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1 Introduction

Version 4 of the Planetary Data System (PDS) is now available. Data from new missions are
being designed for ingestion into PDS4’ and earlier PDS3 data sets are being migrated to the new
PDS4 system .

The PDS4 Information Model (IM) is the fundamental reference for PDS4 structure; its
requirements can be validated automatically using eXtensible Markup Language (XML)
schemas.

The PDS4 Data Dictionary Data Base (DDDB) is the fundamental reference for definitions of
classes and attributes.

The PDS4 Concepts document provides an overview of the philosophy behind and organization
of PDS4. It includes a glossary of terms as used within PDS4.

1.1 Purpose

The PDS4 Standards Reference (SR) is a compilation of policies, rules, and other PDS4
constraints that are not given explicitly in the IM and DDDB. The combination of the IM,
DDDB, and SR gives the set of common requirements that apply across PDS. Each PDS
discipline node (DN) may establish additional requirements that further constrain — but do not
conflict with — the common requirements and apply only to data ingested through that node.

1.2 Scope

The PDS4 SR applies to PDS Version 4 and its holdings. External standards, adopted by PDS,
are included by reference. Examples and recommended best practices can be found in the PDS4
Data Provider’s Handbook (DPH) and references therein.

1.3 Audience

The PDS4 SR is intended primarily to serve the community of scientists and engineers
responsible for preparing planetary science data for submission to PDS4. Such submissions
include restored data from the era prior to PDS or from earlier versions of PDS, mission data
from active and future planetary missions, and data from Earth-based sites, including laboratories
and independent research efforts. The audience includes personnel at PDS discipline and data
nodes, principal investigators and their staffs, and ground data system engineers. The document
will be most useful to people who have experience with PDS archiving; those new to PDS may
find the PDS4 Concepts document to be a better place to start.

While instructions and examples in this document are given in the context of data prepared for
archiving in the NASA Planetary Data System, the PDS4 Standards are available for use by other

! PDS4 standards are not backwardly compatible with version 3 (PDS3). In principle, version 4 data can
be described using version 3 labels, but the converse is not true; some PDS3 structures are no longer
supported under PDS4.
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national and international space agencies, and indeed the PDS welcomes such usage. Other
agencies using the PDS4 Standards have complete governance over their own data repositories,
name spaces, and mission and discipline data dictionaries. Readers are encouraged to contact
their archiving authority for details.

1.4 Document Organization

The PDS4 SR is divided into parts. The first, Sections 1-7, contains detailed information on the
structural aspects of a PDS4 archive: the format of data, labels, and their assembly into
‘packages’ for submission and transfer. The second, Section 8, is more focused on the nature of
what is stored in PDS4 archives — such as adequacy of calibration and documentation. The
third, Section 9, documents additional constraints which do not fit easily into the previous two
sections. The fourth, Section 10, provides a link to PDS policy statements with which this and
other documents must comply.

1.5 External Standards

External standards, which apply to this document and to PDS4-compliant data, include the
following:

American National Standards Institute (ANSI)

e ANSI INCITS 4-1986 (R2007) Information Systems - Coded Character Sets - 7-Bit
American National Standard Code for Information Interchange (7-Bit ASCII)

Astrophysics Data System

e https://adsabs.github.io/help/actions/bibcode Information on the ADS BibCode Format

Consultative Committee for Space Data Systems (CCSDS)

e CCSDS 641.0-B-2 Parameter Value Language Specification (CCSD0006 and CCSD000S)
(also available as ISO 14961:2002)

Institute of Electrical and Electronics Engineers (IEEE)
o [EEE 754-2008 Standard for Binary Floating-Point Arithmetic

International Standards Organization (ISO)

¢ [SO 646:1991 ISO 7-bit coded character set for information interchange

¢ [SO 8601:2004 Data Element and Interchange Formats — Representations of Dates and
Times

¢ International Standards Organization/International Electrotechnical Commission (ISO/IEC)
10646:2012 Information technology — Universal Coded Character Set (UCS)

e ISO/IEC 11179-3:2003 Metadata registries (MDR) — Part 3: Registry metamodel and
basic attributes

e ISO/IEC 11404:2007 General-Purpose Datatypes (GPD)

