data product that consists of two
data objects, a primary and secondary data object. Similar examples could be made using data
products composed of several primary data objects.

Note that the use of options (2) and (4) would require a logical linking by another identification
data element in each labdl.
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file A
Attached Label PDS Lakel
PRODUCT_ID = A Primary Data Object

Secondary Data Object

file A

Attached Label PDS Label
PRODUCT_ID = A Primary Data Object
file B
PDS Label
PRODUCT_ID =B Secondary Data Object

Detached Label

FRODUCT _ID=A PDS Label

file B

Primary Data Object
Secondary Data Object

file A

Detached Label

PRODUCT_ID = A PDS Label
file B
Primary Data Object

file C

PRODUCT_ID=B PDS Label

file D
Sacondary Data Object

Combined Detached Label file A
PRODUCT ID = A PDS Label
file B

Primary Data Object

file C
Secondary Data Object

Figure4-2. Data Product with Multiple Data Objects