¢ ISO/IEC 19757-3:2006 Information technology -- Document Schema Definition Languages
(DSDL) -- Part 3: Rule-based validation -- Schematron

e ISO 14721:2003 Open archival information system — Reference model

¢ International Standards Organization / Technical Standard (ISO/TS) 15000-3:2004
Electronic business eXtensible Markup Language (ebXML) — Part 3: Registry

PDS Standards Reference 1.14.0 2020-05-22 8


https://adsabs.github.io/help/actions/bibcode

information model specification (ebRIM)
e ISO/TS 15000-4:2004 ebXML — Part 4: Registry services specification (ebRS)

National Institute of Standards and Technology (NIST)

e NIST Special Publication 330 The International System of Units (SI), United States version
of the English text of the eighth edition (2006), Issued March 2008

World Wide Web Consortium (W3C)

o Extensible Markup Language (XML) 1.0 (Fifth Edition)
o W3C XML Schema Definition Language (XSD) 1.1 Part 1: Structures (W3C, 2012a)
o W3C XML Schema Definition Language (XSD) 1.1 Part 2: Datatypes (W3C, 2012b)

Requests for Comment

e RFC 1321, The MDS5 Message-Digest Algorithm (http://tools.ietf.org/html/rfc1321)
e Yergeau, F., UTF-8, A Transformation Format of ISO 10646, RFC 3629, Internet
Engineering Task Force, November 2003 (http://tools.ietf.org/html/rfc3629)

International DOI Federation

e http://www.doi.org General information and “Resolve a DOI Name” interface

1.6 Document Availability
PDS4 documents governing archive preparation are available online at:

https://pds.nasa.gov/datastandards/documents/

For questions concerning these documents, contact any PDS data engineer or contact the PDS
Operator at pds_operator@jpl.nasa.gov or 818-393-7165.

Associated schemas for current and past versions of PDS4 can be found at

https://pds.nasa.gov/datastandards/schema/released/
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2 Archive Organization

2A Archive Logical Organization

2A.1 Bundles

A bundle is the default logical construct for archiving digital data in the PDS. (Recall that terms
such as bundle, collection, and basic product are defined in the glossary of the PDS4 Concepts
document.)

Bundles have a simple hierarchical structure. A bundle has one or more member collections,
each of which has one or more member basic products (Figure 2A-1). PDS does not impose
requirements on how bundles are defined except that (1) each bundle must have a unique
identifier within the overall holdings of PDS, and (2) each bundle must be approved by a PDS
peer review.

Bundle

/Basic Product (1..*)\

Figure 2A-1: Archive structure.

Members of a bundle are listed in a Product Bundle, an XML file which serves as both a label
and the bundle inventory. Product Bundle is described and uniquely identified using the

Product Bundle class definition (see Section 9D for information on constructing
Product Bundle).

An optional “readme” file may be included as part of a Product Bundle; it is described by the
bundle label so is not a separate product. The “readme” file provides a general overview of the
bundle contents and organization in human readable format. It may also contain general
instructions for use of the bundle and contact information for the data provider or discipline node
personnel. The “readme” file must be formatted either as 7-bit ASCII text or as UTF-8§ text.

2A.2 Collections

Basic products are organized into collections based on the type and function of the data. PDS
imposes only broad requirements on how these type and function boundaries are drawn (see
Section 2A.5). Collections must be distinct within a bundle, products must be distinct within
each collection, and each collection must be approved by a PDS peer review. Any single version
of a collection is defined and uniquely identified using the Product Collection class definition —

PDS Standards Reference 1.14.0 2020-05-22 10



an XML label file paired with an inventory table, which lists collection members for that version
(see Section 9C for information on constructing Product Collection).

2A.3 Products

A basic product is the simplest product in PDS4 — one or more data objects and their
description objects, which constitute a single observation, document, etc. Typically, a data
object is a file containing a single image, table, or time series; description objects are typically
text that describes both the format and content of the associated data object. A label is an XML
file, which is the concatenation of one or more closely related description objects (such as for the
red, green, and blue components of a color image) with some XML overhead; the corresponding
basic product is that label plus the red, green, and blue image data objects. A document basic
product is constructed in the same way: the basic product is the set of files containing text,
figures, and tables together with a label comprising the description objects. Certain XML files
qualify as basic products by themselves — they are ‘XML documents’.

Digital objects which comprise observational data may be used in one and only one product.

Product Collection and Product Bundle are aggregate products; they define an aggregation of

basic products and an aggregation of collections, respectively. They are not basic products. All
products, whether basic or aggregate, must have globally unique logical identifiers (see Section

6D).

2A.4 Primary and Secondary Members

Basic products may be either primary or secondary members of their respective collections. A
primary member is one that is being registered with PDS for the first time. A secondary member
is one which is already registered with PDS, but which is now associated with an additional
collection?. A product’s member status (primary or secondary) is based on its first association
with a collection. Although the product may be omitted from a later version of the collection, it
retains its primary or secondary member status through all subsequent versions of the collection
based on its initial association. In a similar way, collections are categorized as having either
primary or secondary ‘member status’ in their bundles.

2A.5 Collection Types

Basic products must be organized into collections based on the type and function of the data.
Data providers are expected to assign products to appropriate collections (e.g., only ‘quick-look’
or ‘browse’ products are expected to be assigned to a browse collection); the assignments will be
considered during peer review. PDS recognizes the following types of collections.

2 Data providers are not obligated to include physical copies of secondary member products or collections
when they deliver bundles to PDS, since the secondary members already exist elsewhere within PDS.
PDS, on the other hand, must deliver copies of these secondary members when bundles are distributed
(unless waived by the recipient).
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A browse collection contains ‘quick-look’ products designed to facilitate use of the archive.
Products in a browse collection are defined using appropriate classes; possibilities include
Product Browse and Product Thumbnail.

A calibration collection contains data and files necessary for the calibration of basic products.
Products in a calibration collection are defined using the appropriate class; possibilities include
Product Observational and Product Document.

A context collection is the list of products comprising various objects, identified within the PDS4
registry, that are specific to the science bundle. These include physical objects such as
instruments, spacecraft, and planets and conceptual objects such as missions and PDS nodes. All
products in a context collection will be secondary members of the collection, since the primary
versions are curated by the PDS Engineering Node or other responsible agency.

A data collection contains observational products, often separated according to processing level,
target, instrument mode, etc.; these are the science data that most users seek. Products in a data
collection will typically be defined using the Product Observational class.

A document collection includes all components (figures, tables, text, etc.) of one or more related
documents. The document collections included with a bundle are those deemed useful by the
data preparer and consulting node for understanding, interpreting, and using other collections in
the bundle. Documents may include software interface specifications (SISs), calibration reports,
and data acquisition summaries, among other topics. Products in a document collection will be
defined using the Product Document class.

A geometry collection contains non-SPICE geometry products — for example, Supplementary
Experiment Data Record (SEDR) data, gazetteers, tables of anaglyph pairs, or footprint files.
Detailed information about particular cartographic projections utilized in the archive may also be
included. Products in a geometry collection are defined using an appropriate class; possibilities
include Product Observational, Product Ancillary, and Product Document.

A miscellaneous collection contains supplementary information deemed by the data provider to
be useful in the interpretation and use of other collections in the bundle, but which does not fit
within the scope of the other collections. For example, meta-data catalogs, data base dumps, and
records of modification history could be included. Because of the disparate nature of the files
included in a miscellaneous collection, no single class exists for miscellaneous products. The
following are some of the possibilities: Product Ancillary, Product Document,
Product File Text, Product Observational, Product Thumbnail, and Product Zipped.

An XML schema collection contains all XML schema files included in or referenced by XML
labels in the bundle along with any Schematron files created for validation purposes. A bundle is
required to contain an XML schema collection unless all of the collection members would be
secondary in which case the XML schema collection becomes optional. There can be no more
than one XML schema collection per bundle.?

3 The PDS4 schema and Schematron files are software-readable representations of the PDS4 Information
Model. They are discussed in section 3, Labels.
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A SPICE kernels collection contains individual SPICE files and their XML labels, organized by
kernel type. Products in a SPICE kernel collection must be defined using the
Product SPICE Kernel class.

2B Archive Physical Organization

2B.1 PDS Data Storage and Access

Except for file and directory naming rules in Section 6C and the restrictions on objects and files
in Section 2B.1.1 immediately below, no standards are set within this document for the
organization of the physical archive (i.e., there are no requirements for how the data are stored
within or accessed from a physical repository or data storage).

2B.1.1 Objects and Files

PDS requires that each digital object be physically distinct and contiguous in a single file;
objects may not overlap. For example, a color image may be stored as three separate
Array 2D Image (RGB) objects with each of the R, G, and B components being stored
separately. The lines or samples of the three components may not be interleaved in this case.
However, it is permissible to define such an image as a single Array 3D Image object with
interleaved lines or samples.

Although a single file may contain multiple digital objects, no digital object may extend beyond
a single file. For example, the R, G, and B image components above may each be stored in a
separate file, or they may all be stored together in a single file, but any one component may not
span two or more files.

A label and all of its associated digital objects must be stored in the same directory unless the
directory path name attribute is available, in which case directory path name may be used to
indicate a subdirectory relative to the directory containing the label.

2B.2 Data Transfer

The parties involved in a data transfer to, from, or within PDS are free to adopt any procedure
that is mutually acceptable. In lieu of such an ad hoc agreement, the following procedure is
suggested.

2B.2.1 Transfer Media

The parties involved in a data transfer must agree on the physical media and interfaces to be used
(CD, DVD, magnetic disk, electronic, etc.). PDS defers to industry standards for the media
selected.

2B.2.2 Directory Structure

The directory structure described in this section is given as an example of how data may be
packaged for transfer. PDS4 bundles and collections are not required to follow this structure.

Using this method, data may be transferred using a directory structure that parallels the logical
organization of the bundle (Section 2A). Note that the directory structure does not itself have to
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meet the requirements for logical bundles or collections. Many transfers will contain only a

portion of a bundle or collection.

The following sections describe such a directory structure, starting with the root directory.

In the tables and figures below, the following conventions have been adopted:

o Bold-faced font is used for directory names, while unbolded font is used for file names.

Where no pattern for directory or file name construction is specified, example names
are shown in italics.

The asterisk “*” indicates that any text may be substituted. In Table 2B-1 browse[_*]
means that “browse” or any directory name starting with “browse_" is acceptable. See
Section 6C for restrictions on directory and file names.

Square brackets “[ ]” identify variable parts of file or directory names. For example,
readme[ *].txt in Table 2B-1 means that the file name beginning with “readme” may
be lengthened with any character string that begins with an underscore “ . Using an
underscore for readability is a common practice, but a hyphen or any other legal file

name character could be used.

2B.2.2.1 Root Directory

The root directory corresponds to the top level of a bundle. It contains a Product Bundle and

subdirectories corresponding to its member collections.

Table 2B-1 — root Directory

File or Directory Name Notes

root may be unnamed
bundle[ *].xml
readme[ *].txt described by bundle[ *].xml
browse[ *]

calibration|_ *]

context| *]

data|_*]

document|_*]

geometry| *]

miscellaneous| *]

xml_schema| *]

spice_kernels| *]

A bundle is described by a label with the name “bundle[ *].xml”. One or more of these files

may be included under the root of the transfer directory structure, but none is required.

The optional “readme” file provides a general overview of the bundle contents and organization
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in human readable format. The file is an optional component of Product Bundle and is described
in the bundle label.

2B.2.2.2 Subdirectories

Beneath the root directory in this example structure, the top-level subdirectories have a one-to-
one correspondence with the bundle’s collections. Each collection subdirectory has a collection
label with a name of the form “collection| *].xml” and a collection inventory table with a name
of the form “collection| *].csv”. (Sometimes “collection] *] inventory.csv” is used.) See
Section 9C.1 for details on construction of collection inventory tables.

Collection labels and inventory tables usually reside in the top-level subdirectories. If there are
many products in the collection they are usually divided into lower level subdirectories as shown
in Figure 2B-1. The lower level subdirectories are named and organized at the discretion of the
data provider except for SPICE kernel subdirectories, which have a required structure (see
Section 2B.2.2.3). An example director